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Background

Cardiovascular disease (CVD) includes all diseases that affect the cardiovascular system
including the heart and blood vessels (arteries and veins). Typically the term is used in reference
to diseases that affect the arterial aspect of the cardiovascular system and therefore often focuses
on atherosclerosis and its consequences.

Although rates of CVD are in decline in many developed countries (American Heart Association,
2011;Allender et al., 2008;Unal et al., 2004), it remains a significant worldwide healthcare and
financial burden. Cardiovascular disease is the principal cause of death in the United Kingdom
(UK) today accounting for almost 191,000 deaths per year (equivalent to one in three deaths)
(British Heart Foundation, 2010;British Heart Foundation, 2010). In terms of mortality from CVD,
coronary heart disease (CHD) was the primary cause of death in 2008 resulting in 1 in 8 female
and 1 in 5 male deaths and totalling 88,000 deaths. In comparison, in the same year, stroke was
responsible for over 43,000 deaths in the UK (Scarborough et al., 2010).

In part, improvements in CVD death have been the result of substantial investment in cardiac
services (Department of Health Coronary Heart Disease Policy Team, 2008). Recent evidence
from English heart attack data suggests substantial temporal improvements in in-hospital mortality
rates (Gale et al., 2011b). However, there remain major geographical differences in the risk,
treatment and outcome from CHD (Scarborough et al., 2010); (Scarborough et al., 2008;Gale et
al., 2011a) and although the mortality from acute coronary syndromes (ACS) in England has
declined, it still generates a massive burden of disease (Department of Health, 2000;British Heart
Foundation, 2010). Approximately 20% of men and 14% of women die from the disease, and it
causes 101,000 deaths in the UK each year (World Health Organization, 2008;British Heart
Foundation, 2010). Capewell and colleagues (Capewell et al., 2008) for the British Heart
Foundation have recently highlighted the need for continued efforts to tackle cardiovascular
problems in the years to come due to the anticipated extra burden this disease will place on health
care services in the future.

Whilst some would argue that the association between temporal improvements in outcomes from
CVD is related to advances in and the application of evidence-based medicine, others would
suggest that there has been a significant contribution from primary prevention strategies which
include lifestyle and dietary modification (Unal et al., 2004;Bjorck et al., 2009;Capewell et al.,
1999;Laatikainen et al., 2005;Bennett et al., 2006;Unal et al., 2005). The World Health
Organization 2003 report ‘Diet, Nutrition and the Prevention of Chronic Diseases’ outlines
‘convincing’ and ‘probable’ associations between diet and prevention of CVD (World Health
Organisation, 2003) and in the UK. Dietary changes which would help to reduce rates of coronary
heart disease (CHD) were detailed in the 1994 report of the Government's Committee on the
Medical Aspects of Food and Nutrition Policy (COMA) (Committee on Medical Aspects of Food
Policy, 1994).

This document was prepared for consideration by the Scientific Advisory Committee on Nutrition. It does not necessarily represent the final views of SACN
or the advice/policy of Public Health England and Health Departments.

5



The Committee on Medical Aspects of Food Policy concluded that diets high in dietary
carbohydrate were associated with higher fasting concentrations of plasma triglyceride and lower
HDL cholesterol (Committee on Medical Aspects of Food Policy, 1994). Nonetheless, due to the
reciprocal relationship between dietary carbohydrate and dietary fat, such high carbohydrate diets
tended to be low in saturated fat and consequently were associated with lower LDL cholesterol
levels and low risk of CHD. At that time there was limited evidence that the type of carbohydrate
(sugars or starches) was important, although the panel did find evidence that diets rich in non
starch polysaccharide were associated with lower post prandial plasma insulin and glucose levels,
and LDL cholesterol levels. The panel recommended a reduction in fat intake, particularly
saturated fat intake, a reduction in sodium intake and an increase in fruit and vegetable and
complex carbohydrate intake. Somewhat more recently, the World Health Organisation
summarised the strength of evidence on lifestyle factors and risk of developing cardiovascular
diseases, type 2 diabetes and obesity (World Health Organisation, 2003). They found the
evidence convincing or probable for a decreased risk of these conditions with diets high in dietary
fibre and probable that a high intake of sugar-sweetened beverages increase the risk of obesity.
However, at that time the panel concluded that there was insufficient evidence concerning the
relationship between total carbohydrate and risk of cardiovascular disease and that the evidence
was indicative of a possible decreased risk of obesity with diets composed of low glycaemic index
foods.

Cardiovascular disease may become clinically apparent in a variety of ways. It may present as
ischaemic heart disease, cerebrovascular disease and /or as peripheral vascular disease.
Sometimes it may not be clinically apparent and results in sudden cardiovascular death.

Ischaemic heart disease (IHD) is one of the major components of CVD. It is characterised by a
reduced blood supply (ischaemia) to the heart muscle (myocardium), and is usually due to
coronary artery disease (CAD) — atherosclerosis of the arteries that supply the myocardium.
Atherosclerosis is a chronic inflammatory condition in which the components of an artery wall
thicken. Very commonly, it is as the result of the deposition of fats (atheroma) such as cholesterol.
Atherosclerosis affects arteries. Plaques are formed on the luminal surface of arteries which may
limit the blood flow over time. Plaques may rupture triggering formation of a clot which blocks and
severely limits the arterial supply downstream. IHD comprises chronic stable angina, and acute
coronary syndromes (ACS).

There are many contributors toward cardiovascular disease including: smoking, high blood
pressure, high cholesterol, physical inactivity, obesity, diabetes, a family history of cardiovascular
disease, increasing age, and South Asian ethnicity (Bonow et al., 2011). These risk factors may be
termed modifiable and non-modifiable and diet may influence many of the components of the
modifiable cardiovascular risk factors.
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Stroke (cerebrovascular accident) is a condition in which a disturbance in the blood supply to the
brain results in a loss of brain function. A stroke may be due to a haemorrhage in the brain, or due
to ischemia as a result of a thrombus or embolus. Most (over 80%) of strokes are ischaemic in
nature. A transient ischaemic attack (TIA) is defined if the symptoms and signs of a stroke which
are due to a change in the blood supply to the brain last less than 24 hours. The risk factors for
stoke are very much similar to those for IHD. Haemorrhagic stokes are mostly due to rupture of
the microvasculature or rupture of an intracranial aneurysm. The main predictors of risk for
haemorrhagic stroke are age, male gender and hypertension. Whilst the modifiable risk factors for
ischaemic stroke are similar to those for CVD (that is, diabetes mellitus, hyperlipidaemia, obesity,
smoking and physical inactivity) non-modifiable risk factors include history of atrial fibrillation, prior
cardiac disease and carotid stenosis (Brainin and Heiss, 2009).

Peripheral vascular disease (PVD) is another component of CVD and concerns the arteries in the
limbs and aorta, but not the coronary arteries or cerebral arteries. It occurs as a result of
atherosclerosis with clinically apparent endpoints being either a chronic or acute occlusion of the
artery. Consequently patients often suffer pain in the legs on walking (claudication), and it may
result in gangrene if the blood supply is critically reduced. Peripheral vascular disease affects
approximately 12% of the population, and is more common in the elderly, individuals with diabetes
mellitus and smokers. It is often coexistent with IHD and cerebrovascular disease, and typically
patients with PVD die of a heart attack or stroke. PVD can be classified as asymptomatic, acute
limb ischaemic, chronic limb ischaemic and intermittent claudication. The modifiable risk factors
associated with PVD include diabetes, smoking, hyperlipidaemia, obesity and hypertension. As
with IHD, lifestyle modification plays an impart role in the management of patients with PVD
(Shammas, 2007).
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Studies referenced in COMA reports concerning incident CVD

The following section provides details of publications referenced in previous Committee of Medical
Aspects of Food Policy (COMA) reports which were not eligible for inclusion in this review since
they were published prior to 1990 (the cut point for this review). Full text copies of each article
referenced in the COMA reports, which were relevant to this review (i.e. concerned dietary
carbohydrates or cardiometabolic health outcomes), were obtained and screened independently
by two members of the review team by applying the same inclusion and exclusion criteria as used
for studies in this review.

Papers from COMA reports not meeting inclusion criteria

Table 1.1 lists those articles from the COMA reports (Committee on Medical Aspects of Food
Policy, 1989;Committee on Medical Aspects of Food Policy, 1991;Committee on Medical Aspects
of Food Policy, 1994) which concerned incident CVD events but did not meet the inclusion criteria
for this review. Reasons for exclusion are detailed within the table.

N.B. Detail relating to other publications concerning different endpoints or outcomes are discussed
in the appropriate chapters of this review.

Table 1.1 Publications discussed in COMA reports* not meeting inclusion criteria for this review

Intervention Intervention Exclusion code that
Reference . duration/ follow would be applied in this Exclusion detail
description :
up review
(Burr et al., 1989) 1) Fat advice 2 years 6 Subjects did not fit the definition of ‘healthy’ — all
2) Fish advice were diagnosed with acute myocardial infarction.
DART study 3) Fibre advice
(Keys, 1971) Not applicable Not applicable 1 The publication was a review/ not original research.
(McGandy et al., 1967a) / Not applicable Not applicable 1 The publication was a review/ not original research.
(McGandy et al., 1967b)
(Walker, 1971) Not applicable Not applicable 1 The publication was a review/ not original research.
(Yudkin, 1957) Not applicable Not applicable 1 The publication was a review/ not original research.
(Yudkin, 1964) Not applicable Not applicable 1 The publication was a review/ not original research.
(Yudkin, 1971) Not applicable Not applicable 1 The publication was a review/ not original research.
(Yudkin and Morland, 1967) Not applicable Not applicable 2 The study was not apparently a randomised
controlled trial or a cohort/ prospective study (case-
control)

*(Committee on Medical Aspects of Food Policy, 1989;Committee on Medical Aspects of Food
Policy, 1994;Committee on Medical Aspects of Food Policy, 1991)
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Papers from COMA reports which met inclusion criteria

Table 1.2 lists five articles from the COMA reports (Committee on Medical Aspects of Food Policy,
1989;Committee on Medical Aspects of Food Policy, 1991;Committee on Medical Aspects of Food
Policy, 1994) which included incident CVD endpoints and would have met the inclusion criteria for
this review, if they had been published after 1990.

N.B. Summaries of findings from these publications are discussed within this chapter in the
relevant exposure section.

Table 1.2 Publications discussed in COMA reports* meeting inclusion criteria for this review

Reference Population characteristics Length of follow- Dietary assessment methods In|t|al.cohort sz i il o=
up (years) size up (%)
(Fehily et al.,  Longitudinal study of a 5 Diet was assessed using a validated 7- 2512 0.3
1987) representative population sample of day dietary intake record.
middle-aged men in a town in South
Caerphilly Wales
Study Mean age: 45-59
%Male: 100
Country: Wales
Ethnicity: Primarily White
(Kromhout Men born between 1900 and 1919 10 A dietary history was used to assess 1,008 13.6
etal., 1982) who had lived in Zutphen or diet; the authors reported this method
surrounding areas for at least 5 years as validated. Both wives of participants
Zutphen Mean age: 40-59 years and participants themselves were
Elderly Study ~ %Male: 100 interviewed about the participants’
Country: The Netherlands habitual food consumption patterns.
Ethnicity: Not reported
(Kushi et al., Men of Irish descent 20 A FFQ was used to assess diet although 1,508 7.6
1985) Mean age: Not reported no details concerning validation of the
%Male: 100 dietary assessment method were
The Ireland- Country: Ireland reported.
Boston Diet- Ethnicity: Not reported
Heart Study
(Morris et Middle-aged men 20 Diet was assessed via 7-day weighed 337 10
al., 1977) Mean age: 30-67 dietary surveys administered twice. No
%Male: 100 details concerning validation of the
Country: UK dietary assessment method were
Ethnicity: Not stated reported.
(Yanoetal., Men of Japanese ancestry born 6 Diet was assessed using both a dietary 8,006 0
1978) 1900-1919 living in Oahu in 1965 acculturation questionnaire and a 24-
Mean age: Not reported hour dietary recall, the latter of which
%Male: 100 was conducted by dieticians. Both
Country: Hawaii methods were reported as validated.

Ethnicity: Japanese

*(Committee on Medical Aspects of Food Policy, 1989;Committee on Medical Aspects of Food
Policy, 1994;Committee on Medical Aspects of Food Policy, 1991)
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Summary of the evidence base

Cohort studies

Fifty one papers, from 31 separate cohorts provided data on the relationship between dietary
carbohydrate consumption and cardiovascular disease outcomes. Details of these cohort studies
are provided in Table 1.3.

These cohorts were conducted in the UK (4), the USA (11), the Netherlands (2), Denmark,
Australia, Canada, Finland (3), Germany, Greece (2), Sweden (2), Norway, Japan, and Italy. All of
these cohort studies were of adults and the majority initially recruited participants who were in
middle-age or older (aged 40+ years). Some cohorts recruited participants with a much wider age
range, including younger individuals (aged 16-40 years) (Fraser et al., 1992;Trichopoulou et al.,
2007;Drogan et al., 2007;Knekt et al., 1994;Esrey et al., 1996;Jakobsen et al., 2004;Bazzano et
al., 2001;Jacobs, Jr. et al., 2001;Fung et al., 2009;Appleby et al., 1999;Key et al., 1996;Lagiou et
al., 2007). Most cohorts included both men and women, but 8 cohorts were restricted to men and
6 to women only.

The average length of follow-up in these cohorts ranged from 5 years, to a maximum of 40 years,
with a median duration of 13 years (taking longest follow-up for multiple papers from one cohort).
The size of the cohorts at baseline ranged from 541 to 121,700 participants, with a median size of
13,710 participants. Three cohorts were particularly small, with fewer than 1,000 participants
(Sahyoun et al., 2006;Van Dam et al., 2000;Park et al., 2006), but with 11-15 years of follow-up.
Some (mainly USA-based) cohorts were particularly large, with in excess of 50,000 participants
(Jensen et al., 2004;Fraser et al., 1992;Nagura et al., 2009;Liu et al., 2003;Hu et al., 1999). Due
to their large size, these cohort studies have a dominant influence on the pooled estimates of
meta-analyses. It should be noted that some of the cohorts include specific types of participant
who may not be generally representative of the population as a whole, such as specific religious
groups (Fraser et al., 1992), occupational groups (health professionals) (Ascherio et al., 1998;Hu
et al., 1999), overtly health conscious individuals (Key et al., 1996;Appleby et al., 1999) and
smokers (Larsson et al., 2009).

Dietary habits were assessed mainly by use of food frequency questionnaires (FFQ), but 3 studies
employed the dietary recall technique (Park et al., 2006;Esrey et al., 1996;Bazzano et al., 2003),
and 3 studies used the dietary history method (Farchi et al., 1995;Knekt et al., 1994;Van Dam et
al., 2000). Food diaries were used in 3 studies (Jakobsen et al., 2004;Sahyoun et al.,
2006;Laaksonen et al., 2005).

With observational studies, especially in the field of diet and nutrition, there is substantial potential
for biases caused by incomplete adjustment for confounding, measurement error in the exposure
estimate, and other biases in participant selection or data collection. The bias could be large in
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size, and act in either direction, either towards or away from the null. The results from these
studies should therefore be interpreted cautiously.
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Table 1.3 Characteristics of cohort studies included in the review

Cohort Name Authors/ Population characteristics Recruitment of Initial cohort Dietary assessment method Outcome assessment method Length of follow- Losses to follow-
Reference participants size up (years) up (%)
Adventist Health  (Fraseretal., California Seventh-Day Adventists Community 59081 Diet was assessed once with a Self-reported then confirmed by 6 Not reported
Study 1992) Mean age: 52 cohort validated 65-item FFQ for usual ~ medical records
% Male: 37.4 routine intakes.
Country: USA
Ethnicity: Primarily white
Alpha- (Pietinen et Male smokers Community 29133 Diet was assessed using a National Register data 6.1 Not reported
tocopherol, al., 1996) Mean age: 59.5 (50-69) cohort validated 276 item FFQ
Beta-carotene % Male: 100 referring to diet over previous
Cancer Country: Finland year
Prevention Study Ethnicity: Primarily white
(Larsson et 13.6 Not reported
al., 2009)
Atherosclerosis (Steffen et Middle-aged adults Community 15792 Diet was assessed twice usinga  Self reports, hospital surveillance 11 2
Risk in al., 2003) Mean age: 54 (45-64) cohort 66-item FFQ (validated). The and death certificates. Validated
Communities % Male: 44 FFQ referred to diet over the by medical records & family
(ARIC) Study Country: USA previous year members
Ethnicity: Multi-Ethnic
ATTICA study (Panagiotakos ~ Men and women without any clinical Population- 3042 A 156-item FFQ was used once Medical records, verified by 5 31
et al., 2009) evidence of CVD at baseline based cohort to measure diet; the authors physicians
Mean age: 45 reported this method as
%Male: 49.8 validated. The FFQ referred to
Country: Greece diet over the previous 12
Ethnicity: Not reported months
Blue Mountains (Kaushik et Older age population cohort Population- 3654 Diet was assessed using a National death index & family 13 Not reported
Eye Study al., 2009) Mean age: 65 based cohort validated 145 item FFQ members
%Male: 44
Country: Australia
Ethnicity: Primarily White
Boston Study of (Sahyoun et Healthy community living-persons Volunteers 747 Diet was measured using a 3- National death index, confirmed 15 Not reported
Whole-grains al., 2006) Mean age: 73 day food diary, which was by medical records
and CVD Risk %Male: 33 administered once. No detail

Country: USA
Ethnicity: Primarily white

was reported concerning
validation of the dietary
assessment method
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Cohort Name Authors/ Population characteristics Recruitment of Initial cohort Dietary assessment method Outcome assessment method Length of follow- Losses to follow-
Reference participants size up (years) up (%)
Cardiovascular (Mozaffarian Randomly selected older participants from Population- 5201 A 99-item FFQ administered Hospital records reviewed by 8.6 Not reported
Health Study et al., 2003) US communities based cohort once was used to assess diet, clinicians
Mean age: >65 and this was reported to be
%Male: 38.8 validated. The FFQ referred to
Country: USA diet over the previous year
Ethnicity: Primarily white
Cohort of (Levitan et Middle-aged and older Swedish men without Community 48850 Diet was assessed from a 96- Hospital discharge lists and death 5 0
Swedish Men al., 2007) diabetes or prior cardiovascular disease cohort item FFQ administered once registry
Mean age: 62 (45-79) and this was reported to be
%Male: 100 validated. The FFQ assessed
Country: Sweden the dietary intakes for the
Ethnicity: Not reported previous year
Crevalcore and (Farchi et al., Italian rural cohort of the Seven Countries Community 1564 Diet was assessed using a Death certificates 20 0
Montegiorgio 1995) Study cohort validated dietary history which
Cohorts Seven Mean age: 45-64 was administered once
Countries Study %Male: 100
Country: Italy
Ethnicity: Not reported
EPIC Greece (Trichopoulou  General adult Greek population Population- 28572 A 150-item FFQ consisting of Death certificates and other 4.9 5
et al., 2007) Mean age: 20-86 based cohort foods commonly consumed in official sources
%Male: 41 Greece was used to assess
Country: Greece dietary intake in this cohort. It
Ethnicity: Not reported was administered once and
was reported to be validated.
This FFQ referred to diet over
the previous year
EPIC Potsdam (Drogan et Sample of population from the Potsdam Community 27548 Diet was assessed from a Confirmed self-reports or death 6.4 5
al., 2007) area cohort validated 148-item self- certificates
Mean age: 50 (35-65) administered FFQ. The FFQ
%Male:40 referred to diet over the past
Country: Germany 12 months.
Ethnicity: Primarily white
Finnish Mobile (Knekt et al., Representative sample, free of heart disease Population- 5133 Diet was assessed once with National death registry data 14 9
Clinic Health 1994) at baseline based cohort dietary histories and this
Surveys Mean age: 40-69 method was reported to be

%Male:53
Country: Finland
Ethnicity: Not reported

validated. The dietary history
referred to diet over the
previous year
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Cohort Name Authors/ Population characteristics Recruitment of Initial cohort Dietary assessment method Outcome assessment method Length of follow- Losses to follow-
Reference participants size up (years) up (%)
Health (Rimm et al., Male health professionals free of CHD at Occupational 51529 Diet was assessed from a National death index or 6 6
Professionals’ 1996) baseline cohort validated 131-item FFQ. The confirmed self reports for
Follow-Up Study Mean age: 40-75 FFQ referred to the diet over incident events
(HPFS) %Male:100 the previous year.
Country: USA
Ethnicity: Primarily white
(Ascherio et Self reports and medical records 8 6
al., 1998) for incident events. Relative
reports or the National death
index confirmed by medical
records for deaths
(Jensen et al., Diet was assessed from a Self reports and medical records 14 Not reported
2004) validated 131-item FFQ which for incident events. Relative
was administered every 4 reports or the National death
years. The FFQ referred to the index confirmed by medical
diet over the previous year. records for deaths
lowa Women's (Kelemen et Postmenopausal women Community 41836 Diet was assessed once with a National death index or health 16.4 Not reported
Health Study al., 2005) Mean age: 61 (55-69) cohort validated semi quantitative registry for incident events
%Male: 0 127-item FFQ. The FFQ
Country: USA referred to diet over the
Ethnicity: Primarily white previous year.
(Jacobs, Jr. et Death records or the National 17 Not reported
al., 2007) death index
(Jacobs, Jr. et Health registry, National death 9 Not reported
al., 1998) index and self reports
Japan (Nagura et Sample from the general population Community 110792 A validated 33-item FFQ was Death certificates 143 4.2
Collaborative al., 2009) Mean age: 40-79 cohort used to assess diet over the
Cohort Study %Male: 42.37 past year.
Country: Japan
Ethnicity: Japanese
Kuopio (Laaksonen et  Random sample of men in eastern Finland Community 2682 Diet was assessed using 4-day National death registry data 14.6 0
Ischaemic Heart al., 2005) Mean age: 42-60 cohort food diary records collected on
Disease Risk %Male: 100 3 workdays and 1 weekend
Factor Study Country: Finland day. It was administered once
Ethnicity: Not reported and was not reported to be
validated.
Lipid Research (Esrey et al., Sample of men and women from Northern Community 4904 Diet was assessed using a 24- Death certificates and then 12.4 Not reported
Clinics 1996) American populations cohort hour dietary recall hospital records and reports from

Prevalence
Follow-Up Study

Mean age: 46 (30-79)
%Male: 52
Country: Canada

administered once by a trained
nutritionist. No details
concerning the validation of

informants
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Cohort Name Authors/ Population characteristics Recruitment of Initial cohort Dietary assessment method Outcome assessment method Length of follow- Losses to follow-
Reference participants size up (years) up (%)
Ethnicity: Not reported this dietary assessment
method were reported.
MONICA I & 11l (Jakobsen et Men and women from western suburbs of Population- 3959 Dietary intakes of some National patient registry and 16 Not reported
Danish Cohorts al., 2004) Copenhagen, Demark based cohort subjects were assessed using 7-  cause of death registry and
Mean age: 30-71 day weighed food record medical records for incident
%Male: 70 completed within 3 weeks. The  events
Country: Denmark remaining subjects underwent
Ethnicity: Primarily White a dietary history interview
NHANES | (Bazzano et Nationally representative sample free of Community 9776 Diet was assessed using a 3- Medical and death records 19 4
al., 2001) CVD cohort month FFQ and one 24 hour
Mean age: 49 (25-74) recall including portion size
%Male: 38.34 estimates. It was administered
Country: USA once and was reported to be
Ethnicity: Not reported validated.
(Bazzano et 9776 Diet was assessed using 24- Death certificates 19 4
al., 2003) hour dietary recall by trained
personnel administered once
and it was reported to be
validated.
Norwegian (Jacobs, Jr.et  Men and women in 3 Norwegian counties, Community 47114 Diet was assessed once with a Medical records or autopsy 17 Not reported
County Study al., 2001) not disabled and free of cardiovascular cohort semi-quantitative validated 66-
disease. item FFQ for subjects' usual
Mean age: 35-56 intake.
%Male: 50
Country: Norway
Ethnicity: Not reported
Nurses' Health (Liu et al., Health professionals free of CHD at baseline Occupational 75521 Diet was assessed three times Medical records for incident 10 2
Study (NHS) 2000b) Mean age: 30-55 cohort from a 126-item semi- events and the National death
%Male: 0 quantitative FFQ for intakes index verified by medical records,
Country: USA over the previous year and it autopsy reports or death
Ethnicity: Primarily white was reported to be validated. certificates for deaths
(Halton et al., 82802 Diet was assessed six times Confirmed self reports for 20 Not reported
2006) using validated 61 and 100+ incidence and relatives/ postal
item FFQs. service/ National death index for
deaths. Deaths also verified by
autopsy, hospital records and
death certificates
(Wolk et al., 121700 Diet was assessed at least 3 Confirmed self/relative reports 10 20
1999) times using a validated 61 and and national death index,

116 item FFQ.

relatives or the postal system
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Cohort Name Authors/ Population characteristics Recruitment of Initial cohort Dietary assessment method Outcome assessment method Length of follow- Losses to follow-
Reference participants size up (years) up (%)
(Fungetal., Validated 61 and 116 item Confirmed self reports for 24 5
2009) FFQs were used seven times to incidence and relatives/ postal
assess diet. service/ National death index for
deaths. Deaths also verified by
autopsy, hospital records and
death certificates
(Huetal., Validated 61 and 116 item As above 14 Not reported
1999) FFQs were used to assess diet
4 times between 1980-94
(Liu et al., Validated 61 and 126 item Confirmed self reports for 10 17
1999) FFQs were used to assess diet incidence, deaths verified by
three times between 1980 and autopsy, hospital records and
1994 death certificates
(Ohetal., Validated 61 and 116 item Confirmed self reports for 18 Not reported
2005) FFQs were used to assess diet incidence and relatives/ postal
4 times between 1980-94 service/ National death index for
deaths. Deaths also verified by
autopsy, hospital records and
death certificates
(Liuetal., Validated 61 and 126 item As above 12 Not reported
2000a) FFQs were used to assess diet
4 times between 1980-94
Nurses' Health (Joshipura et US Health Professionals Occupational 173229 Diet was assessed from a 126- As above 12 Not reported
Study & Health al., 2009) Mean age: 60 (30-75) cohort item FFQ administered five
Professionals' %Male: 36 times in the NHS and four
Follow-up Study Country: USA times in the HPFS and it was
Ethnicity: Not reported reported to be validated. The
FFQ referred to diet over the
previous year.
(Joshipura et Diet was assessed from a Self-reported then confirmed by 8 (NHS) 20
al., 1999) 61/116 item FFQ administered medical records or death register 14 (HPFS)
four times and from a 116 item
FFQ administered twice in the
NHS and HPFS, respectively.
Both were validated
Oxford (Appleby et Vegetarian (50%) and non-vegetarian Community 11140 Diet was assessed using a NHS register-death certificates 13.3 Not reported
Vegetarian Study al., 1999) subjects cohort simple validated FFQ
Mean age: 46 (16-79) administered once.
%Male: 40
Country: UK

Ethnicity: Primarily white

This document was prepared for consideration by the Scientific Advisory Committee on Nutrition. It does not necessarily represent the final views of SACN or the advice/policy of Public Health England and Health Departments.

16



Cohort Name Authors/ Population characteristics Recruitment of Initial cohort Dietary assessment method Outcome assessment method Length of follow- Losses to follow-
Reference participants size up (years) up (%)

Physicians' (Liu et al., Male Health Professionals Occupational 104353 Diet was assessed from a National death index and death 5.5 Not reported
Health Study | 2003) Mean age: 54 (40-84) cohort simple validated FFQ for intake  certificates

%Male: 100 over the previous year.

Country: USA

Ethnicity: Not reported
Prospect-EPIC (Beulens et Dutch women without diabetes or CVD Community 17357 Diet was assessed using a National register data 9 10
Utrecht cohort al., 2007) Mean age: 49-70 cohort validated 178-item FFQ for

%Male: 0 intake over the previous year

Country: The Netherlands and it was administered once.

Ethnicity: Not reported
Scottish Heart (Todd et al., Men and women from 25 Scottish districts Community 11629 Diet was assessed from a Death registry 9 0.1
Health Study 1999) recruited via GP surgeries cohort validated 60-item FFQ

Mean age: 40-59 administered once.

%Male: 51

Country: Scotland

Ethnicity: Primarily White
The Caerphilly (Fehily et al., All middle-aged men in towns in south Community 2512 Diet was assessed from a Medical records and confirmed 5 0.3
Study 1993) Wales cohort validated semi-quantitative self-reports

Mean age: 45-59 FFQ (portions were informed

%Male: 100 from food diary sub-sample).

Country: Wales

Ethnicity: Primarily White
The Health Food (Key et al., Vegetarians and health conscious subjects Community 11140 Diet was assessed using a short ~ Death certificates 16.8 4.7
Shoppers Study 1996) Mean age: 46 (16-79) cohort guestionnaire.

%Male: 40

Country: United Kingdom

Ethnicity: Primarily white
The Women's (Liu et al., Health professionals in RCT for aspirin and Occupational 39876 Diet was assessed using a Incident events confirmed by 6 Not reported
Health Study 2002) Vitamin E supplementation cohort validated semi-quantitative cardiologists and a neurologist,

Mean age: 54 131-item FFQ. deaths verified by medical

%Male: 0 records, autopsy reports and

Country: USA death certificates

Ethnicity: Primarily White
The Women's (Lagiou etal.,  Swedish women residing in the Uppsala Population- 42237 Diet was assessed once with a National register data 12 0
Lifestyle and 2007) Health Care Region based cohort validated 80-item FFQ for
Health Cohort Mean age: 30-49 intakes over the past 6 months.
Study %Male: 0

Country: Sweden

Ethnicity: White
Zutphen Elderly (Van Dam et Random sample of men from industrial town Population- 646 Diet was assessed several National registry 10 0.15
Study al., 2000) in Netherlands based cohort times with a validated dietary

Mean age: 64-84
%Male: 100

Country: The Netherland
Ethnicity: Not reported

history.
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Cohort Name Authors/ Population characteristics Recruitment of Initial cohort Dietary assessment method Outcome assessment method Length of follow- Losses to follow-

Reference participants size up (years) up (%)
treppel et iet was assessed severa ational registry .
S | 1373 Di d | Nati | i 40 0.2
al., 2008) times with a validated dietary
history for intake over the past
6-12 months.
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Trial design

One clinical trial provided data on cardiovascular disease events in relation to consumption of a
reduced fat diet (higher carbohydrate) which was higher in fruit and vegetables, dietary fibre and
whole grains. Details of this study are included in Table 1.4.
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Actual diet

Authors, Study .SUbJFZCt Characteristics Trial design Length of Intervention Intervention . o Diet/ Supplement Funding
inclusion L. (washout Inter- Total n Intervention description " . consumed
Name . of participants . . style groups nutritional characteristics source
criteria duration) vention reported?
(Howard et al., Age 50-79y USA Parallel Group 6 years Free living 48835 1. Low fat 1. Advice: reduce fat intake 1. %E: C53.9P17.7F 28.8 National
2006) Fat intake diet plan to 20%, increase fruit, Energy 1432 kcal/d yes Heart, Lung,
The Women’s >32% 0% Male vegetables and wholegrains Fibre g/d: 19.6 and Blood
Health Post- 2. Control 2. Received information 2.%E: C459P 17.1F37 Institute
Initiative menopausal Age: (62) relating to health and Energy 1546 kcal/d
Dietary healthy diets Fibre g/d:14.4
Modification BMI: (29)
Trial
Table 1.4 Trial characteristics information for incident cardiovascular events
Table 1.5 Risk of bias information for the trial reporting incident cardiovascular events
Allocation . - Incomplete Selective
Allocation Participant Researcher P Any other
Authors sequence . . outcome outcome .
. concealment blinding Blinding . . bias
generation reporting reporting
No Bias Unclear Bias No Bias No Bias No Bias No Bias

(Howard et al., 2006)

This document was prepared for consideration by the Scientific Advisory Committee on Nutrition. It does not necessarily represent the final views of SACN or the advice/policy of Public Health England and Health Departments.

20



Nutrients and CVD

This section includes cohorts which report results concerning nutrient intakes and incident
cardiovascular events. The nutrient exposures reported by these cohorts include the following:
total carbohydrate intake, sugar, polysaccharides, “complex” carbohydrates, cellulose, lignin, total
dietary fibre, fibre contained within cereals, fruits, vegetables, potatoes and legumes, soluble fibre
and insoluble fibre.

Total carbohydrate and CVD

Total CVD, carbohydrate density and high carbohydrate diets

Summary of cohort results

The European Prospective Investigation into Cancer and Nutrition (EPIC) Potsdam cohort study
provided data on the relationship between total CVD events and carbohydrate intake (Drogan et
al., 2007). Mean intake of total carbohydrate (grams per MJ per day) did not differ between fatal
and non-fatal cases of CVD and the other cohort members.

Exposure definition and assessment

Carbohydrate intake was assessed using a 148-item FFQ at baseline.

Adjustment for appropriate confounders
The results provided are unadjusted mean estimates of intake.

Please interpret observational data with caution: With observational studies there is substantial
potential for biases.
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Summary of trial results

One randomised controlled trial (RCT) reported total CVD events in relation to high carbohydrate
diets, the Women’s Health Initiative Dietary Modification Trial (Howard et al., 2006). Participants
were randomised to either an intensive intervention group which included individual sessions
designed to reduce fat intake to 20% of total energy and increase consumption of fruits,
vegetables and grains or a comparison group which received diet-related education materials only.
At one year, carbohydrate energy intake as assessed by an FFQ was 58.3% (SD 8.9) in the
intervention group and 48.0% in the comparison group and at year 6 this was 53.9 (9.9) and 45.9
(8.8), respectively.

The percent of participants in each group experiencing total CVD events was very similar and the
hazard ratios which compared the low-fat intervention group with the comparison did not show any
clear direction of association.

Results from this trial should be interpreted with caution as other dietary components other than
carbohydrate intake were altered, and the low fat diet group experienced weight loss but the
comparison group did not.
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Table 1.6 Total CVD and carbohydrate density: cohort study in adults

Result ID/

Country,

. . Age range
el ethmc.'ty’ (mean) (Gt el Diet Assessment Exposure el e Outcome/ Assessment Details Units Mean Exposure (SD)
Cohort Inclusion %Male /Total (% loss) fatal Events
Name criteria
13465
Llj).rozgoaor;)et Ece,rrr,?:t?;;, 35-65 (50) (68) Carbohydrate MI/ Stroke, any Cases: (n=68) 25.3 (3.7)
! 6.4y (5) FFQ (148) N Fatal Events g/MJ/d Non-cases: (n=25859) 26.7 (3.7)
of %M 40 /27548 density Medical records/ death certificate
EPIC MI/Stroke
Potsdam
MI/ Stroke, any Cases: (n=311) 26.6 (3.8)
2%)48 E::n:ta' . g/MI/d Non-cases: (n=25859) 26.7 (3.7)
Medical records
Table 1.7 Total CVD and high carbohydrate diets: RCT data
; Completers, % of grou Outcome/ Result- i Outcome
r;;:btthor Subgroup detail Igrlr:)el:;entlon AIIothed d expeﬁenc?ng Assessment Contrast RR (95% Cl) specific ggﬁz; A§sessment
event method follow-up Bias
17158 Low fat 19541/19541 0.86 D -
(Howard et al., ow Ta . Total CVD (fatal  Control (reference) vs. Low fat 0.98 (0.92, 1.05) 8 years ecrease No bias
2006) The and non-fatal)
women'’s health Multiple
initiative dietary Control 29294/29294 0.88 assessment No change
modification methods
trial
. Low fat 27925/29294 0.78 Decrease .
No history of Total CVD (fatal  Control (reference) vs. Low fat 0.96 (0.89, 1.03) 8 years No bias
CvD Control and non-fatal)
18633/19541 0.75 Multiple No change
assessment
methods
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Coronary events, total carbohydrate and high carbohydrate diets

Summary of cohort results

Six papers from five cohort studies provided evidence concerning the association between total
carbohydrate and coronary events: the Lipids Research Clinics Prevalence Follow-up Study, the
Seven Countries Study, the Nurses’ Health Study (NHS), Prospect-EPIC Utrecht study and the
Caerphilly Study (Liu et al., 2000b;Esrey et al., 1996;Halton et al., 2006;Farchi et al.,
1995;Beulens et al., 2007;Fehily et al., 1993).

Four of these studies provided risk estimates for cardiovascular disease with carbohydrate
consumption (Esrey et al., 1996;Farchi et al., 1995;Halton et al., 2006;Liu et al., 2000b;Beulens et
al., 2007). There was no consistent direction of association between these studies, with the NHS
and the Lipids Research Clinics Prevalence Follow-up Study reporting risk estimates close to 1
(Esrey et al., 1996;Liu et al., 2000b) and the Seven Countries Study, the NHS and Prospect-EPIC
Utrecht study reporting evidence of increased risk of coronary events with increasing carbohydrate
intake (Farchi et al., 1995;Beulens et al., 2007;Halton et al., 2006). Only the Lipids Research
Clinics Prevalence Follow-up Study reported a significant negative association (lower risk of
coronary events with increasing total carbohydrate intake) in a subgroup of participants aged 30-
59 years. In this group of participants, risk of CHD decreased by 4% for each 1% increase in
percentage of energy from carbohydrate (relative risk (RR): 0.96 (95% confidence interval (Cl)
0.94, 0.99)) (Esrey et al., 1996).

Data were extracted from two studies on mean carbohydrate consumption at baseline in
participants who later became cases and non-cases: the Lipids Research Clinics Prevalence
Follow-up Study and the Caerphilly Study (Esrey et al., 1996;Fehily et al., 1993). Generally,
differences in carbohydrate intake were not marked between cases and non-cases in either
cohort.

Exposure definition and assessment

Carbohydrate intake was reported as either g/day or percent of total energy and was assessed
using a single 24-hour recall in the Lipids Research Clinics Prevalence Follow-up Study (Esrey et
al., 1996) and by dietary history in the Seven Countries Study (Farchi et al., 1995). The other
studies tended to use FFQs, and the number of FFQ items varied from 122 to 178. In the
Caerphilly Study, carbohydrate intake was assessed with a semi-quantitative FFQ, which was
validated for portion size against seven-day food diaries which were completed by 30% of the
sample. In this cohort, FFQs were taken home by each participant to be filled in with help from
their spouse (Fehily et al., 1993).
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Adjustment for appropriate confounders

The Crevalcore and Montegiorgio Cohorts Seven Countries Study presented results adjusted only
for age (Farchi et al., 1995). The other studies all adjusted for age and gender (where relevant) but
there was variability in adjustments for socio-economic status, familial CHD and other nutrients.
Most had also adjusted for total energy intake. Unadjusted mean intakes were presented in the
Caerphilly Study and the Lipids Research Clinics Prevalence Follow-up Study (Esrey et al.,
1996;Fehily et al., 1993).

Please interpret observational data with caution: With observational studies there is substantial
potential for biases.

Summary of RCT data

One RCT only reported total coronary events in relation to high carbohydrate diets. In the
Women'’s Health Initiative Dietary Modification Trial (Howard et al., 2006), participants were
randomised to either an intensive intervention group which included individual sessions designed
to reduce fat intake to 20% of total energy and increase consumption of fruits, vegetables and
grains or a comparison group which received diet-related education materials only. At year 1,
carbohydrate energy intake as assessed by an FFQ was 58.3% (SD 8.9) in the intervention group
and 48.0% in the comparison group and at year 6 this was 53.9 (9.9) and 45.9 (8.8), respectively.

The percent of participants in each group experiencing coronary events was very similar and the
hazard ratios which compared the low-fat intervention group with the comparison group did not
show any clear direction of association.

Results from this trial should be interpreted with caution as other dietary components other than
carbohydrate intake were altered, and the low fat diet group experienced weight loss but the
comparison group did not.

Evidence from COMA reports - Total carbohydrate intake and coronary events

Two papers discussed in previous COMA reports which concerned total carbohydrate intake and
coronary events met the inclusion criteria for this review, except publication date was prior to 1990
(Kushi et al., 1985;Yano et al., 1978). Carbohydrate intake was assessed via a dietary history
which was coded on a food frequency form in one study (Kushi et al., 1985) and via a dietary
acculturation questionnaire and a 24-hour dietary recall in another (Yano et al., 1978). In the
Ireland-Boston Diet-Heart Study, a statistically significant lower intake of carbohydrate in cases
compared to non-cases was reported (41.2 vs. 42.7% energy, p=0.04) (Kushi et al., 1985).
Conversely, in the study of Japanese men in Hawaii, no difference between cases and non-cases
was found in terms of carbohydrate intake (Yano et al., 1978).
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Table 1.8 Coronary events and total carbohydrate: cohort studies in adults

Result ID/ Coun.tl:y, Age Follow Diet ) Outcome/ Sub-
ethnicity, range (Cases) Non- Contrast . Mean .
Reference/ . Up (%  Assess- Exposure Assessment group Units RR (CI) p p trend Adjustments
Inclusion (mean) /Total fatal . d (mean) Exposure
Cohort Name . loss) ment Details Detail
criteria %Male Events (SD)
Age, alcohol, BMI,
The smoking, physical activity,
13485 Netherla 49-70 Fatal + CHD events 1.17 systolic blood pressure,
(Beulens et al., (556) FFQ Carbohydrate, Non- R
nds, 9y (10) Q4 vs. Q1 (0.78, 0.35 hypercholesterolaemia,
2007) Prospect- /17357 (178) total (g/day) fatal . )
No CHD, %M 0 Registry data 1.77) hypertension, menopausal
EPIC Utrecht Events L
No T2DM status, nutrient intake,
oral contraceptive pill
14169 55-75 vs.
(Farchietal., 45-64 CHD events <55
1995) Crevalcore (168)/ Dietary  Carbohydrate, Fatal . (WHO %
and Montegiorgio Italy %M 1564 20y(0) history  total (% energy)  Events xceg:ccjasl/ recom- Energy  1.34(0.9, Age
Cohorts Seven 100 aUtops mended 1.99)
Countries Study psy intake)
14117 Age, .BIVII, energy intake,
CHD events impaired glucose
(Esrey et al., Canada, 30-79 Continuous 0.96 tolerance, blood total
1996) Lipid Age 30- (46) (52) Dietary  Carbohydrate, Fatal . Age R 1% : !
- 124y Medical risk (0.94, cholesterol and
Research Clinics 79y, No /4904 recall total (% energy)  Events 30-59y X Energy .
records/ estimate 0.99) triacylglycerol, gender,
Prevalence CHD %M 52 autops smoking, systolic blood
Follow-Up Study Psy &, 5y
pressure
Continuous o 1.02
*14119 512)04 E?/;anlts As above 25?79 risk é:’er (0.98, As above
v estimate gy 1.05)
Cases: (n: 52) 201.8g/d
(52) Carbohydrate, Fatal Age (98.6)
14110 /4904 total ( Zda ) ’ Events As above 35_59 g/d Non-cases: (n: 3873) 221.2
£/0ay ¥ g/d (104.5)
Cases: (n: 40) 218.5 g/d
(92.7)
(40) Fatal Age
14114 As above g/d Non-cases: (n: 581) 195.2
/4904 Events 60-79y g/d (78.7)
Ischaemic Cases: (n: 70) 240.2 g/d
14306 Wales, 45-59 Fatal + heart disease (66.3)
(Fehily et al., Primarily (70) Sy FFQ/ Carbohydrate, Non- Medical /d Non-cases: (n: 1686) 250.5
1993) The White, %M /2512 (0.3) Diary total (g/day) fatal records/ & g/d (73.2)
Caerphilly Study No CHD 100 Events autopsy, Self
report
17564  USA, 30-55 Fatal + Coronary 1.22
(Halton et al., Primarily %9223)2 20y 8:;12) f:trablcz;y:;aetre, ) Non- heart disease QC;lO Vs (0.95, 0.06 Age, aIc.ohoI, aspirin., BMI,
2006) White, %M 0 °ENCBY)  fatal death, Non- 1.56) cereal fibre, energy intake,
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No Events fatal Ml hormone replacement
NHS T2DM, therapy,

No CVD Ascertained hypercholesterolaemia,
using hypertension, parental
multiple CHD, physical activity,
methods protein intake, smoking,

supplements

USA Age, alcohol, aspirin, BMI,

No ! Fatal CHD + energy intake, Fibre,

14630 T2DM, 38-63 Fatal + non-fatal Mi Continuous 1.02 folat.e, Hyperchol.esterol—
. ) (761) FFQ Carbohydrate, Non- . 5% 0.5 aemia, hypertension,
(Liu et al., 2000b)  Without /75521 10y(2) (126) total (% energy)  fatal Medical risk Energy (0.96, menopausal status,
NHS anginaor %MO estimate 1.08 . - !

heart Events records/ physical activity, parental

autopsy CHD, protein intake,

attack

smoking, supplements

*This result was used in the meta-analysis of carbohydrate (% energy) and any CVD event
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Table 1.9 Coronary events and high carbohydrate diets: RCT data

Subgroup IREREREEn Completers/ % of group Result- Weight Outcome
Result ID/Author . Allocated experiencing  Outcome/ Assessment method Contrast RR (95% Cl) specific Assessment
detail group Change .
event follow-up Bias
17138 Low fat 19541/19541 0.35 Coronary heart disease death 8 years Decrease No bias
(Howard et al., 2006) Nonfatal Ml Control (reference)
The women’s health initiative (Medical records/autopsy vs. Low fat 0.98 (0.8, 1.09)
. co X Control 29294/29294 0.36 X . : No change
dietary modification trial Medical testing)
17139 No history Low fat 18633/19541 0.3 As above Control (reference) 0.93 (0.83, 1.05) 8 years Decrease No bias
of CVD Control 27925/29294 0.32 vs. Low fat ' T No change
17140 Low fat 19541/19541 0.28 Myocardial infarction (Non-fatal) Control (reference) 0.98 (0.87, 1.11) 8 years Decrease No bias
Control 29294/29294 0.28 (Medical records/Medical testing) vs. Low fat ' T No change
17141 No history Low fat 18633/19541 0.23 Control (reference) 8 years Decrease No bias
of CVD Control 27925/29294 0.26 As above vs. Low fat 0.91(0.82,1.01) No change
17142 Low fat 19541/19541 0.1 Fatal coronary heart disease events Control (reference) 1.02 (0.84, 1.25) 8 years Decrease No bias
Control 29294/29294 0.1 Medical records/autopsy vs. Low fat ) T No change
17143 No history Low fat 18633/19541 0.08 Control (reference) 8 years Decrease No bias
A 1.01 (0.81, 1.27
of CVD Control 27925/29294  0.08 s above vs. Low fat 01(081,1.27) No change
Low fat 19541/19541 0.45 Coronary artery bypass 8 years Decrease No bias
17144 .graft/per.cutaneous coronary Control (reference) 0.96 (0.88, 1.06)
Control 29294/29294 0.47 intervention (non-fatal events) vs. Low fat No change
Multiple assessment methods
17145 No history Low fat 18633/19541 0.38 Control (reference) 8 years Decrease No bias
As ab 0.91(0.82,1.01
of CVD Control 27925/29294  0.41 s above vs. Low fat (082,1.01) No change
Low fat 19541/19541 0.63 Cor;);ary artery bypass 8 years Decrease No bias
graft/percutaneous coronary
17146 intervention and Coronary heart ConLtroI ]ErEference) 0.97 (0.90, 1.06)
Control 29294/29294 0.65 disease death/Nonfatal M vs. Low fat No change
Multiple assessment methods
i Low f 1 19541 . D No bi
17147 Nfoch|story ow fat 8633/195 0.53 As above Control ;reference) 0.94 (0.86, 1.02) 8 years ecrease o bias
of CVD Control 27925/29294 0.57 vs. Low fat No change
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Stroke events, total carbohydrate and high carbohydrate diets

Summary of cohort results

Data were extracted from one study of US female nurses, the NHS (Oh et al., 2005). This study
provided evidence concerning the association between percentage energy from carbohydrates
and fatal and non-fatal stroke. These results were also reported separately for BMI <25kg/m? and
BMI >25kg/m?. There was no significant association between total energy from carbohydrates and
total or ischaemic stroke in the whole cohort but there was a 25% increased risk of haemorrhagic
stroke when comparing the highest quintile of carbohydrate intake with the lowest (p trend = 0.02).
No association was seen in those with BMI<25kg/m? but there was evidence of a two-three fold
increased risk of total stroke or haemorrhagic stroke in women with the highest intakes of
carbohydrate, in those with BMI>25kg/m?.

Exposure definition and assessment

The NHS (Oh et al., 2005) assessed percentage of total energy from carbohydrates using a 116-
item FFQ.

Adjustment for appropriate confounders

The NHS (Oh et al., 2005) adjusted for a wide range of covariates including age, smoking,
physical activity and family history of certain diseases.

Please interpret observational data with caution: With observational studies there is substantial
potential for biases.
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Summary of trial results

One RCT only reported stroke events in relation to high carbohydrate diets. In the Women’s
Health Initiative Dietary Modification Trial (Howard et al., 2006), participants were randomised to
either an intensive intervention group which included individual sessions designed to reduce fat
intake to 20% of total energy and increase consumption of fruits, vegetables and grains or a
comparison group which received diet-related education materials only. After 1 year, carbohydrate
energy intake as assessed by an FFQ was 58.3% (SD 8.9) in the intervention group and 48.0% in
the comparison group. After 6 years the difference had diminished to some extent, and was 53.9
(9.9) and 45.9% (8.8), respectively.

The percent of participants in each group experiencing stroke events was very similar and the
hazard ratios which compared the low-fat intervention group with the comparison group did not
show any clear direction of association for all strokes or for specific stroke types.

Results from this trial should be interpreted with caution as other dietary components were altered
other than a switch between fat and carbohydrate content and the low fat diet group experienced
weight loss but the comparison group did not.
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Table 1.10 Stroke events and total carbohydrates: cohort studies in adults
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*13436
(Ohetal.,
2005) NHS

13495
NHS

13496
NHS

13439
NHS

13499
NHS

13500
NHS

13438
NHS

13497
NHS

13498
NHS

USA,
Primarily 30-55
White, No

CHD, No %M 0
T2DM

(1020)
/121700

(528)
/121700

(492)
/121700

(279)
/121700

(178)
/121700

(101)
/121700

(515)
/121700

(259)
/121700

(256)
/121700

18y

FFQ (116)

Carbohydrate,
total (%
energy)

Fatal +
Non-fatal
Events

Stroke, any
Ascertained
using
multiple
methods

Stroke,
haemorrhagic
Ascertained
using
multiple
methods

Stroke,
ischaemic
Ascertained
using
multiple
methods

BMI <25

BMI >25

BMI <25

BMI >25

BMI <25

BMI >25

(52.9) vs.
(32.6)

Q5vs. Q1

Q5vs. Q1

(52.9) vs.
(32.6)

Q5vs. Q1

Q5vs. Q1

(52.9) vs.
(32.6)

Q5vs. Q1

Q5vs. Q1

% Energy

% Energy

% Energy

1.25(0.91, 1.73)

0.89(0.58, 1.36)

2.13(1.28,3.53)

2.05 (1.1, 3.83)

1.57 (0.74, 3.35)

3.84 (1.23, 12.05)

0.86 (0.54, 1.36)

0.58 (0.32, 1.07)

1.61(0.79, 3.28)

0.16

0.54

0.002

0.02

0.2

0.02

0.46

0.05

0.16

Age, alcohol, aspirin, BMI,
monoun-, polyun- and saturated
fatty acid intake, energy from
trans fatty acids, energy intake,
energy from cereal fibre, family
history of DM;
hypertriglycerideaemia;
hypertension or MI, menopausal
status, n-3 fatty acid intake,
physical activity, smoking,
postmenopausal hormone
replacement therapy, Vitamin E

As above

As above

As above

As above

As above

As above

As above

As above

*This result was used in the meta-analysis of carbohydrate (% energy) and any CVD event

Table 1.11 Stroke events and high carbohydrate diets: RCT data
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Outcome

Result Intervention Completers/ % of group Outcome/ Assessment Result-specific  Weight
Subgroup detail e Contrast RR (95% CI P g A
ID/Author el group Allocated STEmEs method (85% C) follow-up Change 'ssessment
Bias
event
17148 ]
(Howard et al. Low fat 19541/19541 0.28 Control (reference) 8 years Decrease No bias
2006) Stroke, any (fatal and non- vs. Low fat
Women'’s fatal)
Health Initiative Multiple outcome 1.02(0.90, 1.15)
. Control 29294/29294 0.27 No change
Dietary assessment methods
Modification
Trial
1714 Low fat 18633/19541 0.25 8 years Decrease No bias
9 No history of CVD As above Control (reference) 1 5 (0,90, 1.17)
Control 27925/29294 0.25 vs. Low fat No change
Low fat 19541/19541 0.03 Stroke, any (fatal) 8 years Decrease No bias
171
>0 Multiple outcome Control (reference) , o 4 69, 1.36)
Control 29294/29294 0.04 assessment methods vs. Low fat No change
17151 ) Low fat 18633/19541 0.03 Control (reference) 8 years Decrease No bias
No history of CVD As above vs. Low fat 0.94 (0.65, 1.35)
Control 27925/29294 0.03 No change
Low fat 19541/19541 0.24 Stroke, any (non-fatal) 8 years Decrease No bias
17152
> Multiple outcome Control (reference) 1.03(0.90, 1.17)
Control 29294/29294 0.23 assessment methods vs. Low fat No change
Low fat 18633/19541 0.22 8 years Decrease No bias
171
>3 No history of CVD As above Control (reference) 4 44 (0.90, 1.19)
Control 27925/29294 0.22 vs. Low fat No change
Stroke, ischaemic (fatal and f
17154 Low fat 19541/19541 0.16 non-fatal) ( Control (reference) 8 years Decrease No bias
Multinle out vs. Low fat 1.01 (0.86, 1.18)
Control 29294/29294 0.16 ultiple outcome No change
assessment methods
Low fat 18633/19541 0.15 8 years Decrease No bias
171
7155 No history of CVD As above Control (reference) 1.03 (0.87,1.22)
Control 27925/29294 0.15 vs. Low fat No change
Stroke, hemorrhagic (fatal f
17156 Low fat 19541/19541 0.04 and non-fatal) Control (reference) 8 years Decrease No bias
Multipl t vs. Low fat 0.90 (0.66, 1.22)
Control 29294/29294 0.05 ultiple outcome No change
assessment methods
Low fat 18633/19541 0.04 8 years Decrease No bias
17157 No history of CVD As above Control (reference) ¢ gg (0,64, 1.20)
Control 27925/29294 0.05 vs. Low fat No change
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Total carbohydrate and CVD summary

Meta-analysis: Total carbohydrate (% energy) and any incident CVD events

Data were extracted from 6 publications presenting results from 3 cohort studies for total
carbohydrate (reported as percent energy) and CVD: the NHS, the Lipid Research Clinics
Prevalence Follow-Up Study and the Crevalcore and Montegiorgio Cohorts Seven Countries
Study (Halton et al., 2006;Park et al., 2006;0h et al., 2005;Liu et al., 2000b;Esrey et al.,
1996;Farchi et al., 1995). The Crevalcore and Montegiorgio Cohorts from the Seven Countries
Study could not be included in the dose-response meta-analysis because of insufficient
information presented in the paper (Farchi et al., 1995). Another publication from this study
presented results in terms of continuous markers of CHD, so could not be combined with the other
studies (Park et al., 2006). One paper from the NHS presented the exposure as a dietary pattern
score covering several dietary exposures, and could not be combined with the other studies
(Halton et al., 2006). The remaining three papers were included in one meta-analysis for any CVD
event, because there were insufficient usable papers to present results separately for CHD and
stroke. One publication reporting on the Lipid Research Clinics Prevalence Follow-Up Study
presented results stratified by age group (Esrey et al., 1996). These were first combined into one
estimate for that study using a fixed effects meta-analysis, before combining with the other
studies.

Relative risks are presented for each 8% increase, equivalent to approximately one standard
deviation, in percent energy from total carbohydrate (the approximate mean population intake is
44% energy from carbohydrate) as based on UK data from the National Diet and Nutrition Survey
(NDNS) (Bates et al., 2009).

The pooled estimate of relative risk was 1.00 (95% CI: 0.89 to 1.12) per 8% of energy from
carbohydrate (p=0.97).
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Figure 1.1 Forest plot for total carbohydrate (% energy) and any incident CVD event

Study Estimated

ID RR (95% Cl)
Esrey KL, et al., 1996 e S 0.86 (0.73, 1.01)
Liu S, et al., 2000 — 1.03(0.94, 1.13)
Oh K, et al., 2005 B I — 1.08 (0.96, 1.22)

Pooled estimate <> 1.00 (0.89, 1.12)

T T T T
1.2 14

.6 .8 1
RR per 8% of energy from carbohydrate

Pooled estimate includes all results with any adjustment for confounding.
Note: Increment =1 SD so estimates are comparable across exposures. This is regardless of any skewness. Axis on log scale.

There was considerable heterogeneity between the cohort studies (1°=62%, 95% CI: 0% to 89%,
Q=5.2, df=2, p=0.07), so the pooled estimate should be interpreted with caution.

There were insufficient studies to explore small-study effects such as publication bias through
funnel plots or hypothesis tests. No one study had a dominant influence on the pooled estimate
from the random effects analysis.

There were insufficient studies to explore the sources of heterogeneity by stratified forest plots or
meta-regression.

Meta-analysis: Total carbohydrate (g/day) and any incident CVD events

Data were identified from four publications presenting results from four cohort studies: Prospect-
EPIC Utrecht, EPIC Potsdam, the Lipid Research Clinics Prevalence Follow-Up Study and the
Caerphilly study (Drogan et al., 2007;Beulens et al., 2007;Esrey et al., 1996;Fehily et al., 1993).

Data relating to carbohydrate density was reported only from EPIC Potsdam, the other three
cohorts reported carbohydrate as grams per day. Prospect-EPIC Utrecht could not be included
because insufficient information on total carbohydrate intake was presented to estimate category
means, medians or midpoints, therefore the dose-response trend could not be estimated (Beulens
et al., 2007). This left only the Lipid Research Clinics Prevalence Follow-Up Study and The
Caerphilly Study that could be included in a meta-analysis (Esrey et al., 1996;Fehily et al., 1993),
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of which the latter only provided unadjusted results (Fehily et al., 1993). Therefore there were an
insufficient number of studies to provide a meta-analysis.
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Total sugars and sugar fractions and CVD

Coronary events and total sugars and sugar fractions

Summary of cohort results

Data were identified from three studies: the NHS, Prospect-EPIC Utrecht study and the Caerphilly
Study. Prospect-EPIC Utrecht and the Caerphilly Study provided evidence concerning the
association between total sugars intake and risk of IHD or CHD (Fehily et al., 1993;Beulens et al.,
2007) and the NHS provided evidence relating to fructose, sucrose and lactose with CHD events
(Liu et al., 2000b).

The NHS and Prospect-EPIC Utrecht provided risk estimates for sugars and CHD events but both
reported risk estimates close to 1 and neither study reported any statistically significant
associations between intake of sugars and risk of CHD. The Caerphilly Study reported very similar
total sugar consumption in cases and non-cases at baseline (Fehily et al., 1993) but as no risk
estimates were reported for this cohort, a meta-analysis could not be conducted,

Exposure definition and assessment

Intake of sugars in the Caerphilly Study was assessed with a validated semi-quantitative FFQ. In
this cohort, FFQs were taken home by each participant to be filled in with help from their spouse
(Fehily et al., 1993). The other studies used FFQs with either 126 or 178 items (Beulens et al.,
2007;Liu et al., 2000b). The NHS calculated an energy-adjusted score for each of the sugar
fractions (Liu et al., 2000b).

Adjustment for appropriate confounders

Both the NHS and Prospect-EPIC Utrecht adjusted for age, hypercholesterolaemia and
menopausal status but there was variability in adjustments for occupation and familial CHD
(Beulens et al., 2007;Liu et al., 2000b). The NHS also adjusted for total energy intake (Liu et al.,
2000b). Unadjusted mean intakes were presented in the Caerphilly Study (Esrey et al.,
1996;Fehily et al., 1993).

Please interpret observational data with caution: With observational studies there is substantial
potential for biases.
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Evidence from COMA reports - Total sugars and coronary events

Three cohort studies were identified from previous COMA reports that would have been eligible for
inclusion in this review except publication dates were pre-1990. These three provided data
concerning sugar (mostly sucrose) consumption and coronary events (Morris et al., 1977;Kushi et
al., 1985;Yano et al., 1978). Sugar intake was reported as a percentage of energy (Kushi et al.,
1985;Yano et al., 1978) or as grams per day (Morris et al., 1977). All studies differed in their
assessment of diet: the British study used 7-day weighed record estimates of sugar (Morris et al.,
1977), the Ireland-Boston Diet-Heart study employed a dietary history which was coded on a food
frequency form (Kushi et al., 1985) and the study of Japanese men in Hawaii reported intakes
using a dietary acculturation questionnaire and a 24-hour dietary recall (Yano et al., 1978). Both
US studies reported similar mean age-adjusted intakes of sugar in cases and non-cases (Yano et
al., 1978;Kushi et al., 1985). Similarly, no association between consumption of sucrose and
coronary events was observed in the British study (Morris et al., 1977).
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Table 1.12 Coronary events and total sugars and sugar fractions: cohort studies in adults

Result ID/ Coun‘tll'y, Age Follow . el Outcome/ Assessment Mean
ethnicity, range (Cases)/ Diet Non- . Contrast . Exposure p .
Reference/ : Up (% Exposure Details Units RR (CI) Adjustments
Inclusion (mean) Total Assessment fatal (mean) (SD) trend
Cohort Name o loss)
criteria %Male Events
Age, alcohol, BMI, smoking,
(Beulenslif12 The 49-70 Fatal+  CHD events Ehyselrccal:cilcet;:;tr\glaemia
al,, 2007) Netherlands, (556) 9y FFQ (178) Sugars, Non- Q4 vs. 1.04 (0.72, 07 hyper‘cension meno at’JsaI
s No CHD, No /17357 (10) total fatal  Registry data a1 1.48) ' vP N, menop
Prospect-EPIC %M 0 status, nutrient intake, oral
T2DM Events . . .
Utrecht contraceptive pill, systolic
blood pressure
14308 Wales Fatal + Ischaemic heart disease Cases: (n: 70)
(Fehily et al., o 45-59 92.9 (30.3)
Primarily S5y . Sugars, Non- .
1993) The . (70) /2512 FFQ / Diary Medical records/autopsy, g/d Non-cases:
. White, No (0.3) total fatal
Caerphilly CHD %M 100 Events Self report (n: 1686)
Study 95.3 (37.6)
Age, alcohol, aspirin, BMI,
USA energy intake, fibre, folate,
14681  NoT2DM, 38-63 Fructose Fatal +  All fatal CHD + non-fatal Ml hypercholgsterolaemla,
. X (761) 10y (Energy Non- Q5 vs. 1.07 (0.82, hypertension, menopausal
(Liuetal., Without FFQ (126) . . score . L
. /75521 (2) adjusted  fatal Medical records/ autopsy Ql 1.4) status, physical activity,
2000b) NHS angina or %M 0 :
score) Events parental CHD, protein
heart attack . .
intake, smoking,
supplements, Vitamin E
Sucrose Fatal +  All fatal CHD + non-fatal Ml
(Energy Non- Q5 vs. 1.22 (0.94,
As ab
adjusted  fatal Medical records/ autopsy Q1 score 1.6) s above
score) Events
Lactose Fatal +  All fatal CHD + non-fatal Ml
(Energy Non- Q5 vs. score  0.94(0.74 As above
adjusted  fatal Medical records/ autopsy Q1 1'21) "
score) Events )
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Polysaccharides, starch and CVD

Coronary events, polysaccharides and starch

Summary of cohort results

Data were identified from four studies: the Alpha-tocopherol, beta-carotene (ATBC) study, the
NHS, Prospect-EPIC Utrecht study and the Caerphilly Study. The ATBC study provided evidence
concerning the association between non-cellulosic polysaccharides and fatal CHD and the
Prospect-EPIC Utrecht study between polysaccharide intake and risk of both fatal and non-fatal
CHD (Pietinen et al., 1996;Beulens et al., 2007). The NHS and the Caerphilly Study provided
evidence relating starch and fatal and non-fatal coronary events (Liu et al., 2000b;Fehily et al.,
1993).

The ATBC, NHS and Prospect-EPIC Utrecht studies all provided some evidence of reduced risk
with greater polysaccharide intake, although only the Finnish ATBC study found the association to
be statistically significant, for highest vs. lowest intake RR: 0.67 (95% CI 0.52, 0.88) (Pietinen et
al., 1996).

The Caerphilly Study reported very similar intakes of total starch in cohort participants who
subsequently became cases and non-cases (Fehily et al., 1993) but no risk estimates were
reported for this cohort.

Due to variation in the exposures reported (a starch score rather than starch in the NHS), and the
lack of age-adjustment in the Caephilly cohort study, there were too few studies to undertake a
meta-analysis.

Exposure definition and assessment

Intake of starch in the Caerphilly Study was assessed with a semi-quantitative FFQ, which was
validated for portion size against seven-day food diaries completed by 30% of the sample. In this
cohort, FFQs were taken home by each participant to be filled in with help from their spouse
(Fehily et al., 1993). The other studies used FFQs with substantial numbers of food items, ranging
from 126 to 276 (Pietinen et al., 1996;Beulens et al., 2007;Liu et al., 2000b). The NHS calculated
an energy-adjusted score for starch intake (Liu et al., 2000b).
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Adjustment for appropriate confounders

For the Prospect-EPIC Utrecht study, NHS and ATBC studies, appropriate adjustments were
applied including age, dietary and anthropometric variables (Beulens et al., 2007;Pietinen et al.,
1996;Liu et al., 2000b). Unadjusted mean intakes were presented in the Caerphilly Study (Esrey et
al., 1996;Fehily et al., 1993).

Please interpret observational data with caution: With observational studies there is substantial
potential for biases.

Evidence from COMA reports — Polysaccharides and coronary events

Data were identified from one cohort study published before 1990 from the COMA reports
concerning the association between mean polysaccharide intake and heart-related events
(Kromhout et al., 1982). Findings from this study show a somewhat lower polysaccharide intake in
fatal cases compared to non-cases at baseline (180.3 vs. 206.5 g/day), with the difference
between these two intakes being statistically significant (p=0.04).

Three studies reporting on starch consumption were also included in COMA reports. Two studies
presented data on starch intake as a percentage of energy (Kushi et al., 1985;Yano et al., 1978)
whereas one study reported starch consumption as g/d (Fehily et al., 1987). The Ireland-Boston
Diet-Heart study (Kushi et al., 1985) reported that cases derived 28% of calories from starchy food
compared to the rest of the cohort which derived 29% of calories. Findings from the study of
Japanese men in Hawaii (Yano et al., 1978) also showed comparable age- and cohort-adjusted
means of starchy food intakes in cases and non-cases (22.9 vs. 23.5% calories). In two regression
models, percentage of energy derived from starch was not statistically significantly associated with
risk of death from coronary heart disease (Yano et al., 1978). The Caerphilly study (Fehily et al.,
1987) reported starch consumption at baseline in participants who subsequently did or did not
have develop ischaemic heart disease. There was no evidence to suggest there was an
association between starch consumption and heart-related events.
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Table 1.13 Coronary events, polysaccharides and starch: cohort studies in adults

Result ID/

Country,

Age

.. Follow . Outcome/
Reference/ ethnlc_lty, range (Cases)/ Up (% Diet PR Fatal / Non-fatal Assessment Contrast Units R (CI) Mean Exposure p e
Cohort Inclusion (mean) Total Assessment Events . (mean) (SD) trend
o loss) Details
Name criteria %Male
Age, alcohol, BMI,
smoking, physical
(Beulenlssesl‘11 The 49-70 Polysaccharides CHD events 0.9 am\;‘rtgf’]olesterolaemia
al,, 2007) Netherlands, (556) 9y FFQ (178) (>1¥)) Fatal + Non-fatal Q4 vs. (0.75, 0.78 hypertension ’
" No CHD, No /17357 (10) - Events Registry data a1 1.32) : P '
Prospect- T2DM %M 0 unspecified menopausal status,
EPIC Utrecht nutrient intake, oral
contraceptive pill,
systolic blood pressure
Ischaemic heart
. 14307 Wales, 45-59 disease Cases: (n: 70)
(Fehily et al., Primaril (70) 5 Fatal + Non-fatal 148.8 (56)
1993) The . v ¥ FFQ / Diary Starch, total Medical g/d Non-cases: (n:
. White, No %M /2512 (0.3) Events
Caerphilly CHD 100 records/autopsy, 1686) 155.1
Study Self report (57.2)
Age, alcohol, aspirin,
BMI, energy intake,
USA, No All fatal CHD + fibre, folate, .
14678 T2DM 38-63 non-fatal Ml 0.94 hypercholesterolaemia,
. L (761) 10y Starch (Energy Fatal + Non-fatal Q5 vs. (0.69, hypertension,
(Liuetal, Without /75521 (2) FFQ(126) adjusted score) Events Medical records/ Ql score 4 28) menopausal status
2000b) NHS  angina or %M 0 / sutopes ' physic”al ety
heart attack parental CHD, protein
intake, smoking,
supplements, vitamin E
Age, alcohol, beta-
Finland, carotene, BMI, systolic
13390 gae:ceer;lfll;ee, 50-69 FrQ/ Non-cellulosic CHD events 0.67 Z::sjtl.larztoehdcuil:tci):n
(Pietinen et healthy, No (635) 6.1y Questionnaire polysaccharides, Fatal Events . (15.9) g/d (0.52, 0.01  saturated fatty acid,
al., 1996) CHD. Not %M /29133 (276) (based on Registry data vs. (6.8) 0.88) eneray intake. physical
ATBC Study P 100 Englyst method) "'8Y » Py
Alcoholics, activity, smoking, group
Smokers allocation, vitamin C

and E
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“Complex” carbohydrates and CVD

Coronary events and “complex” carbohydrates

Summary of cohort results

The Crevalcore and Montegiorgio cohort from the Seven Countries Study reported no significant
association between energy from “complex” carbohydrate and risk of fatal CHD (Farchi et al.,
1995).

Exposure definition and assessment

The definition of “complex” carbohydrates was not provided in The Crevalcore and Montegiorgio
cohort from the Seven Countries Study publication (Farchi et al., 1995), although it is generally
recognised that “complex” carbohydrates are composed of complex sugar chains, with these
chains acting as an energy store or fibrous structure in plants (Committee on Medical Aspects of
Food Policy, 1989). As such, rich food sources include grains, legumes, fruits and vegetables
(British Nutrition Foundation, 1990;Shah et al., 1994;Shah et al., 1996;Poppitt et al., 2002).
According to the WHO and as stated in The Crevalcore and Montegiorgio cohort from the Seven
Countries Study (Farchi et al., 1995), intakes of “complex” carbohydrates should make up 50-70%
of total carbohydrate intake.

The mean “complex” carbohydrate intake in the sample was 81.8%. Intake of this exposure was
assessed using the dietary history method which was validated against a weighed food record in a
small sample of the study population.

Adjustment for appropriate confounders

Insufficient adjustments were made for this result, with age being the only confounder included.

Please interpret observational data with caution: With observational studies there is substantial
potential for biases.

Table 1.14 Coronary events and “complex” carbohydrates: cohort study in adults

Country, Age Fatal / Outcome/

Result ID/ Follow Diet

thnicity, (¢ Non- A t . Adjust-
Reference/ fncI:Iscilo:: (::::5:) ( ::::I)/ Up (%  Assess- Exposure fa(::I sls)e:tsar:;:n Contrast/Units RR (CI) m(jelrj\sts
Cohort Name . loss) ment

criteria %Male Events

14172
(Farchiet al.,
1995) CHD events o
Crevalcore 45-64 “complex” Ezgrvs' >0-70% 1.2
and Ital (168) 20y Dietary carbo?m drates Fatal Medical &y (0.76, Age
Montegiorgio ¥ %M /1564 (0) history 0 Y Events  records/ 1.88) g
(% energy) (WHO

Cohorts 100 autopsy .
Seven recommendation)
Countries
Study
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Cellulose, lignin and CVD

Coronary events and cellulose and lignin

Summary of cohort results

One cohort study reported data concerning fibre fractions and risk of coronary heart disease. The
Finnish ATBC study provided risk estimates for fatal and non-fatal CHD events in association with
cellulose and lignin consumption (Pietinen et al., 1996). While fibre fractions tended to be inversely
associated with risk of CHD (reduced risk with greater consumption), there was some variation in
the size and statistical significance of the risk estimates according to the nature of the outcome.
For fatal CHD events, individuals in the highest quantile of consumption of both cellulose and
lignin had a 25% reduction in risk compared to those in the lowest intake quantile (p for trend
0.006 and 0.002 respectively). The associations were weaker for a combination of first non-fatal
myocardial infarction and coronary heart disease death.

Exposure definition and assessment

The ATBC study assessed food intake at baseline using a 276-item FFQ and estimated fibre
fractions using a modified Englyst method (Pietinen et al., 1996).

Adjustment for appropriate confounders

The fully adjusted models in the ATBC study analyses included all important confounders,
including age, various dietary variables, anthropometry and indices of socio-economic status
(SES).

Please interpret observational data with caution: With observational studies there is substantial
potential for biases.
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Table 1.15 Coronary events, cellulose and lignin: cohort study in adults

Result ID/ Country, ethnicit Age range (Cases) Follow Fatal / Outcome/ e —
Reference/ Inclusigrll criteriay' (mean) / Total Up (% Diet Assessment Exposure Non-fatal Assessment ! Units RR(CI) ptrend Adjustments
Cohort Name %Male loss) Events Details
Age, alcohol, beta-carotene,
13392 Finland, 50-69 FFQ/ Cellulose CHD events 0.72 g::fcl{dsysrzls'ﬁf: deg:fcsz::ilc;i\
(Pietinen et al., Cancer free, Generally (635) 6.1 Questionnaire (Englyst Fatal (6.3) vs. /d (6 54 0.006 saturafed fatt 'acid ener, ’
1996) ATBC healthy, No CHD, Not /29133 Y gl Events Registrydata  (3.1) & > : _ Hy acid, energy
Stud Alcoholics. Smokers %M 100 (276) method) 0.97) intake, physical activity,
v ! smoking, group allocation,
vitamin C and E
(1399) Cellulose Fatal + Fatal CHD, MI (6.3) vs 0.9
(Englyst Non-fatal . ’ ’ g/d (0.75, 0.07 As above
/29133 method) Events Registry data (3.1) 11)
(1399) Lignin Fatal + Fatal CHD, Ml 5:8)vs 0.89
(Englyst Non-fatal ) ’ ’ g/d (0.75, 0.21 As above
/29133 method) Events Registry data (2.1) 1.06)
Lignin CHD events
(635) Fatal (5.8) vs. 0.75
/29133 (Englyst Events 4 (2.1) g/d (058, 0.002 As above
method) Registry data 0.97)

This document was prepared for consideration by the Scientific Advisory Committee on Nutrition. It does not necessarily represent the final views of SACN or the advice/policy of Public Health England and Health Departments.

46



Dietary fibre and CVD

The following sections include studies which have examined cardiovascular disease in association
with total dietary fibre intake or fibre from a number of food sources.

The Association of Official Analytical Chemists (AOAC) methods of dietary fibre estimation include
polysaccharides, oligosaccharides, lignin and associated plant substances that are resistant to
digestion. This is the most commonly applied enzymatic-gravimetric method throughout most of
Europe and the Americas. However, in the UK until recently, the Englyst method of dietary fibre
analysis has been the preferred approach. This method, developed by Hans Englyst and
colleagues, is based on an enzymatic-chemical approach and includes only non-starch
polysaccharides (NSP), which are considered to be the dominant and most active fraction of
'dietary fibre'. Since it includes only NSP, this approach produces smaller estimates than AOAC.
The Southgate method (Southgate, 1969) used in earlier editions of the UK Composition of Foods
tables, produces dietary fibre estimates for foods which are greater than the Englyst method as it
includes the sum of polysaccharides (including pectins, hemicelluloses and cellulose) and lignin.

Total CVD and dietary fibre/ fibre density

Summary of cohort results

Four cohorts in Finland, USA and Germany provided data on total CVD events and dietary fibre
intake: Kuopio Ischaemic Heart Disease Risk Factor Study, NHANES I, The Women's Health
Study and the EPIC Potsdam (Laaksonen et al., 2005;Bazzano et al., 2003;Liu et al., 2002;Drogan
et al., 2007).

The German cohort tended to show lower mean intakes of dietary fibre expressed as grams per
MJ per day in both fatal and non-fatal cases of CVD compared to the other members of the cohort,
although this difference is likely not statistically significant (significance not provided). The Finnish
cohort showed much lower mean baseline estimates of dietary fibre intake (grams per day) in
cases of fatal CVD than in the non-cases, although again statistical significance was not provided.
The 2 US cohorts provided some evidence of reduced risk of CVD with increasing intakes of
dietary fibre. In the NHANES | cohort there was a 7% reduction in risk of fatal and non-fatal CVD
per 10g increment of dietary fibre (p<0.001), although the reduction in risk was not so marked for
fatal events only. Similarly, the Women’s Health Study also reported a 7% reduction in risk
associated with each 10g/d increment in dietary fibre (unadjusted model — data not in table),
although this estimate was not statistically significant in the fully adjusted model (p=0.17).
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Exposure definition and assessment

The NHANES | cohort study estimated intakes of dietary fibre density using 24 hour recall data
(Bazzano et al., 2003), and the Kuopio Ischaemic Heart Disease Risk Factor Study (Laaksonen et
al., 2005) used 4-day food diary estimates of dietary fibre intake. The EPIC Potsdam and
Women’s Health Study both reported dietary fibre intakes (AOAC) as assessed by FFQ as grams
per day and grams per MJ per day respectively (Liu et al., 2002;Drogan et al., 2007).

Adjustment for appropriate confounders

Mean consumption data reported in the EPIC Potsdam and Kuopio Ischaemic Heart Disease Risk
Factor Study cohorts was unadjusted. The other cohorts appear to be appropriately adjusted for
important confounders. In the Women’s Health Study, analyses excluding participants with BMI
<25 or ever smokers were conducted to improve control of residual confounding (data not in
tables). This provided evidence of stronger inverse associations of CVD with dietary fibre e.g. for
never smokers the highest quintile of fibre consumers experienced a 46% reduction in risk of CVD
compared to those in the lowest quintile (p trend 0.03).

Please interpret observational data with caution: With observational studies there is substantial
potential for biases.
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Table 1.16 Total CVD and dietary fibre/ fibre density: cohort studies in adults

Result ID/ Cour‘lt‘r ¥r Age Follow Diet sl Outcome/
ethnicity, range (Cases) Non- Contrast . Mean Exposure .
Reference/ : Up (% Assess- Exposure Assessment Units RR (CI) Adjustments
Inclusion (mean) /Total fatal . (mean) (sD)
Cohort Name o loss) ment Details
criteria %Male Events
Age, alcohol, BMI, dietary
14016 2574 Dietary Fibre Total CVD ) cholesterol, smoking,
(2%2232;'”0 etal, USA, (1198) 1o . Dietary (method Fatal Medical figl?t'n”ous 13335/ 0.96 (0.9, 0.29 education, ethnicity,
No CVD %M /14407 y recall unclear, likely  Events q ) ayd  103) diabetes mellitus, physical
38.3 AOAC) records/ estimate cal/ activity, gender, systolic
NHANES | autopsy blood pressure , saturated
fatty acid intake
Fatal + Total CVD
(3762) Non- /::icnegrta'”ed Eg;t'”uous 1(7)335/ 0.93 (0.89, X
As above
/14407 fatal multiple estimate kcal/d 0.97) <0.001
Events
methods
13464 565 2’:1'5 Stroke, Cases: (n=68)
(Drogan et al., Germany, Fibre density . 2.4 (0.6)
2007) No history of 0 (68) 64Y  rrqua8)  (AOAC Fatal — Medical g/MJ/d Non-cases:
/27548  (5) Events records/
MI/Stroke %M 40 method) death (n=25859) 2.6
EPIC Potsdam ° . (0.7)
certificate
M1/ Stroke, Cases: (n=311)
(311) Non- any 2.5(0.6)
fatal . g/Ml/d Non-cases:
/27548 Events rMesg:Zas,l (n=25859)2.6
(0.7)
14040
. Cases: (n=68)
(Laaksonen et al., Finland, 42-60 Dietary Fibre Total CVD 33.9(51.9)
2005) Cancer free, (78) 146y . Fatal
. . Food diary (AOAC g/d Non-cases:
Kuopio Ischaemic No CHD, No %M /2682 (0) method) Events Registry data (n=25859) 45.5
Heart Disease Risk ~ T2DM 100 gistry - )

Factor Study

(54.6)
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Result ID/
Reference/
Cohort Name

Country,

ethnicity,

Inclusion
criteria

Exposure

Fatal /
Non-
fatal

Events

Outcome/
Assessment
Details

Contrast
(mean)

Mean Exposure
(D)

Adjustments

13515
(Liu et al., 2002)

The Women's
Health Study

USA,
Primarily
White, Health
professionals,
No cancer,
No Stroke, No
CHD

Dietary Fibre
(AOAC
method)

Fatal +
Non-
fatal
Events

Total CVD

Ascertained
using
multiple
methods

Continuous
risk
estimate

Units RR (Cl)
26.3
Vs. 0.79 (0.58,
12.5 1.09)
g/d

Age, alcohol, BMI, energy
intake, family history M, fat
intake, folate, diabetes
mellitus, supplements,
hypercholesterolaemia,
hypertension, physical
activity, protein intake,
smoking, group allocation,
postmenopausal hormone
replacement therapy
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Coronary events and dietary fibre/fibre density

Summary of cohort results

Eleven studies presented data on dietary fibre intake and coronary events: Zutphen Elderly Study,
Finnish Mobile Clinic Health Surveys, Oxford Vegetarian Study, ATBC Study, NHANES I, Health
Professionals’ Follow-up Study (HPFS), Cardiovascular Health Study, The Women’s Health Study,
NHS, The Caerphilly Study, and the Scottish Heart Health Study (Streppel et al., 2008;Knekt et al.,
1994;Appleby et al., 1999;Pietinen et al., 1996;Bazzano et al., 2003;Rimm et al., 1996;Mozaffarian
et al., 2003;Liu et al., 2002;Wolk et al., 1999;Fehily et al., 1993;Todd et al., 1999).

Risk estimates were extracted from 10 studies and all but one study provided evidence of reduced
risk for fatal, non-fatal or combined coronary events with greater intake of fibre (Streppel et al.,
2008;Knekt et al., 1994;Appleby et al., 1999;Pietinen et al., 1996;Bazzano et al., 2003;Rimm et al.,
1996;Mozaffarian et al., 2003;Liu et al., 2002;Wolk et al., 1999;Todd et al., 1999). Many of these
negative risk estimates were not statistically significant, however this evidence for reduced risk
with greater intake was statistically significant in five of the studies and related to the following
outcomes: fatal CHD in HPFS, ATBC, NHS (Rimm et al., 1996;Pietinen et al., 1996;Wolk et al.,
1999), fatal and non-fatal CHD in NHANES | and the Scottish Heart Health Study (Todd et al.,
1999;Bazzano et al., 2003), non-fatal Ml in NHS and HPFS (Rimm et al., 1996;Wolk et al., 1999)
and fatal and non-fatal Ml in the HPFS (Rimm et al., 1996).

The Caerphilly Study and Finnish Mobile Clinic Health Surveys reported very similar intakes of
dietary fibre in cases and non-cases at baseline in men, although the female cases in the Finnish
study consumed significantly less fibre compared to the rest of the cohort (22 vs. 25g/d p=0.02)
(Knekt et al., 1994;Fehily et al., 1993).

Exposure definition and assessment

Fibre intake was calculated as either g/day or g/unit energy and was assessed using a single
24hour recall in NHANES | (Bazzano et al., 2003), and by dietary history in the Zutphen Elderly
Study and in the Finnish Mobile Clinic Health Surveys (Streppel et al., 2008;Knekt et al., 1994). In
the Caerphilly Study, fibre intake was assessed with a semi-quantitative FFQ, which was validated
for portion size against seven-day food diaries completed by 30% of the sample. The rest of the
studies tended to use FFQs (Rimm et al., 1996;Appleby et al., 1999;Pietinen et al.,
1996;Mozaffarian et al., 2003;Liu et al., 2002;Wolk et al., 1999;Todd et al., 1999). In the Scottish
Heart Health Study only 60 foods or food groups were included on the FFQ); this may be too few to
accurately estimate total fibre intake (Todd et al., 1999).
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The Oxford Vegetarian and ATBC cohorts calculated fibre intakes using Englyst values (Appleby
et al., 1999;Pietinen et al., 1996), the Caerphilly and Scottish cohorts used Southgate methods
(Todd et al., 1999;Fehily et al., 1993) and AOAC values were used in the remaining cohorts (Knekt
et al., 1994;Liu et al., 2002;Mozaffarian et al., 2003;Rimm et al., 1996;Streppel et al., 2008;Wolk et
al., 1999) except NHANES I, which did not report the method (Bazzano et al., 2003).

In the NHS, dietary fibre intake was reported as a measure of cumulative average intake from
guestionnaires which were sent at two year intervals (Wolk et al., 1999). All other studies
assessed fibre intake at baseline.

Adjustment for appropriate confounders

The Finnish Mobile Clinic Health Surveys study provided data on fibre intake in cases and non-
cases adjusted by age (Knekt et al., 1994). The Oxford Vegetarian Study did not adjust for any
anthropometric or diet-related variables (Appleby et al., 1999). The other studies all adjusted for
appropriate confounders including age and nutrients/energy intake, and most included
adjustments for class/socioeconomic status.

Please interpret observational data with caution: With observational studies there is substantial
potential for biases.

Evidence from COMA reports - Dietary fibre and coronary events

Three cohorts in the UK, Ireland/Boston(US) and the Netherlands were discussed in prior COMA
reports but were not included in this review as they were published before 1990 (Morris et al.,
1977;Kromhout et al., 1982;Kushi et al., 1985). The UK cohort tended to show lower dietary fibre
intakes in cases of coronary heart disease compared to non-cases, although statistical
significance values were not reported (Morris et al., 1977). The Netherlands cohort also reported a
lower intake of dietary fibre in cases compared to non-cases (27.2 vs. 30.8 g/d), but this difference
did not reach statistical significance (p=0.06). The authors showed that the coronary heart
disease-death rate in those in the lowest quintile of intake of dietary fibre was four times higher
than those in the highest quintile, yet this relation disappeared following multiple logistic regression
analysis (Kromhout et al., 1982). Finally the Ireland-Boston cohorts showed lower intakes of
dietary fibre in fatal cases of coronary heart disease than non-fatal cases (0.81 vs. 0.75g/1,000
kcal, p=0.04) (Kushi et al., 1985). Participants in the upper third of fibre intake had a significantly
lower risk of coronary heart disease than those in the lowest third (RR 0.57 95% CI 0.33 to 0.97)
(Kushi et al., 1985). The study also provided evidence of a negative association of dietary fibre
with CHD death (p=0.05) (Kushi et al., 1985).
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Table 1.17 Coronary events and dietary fibre/fibre density: cohort studies in adults

Result ID/ COun‘try, Age L) Diet il Sub- Mean
ethnicity, range (Cases)/ wUp Non- Outcome/ Contrast . .

Reference/ . Assess- Exposure " group Units RR(CI)  Exposure p p trend Adjustments
Inclusion (mean) Total (% fatal Assessment Details ] (mean)

Cohort Name o ment Detail (Sp)
criteria %Male loss) Events

*13133 Dietary Fibre lschaemic heart

(Appleby et 16-79 (not . Age, socio-
UK, disease 2.25 .

al., 1999) S (46) (525) 13.3 reported, Fatal economic
Primarily FFQ . Q3vs.Ql (0.92, NS

Oxford . /11140 y likely Events . status/class,

) White Medical records/ 5.53) .
Vegetarian %M 40 Southgate autops gender, smoking
Study method) psy

Age, alcohol, BMI,
. . dietary cholesterol,

14014 25-74 Fibre Density CHD events 4 10 smoking,
(Bazzano et (668) 19 Dietar (method Fatal Continuous /17 0.91 education

USA, No CVD 4 Y unclear, likely _ risk & (0.83, 0.06 aron,
al., 2003) %M /14407 (4) recall Events Medical records/ ) 35 ethnicity, DM,
AOAC estimate 1) R L
NHANES | 38.3 autopsy kcal physical activity,
method) .
saturated fatty acid
intake, gender, SBP
(1843) Le;t:_l * CHD events Continuous ;?17 0.92
/14407 fatal Ascertained using Zss'l(imate 35 5)0988(;’ 0.01 As above
Events multiple methods kcal )

14309 Wales 45-59 (Dnlz:ary e Fatal + EZZ:E: e
(Fehily et al., o Cases: (n: 70) 15.1 (5.7)
1993) The Primarily (70) >y - Fra/ reported, Non- /d Non-cases: (n: 1686) 16.4
Caerohill White, No %M /2512 (0.3) Diary likely fatal Medical & (5.7) T ’
Studp v CHD 100 Southgate Events records/autopsy, ’

v method) Self report

13141 Cases: (n:
(Knekt et al., . . 186) 32
1994) Finnish  Finland, No 30-69 14 14y  Dietary Ei‘gzzy Fibre  C tal CHD events Men /d Non- Age
Mobile Clinic CHD %M 53 /5133 9) history method) Events Registry data & cases: 0.84 i
Health ° gIstry (n: 2264)
Surveys 32

13142 Cases: (n:

N 58) 22
Finnish (58) Non-
Mobile Clinic /5133 Women g/d cases: 0.02 Age
Health
Survevs (n: 2183)
Yy 25
*13563 USA, Primarily Age, alcohol, BMI,

Woetal, O e Y ) DietaryFiore (21" M (263)vs 08 Famit istory o
2002) The P ' 6y  FFQ(131) (AOAC _ , 2IVS o (0.3, 0.13 y history

, No cancer, No /39876 fatal Ascertained using (12.5) M, fat intake,
Women's %M 0 method) . 1.22)

Health Stud Stroke, No Events multiple methods folate, DM,
v CHD hypercholesterolae
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Country, Age

Follo

Fatal /

Resin) ethnicity, range (Cases)/ wUp s Non- Outcome/ I Contrast . Mean .
Reference/ . Assess- Exposure " group Units RR(CI)  Exposure p p trend Adjustments
Inclusion (mean) Total (% fatal Assessment Details ] (mean)
Cohort Name s ment Detail (Sp)
criteria %Male loss) Events
mia, hypertension,
physical activity,
protein intake,
smoking, group
allocation,
supplements,
postmenopausal
HRT
*14135 :gfe aelziicz:lzlt,icc)ireal
g;/lslza;fg(;;n grsi:’n,arily 65- (811) Dietary Fibre Lit:_l * CHD events 0.84 fibre from fruit,
Cardiovascula  White, Age %M /5201 86y FFQ(99) ﬁ;ﬁid) fatal Medical records/ Q5vs. Q1 g/d (10;’7&;’ 023 Z':fkf;om \I:eiliczllvl’
r Health >65y, NoCHD  38.8 Events  autopsy : oxing. Phy
activity, gender,
Study .
smoking
Age, alcohol, Beta-
Finland, carotene, BMI,
13378 Cancer free, DBP, education,
(Pietinen et Generally >0-69 FFQ/. Dietary Fibre Fatal + Fatal CHD, Ml 0.87 saturated fatty acid
al., 1996) healthy, No (1399) = g, Question g st Non- (34.8) vs. /d (073 :
! CHD I\}:’)t %M /29133 - -naire mefhi)d) fatal Registry data (16.2) ’ 1 &)4)’ 08 intake, energy
’ : intake, physical
ATBC Study Alcoholics, 100 (276) Events - pny .
Smokers activity, smoking,
group allocation,
SBP, Vit C, Vit E
CHD events 0.73
(635) Fatal (34.8) vs.
g/d (0.56, 0.004 As above
/29133 Events Registry data (16.1) 0.95)
Age, alcohol, BMI,
saturated fatty acid
USA, 40-75 intake, family
*13477  Primarily (232) Dietary Fibre Fatal CHD events (28.9) vs 0.45 history of Ml,
(Rimm et al., White, Cancer %M /51529 6y FFQ(131) (AOAC Events (12'4) ' g/d (0.28, <0.001  hypercholesterolae
1996) HPFS free, No CHD, 1‘:)0 method) Registry data ' 0.72) mia, occupation,
No T2DM physical activity,
hypertension,
smoking, Vit E
Fatal + MI 0.59
(734) Non- Medical records/ (28.9) vs. g/d (0.46, <0.001  Asabove
/51529 fatal . (12.4)
Events autopsy, Registry 0.76)

data, Self report
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Country,

Age

Follo

Fatal /

i3y ethnicity, range (Cases)/ wUp Diet Non- Outcome/ ol Contrast . Mean .
Reference/ . Assess- Exposure " group Units RR(CI)  Exposure p p trend Adjustments
Inclusion (mean) Total (% fatal Assessment Details ] (mean)
Cohort Name s ment Detail (Sp)
criteria %Male loss) Events
Mi
Non- 0.65
(511) (28.9) vs.
fatal § g/d (0.49, 0.02 As above
/51529 Events Confirmed self (12.4) 0.88)
report
. . TFA, BMI, smoking
Dietary Fibre L ! '
* -
13615 (49) AOAC CHD events . Cis-PUFA, energy
(Streppel et . Continuous 0.83 intake, fish,
The (348) 40y Dietary method Fatal . 10 . .
al., 2008) . . . risk (0.75, prescribed diet,
Netherlands %M /1373 (0.2)  history (Energy Events  Ascertained using . g/d .
Zutphen X X estimate 1.7) saturated fatty acid
100 adjusted, multiple methods X
Elderly Study R intake, SES/class,
recent intake)
alcohol
Dietary Fibre
AOAC
method
(Intake during CHD events Continuous 0.87
X Fatal . 10
middle age. . . risk (0.71, As above
Events Ascertained using . g/d
Energy . estimate 1.07)
X multiple methods
adjusted,
long term
intake)
(Fr'f;rte density Age, alcohol, BMI,
14130 reported dietary cholesterol,
(Todd et al., Scotland, 40-59 likely Fatal+  CHD events 0.64 gne.rgy intake,
1999) . (296) 9y Non- fibrinogen, HDL-C,
! Primarily FFQ (60) Southgate . Men Q4 vs. Ql (0.45, -
Scottish . /11629 (0.1) fatal Medical records/ DM, personality
White %M 51 method — 0.9) .
Heart Health . Events autopsy score, physical
NSP, resistant . .
Study starch and activity, smoking,
L SBP, blood TG
lignin)
Scottish14136 (97) 0.56
Heart Health /11629 Women Q4 vs. Q1 (0.29, As above
1.08)
Study
Age, alcohol,
USA, aspirin, BMI,
R . carbohydrate
Primarily intake, saturated
White, Cancer Dietary Fibre MI fatt a’cid intake
13626 free, NoCHD,  30-55 (429) 10 (Long-term Non- (22.9) vs 0.57 ene\: intake !
(Wolk et al., No T2DM, /121700 (20\)/ FFQ(116) intake over 6 fatal Confirmed self (11'5) ' g/d (0.42, <0.001 h E%Zension !
1999) NHS Not hyper- %M 0 years. AOAC  Events : 0.77) P '
L A reports menopausal status,
lipidaemic/ method) )
parental MI, Period
hyperholest-
. of exposure,
erolaemic

physical activity,
smoking,
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Result ID/ Coun‘tll'y, Age Follo Diet Fatal / Mean
ethnicity, range (Cases)/ wUp Non- Outcome/ Contrast . .
Reference/ . Assess- Exposure " Units RR(CI)  Exposure p p trend Adjustments
Inclusion (mean) Total (% fatal Assessment Details (mean)
Cohort Name s ment (Sp)
criteria %Male loss) Events
postmenopausal
HRT, Vit intake
CHD events
0.41
(162) Fatal . (22.9) vs.
Registry data, g/d (0.23, 0.002 As above
/121700 Events Records/ (11.5) 0.7)
autopsy
Non-fatal M, fatal
Fatal + CHD 0.77
5519211)700 232'- Registry data, Eﬁg; vs. g/d (0.57, 0.07 As above
Events Medical records/ ’ 1.04)

autopsy, Confirmed
self reports

*This result was used in the meta-analysis of dietary fibre and CHD events
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Stroke events and dietary fibre/fibre density

Summary of cohort results

Data were identified from four studies: the NHS (Oh et al., 2005), HPFS (Ascherio et al., 1998),
ATBC study (Larsson et al., 2009), and NHANES | (Bazzano et al., 2003). These studies provided
evidence concerning the association between dietary fibre and fatal and non-fatal stroke (total
stroke/ ischaemic/ haemorrhagic/ haemorrhagic — subarachnoid/ haemorrhage — intracerebral).
One study reported a borderline significant association between dietary fibre and any stroke with a
significant p for trend (0.028) (Ascherio et al., 1998). The remaining studies reported non-
significant relative risks for dietary fibre and any stroke (Oh et al., 2005;Bazzano et al., 2003),
haemorrhagic stroke (Oh et al., 2005;Larsson et al., 2009) and ischaemic stroke (Oh et al.,
2005;Larsson et al., 2009). In summary, these studies do not provide evidence of an association
between dietary fibre and risk of stroke.

Exposure definition and assessment

The four cohort studies presented data on dietary fibre reported as total grams per day (Oh et al.,
2005;Ascherio et al., 1998;Larsson et al., 2009), and as fibre density (Bazzano et al., 2003).
Dietary fibre was measured using the AOAC method for HPFS and NHS, (Oh et al., 2005;Ascherio
et al., 1998), the Englyst method for the ATBC study (Larsson et al., 2009), but the method was
not reported for NHANES | (Bazzano et al., 2003). Dietary fibre was assessed using FFQs (Oh et
al., 2005;Ascherio et al., 1998;Larsson et al., 2009) and single dietary recalls (Bazzano et al.,
2003).

Adjustment for appropriate confounders

All studies adjusted for a wide range of covariates including age, smoking, physical activity and
gender (in the case of NHANES 1) (Bazzano et al., 2003).

Please interpret observational data with caution: With observational studies there is substantial
potential for biases.
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Table 1.18 Stroke events and dietary fibre/fibre density: cohort studies in adults

:::::::\?:2/ (e::,:r:zr ¥ r:r? ee (Cases) Y Diet L Oz Contrast
. w 8 Up (% Assess- Exposure Non-fatal Assessment Units RR (CI) p p trend Adjustments
Cohort Inclusion (mean) /Total . (mean)
. loss) ment Events Details
Name criteria %Male
*13466 o NO .
. CHD, No 40-75 . . Stroke, any Age, alcohol, BMI, energy intake,
(Ascherio Dietary Fibre Fatal + ) . .
T2DM (328) Medical (28.9) vs. 0.7 hypercholesterolaemia, hypertension,
etal., A . 8y FFQ(131) (AOAC Non-fatal g/d 0.028 . . o
Primarily %M /51529 records/autopsy, (12.4) (0.48, occupation, parental Ml, physical activity,
1998) X method) Events .
White, 100 Self report 1.00) smoking
HPFS
Cancer free
14011 Fibre Density
(Bazzano 25-74 . (method Strolfe, any . 10 1.02 Age, alcohol, BMI, dietary cholesterol, smoking,
USA, (233) Dietary ) Fatal Medical records/ Continuous ) . ) L
etal., No CVD %M /14407 19y (4) recall unclear, likely Events aUtops risk estimate g/1735  (0.85, 0.8 education, ethnicity, DM, physical activity,
2003) 308 3 AOAC psy kcal 1.24) saturated fatty acid intake, gender, SBP
NHANES | ' method)
Stroke, any
Fatal + . ) . 10 0.94
(928) Non-fatal  AScertainedusing  Continuous ) o0 n a7 g5 As above
/14407 multiple methods risk estimate
Events kcal 1.02)
13317 Stroke,
50-69 FFQ/ . . haemorrhage- Age, alcohol, BMI, dietary cholesterol, DBP,
(Larsson et . Dietary Fibre Fatal + > 0.86 ; .
(196) Question Subarachnoid (35.8) vs. energy intake, folate, HDL-C, CHD, DM, physical
al., 2009) 13.6y K (Englyst Non-fatal g/d (0.47, 0.49 o R :
Finland %M /29133 -naire (16.1) activity, Magnesium Intake, smoking, group
ATBC inlana, method) Events . 1.59) 0 ;
Study Cancer free, 100 (276) Registry data allocation, SBP
Generally
healthy, No Stroke, 0.97
CHD, Not (383) haemorrhage- (35.8) vs. g/d (0.61, 0.63 As above
Alcoholics, /29133 Intracerebral (16.1) 154)
Smokers Registry data ’
Stroke, ischaemic 1.01
%;3?3 82?; Ve g/d (0.85, 0.83 As above
Registry data ’ 1.19)
Age, alcohol, aspirin, BMI, carbohydrate intake,
*13514 30-55  (1020) Dietary Fibre  Fatal+  Stroke, any 0.53 e '(:'ftf]ke’e fri:?':y::;t;’g::n:g NLa :?"y
(Ohetal., /12170 18y FFQ(116) (AOAC Non-fatal  Ascertained using  (21) vs. (10) g/d . 0.07 ) y vp g.y ) ' v
. (0.66, history of HTN, family history of Ml,
2005) NHS %M 0 0 method) Events multiple methods . - .
USA, 1.04) menopausal status, physical activity, smoking,
Primarily postmenopausal HRT, Vit intake
White, No (279) swoke, 0.84
CHD, No /12170 haemorrhagic (21)vs. (10)  g/d (0.54, 034  Asabove
T2DM 0 Ascertained using 13)
multiple methods :
(515) Stroke, ischaemic 0.78
/12170 Ascertained using  (21) vs. (10) g/d (0.56, 0.09 As above
0 multiple methods 1.09)
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*This result was used in the meta-analysis of dietary fibre and stroke events
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Total dietary fibre and CVD summary

Meta-analysis: Dietary fibre and incident CVD events

Data were extracted from 14 publications presenting results from 11 cohort studies for dietary fibre
(g/day) and CVD (Laaksonen et al., 2005;0h et al., 2005;Bazzano et al., 2003;Mozaffarian et al.,
2003;Knekt et al., 1994;Liu et al., 2002;Appleby et al., 1999;Wolk et al., 1999;Ascherio et al.,
1998;Pietinen et al., 1996;Rimm et al., 1996;Fehily et al., 1993;Streppel et al., 2008;Larsson et al.,
2009).

The Finnish Mobile Clinic Health Surveys study was excluded because it did not present any
measure of variation, such as confidence intervals, standard errors or standard deviations (Knekt
et al., 1994). Both the Caerphilly Study and Kuopio Ischaemic Heart Disease Risk Factor Study
were also excluded from meta-analyses because they did not present results adjusted for any
confounders (Fehily et al., 1993;Laaksonen et al., 2005).

For two studies, intake of fibre was assumed to follow a normal distribution with mean and
standard deviation quoted in or derived from the papers, so that median intakes for each category
could be estimated for the estimation of a dose-response slope (Appleby et al., 1999;Mozaffarian
et al., 2003). One publication from the Oxford Vegetarian Study (Appleby et al., 1999) reported
dietary fibre intake split into thirds, with mean (SD) intake of 42.4 (8.4) g/day. If the tertiles are at
33% and 67%, then the category medians were taken as the being at 16.7%, 50%, and 83.3%
through the normal distribution with the same mean and SD, i.e. 34.3, 42.4, and 50.5 g/day
respectively. The same method was used for the Cardiovascular Health Study (Mozaffarian et al.,
2003).

Most studies presented results separately for CHD and stroke, so separate meta-analyses were
performed for each. Only two studies presented results for total CVD (Bazzano et al., 2003;Liu et
al., 2002), and both of these also provided results for at least one of CHD and stroke.

Relative risks are presented for each 7g/day increase, equivalent to approximately one standard
deviation, in fibre intake in the UK. The approximate mean population intake is estimated as
19g/day. These estimates are based on NDNS data (Bates et al., 2009) multiplied by 1.33 (to
convert from Englyst to AOAC values).

For CHD, the pooled estimate of relative risk was 0.89 (95% CI: 0.84 to 0.95) per 7 g/day of fibre
(p<0.001).
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Figure 1.2 Forest plot for total dietary fibore and CHD events

Study Estimated

ID RR (95% Cl)
Pietinen P, et al., 1996 —-— 0.88 (0.80, 0.96)
Rimm EB, et al., 1996 - 0.82 (0.75, 0.91)
Appleby PN, et al., 1999 i - > 1.37(0.94, 1.99)
Wolk A, et al., 1999 + 0.85 (0.72, 1.01)
Liu S, et al., 2002 A 0.81 (0.61, 1.06)
Bazzano LA, et al., 2003 . 0.94 (0.90, 0.99)
Mozaffarian D, et al., 2003 ;.—— 0.93 (0.82, 1.05)
Streppel MT, et al., 2008 —— 0.88 (0.78, 0.99)
Pooled estimate <> 0.89 (0.84, 0.95)

T T T T

7 8 9 111
RR per 7 g/day of fibre

Pooled estimate includes all results with any adjustment for confounding.
Note: Increment =1 SD so estimates are comparable across exposures. This is regardless of any skewness. Axis on log scale.

For stroke, the pooled estimate of relative risk was 0.95 (95% CI: 0.89 to 1.01) per 7 g/day of fibre
(p=0.08).

Figure 1.3 Forest plot for total dietary fibre and stroke events

Study Estimated
ID RR (95% Cl)
Ascherio A, et al., 1998 - 0.84 (0.73, 0.97)
Bazzano LA, et al., 2003 —a— 0.96 (0.91, 1.01)
Oh K, et al., 2005 —_—— 0.88 (0.77, 1.01)
Larsson SC, et al., 2009 - 1.00 (0.96, 1.03)
Pooled estimate <> 0.95 (0.89, 1.01)
T T U T
7 8 9 1 11

RR per 7 g/day of fibre
Pooled estimate includes all results with any adjustment for confounding.
Note: Increment =1 SD so estimates are comparable across exposures. This is regardless of any skewness. Axis on log scale.
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There was moderate heterogeneity between the cohort studies for CHD (1=49%, 95% ClI: 0% to

73%, Q=13.7, df=7, p=0.06), and moderate heterogeneity between the cohort studies for stroke
(1?=64%, 95% CI: 0% to 88%, Q=8.3, df=3, p=0.04).

Small-study effects (e.g. publication bias) were explored through a contour-enhanced funnel plot.
There was considerable evidence of a small-study effect, and with non-significant results largely
excluded, this possibly indicates the presence of publication bias for both CHD and stroke. A
roughly symmetrical funnel plot would indicate an absence of publication bias (see

http://www.cochrane-net.org/openlearning/html/mod15-3.htm for guidance on interpretation of
funnel plots).

Figure 1.4 Contour-enhanced funnel plot for publications presenting CHD/Stroke outcomes and
total dietary fibre
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There were sufficient studies to explore the sources of heterogeneity by subgroup analysis and
meta-regression for the CHD outcome, but not for stroke (see table below). Estimates were largely

consistent across subgroups. No one study had a dominant influence on the pooled estimate from
the random effects analysis.
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Table 1.19 Subgroup analyses of fibre and incidence of CHD. Relative risks are per 7 g/day.

Subgroup subgroup RR (95% CI) % n Phet *  Phet **
subjects' gender Male 0.86 (0.81, 0.91) 0% 3 .6 .08

Mixed 0.96 (0.87, 1.06) 48% 3 1

Female 0.84 (0.72, 0.97) 0% 2 N
method used to assess fiore ~ AOAC 0.88 (0.81, 0.96) 61% 4 .05

not AOAC 1.05(0.69, 1.62) 81% 2 .02 5
includes non-fatal events yes 0.92 (0.80, 1.06) 62% 3 .07

no 0.89 (0.83, 0.96) 50% 5 .09 .8
length of follow-up <l10years 0.86(0.82,0.92) 0% 4 4

>=10 years 0.93 (0.84, 1.02) 53% 4 .09 7
geographic location Americas  0.89 (0.83, 0.96) 50% 5 .09

EU 0.92 (0.80, 1.06) 62% 3 .07

Other 0 .8
adjusted for age yes 0.89 (0.84, 0.95) 49% 8 .06

no 0
adjusted for alcohol yes 0.89 (0.85, 0.93) 34% 7 2

no 1.37 (0.94, 1.99) 1 .07
adjusted for anthropometry yes 0.88 (0.83, 0.93) 44% 6 A

no 1.08 (0.75, 1.57) 3% 2 .05 2
adjusted for energy intake yes 0.87 (0.82,0.91) 0% 6 7

no 1.08 (0.76, 1.54) 3% 2 .05 .04
adjusted for family history yes 0.83 (0.76, 0.90) 0% 3 .9

no 0.92 (0.87, 0.98) 43% 5 1 .06
adjusted for physical activity  yes 0.89 (0.84, 0.94) 43% 6 1

no 1.06 (0.69, 1.63) 80% 2 .03 .6
adjusted for gender yes 0.89 (0.84, 0.95) 49% 8 .06

no 0
adjusted for smoking yes 0.89 (0.84, 0.95) 49% 8 .06

no 0
adjusted for age & smoking yes 0.89 (0.84, 0.95) 49% 8 .06

no 0

* P for heterogeneity within each subgroup

** P for heterogeneity between each subgroup
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Soluble and insoluble fibre and CVD

Total CVD and soluble and insoluble fibre

Summary of cohort results

Data on soluble and insoluble dietary fibre and risk of total CVD were reported by NHANES | and
The Women’s Health Study (Bazzano et al., 2003;Liu et al., 2002). Both tended to report reduced
risk with increasing consumption. In the NHANES | cohort the continuous estimate of risk for any
incident CVD event per 5 gram/1735 kcal/day increment of water-soluble dietary fibre was 0.94
(95% ClI, 0.9-0.99; p =0.01 for trend) (Bazzano et al., 2003). However, the estimate of risk for fatal
CVD events was closer to one and not statistically significant. No equivalent risk estimates in
association with insoluble dietary fibre were reported for this cohort. The Women’s Health Study
reported data on both soluble and insoluble dietary fibre consumption. Compared to the lowest
guantile of soluble fibre consumption, the risk of fatal and non-fatal CVD events in the highest
guantile was 0.9 (95% ClI, 0.68, 1.21; p =0.5 for trend). For insoluble fibre, the equivalent risk
estimate was 0.78 (95% CI, 0.57, 1.06; p =0.09 for trend).

Exposure definition and assessment

The NHANES | cohort study assessed intakes of dietary fibre using 24 hour recall data (Bazzano
et al., 2003) and The Women’s Health Study reported soluble and insoluble dietary fibre intakes
(AOAC) as assessed by FFQ as grams per day (Liu et al., 2002). However, the method of
assessing fibre intake in the NHANES | cohort was not reported.

Adjustment for appropriate confounders

Both studies appear to be appropriately adjusted for important potential confounders.

Please interpret observational data with caution: With observational studies there is substantial
potential for biases.
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Table 1.20 Total CVD and soluble and insoluble fibre: cohort studies in adults

Result ID/ :t‘::::::;y ! r:r?ee (Cases) Follow Diet Fatal / Outcome/ T
Reference/ . u 8 Up (% Assess- Exposure Non-fatal Assessment Units RR (CI) p p trend Adjustments
Inclusion (mean) /Total . (mean)
Cohort Name . loss) ment Events Details
criteria %Male
Total CVD Age, alcohol, BMI,. dietary
14030 25-74 Soluble fibre Continuous cholesterol, smoking,
(Bazzano et USA, (1198) Dietary Fatal . . 5g/ education, ethnicity, DM,
al., 2003) No CVD %M /14407 Ly recall fiT;th:g:gflear’ Events xis;zasl/ Zz'l(imate 1735 kcal 0.98 (093, 1.04) 0.48 physical activity,
NHANES | 383 Y s saturated fatty acid
psy intake, gender, SBP
Total CVD
Fatal + Continuous
(3762) Ascertained } 5g/
/14407 Non-fatal using I’ISk. 1735 keal 0.94 (0.9, 0.99) 0.01 As above
Events > estimate
multiple
methods
Age, alcohol, BMI, energy
USA, intake, family history of
13561  Primarily Total CVD M, fat intake, folate, DM,
(Liuetal., White, Health  (54) . Fatal + . hypercholesterolaemia,
2002) professionals, 52;(;)76 6y FFQ (131) i‘o;::(l;;ﬂbre (AOAC Non-fatal ﬁ:ic:rtamed gg; Ve g/d 0.9 (0.68, 1.21) 0.5 hypertension, physical
The Women's  No cancer, %M 0 Events g ' activity, protein intake,
multiple )
Health Study No Stroke, No smoking, group
methods

CHD allocation, supplements,
postmenopausal HRT

Total CVD
Fatal +
(570) Insoluble fibre Ascertained (21.8) vs.
/39876 (AOAC method) Non-fatal using (9.5) g/d 0.78 (0.57, 1.06) 0.09 As above
Events !
multiple
methods
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Coronary events and soluble and insoluble fibre

Summary of cohort results

Four studies provided some evidence of reduced risk for fatal, non-fatal or combined coronary
events with greater intake of soluble fibre: ATBC Study, NHANES |, HPFS and The Women'’s
Health Study (Pietinen et al., 1996;Bazzano et al., 2003;Rimm et al., 1996;Liu et al., 2002). This
association was statistically significant in both the ATBC study and NHANES | study but not in the
HPFS or the Women’s Health Study.

Three studies reported insoluble fibre and coronary events, the ATBC Study, HPFS and the
Women'’s Health Study (Pietinen et al., 1996;Rimm et al., 1996;Liu et al., 2002). Some evidence of
reduced risk for fatal, non-fatal or combined coronary events with greater intake of insoluble fibre
was seen in all three cohorts. The association was statistically significant in the ATBC study for
fatal CHD, highest vs. lowest intake, RR: 0.75 (95% CI 0.58, 0.98) (Pietinen et al., 1996) and per
10g/d increase in HPFS RR: 0.75 (95%CI 0.59, 0.94) (Rimm et al., 1996).

Exposure definition and assessment

Fibre intakes were assessed using a single 24hour recall in NHANES | (Bazzano et al., 2003), with
fairly long FFQs being used in the Women’s Health Study and HPFS (Liu et al., 2002;Rimm et al.,
1996) and with a combination of a long FFQ and questionnaire in the ATBC study. The ATBC
study provided information relating both to insoluble fibre and also insoluble non-cellulosic
polysaccharides as well as soluble fibre (Pietinen et al., 1996).

Fibre was calculated using the Englyst method in the Finnish ATBC study, using the AOAC
methods in the Women’s Health Study and HPFS and was not reported for the NHANES | study.

Adjustment for appropriate confounders

Appropriate adjustments were made by all studies including age, anthropometry and also energy
intake in the Women’s Health and ATBC studies (Liu et al., 2002;Pietinen et al., 1996;Rimm et al.,
1996).

Please interpret observational data with caution: With observational studies there is substantial
potential for biases.
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Table 1.21 Coronary events and soluble and insoluble fibre: cohort studies in adults

Result ID/ Country, Age Fatal /
Reference/ ethnicity range (Cases)/ Y Diet Non- Outcome/ Contrast
Cohort Inclusion (mean) Total (s Assessment Exposure fatal Assessment Details (mean) Units () P Rltsnd Quittnepe
. loss)
Name criteria %Male Events
Soluble fibre CHD events Age, alcohol, BM". dietary
14028 5574 density Continuous 5 cholesterol, smoking,
(Bazzano et USA, %M (668) 19y Dietary recall (method Fatal Medical records/ risk /1735 0.91 (0.83, 0.99) 0.03 educ.atlon, gthmuty, DM,
al., 2003) No CVD /14407 (4) . Events X physical activity, saturated
38.3 unclear, likely autopsy estimate keal .
NHANES | fatty acid intake, gender,
AOAC)
SBP
Fatal + CHD events .
Non- Continuous 5g
fatal Ascertained using risk /1735 0.92 (0.87,0.97) 0.004 As above
multiple methods estimate kcal
Events
Age, alcohol, BMI, energy
USA, intake, family history of Ml
*%13567  Primarily ke, tamlly y OF VL
. . Mi fat intake, folate, DM,
(Liuetal., White, Fatal + hypercholesterolaemia
2002) The Health (54) (177) Soluble fibre Non- . . (8.6) vs. ) o
Women's professionals, %M 0 /39876 6y FFQ (131) (AOAC method)  fatal Ascertamed using (3.7) g/d 0.83 (0.47, 1.48) 0.4 hyp.\e.rten5|on,4phy5|cal
multiple methods activity, protein intake,
Health No cancer, Events smokine. groun allocation
Study No Stroke, &, group !
No CHD supplements,
postmenopausal HRT
Ml
Fatal + Ascertained using
Insoluble fibre Non- X (21.8) vs.
(AOAC method)  fatal multiple methods (9.5) g/d 0.74 (0.42, 1.3) 0.12 As above
Events
Finland, Age, alcohol, Beta-
*%13388 Cancer free, 50-69 Soluble fibre CHD events caroter.1e, BMI, DBP,
(Pietinen et Generally (635) FFQ/ (based on Fatal (7.4) vs education, saturated fatty
healthy, No 6.1y Questionnaire . ’ ’ g/d 0.68 (0.5,0.92) 0.003 acid intake, energy intake,
al., 1996) %M /29133 Englyst Events  Registry data (3.7) . - .
ATBC Stud CHD, Not 100 (276) method) physical activity, smoking,
y Alcoholics, group allocation, SBP, Vit C,
Smokers Vit E
Fatal +
Fatal CHD, Ml
(1399) Non- ! (7.4) vs.
/29133 fatal enitry data (3.7) g/d 0.83(0.68, 1.01) 0.05 As above
Events gistry
Insoluble fibre Fatal +
Fatal CHD, MI
(1399) (based on Non- ! (27.7) vs.
/29133 Englyst fatal N (12.2) g/d 0.87 (0.73, 1.04) 0.13 As above
method) Events sistry
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Result ID/ Country, Age Fatal /
Reference/ ethnicity range (Cases)/ Y Diet Non- Outcome/ Contrast
Cohort Inclusion (mean) Total Lljc’:s(s? Assessment Exposure fatal Assessment Details (mean) Units () P Rltsnd Quittnepe
Name criteria %Male Events
Insoluble non
cellulosic Fatal +
Fatal CHD, Ml
(1399) polysaccharides  Non- ! (15.9) vs.
/29133 (based on fatal S 6.8) g/d 0.86 (0.72, 1.03) 0.13 As above
Englyst Events gistry
method)
Insoluble fibre CHD events
(635) (based on Fatal (27.7) vs.
/29133 Englyst Events  Registry data (12.2) g/d 0.75(0.58, 0.98) 0.01 As above
method)
USA, Sat fat, vit E, age, BMI,
**17623 Primarily 40-75 Fatal + MIand fatal CHD . smoking, alcohol, physical
(Rimm et White (740) Soluble fibre Non- Continuous activity, hypertension
al., 1996) Cancer free, %M /51529 6y FFQ(131) (AOAC method) fatal Q/Iiglcsal rszoirii/ E:Emate 10g/d 1.07(057,2.02) hypercholesterolaemia,
HPFS No CHD, No 100 Events d:ta pSZ,If reg orty familial MI, profession,
T2DM ' P insoluble fibre
Insoluble fibre As above but adjustment
(AOAC 10g/d  0.75(0.59, 0.94) for soluble instead of
methods) insoluble fibre

*This result was used in the meta-analysis of insoluble fibre and CHD events

**This result was used in the meta-analysis of soluble fibre and CHD events
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Stroke events and soluble and insoluble fibre

Summary of cohort results

Data were identified from two studies: the ATBC study (Larsson et al., 2009) and NHANES |
(Bazzano et al., 2003). These studies provided evidence concerning the association between
soluble and insoluble dietary fibre and fatal and non-fatal stroke — (total stroke, ischaemic,
haemorrhagic, haemorrhagic - subarachnoid and haemorrhage — intracerebral). In both studies all
relative risks were close to 1 with no significant tests for trend reported for either soluble or
insoluble fibre, indicating no evidence of an association.

Exposure definition and assessment

The ATBC study (Larsson et al., 2009) reported soluble fibre and insoluble fibre intake as grams
per day. These were assessed using a 276-item FFQ and fibre was estimated using the Englyst
method. NHANES | (Bazzano et al., 2003) reported soluble fibre intake as grams per 1,735 kcal
which was assessed using a single dietary recall, but the method used for fibre estimates was not
provided.

Adjustment for appropriate confounders

Both studies adjusted for a wide range of covariates including age, smoking, physical activity,
health outcomes and gender (in the case of NHANES |) (Bazzano et al., 2003).

Please interpret observational data with caution: With observational studies there is substantial
potential for biases.

This document was prepared for consideration by the Scientific Advisory Committee on Nutrition. It does not necessarily represent the final views of SACN
or the advice/policy of Public Health England and Health Departments.

69



Table 1.22 Stroke events and soluble and insoluble fibre: cohort studies in adults

Age

Result ID/ Country, C Follow Diet Fatal / o A c
Reference/ ethnicity, range ( :sesl) Up (% Assess- Exposure Non-fatal utcomle)/ sllsessment ontrast Units RR (CI) p p trend Adjustments
Cohort Name Inclusion criteria ;mwel;ne b e loss) ment Events etails e
Age, alcohol, BMI,
14019 25.74 , Stroke, any . dietary cholesterol,
. Soluble fibre Continuous 5 smoking, education,
(Bazzano et USA, (233) 19y (4) Dietary (method unclear Fatal risk g/1735 1.03 (0.83, 0.78 ethnicity, DM
al., 2003) No CVD %M /14407 recall ) ! Events Medical records/ ) 1.28) ' Y
NHANES | 383 likely AOAC) autopsy estimate kcal physical activity, .
saturated fatty acid
intake, gender, SBP
Stroke, any
Fatal + Continuous 5
;glii)(ﬂ Non-fatal  Ascertained using risk g/1735 2:(9)2)(0'88’ 0.18 As above
Events multiple methods estimate kcal
Age, alcohol, BMI,
Finland. Cancer dietary cholesterol,
13320 free Génerally 50-69 FFQ/ Fatal + Stroke, haemorrhage- DBP, energy intake,
(Larsson et heal’thy No CHD (196) 13.6y Question  Soluble fibre Non-fatal Subarachnoid (7.7) vs. g/d 0.95 (0.51, 0.86 folate, HDL-C, CHD,
al., 2009) Not AIc:)holics ! %M /29133 ! -naire (Englyst method) Events (3.8) 1.79) ’ DM, physical activity,
ATBC Study Smokers ! 100 (276) Registry data Magnesium Intake,
smoking, group
allocation, SBP
Soluble fibre Stroke, haemorrhage-
383 Intracerebral 7.7) vs. 0.99 (0.62
;291)33 (Englyst method) 23.8; g/d 1.59)( g 0.6 As above
Registry data
(2700) Soluble fibre Stroke, ischaemic (7.7) vs. o/d 0.86 (0.73, 017 As above
/29133 (Englyst method) Registry data (3.8) 1.02)
Stroke, haemorrhage-
(196) Insoluble fibre Subarachnoid (28.3) vs. o/d 0.89 (0.49, 0.58 As above
/29133 (Englyst method) (12.2) 1.64) '
Registry data
. Stroke, haemorrhage-
(383) Insoluble fibre Intracerebral (28.3) vs. 0.88 (0.56, As above
/29133 (Englyst method) (12.2) g/d 1.39) 0.43
Registry data
(2702) Insoluble fibre Stroke, ischaemic (28.3) vs. 1.03 (0.87, As above
/29133 (Englyst method) (12.2) g/d 1.21) 0.61

Registry data
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Soluble and insoluble fibre and CVD summary

Meta-analysis: Soluble fibre and incident CVD events

Data were identified from five publications presenting results from four cohort studies: The
Women’s Health Study; NHANES I, ATBC and the HPFS (Liu et al., 2002;Pietinen et al.,
1996;Larsson et al., 2009;Rimm et al., 1996). There were sufficient studies presenting results for
CHD on its own, to conduct a meta-analysis of this focussed outcome rather than having to
combine with stroke events. Two papers presented results from the same cohort (Larsson et al.,
2009;Pietinen et al., 1996). The later paper (Larsson et al., 2009) was excluded because it only
presented results for stroke. All remaining papers were included in the meta-analysis.

Relative risks are presented for each 4g/day increase, equivalent to approximately one standard
deviation, in soluble fibre intake. The approximate mean population intake is 4g/day as based on
UK data from NDNS (Bates et al., 2009).

The pooled estimate of relative risk of CHD was 0.86 (95% CI: 0.71 to 1.05) per 4 g/day of solubl
fibre (p=0.1).

Figure 1.5 Forest plot for soluble fibre and CHD events

Study Estimated

ID RR (95% CI)
Pietinen P, et al., 1996 —_—l i 0.61 (0.45, 0.83)
Rimm EB, et al., 1996 3—!.— 1.03 (0.80, 1.32)
Liu S, et al., 2002 li 0.84 (0.54, 1.30)
Bazzano LA, et al., 2003 i - 0.94 (0.90, 0.98)

Pooled estimate <>> 0.86 (0.71, 1.05)

T T T T
7 8 9 111
RR per 4 g/day of soluble fibre
Pooled estimate includes all results with any adjustment for confounding.
Note: Increment =1 SD so estimates are comparable across exposures. This is regardless of any skewness. Axis on log scale.

There was moderate excess heterogeneity between the cohort studies (1°=63%, 95% CI: 0% to
88%, Q=8.1, df=3, p=0.04), but not enough studies to explore sources of heterogeneity through
subgroup analysis or meta-regression. There were insufficient studies to explore small-study

e
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effects such as publication bias through funnel plots or hypothesis tests. No one study had a
dominant influence on the pooled estimate from the random effects analysis.
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Meta-analysis: Insoluble fibre and incident CVD events

Data were identified from four publications presenting results from three cohort studies: The
Women’s Health Study, HPFS and ATBC (Liu et al., 2002;Pietinen et al., 1996;Larsson et al.,
2009;Rimm et al., 1996). There were sufficient studies presenting results for CHD on its own, to
conduct a meta-analysis of this focussed outcome rather than having to combine with stroke
events. Two papers presented results from the ATBC study (Larsson et al., 2009;Pietinen et al.,
1996). The later paper (Larsson et al., 2009) was excluded because it only presented results for
stroke. All remaining papers were included in the meta-analysis.

Relative risks are presented for each 7g/day increase, equivalent to approximately one standard
deviation, in insoluble fibre intake. The approximate mean population intake is 15g/day as based
on UK data from NDNS for non-starch polysaccharides multiplied by 1.33 to convert to AOAC fibre
(Bates et al., 2009).

The pooled estimate of relative risk of CHD was 0.84 (95% CI: 0.77 to 0.92) per 7 g/day of
insoluble fibre (p<0.001).

Figure 1.6 Forest plot for insoluble fibre and CHD events

Study Estimated
ID RR (95% Cl)
|
Pietinen P, et al., 1996 —i— 0.86 (0.77, 0.96)
Rimm EB, et al., 1996 —a— 0.82 (0.69, 0.96)
I
I

Liu S, et al., 2002 - 0.80 (0.59, 1.08)

Pooled estimate <> 0.84 (0.77, 0.92)

7 .8 .9 1 11
RR per 7 g/day of insoluble fibre

Pooled estimate includes all results with any adjustment for confounding.

Note: Increment =1 SD so estimates are comparable across exposures. This is regardless of any skewness. Axis on log scale.

There was no excess heterogeneity between the cohort studies (1?=0%, 95% CI: 0% to 37%,
Q=0.3, df=2, p=0.8), and not enough studies to explore any subgroup analysis or meta-regression.
There were insufficient studies to explore small-study effects such as publication bias through
funnel plots or hypothesis tests. No one study had a dominant influence on the pooled estimate
from the random effects analysis.
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Food sources of dietary fibre and CVD

The following section includes cohort studies which report fibre from cereal foods, fruit,
vegetables, potatoes and legumes. These results refer to fibre contained within and not fibre
extracted from food sources. Interpretation of these results should therefore be considered in the
context of whole food consumption and not necessarily fibre extracted from these foods.

Fibre in cereals and CVD

Total CVD and fibre in cereals

Summary of cohort results

One cohort study provided data. In the Women’s Health Study no association with risk of CVD
events was observed when comparing high consumers of cereal fibre to the lowest consumers
(Liu et al., 2002).

This study reported dietary fibre (AOAC) from cereals as assessed by FFQ in grams per day (Liu
et al., 2002) although a list of foods contributing cereal fibre was not reported (Liu et al., 2002).
The result was appropriately adjusted for important potential confounders.

Please interpret observational data with caution: With observational studies there is substantial
potential for biases.
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Table 1.23 Total CVD and fibre in cereals: cohort study in adults

Result ID/ Country, Age

L. Follow Diet Fatal /
Reference/ ethnlc]ty, range sy Up (%  Assess- Exposure Non-fatal ez . Contrast Units RR (CI) p trend Adjustments
Cohort Inclusion (mean) /Total Assessment Details (mean)
. loss) ment Events
Name criteria %Male
13527 USA
Liuetal., N Age, alcohol, BMI, energy intake, famil
( Primarily Total CVD g . gy v
2002) . . . history of M, fat intake, folate, DM,
White, Health  (54) Fibre contained Fatal + 1.11 . .
) (570) FFQ - . ) (6.5) vs. hypercholesterolaemia, hypertension,
The professionals, /39876 6y (131) within cereals Non-fatal ~ Ascertained using 3) g/d (0.84, 0.38 hysical activity. protein intake. smokin
, No cancer, %M 0 (AOAC method)  Events multiple methods 1.46) Py . Y. P ! &
Women's group allocation, supplements,
No Stroke, No
Health postmenopausal HRT
CHD
Study
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Coronary events and fibre in cereal foods

Summary of cohort results

Eight studies presented data on cereal fibre intake and coronary events: the ATBC Study, Blue
Mountains Eye Study, Zutphen Elderly Study, Cardiovascular Health Study, HPFS, The Women’s
Health Study, NHS, and the Caerphilly Study (Pietinen et al., 1996;Kaushik et al., 2009;Streppel et
al., 2008;Mozaffarian et al., 2003;Rimm et al., 1996;Liu et al., 2002;Wolk et al., 1999;Fehily et al.,
1993).

Risk data were identified from seven studies and, in all but the Blue Mountains Eye study, the
direction of association indicated reduced risk with greater intake of fibre from cereal foods, with
this association being statistically significant in the ATBC study, the NHS and the HPFS (Pietinen
et al., 1996;Rimm et al., 1996;Wolk et al., 1999). In the ATBC cohort, the relative risk for fatal CHD
was 0.74 (95% CI: 0.57, 0.96) for high vs. low intake (Pietinen et al., 1996). The HPFS found that
the relative risk for fatal and non-fatal Ml was 0.71 (95% CI: 0.55, 0.91) per 10g increase in fibre
from cereal foods (Rimm et al., 1996). In women from the NHS, the relative risk for fatal and non-
fatal CHD was 0.63 (95% ClI: 0.49, 0.81; p<0.001) for each 5g increase in daily cereal fibre
consumption (Wolk et al., 1999). Other statistically significant negative associations (lower risk of
coronary events with greater intake of cereal fibre) were seen in subgroups of non-smokers, in
those with BMI<25kg/m? and subgroups of fatty acid intake levels. This negative association
(lower risk with greater intake) was different in subgroups of women who were younger or older
than 60 years of age in the NHS (Wolk et al., 1999). An association with borderline statistical
significance was also seen in a subgroup of non-diabetic participants in the Cardiovascular Health
Study, and indicated lower risk with greater consumption, the relative risk for fatal and non-fatal
CHD was 0.85 (95% CI: 0.73, 1.0) for the 80™ vs. 20™ centile of cereal fibre intake (Mozaffarian et
al., 2003).

The Caerphilly Study in Welsh men reported very similar intakes of cereal fibre in cases and non-
cases at baseline (7.3 vs. 7.9 g/d), but no statistical comparison of these groups was reported
(Fehily et al., 1993).

Exposure definition and assessment

Intake of fibre in cereal foods was assessed with a dietary history in the Zutphen Elderly Study
and, in the Caerphilly Study, was assessed with a semi-quantitative FFQ, which had been
validated for portion size against seven-day food diaries completed by a 30% sample of the cohort
(Fehily et al., 1993). The rest of the studies used FFQs ranging in number of items from 99 in the
Cardiovascular Health Study to 276 in the ATBC study.
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In the NHS, cereal fibre intake was assessed using a measure of cumulative average intake from
guestionnaires which were sent at two-year intervals (Wolk et al., 1999). All other studies
assessed cereal fibre intake at baseline only.

Studies carried out in the USA have generated values for fibre in cereals using AOAC fibre
analysis methods. The other studies have either not reported the method of cereal fibre
assessment or have reported that the Englyst method was used.

Studies differed with regard to foods included in ‘cereals’. Three cohorts were unclear or simply
did not report which foods were classified as cereal foods (Pietinen et al., 1996;Fehily et al.,
1993;Kaushik et al., 2009). Those that did specify cereal food items tended to include cold
breakfast cereal (Rimm et al., 1996;Liu et al., 2002;Wolk et al., 1999;Mozaffarian et al., 2003) and
different varieties of bread.

Adjustment for appropriate confounders

The studies had all adjusted for appropriate confounders including age, nutrients and/or energy
intake and most included adjustments for socioeconomic status and anthropometry.

Please interpret observational data with caution: With observational studies there is substantial
potential for biases.

Evidence from COMA reports — Fibre from foods and coronary events

One cohort study from the COMA reports presented data on sources of dietary fibre and coronary
events (Morris et al., 1977). This study reported cases of coronary heart disease in association
with mean intakes of fibre from cereals as well as fibre from fruit, vegetables, pulses and nuts.
There was no association between coronary heart disease and fibre derived from fruit, vegetables,
pulses and nuts, yet there was evidence of a relationship with fibre from cereals. A lower intake of
fibre from cereals was reported in cases compared to non-cases, but statistical significance values
were not stated. After adjustments were made for age, occupation and length of follow-up, cases
had “a mean intake of 2.42g of cereal fibre per 1,000 kcal” whereas non-cases had an average
intake of 2.84g (Morris et al., 1977). This difference was statistically significant (p<0.005).
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Table 1.24 Coronary events and sources of fibre in cereals: cohort studies in adults

Result ID/ (e::,:r:::?ch r:fee (Cases)/ Follow Diet F;:;:_/ Outcome/ Sub- T Mean
Reference/ . w 8 Up (% Assess- Exposure Assessment group Units RR (CI) Exposure  p trend Adjustments
Inclusion (mean) Total fatal . . (mean)
Cohort Name . loss) ment Details Detail (SD)
criteria %Male Events
Ischaemic

14310 Wales, 45-59 ;::JtLeir::zz::;sd Fatal + heart disease (C:SG?S: (n: 70) 7.3
(Fehily et al., Primarily (70) S5y FFQ/ Non- ) ) o
1993) The White, No %M /2512 (0.3) Diary (not reported, fatal Medical g/d Non-cases: (n: 1686)

. likely Southgate records/ 7.9 (4.6)
Caerphilly Study  CHD 100 Events
method) autopsy, Self
report
Age, BMI, DBP,
13351 ) (Case Fibre contained education,MlI, stroke,
. Australia, >49 .
(Kaushik et al., Primaril (65) numbers within cereals Fatal CHD events 0.94 (0.73 DM, self-rated health
2009) Blue K ¥ not 13y FFQ (145) AOAC method (3) vs. (11) g/d ' T 0.65 status, gender,
R White, Age . Events . 1.22) .
Mountains Eye 549 %M 44 reported) (Energy adjusted Registry data hypertension
Study ¥ ? /3654 cereal fibre) medication smoking,
SBP
Age, alcohol, BMI,
USA, energy intake, family
Ml history of MI, fat intake,
*13564  Primarily (54) . . Fatal + folate, DM, hyper-
(Liu et al., 2002)  White, Health (177) Fibre contained Non- Ascertained 0.91 (0.56 cholesterolaemia
S ' 6y FFQ(131) within cereals : (6.5)vs.(3) g/d ' " 0.74 ; -
The Women's professionals, %M /39876 (AOAC method) fatal using 1.47) hypertension, physical
Health Study No cancer, 0 Events multiple activity, protein intake,
No Stroke, No methods smoking, group
CHD allocation, supplements,
postmenopausal HRT
*

.14132 USA, 65- . . Fatal + CHD events Age, aIcohoI,vcere.aI
(Mozaffarian et primaril (811) Fibre contained Non- 6.3 vs 0.79 (0.62 fibre, education, fibre
al., 2003) . Y 8.6y FFQ (99) within cereals Medical : : g/d ’ o 0.02 from fruit, fibre from

R White, Age %M /5201 fatal <1.7 0.99) .
Cardiovascular 565y No CHD  38.8 (AOAC method) Events records/ veg, DM, physical
Health Study v ' autopsy activity, gender, smoking
Bt (204) Agees.  Sothvs. 0.82 (0.67,
Cardiovascular /5201 69 20th g/d 1.01) As above
Health Study ¥ Centile ’

14138
Cardiovascular 5255250)1 ;\EG 70- As above g/d 2-?)2)(0-75, As above
Health Study y :

14139
Cardiovascular 535'522)1 Age >75y As above g/d 2.?)‘71)(0.73, As above
Health Study ’

14140

. (434) As above 0.89(0.74, As above
Cardiovascular /5201 Women g/d 1.06)

Health Study
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Country,

Age

Fatal /

Result ID/ ethnicit range (Cases)/ Follow Diet Non- Outcome/ Sub- T Mean
Reference/ . w 8 Up (% Assess- Exposure Assessment group Units RR (CI) Exposure  p trend Adjustments
Inclusion (mean) Total fatal . . (mean)
Cohort Name o loss) ment Details Detail (SD)
criteria %Male Events
14141
Cardiovascular %2)1 Men As above g/d 2.32)(0.68, As above
Health Study '
14142
Cardiovascular 52;2)1 NoT2DM Asabove g/d 23)5 (073, As above
Health Study )
. Age, alcohol, Beta-
E:rlj:zg’free carotene, BMI, DBP,
*13393 ’ 50-69 FFQ/ . . education, saturated
. Generally . Fibre contained CHD events s
(Pietinen et al., healthy. No (635) 6.1 Question within cereals Fatal (26.3) vs. /d 0.74 (0.57, 0.01 fatty acid intake, energy
1996) ATBC \ %M /29133 Y naire Events . (8.8) & 0.96) ' intake, physical activity,
CHD, Not (Englyst method) Registry data .
Study . 100 (276) smoking, group
Alcoholics, . . .
allocation, SBP, Vit C, Vit
Smokers E
(1399) o+ e (26.3) vs 0.91(0.77,
/29133 fatal Registry data (8.8) g/d 1.09) 0.18 As above
Events
Age, alcohol, BMI,
USA, Ml saturated fatty acid
13483 Prlmarlly 40-75 Fibre contained Fatal + Medical Continuous intake, family history of
) White, (740) _ Non- records/ ] 10 0.71(0.55, MI, Hyper-
(Rimm et al., 6y FFQ(131) within cereals risk .
1996) HPFS Cancer free, %M /51529 (AOAC method) fatal autopsy, estimate g/d 0.91) cholesterolaemia,
No CHD, No 100 Events Registry data, occupation, physical
T2DM Self report activity, hypertension,
smoking, Vit E
Fibre contained
VAV(I;E\? r:irtiaclz CHD events TFA, alcohol, BMI,
*13616 (49) (Energy adjusted Continuous smoking, Cis-PUFA,
(Streppel et al., The (348) 40y Dietary fibre fgntajined ! Fatal Ascertained risk 10 0.84 (0.64, energy intake, fish,
2008) Zutphen Netherlands %M /1373 (0.2) history . Events using . g/d 1.1) prescribed diet,
within bread and > estimate .
Elderly Study 100 other cereal multiple saturated fatty acid
methods intake,SES/class
products - recent
intake)
Fibre contained
within cereals
AOAC method CHD events
(Intake in middle  p_ 1 Agcertained continuous 15 .86 (0.64,
age, Energy Events usin risk /d 1.15) As above
adjusted fibre g estimate & '
multiple
from bread and
methods

other cereal
products)
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Country, Age Fatal /

Result ID/ ethnicit range (Cases)/ Follow Diet Non- Outcome/ Sub- T Mean
Reference/ . w 8 Up (% Assess- Exposure Assessment group Units RR (CI) Exposure  p trend Adjustments
Inclusion (mean) Total fatal . . (mean)
Cohort Name o loss) ment Details Detail (SD)
criteria %Male Events
Age, alcohol, aspirin,
Beta-carotene, BMI,
US.A, . Non-fatal MI, carbohydrate mta.ke,
Primarily saturated fatty acid
X fatal CHD ) .
White, . . intake, energy intake,
Cancer free Fibre contained Fatal + fruit fibre, veg fibre,
% X . I . . 3 X
13629 No CHD, No 30-55 (591) 10y within cerea.ls Non- Regls.try data, Cpntmuous 0.63 (0.49, folate, hypertension,
(Wolk et al., T2DM. Not /121700 (20) FFQ(116) (Long-term intake fatal Medical risk 5g/d 0.81) <0.001 magnesium Intake
1999) NHS - %M 0 over 6 years. records/ estimate ’ g !
hyperlipidae Events menopausal status,
) AOAC method) autopsy, A
mic/ ; parental Ml, period of
Confirmed )
hypercholest- exposure, physical
X self reports L .
erolaemic activity, smoking, post-
menopausal HRT, Vit B6
intake, Vit C
Continuous
13636 (289) . 0.63 (0.44,
NHS /121700 Age <60 I’ISk. 5g/d 0.9) 0.01 As above
estimate
Continuous
13637 (302) . 0.76 (0.57,
NHS /121700 Age >60 I’ISk. 5g/d 0.99) 0.05 As above
estimate
Never or Continuous
13638 (319) ; 0.59 (0.43,
NHS /121700 former I’ISk. 5g/d 0.79) <0.001  Asabove
smoker estimate
Continuous
13639 (272) . 0.87 (0.63,
NHS /121700 Smokers I’ISk. 5g/d 12) 0.39 As above
estimate
Continuous
13640 (249) . 0.58 (0.4,
NHS /121700 BMI <25 I’ISk. 5g/d 0.82) 0.003 As above
estimate
Continuous
13641 (278) . 0.85 (0.62,
NHS /121700 BMI >25 I‘ISk. 5g/d 1.17) 0.31 As above
estimate
Lowest Continuous
13642 (177) . A 0.62 (0.44,
NHS /121700 tertile of I‘ISk. 5g/d 0.88) 0.007 As above
SFA estimate
Middle Continuous
13643 (194) ) . 0.79 (0.54,
tertile of risk 5g/d 0.21 As above
NHS /121700 SFA estimate 1.15)
Highest Continuous
13644 (220) A ; 0.68 (0.43,
NHS /121700 tertile of rlsk. 5g/d 1.07) 0.1 As above
SFA estimate
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Result ID/
Reference/
Cohort Name

13645
NHS

13646
NHS

13647
NHS

Country, Age

ethnicity, range
Inclusion (mean)
criteria %Male

(Cases)/
Total

(189)
/121700

(211)
/121700

(191)
/121700

Follow
Up (%
loss)

Diet
Assess-
ment

Exposure

Fatal /
Non-
fatal

Events

Outcome/
Assessment
Details

Sub-

group
Detail

Lowest
tertile of
TFA

Middle
tertile of
TFA

Highest
tertile of
TFA

Contrast
(mean)

Continuous
risk
estimate

Continuous
risk
estimate
Continuous
risk
estimate

Units

5g/d

5g/d

5g/d

Mean
Exposure
(sD)

RR (C1)

0.69 (0.49,
0.97)

0.77 (0.53
1.12)

0.57 (0.35
0.92)

p trend

0.03

0.18

0.02

Adjustments

As above

As above

As above

*This result was used in the meta-analysis of fibre in cereals and CHD events
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Stroke events and fibre in cereals

Summary of cohort results

Data were identified from three studies conducted in Finland, the USA and Australia: the ATBC
study (Larsson et al., 2009), the NHS (Oh et al., 2005), and the Blue Mountains Eye study
(Kaushik et al., 2009). These studies provided evidence concerning the association between fibre
contained within cereals and fatal and non-fatal stroke (total stroke, ischaemic, haemorrhagic,
haemorrhagic - subarachnoid and haemorrhage — intracerebral). The Blue Mountains Eye study
(Kaushik et al., 2009) showed a significantly increased risk of any stroke in individuals with the
lowest intakes of fibre (<3g/d) in cereals, with a significant p for trend. Similarly the NHS (Oh et al.,
2005) showed a decreased risk with increasing fibre from cereals for both any stroke (44%
reduction) and haemorrhagic stroke (49% reduction) each with a significant p for trend. The NHS
showed no association between fibre from cereals and ischaemic stroke. Results from the ATBC
study (Larsson et al., 2009) showed no association for either haemorrhagic or ischaemic stroke
and fibre from cereals.

Exposure definition and assessment

For all three studies, fibre in cereals was assessed using FFQs. The ATBC study (Larsson et al.,
2009) reported fibre contained within cereals as measured by the Englyst method, the NHS (Oh et
al., 2005) used the AOAC method and the Blue Mountains Eye study (Kaushik et al., 2009)
presented energy adjusted cereal fibre consumption (AOAC). These three cohorts did not specify
food items included in their ‘cereal’ classification (Larsson et al., 2009;Kaushik et al., 2009;0h et
al., 2005).

Adjustment for appropriate confounders

All studies adjusted for a wide range of covariates including age, smoking and gender (in the case
of the Blue Mountains Eye study) (Kaushik et al., 2009).

Please interpret observational data with caution: With observational studies there is substantial
potential for biases.
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Table 1.25 Stroke events and fibre in cereals: cohort studies in adults

Result ID/ Country, Age Follow Fatal /
Reference/ ethn|c.|ty, range (Cases)/ Up (% Diet Assess- e Non-fatal Outcome/ : Contrast Units RR (CI) Brrend IS
Cohort Inclusion (mean) Total ment Assessment Details (mean)
. loss) Events
Name criteria %Male
Finland, Age, alcohol, BMI, dietary
Cancer free Fibre cholesterol, DBP, energy
* : . A f
(Larssor113:t32 Generally 50-69 (196) FFQ/ contained Fatal + zzr;):rea,cf;]a:;r:;orrhage (27.5) vs intake, folate, HDL-C,
healthy, No 136y Questionnaire  within cereals  Non-fatal : : g/d 0.86 (0.5, 1.46) 0.6 CHD, DM, physical
al., 2009) /29133 (8.9) L R
CHD, Not %M 100 (276) (Englyst Events . activity, magnesium
ATBC Study ) Registry data .
Alcoholics, method) Intake, smoking, group
Smokers allocation, SBP
Stroke, haemorrhage-
(383) Intracerebral (27.5) vs. g/d 0.94 (0.63, 1.42) 0.71
/29133 ) (8.9)
Registry data As above
(2702) Stroke, ischaemic (27.5) vs.
. . . . As above
/29133 Registry data (8.9) g/d 1.06(0.91,1.23) 0.25 v
Fibre
*13350 s\j’i:;?r:”;‘:eals Age, BMI, DBP,
(Kaushik et Australia, education,Ml, stroke,
al., 2009) Primaril 49-(65) (95) AOAC Fatal stroke, any DM, self-rated health
" X v 13y FFQ (145) method Registry data (3) vs. (11) g/d 2.13(1.19, 3.8) 0.02 ! .
Blue White, Age /3654 Events status, gender, smoking,
. %M 44 (Energy .
Mountains >49y . SBP, hypertension
Eye Stud adjusted medication
¥ v cereal fibre
consumption)
Age, alcohol, aspirin,
BMI, carbohydrate
intake, energy intake,
family history of DM,
USA Fibre family history of
*13518 Prim’aril 30-55 (1020) contained Fatal + Stroke, any hypertriglycerideaemia,
(Ohetal., K Y 18y FFQ (116) within cereals  Non-fatal ~ Multiple (5.7) vs. (1.4) g/d 0.66 (0.52, 0.83) 0.001 family history of HTN,
White, No /121700 -
2005) NHS %M 0 (AOAC Events methods family history of M,
CHD, No T2DM
method) menopausal status,
physical activity,
smoking,
postmenopausal HRT, Vit
intake
(279) Stroke, haemorrhagic
Ascertained using (5.7) vs. (1.4) g/d 0.51(0.33,0.78) 0.01 As above
/121700 .
multiple methods
(515) Stroke, ischaemic
/121700 Ascertained using (5.7) vs. (1.4) g/d 0.8(0.57,1.12) 0.23 As above

multiple methods
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*This result was used in the meta-analysis of fibre consumed in cereals and stroke events
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Fibre contained in cereal foods and CVD summary

Meta-analysis: Fibre contained in cereals and incident CVD events

Data were extracted from 9 publications presenting results from 7 cohort studies (Oh et al.,
2005;Kaushik et al., 2009;Mozaffarian et al., 2003;Liu et al., 2002;Wolk et al., 1999;Pietinen et al.,
1996;Rimm et al., 1996;Streppel et al., 2008;Larsson et al., 2009). All these studies were included
in the meta-analysis. One further study, The Caerphilly Study (Fehily et al., 1993) was not included
because it did not present results adjusted for any confounders.

Most studies presented results separately for CHD and stroke, so separate meta-analyses were
performed for each. Only one study presented results for total CVD (Liu et al., 2002), and this
study also presented results for CHD, so was still included in that meta-analysis. Only the stroke
results could be included for another study (Kaushik et al., 2009) because the data presented
were insufficient to derive a dose-response trend to include in the CHD meta-analysis. For one
study, to permit the results to be included in the meta-analysis, we assumed that the median
intake for the lowest category was half the upper limit of the lowest category, and the median of
the highest category was 1.5 times the lower limit of the highest category (Mozaffarian et al.,
2003).

Relative risks are presented for each 7g/day increase, equivalent to approximately one standard
deviation, in intake of fibre within cereals. The approximate mean population intake is 12g/day as
based on UK data from the National Diet and Nutrition Survey (Bates et al., 2009).

For CHD, the pooled estimate of relative risk was 0.82 (95% CI: 0.73 to 0.91) per 7 g/day of fibre
contained within cereal (p<0.001).
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Figure 1.7 Forest plot for fibre in cereal foods and CHD events

Study Estimated
D RR (95% Cl)
i
i
Pietinen P, et al., 1996 = 0.89 (0.81, 0.98)
1
|
Rimm EB, et al., 1996 —— 0.79 (0.66, 0.94)
Wolk A, etal., 1999 D E—— 0.52 (0.37, 0.74)

Liu S, etal., 2002 0.90 (0.36, 2.23)

Mozaffarian D, et al., 2003 + 0.83 (0.69, 0.99)

Streppel MT, et al., 2008 —— 0.89 (0.73, 1.07)

Pooled estimate <> 0.82 (0.73, 0.91)

4 6 .8 1 1.2
RR per 7 g/day of fibre in cereals

Pooled estimate includes all results with any adjustment for confounding.
Note: Increment =1 SD so estimates are comparable across exposures. This is regardless of any skewness. Axis on log scale.
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Figure 1.8 Forest plot for fibre in cereal foods and stroke events

Study Estimated

ID RR (95% CI)
OhK, etal., 2005 —_— 0.54 (0.38, 0.77)
Kaushik S, et al., 2009 & 0.50 (0.31, 0.83)
Larsson SC, et al., 2009 = 1.02 (0.98, 1.06)

4 .6 .8 1 12
RR per 7 g/day of fibre in cereals
Pooled estimate includes all results with any adjustment for confounding.
Note: Increment =1 SD so estimates are comparable across exposures. This is regardless of any skewness. Axis on log scale.

There was some heterogeneity between the cohort studies for CHD (1?=45%, 95% CI: 0% to 78%,
Q=9.1, df=5, p=0.1), but substantial heterogeneity between the cohort studies for stroke (1>=90%,
95% CI: 73% to 96%, Q=19.2, df=2, p<0.001), implying that the pooled estimate for stroke is
unreliable. This was therefore not included on the plot.

The stroke results were strongly dependent on results from the ATBC Study (Larsson et al., 2009).
This study had much larger numbers of stroke cases, with associated narrower confidence
intervals and greater weight in the meta-analysis. With this study, the confidence interval was
wide, without this study, the negative association between cereal fibre and stroke (lower risk of
stroke with greater intake of cereal fibre) was much stronger than the CHD results and
heterogeneity improved substantially. Larsson et al was the only stroke study not using the AOAC
definition of fibre.

There were too few studies to explore any small study effects (such as publication bias) using
funnel plots.

There were sufficient studies to further explore the sources heterogeneity by subgroup analysis
and meta-regression for the CHD outcome, but not for stroke (see table below). Estimates were
largely consistent across subgroups. No one study had a dominant influence on the pooled
estimate from the random effects analysis for CHD.
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Table 1.26 Subgroup analyses of fibre in cereal and incidence of CHD. Relative risks are per 7 g/day.

Subgroup subgroup RR (95% CI) i n Phet * Phet **
subjects' gender Male 0.87 (0.80, 0.94) 0% 3 5 2

Mixed 0.83 (0.69, 0.99) 1

Female 0.58 (0.38, 0.87) 15% 2 .3
method used to assess fibre AOAC 0.83(0.73, 0.95) 0% 3 7

not AOAC 0.89 (0.81, 0.98) 1 5
includes non-fatal events yes 0.89 (0.81, 0.97) 0% 2 1

no 0.75 (0.62, 0.90) 44% 4 1 2
length of follow-up <10 years 0.86 (0.79, 0.93) 0% 4 7

>=10 years  0.70 (0.42, 1.16) 85% 2 .01 7
geographic location Americas 0.75 (0.62, 0.90) 44% 4 A

EU 0.89 (0.81, 0.97) 0% 2 1

Other 0 A4
adjusted for age yes 0.82 (0.73, 0.91) 45% 6 A

no 0
adjusted for alcohol yes 0.82 (0.73, 0.91) 45% 6 A

no 0
adjusted for anthropometry yes 0.81 (0.70, 0.93) 56% 5 .06

no 0.83 (0.69, 0.99) 1 9
adjusted for energy intake yes 0.82 (0.73, 0.91) 45% 6 A

no 0
adjusted for family history yes 0.69 (0.50, 0.95) 54% 3 1

no 0.88 (0.81, 0.95) 0% 3 .8 A
adjusted for physical activity yes 0.80 (0.69, 0.92) 55% 5 .07

no 0.89 (0.73, 1.07) 1 6
adjusted for gender yes 0.82(0.73, 0.91) 45% 6 1

no 0
adjusted for smoking yes 0.82 (0.73, 0.91) 45% 6 A

no 0
adjusted for age & smoking yes 0.82 (0.73, 0.91) 45% 6 A

no 0

* P for heterogeneity within each subgroup

** P for heterogeneity between each subgroup
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Fibre in fruit and CVD

Total CVD and fibre in fruit

Summary of cohort results

One cohort study, the Women’s Health Study, provided data on fibre in fruit and risk of total CVD
events (Liu et al., 2002). There was some evidence of a reduction in risk associated with
increasing intake of fibre contained within fruit. Compared to the lowest quintile of fruit fibre
consumption, the risk of CVD events in the highest quintile was 0.82 (95% ClI, 0.61, 1.09; p
trend=0.09).

The Women’s Health Study reported dietary fibre (AOAC) from fruits as assessed by FFQ and this
analysis appears to be appropriately adjusted for important potential confounders (Liu et al.,
2002).

Please interpret observational data with caution: With observational studies there is substantial
potential for biases.
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Table 1.27 Total cardiovascular disease and fibre in fruit

Result ID/
Reference/
Cohort
Name

13560
(Livuetal.,
2002)

The
Women's
Health
Study

This document was prepared for consideration by the Scientific Advisory Committee on Nutrition. It does not necessarily represent the final views of SACN or the advice/policy of Public Health England and Health Departments.

Country,

ethnicity,

Inclusion
criteria

USA,
Primarily
White, Health
professionals,
No cancer,
No Stroke, No
CHD

Age
range
(mean)
%Male

(Cases)/Total

(54)
(570) /39876
%M 0

Follow
Up (%
loss)

6y

Diet
Assess-
ment

FFQ
(131)

Exposure

Fibre
contained
within fruit
(AOAC
method)

Fatal /
Non-fatal
Events

Fatal +
Non-fatal
Events

Outcome/

Assessment (i(:r:‘::s)t Units
Details
Total CVD
ASf:ertalned (6) vs.
using (2.5) g/d
multiple '
methods

RR (C1)

0.82 (0.61, 1.09)

p trend

0.09

Adjustments

Age, alcohol, BMI, energy
intake, family history of Ml, fat
intake, folate, DM,
hypercholesterolaemia,
hypertension, physical activity,
protein intake, smoking, group
allocation, supplements,
postmenopausal HRT

90



Coronary events and fibre in fruit

Summary of cohort results

The Caerphilly Study presented data on combined fruit and vegetable fibre intake and fatal and
non-fatal IHD, and reported that cases consumed 7.8g/d at study baseline compared to the 8.4g/d
mean consumption in the rest of the cohort (Fehily et al., 1993).

Six studies presented data on intake of fibre within fruit: ATBC Study, Zutphen Elderly Study,
Cardiovascular Health Study, HPFS, The Women’s Health Study, and the NHS (Pietinen et al.,
1996;Streppel et al., 2008;Mozaffarian et al., 2003;Rimm et al., 1996;Liu et al., 2002;Wolk et al.,
1999).

For coronary events and fruit fibre intake, most studies reported risk estimates close to 1
(indicating no evidence of an association), and none reported any statistically significant
associations.

Exposure definition and assessment

Fruit fibre intakes were assessed with a dietary history in the Zutphen Elderly Study and, in the
Caerphilly Study, they were assessed with a semi-quantitative FFQ, which had been validated for
portion size against seven-day food diaries completed by a 30% sample of the cohort (Fehily et
al., 1993). The rest of the studies used FFQs ranging in number of items from 99 in the
Cardiovascular Health Study to 276 in the ATBC study.

In the NHS, fruit fibre intake was assessed using a measure of cumulative average intake from
questionnaires which were sent at two-year intervals (Wolk et al., 1999).

All studies calculated fibre using AOAC methods except the ATBC study (Englyst) (Pietinen et al.,
1996) and the Caerphilly study (method not reported, likely Southgate) (Fehily et al., 1993).

Adjustment for appropriate confounders

The studies reporting risk estimates had all adjusted for appropriate confounders including age,
and nutrients and/or energy intake and most included adjustments for socioeconomic status and
anthropometry.

Please interpret observational data with caution: With observational studies there is substantial
potential for biases.
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Table 1.28 Coronary events and fibre in fruit: cohort studies in adults

Result ID/ COun‘try, Age el Outcome/ Mean
ethnicity, range (Cases) Non- Subgroup Contrast .
Reference/ . Exposure Assessment . RR (Cl)  Exposure p p trend Adjustments
Inclusion (mean) /Total fatal . Detail (mean)
Cohort Name o Details (Sp)
criteria %Male Events
14311 Fibre contained Ischaemic
(Fehily et al Wales, 45-59 within fruit and Fatal + heart disease Cases: (n: 70) 7.8 g/d (2.3)
1993)yThe v Primarily (70) vegetables (not Non- Medical Non-cases: (n: 1686) 8.4 g/d
Caerphill White, No %M /2512 reported, likely fatal records/ (2.7)
phifly CHD 100 Southgate Events autopsy, Self
Study
method) report
Age, alcohol, BMI,
energy intake, family
USA, hlstory of Ml, fat
Primaril M intake, folate, DM,
*13566 . v hypercholest-
. White, . . Fatal + )
(Livu et al., Health (54) (177) Fibre contained Non- Ascertained 1.11 erolaemia,
2002) The rofessionals /39876 within fruit (AOAC fatal usin (6) vs. (2.5) (0.62, 0.63 hypertension,
Women's P %M 0 method) g 1.96) physical activity,
Health Stud , No cancer, Events multiple rotein intake
Y No Stroke, methods Smokin o ’

No CHD '8, Broup
allocation,
supplements,
postmenopausal HRT

*14133  USA, CHD events A.ge, a|COhOI'.cerea|
. R . 65- . . Fatal + fibre, education,
(Mozaffarian Primarily (811) Fibre contained Non- 57.5vs 0.99 fibre from veg. DM
etal., 2003) White, Age within fruit (AOAC Medical D (0.78, 0.98 ) g,. !
! %M /5201 fatal <2.8 smoking, physical
Cardiovascular  >65y, No method) records/ 1.25) .
38.8 Events activity, gender,
Health Study CHD autopsy .
smoking
14144 (204) 80th vs. 0.92
Cardiovascular /5201 Age 65-69y  20th (0.75, As above
Health Study Centile 1.13)
14145 (255) 80th vs. 1.04 As above
Cardiovascular Age 70-74y  0oth (0.89,
/5201
Health Study Centile 1.23)
141
. 4146 (352) 80th vs. 1(0.85, As above
Cardiovascular Age >75y 20th
/5201 1.19)
Health Study Centile
14147 80th vs. 1.04 As above
: (434)
Cardiovascular Women 20th (0.87,
/5201
Health Study Centile 1.24)

This document was prepared for consideration by the Scientific Advisory Committee on Nutrition. It does not necessarily represent the final views of SACN or the advice/policy of Public Health England and Health Departments.

92



Country,

Age

Fatal /

i3y ethnicit range (Cases) Y Diet Non- i Subgrou Contrast Mean
Reference/ . e 8 Up (% Assess- Exposure Assessment 8 . P Units RR(CI)  Exposure p p trend Adjustments
Inclusion (mean) /Total fatal . Detail (mean)
Cohort Name s loss) ment Details (Sp)
criteria %Male Events
14148 (377) 80th vs. 0.94 As above
Cardiovascular /5201 Men 20th (0.77,
Health Study Centile 1.16)
14149 .
. (575) No 80th vs. 0.99 As above
Cardiovascular /5201 diabetics 20th (0.85,
Health Study Centile 1.16)
Age, alcohol, Beta-
Finland, carotene, BMI, DBP,
Cancer free education, saturated
*1 ’ - FF ’
. 3395 Generally >0-69 Q/. Fibre contained CHD events 1.16 fatty acid intake,
(Pietinen et (635) Question - R Fatal (5.3) vs. .
healthy, No 6.1y . within fruit g/d (0.8, 0.77 energy intake,
al., 1996) CHD, Not %M /29133 naire (Englyst method) Events Registry data (0.7) 1.67) hysical activit
ATBC Study e 100 (276) el gistry ' physe v
Alcoholics, smoking, group
Smokers allocation, SBP, Vit C,
Vit E
Fatal + Fatal CHD, MI 0.99
(1399) Non- (5.3) vs. :
d 0.78 0.57 As ab
/29133 fatal Registry data (0.7) e/ (1 2 s above
Events )
Age, alcohol, BMI,
USA MI saturated fatty acid
N intake, family history
P I 40-7 Fatal ’
*13479 V\?ﬁt?an v 075 (740) Fibre contained Na:)t:_ * Medical Continuous 10 0.79 of MI, hyper-
(Rimm et al., ’ 6y FFQ(131)  within fruit (AOAC records/ risk (0.6, cholesterolaemia,
1996) HPFS Cancer free, %M /51529 method) fatal autops: estimate g/d 1.05) occupation, physical
No CHD, No 100 Events .p Y ' A p » Py
T2DM Registry data, activity,
Self report hypertension,
smoking, Vit E
Fibre contained
ithin fruit AOAC
. within frut CHD events TFA, alcohol, BMI,
13620 method (Energy A .
R . smoking, Cis-PUFA,
(Streppel et adjusted - recent Fatal Ascertained Continuous 10 1.13 eneray intake, fish
al., 2008) intake. Calculated ) risk (0.75, &Y o
. . Events using ) g/d prescribed diet,
Zutphen using time- ! estimate 1.7) .
Elderly Stud specific food- multiple saturated fatty acid
v v P o methods intake,SES/class
composition
tables)
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Country,

Age

Fatal /

i3y ethnicit range (Cases) Y Diet Non- i Subgrou Contrast Mean
Reference/ . e 8 Up (% Assess- Exposure Assessment 8 . P Units RR(CI)  Exposure p p trend Adjustments
Inclusion (mean) /Total fatal . Detail (mean)
Cohort Name s loss) ment Details (Sp)
criteria %Male Events
Fibre contained
within fruit AOAC
method (Energy CHD events
adjusted long .
term intake in Fatal Ascertained C.ontmuous 10 1.01
middle age Events usin, risk /d (0.43, As above
ge. & estimate & 2.36)
Calculated using multiple
time-specific methods
food-composition
tables).
Age, alcohol, aspirin,
Beta-carotene, BMI,
USA, carbohydrate mta.ke,
L saturated fatty acid
Primarily Non-fatal Ml, intake. ener
White, fatal CHD e ke, enerey
. . intake, cereal fibre,
Cancer free, Fibre contained Fatal + veg fibre, folate
*13631 No CHD, No 30-55 (591)/ 10 within fruit (Long- Non- Registry data, Continuous 0.93 h gerten’sion !
(Wolketal,  T2DM, Not 121700 (20‘)’ FFQ(116) termintakeover6 o Medical risk 5g/d (074, 0.51 my: O e
1999) NHS hyperlipid- %M 0 years. AOAC records/ estimate 1.16) g !
. Events menopausal status,
aemic/ method) autopsy, )
' parental MI, Period
hyper- Confirmed .
of exposure, physical
cholesterol- self reports o .
) activity, smoking,
aemic

postmenopausal
HRT, Vit B6 intake,
Vit C

*This result was used in the meta-analysis of fibre consumed within fruit and CHD events
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Stroke events and fibre in fruit

Summary of cohort results

Data were identified from two studies: the ATBC study (Larsson et al., 2009) and the NHS (Oh et
al., 2005). These studies provided evidence concerning the association between fibre contained
within fruit and fatal and non-fatal stroke (all types). Neither study showed a significant association
between fibre contained within fruit and stroke.

Exposure definition and assessment

Both studies assessed fibre contained within fruit using a FFQ. The ATBC study (Larsson et al.,
2009) estimated fibre by the Englyst method, while the NHS (Oh et al., 2005) used the AOAC
method.

Adjustment for appropriate confounders

Both studies adjusted for a wide range of covariates including age, smoking and various health
measures.

Please interpret observational data with caution: With observational studies there is substantial
potential for biases.
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Table 1.29 Stroke events and fibre in fruit: cohort studies in adults

Result ID/ Age Follow
Reference/ Count.ry, et!\nlc_lty, range (Cases)/ Up (% Diet Assess- e Fatal / Non- Outcome/ As_sessment Contrast Units RR (CI) DG AT
Cohort Inclusion criteria (mean) Total ment fatal Events Details (mean)
loss)
Name %Male
Age, alcohol, BMI, dietary
Finland, Fibre cholesterol, DBP, energy
13326 Cancer free, 50-69 FFQ/ contained stroke, haemorrhage- intake, folate, HDL-C, CHD,
(Larsson et (196) . . . i Fatal + Non- Subarachnoid (6.2) vs. 1.28 (0.8, . -
Generally healthy, 136y Questionnaire within fruit g/d 0.14 DM, physical activity,
al., 2009) /29133 fatal Events (0.7) 2.06) .
ATBC Stud No CHD, Not %M 100 (276) (Englyst Registry data magnesium Intake,
v Alcoholics, Smokers method) gistry smoking, group allocation,
SBP
Stroke, haemorrhage-
(383) Intracerebral (6.2) vs. 0.88 (0.61,
/29133 (0.7) g/d 1.26) 0.44 As above
Registry data
(2702) Stroke, ischaemic (62)vs. o 09108 o As above
/29133 Registry data (0.7) 1.04)
Age, alcohol, aspirin, BMI,
carbohydrate intake,
energy intake, family
Fibre history of DM, family
. Stroke, any history of
13524  USA, 30-55 contained . . .
(Ohetal, Primarily White, No 5113213)00 18y FFQ(116) within fruit fF:tt:Ilgv’:r?tr: Ascertained usin 83 s g/d (1)-?J;)(0-7, 028 ?ayr’:\(ielrt[:igslty:frffeljixla,
2005) NHS  CHD, No T2DM %M 0 (AOAC ; & : : Ly nistory '
method) multiple methods family history of Ml,
menopausal status, physical
activity, smoking,
postmenopausal HRT, Vit
intake
Stroke, haemorrhagic
(279) (7.3) vs. 0.86 (0.57,
/121700 Ascertained using (1.3) g/d 15 0.64 As above
multiple methods
Stroke, ischaemic
(515) (7.3) vs. 0.87 (0.63,
/121700 Ascertained using (1.3) gd 1o 0.22 As above

multiple methods
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Fibre in fruit and CVD summary

Meta-analysis: Fibre in fruit and incident CVD events

Risk estimates were provided in 8 publications presenting results from 6 cohort studies: NHS, the
Cardiovascular Health Study, the Women'’s’ Health Study, HPFS, ATBC and the Zutphen Elderly
Study (Oh et al., 2005;Mozaffarian et al., 2003;Liu et al., 2002;Wolk et al., 1999;Pietinen et al.,
1996;Rimm et al., 1996;Streppel et al., 2008;Larsson et al., 2009). All studies were included in the
meta-analysis.

Most studies presented results separately for CHD and stroke, allowing focussed meta-analysis
for the CHD outcome, rather than having to combine the two outcomes. However, only two studies
reported stroke outcomes (Oh et al., 2005;Larsson et al., 2009), so no meta-analysis could be
conducted independently for stroke. For one study, to permit the results to be included in the
meta-analysis, we assumed that the median intake for the lowest category was half the upper limit
of the lowest category, and the median of the highest category was 1.5 times the lower limit of the
highest category (Mozaffarian et al., 2003).

Relative risks are presented for each 4g/day increase, equivalent to approximately one standard
deviation, in intake of fibre within fruit. The approximate mean population intake is 2g/day. These
values are based on UK data from NDNS (Bates et al., 2009) and European data from the ATBC
study (Pietinen et al., 1996;Larsson et al., 2009) and the Zutphen Elderly Study (Streppel et al.,
2008).

For CHD, the pooled estimate of relative risk was 0.98 (95% CI: 0.92 to 1.04) per 4g/day of fibre
contained within fruit (p=0.5).
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Figure 1.9 Forest plot for fibre in fruit and CHD events

Study Estimated

D RR (95% Cl)

i
i

Pietinen P, et al., 1996 : - 1.14 (0.85, 1.52)
|

Rimm EB, et al., 1996 +- 0.91 (0.81, 1.02)
|

Wolk A, et al., 1999 —.+— 0.94 (0.79, 1.13)
|

Liu'S, etal., 2002 ( : 0.82 (0.46, 1.48)
|

Mozaffarian D, et al., 2003 _._ 1.01 (0.92, 1.10)
i

Streppel MT, et al., 2008 —;——.— 1.05 (0.89, 1.24)
'

Pooled estimate C> 0.98 (0.92, 1.04)
"
i

6 8 1 1.2 1.4 1.6
RR per 4 g/day of fibre in fruit
Pooled estimate includes all results with any adjustment for confounding.
Note: Increment =1 SD so estimates are comparable across exposures. This is regardless of any skewness. Axis on log scale.

There was no excess heterogeneity between the cohort studies for CHD (1°=0%, 95% CI: 0% to
70%, Q=4.3, df=5, p=0.5). There were sufficient studies to further explore sources heterogeneity
by subgroup analysis and meta-regression for the CHD outcome, but not for stroke (see table
below). Estimates were largely consistent across subgroups. No one study had a dominant
influence on the pooled estimate from the random effects analysis for CHD. There were too few
studies to explore any small study effects (such as publication bias) using funnel plots.
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Table 1.30 Subgroup analyses of fibre in fruit and incidence of CHD. Relative risks are per 4 g/day.

Subgroup subgroup RR (95% CI) I” n Phet * Phet **
subjects' gender Male 0.99 (0.87, 1.12) 39% 3 2 .8

Mixed 1.01 (0.92, 1.10) 1

Female 0.93(0.79, 1.11) 0% 2 N
method used to assess fibre AOAC 0.95 (0.86, 1.06) 11% 3 3

not AOAC 1.14 (0.85, 1.52) 1 4
includes non-fatal events yes 1.07 (0.93, 1.23) 0% 2 .6

no 0.96 (0.90, 1.03) 0% 4 5 3
length of follow-up <10 years 0.97 (0.90, 1.05) 11% 4 3

>=10 years 1.00 (0.89, 1.13) 0% 2 4 4
geographic location Americas 0.96 (0.90, 1.03) 0% 4 5

EU 1.07 (0.93, 1.23) 0% 2 6

Other 0 3
adjusted for age yes 0.98 (0.92, 1.04) 0% 6 5

no 0
adjusted for alcohol yes 0.98 (0.92, 1.04) 0% 6 5

no 0
adjusted for anthropometry yes 0.96 (0.89, 1.04) 0% 5 5

no 1.01 (0.92, 1.10) 1 6
adjusted for energy intake yes 0.98 (0.92, 1.04) 0% 6 5

no 0
adjusted for family history yes 0.92 (0.83, 1.01) 0% 3 .9

no 1.02 (0.95, 1.11) 0% 3 N A
adjusted for physical activity yes 0.97 (0.91, 1.03) 0% 5 5

no 1.05 (0.89, 1.24) 1 4
adjusted for gender yes 0.98 (0.92, 1.04) 0% 6 5

no 0
adjusted for smoking yes 0.98 (0.92, 1.04) 0% 6 5

no 0
adjusted for age & smoking yes 0.98 (0.92, 1.04) 0% 6 5

no 0

* P for heterogeneity within each subgroup

** P for heterogeneity between each subgroup
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Fibre in vegetables and CVD

Total CVD and fibre in vegetables
Summary of cohort results

One cohort study, the Women’s Health Study provided data on vegetable fibre and risk of total
CVD events. No significant association was observed (Liu et al., 2002).

This study used a FFQ to assess diet and used estimates for fibre calculated using the AOAC
method. It was not reported whether potatoes were included in the category of vegetables. The
result appears to be appropriately adjusted for important potential confounders.

Please interpret observational data with caution: With observational studies there is substantial
potential for biases.
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Table 1.31 Total cardiovascular disease and fibre in vegetables

Result ID/
Reference/
Cohort
Name

13559
(Liu et al.,
2002)

The
Women's
Health
Study

Country,

ethnicity,

Inclusion
criteria

USA,
Primarily
White, Health
professionals,
No cancer,
No Stroke, No
CHD

Age Follow
range (Cases) Up (%
(mean) /Total I:ss)o
%Male
G4 (570) 6
%M 0 /39876

Diet
Assess-
ment

FFQ
(131)

Exposure

Fibre
contained
within
vegetables
(AOAC
method)

Fatal /
Non-fatal
Events

Fatal +
Non-fatal
Events

Outcome/
Assessment
Details

Total CVD

Ascertained using
multiple methods

Contrast (mean)

(8) vs. (5.9) g/d

RR (C1)

0.96 (0.72, 1.28)

p trend

0.78

Adjustments

Age, alcohol, BMI, energy intake,
family history of M, fat intake, folate,
DM, hypercholesterolaemia,
hypertension, physical activity,
protein intake, smoking, group
allocation, supplements,
postmenopausal HRT
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Coronary events and fibre in vegetables (and potatoes)

Summary of cohort results

The Caerphilly Study presented data on combined fruit and vegetable fibre intake and fatal and
non-fatal IHD, and reported that cases consumed 7.8g/d compared to the 8.4g/d mean
consumption in the rest of the cohort (Fehily et al., 1993).

Six other studies presented data on vegetable fibre intake: ATBC Study, Zutphen Elderly Study,
Cardiovascular Health Study, HPFS, The Women’s Health Study, and the NHS (Pietinen et al.,
1996;Streppel et al., 2008;Mozaffarian et al., 2003;Rimm et al., 1996;Liu et al., 2002;Wolk et al.,
1999).

Most risk estimates for coronary events and vegetable fibre intake were close to 1 (indicating no
evidence of an association), and none reported any statistically significant associations between
intake of vegetable fibre and risk of coronary events. The exception to this was the HPFS which
reported a result of borderline statistical significance, for fatal and non-fatal Ml RR 0.78 (95% CI:
0.61, 1.0) for each 10g increase in daily vegetable fibre consumption (Rimm et al., 1996).

Potato fibre was only reported in the Zutphen Elderly study which considered both long term and
more recent intake over the 40 year follow up period. No significant association was observed in
this cohort with respect to coronary events and potato fibre intake (Streppel et al., 2008).

Exposure definition and assessment

Vegetable fibre intakes were assessed with a dietary history in the Zutphen Elderly Study and with
semi-quantitative FFQ in the Caerphilly Study (Fehily et al., 1993). The rest of the studies used
FFQs ranging in number of items from 99 in the Cardiovascular Health Study to 276 in the ATBC
study.

In the NHS, vegetable fibre intake was assessed using a measure of cumulative average intake
from questionnaires which were sent at two-year intervals (Wolk et al., 1999). All other studies,
except the Zutphen elderly study, only assessed fibre contained within vegetables at baseline.
Most studies did not report whether potatoes were included in the vegetable category, with the
exception being the Zutphen Elderly Study, in which potatoes were considered as a separate
category (Streppel et al., 2008).
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Studies carried out in the USA and the Zutphen study used AOAC methods to calculate fibre
intakes (Liu et al., 2002;Mozaffarian et al., 2003;Rimm et al., 1996;Streppel et al., 2008;Wolk et
al., 1999), the Englyst method was used for estimates of fibre in the ATBC study (Pietinen et al.,
1996) and the method used was likely Southgate for the Caerphilly study (Fehily et al., 1993).

Adjustment for appropriate confounders

The studies reporting risk estimates had all adjusted for appropriate confounders including age,
and nutrients and/or energy intake and most included adjustments for socioeconomic status and
anthropometry.

Please interpret observational data with caution: With observational studies there is substantial
potential for biases.
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Table 1.32 Coronary events and fibre in vegetables and potatoes: cohort studies in adults

Resin) 2:::::' r:f ee (Cases) il 2155 F:l:?nl-/ Outcome/ Subgrou Contrast Ll
Reference/ . e 8 Up (% Assess- Exposure Assessment 8 . P Units RR(CI)  Exposure p p trend Adjustments
Inclusion (mean) /Total fatal . Detail (mean)
Cohort Name o loss) ment Details (Sp)
criteria %Male Events
Fibre contained Ischaemic
_— et1§/3 1 Wales, 45-59 ‘3’;“::;;’,‘;’: (‘;?b":e Fatal+  Neartdisease Cases: (n: 70) 7.8 g/d (2.3)
1993)yThe " Primarily (70) S5y FFQ/ mgthod not Non- Medical /d Non-cases: (n: 1686) 8.4 g/d
) White, No %M /2512 (0.3) Diary _ fatal & 2.7)
Caerphilly reported, likely records/
CHD 100 Events
Study Southgate autopsy, Self
method) report
Age, alcohol, BMI,
energy intake, family
USA, history of Ml, fat
" Primarily Mi intake, folate, DM,
13565 White Fatal + hypercholesterolaem
(Liu et al., Health, (54) (177) Fibre contained Non- Ascertained 0.89 iayﬁw ertension
2002) The rofessionals /39876 6y FFQ(131)  within vegetables fatal usin (8) vs. (5.9) g/d (0.52, 0.87 P,m s\i/sal activit !
Women's P %M 0 (AOAC method) & 1.53) physical activity,
, No cancer, Events multiple protein intake,
Health Study )
No Stroke, methods smoking, group
No CHD allocation,
supplements,
postmenopausal HRT
*14134 USA, CHD events A.ge' aIcohoI,.cereaI
. . . 65- . . Fatal + fibre, education,
(Mozaffarian Primarily (811) Fibre contained Non- 59.2 vs 1.08 fibre from fruit. DM
etal., 2003) White, Age 0 8.6y FFQ (99) within vegetables Medical D g/d (0.86, 0.95 ) co
! %M /5201 fatal <4.2 smoking, physical
Cardiovascular  >65y, No (AOAC method) records/ 1.36) .
38.8 Events activity, gender,
Health Study CHD autopsy .
smoking
14150 (204) 80th vs. 0.9
Cardiovascular /5201 Age 65-69y  20th (0.76, As above
Health Study Centile 1.04)
14151 (255) 80th vs. 1.04
Cardiovascular /5201 Age 70-74y  20th (0.9, As above
Health Study Centile 1.19)
14152 (352) 80th vs. 1.09
Cardiovascular /5201 Age >75y 20th (0.95, As above
Health Study Centile 1.25)
14153 (434) 80th vs. 1.08
Cardiovascular /5201 Women 20th (0.92, As above
Health Study Centile 1.27)
14154 (377) 80th vs. 0.96
Cardiovascular /5201 Men 20th (0.82, As above
Health Study Centile 1.14)
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i3y 2:::::::" r:r? ee (Cases) Y Diet F:l:?nl-/ i Subgrou Contrast Mean
Reference/ . e 8 Up (% Assess- Exposure Assessment 8 . P Units RR(CI)  Exposure p p trend Adjustments
Inclusion (mean) /Total fatal . Detail (mean)
Cohort Name s loss) ment Details (Sp)
criteria %Male Events
14283 80th vs. 1.05
Cardiovascular %2)1 :iZbetics 20th (0.92, As above
Health Study Centile 1.2)
Age, alcohol, Beta-
Finland, carotene, BMI, DBP,
r13394 CANCerfree, o 49 FFQ/ Fibre contained education, saturated
. Generally . _ CHD events 0.88 fatty acid intake,
(Pietinen et (635) Question  within vegetables Fatal (7.1) vs. .
healthy, No 6.1y ) g/d (0.66, 0.08 energy intake,
al., 1996) CHD. Not %M /29133 -naire (based on Englyst Events Registry data (2.9) 1.19) physical activity
ATBC Study Alcoholics, 100 (276) method) smoking, group
Smokers allocation, SBP, Vit C,
Vit E
Fatal + Fatal CHD, MI 0.94
(1399) Non- ) (7.1) vs. (0.77,
/29133 fatal Registry data (2.9) g/d 1.14) 0.15 As above
Events
Age, alcohol, BMI,
Ml .
USA saturated fatty acid
N ) intake, family history
*13482 Pr|rT13r|Iy 4073 Fibre contained Fatal+  Medical Continuous 0.78 of Ml,
. White, (740) _— Non- records/ . 10
(Rimm et al., 6y FFQ(131)  within vegetables risk (0.61, hypercholesterolaem
1996) Hpps  Cancerfree, %M /51529 (AOAC method) 2! autopsy, estimate gd ia, occupation
No CHD, No 100 Events Registry data, h sicalpactivi',c
T2DM Self report phy Vi,
hypertension,
smoking, Vit E
Fibre contained
within vegetables
13619 AOAC method CHD events TFA, a.Icoh(?I, BMI,
(Streppel et (49) (Energy adjusted Continuous 0.88 smoking, Cis-PUFA,
al zggg) The (348) 40y Dietary recen%(yintajke Fatal Ascertained risk 10 ((') 48 energy intake, fish,
Zu’t hen Netherlands %M /1373 (0.2) history Calculated usi.n Events using estimate g/d 1 éS)’ prescribed diet,
Eldeprl Stud 100 time-specific & multiple ' saturated fatty acid
¥ v P . methods intake,SES/class
food-composition
tables)
CHD events TFA, BMI, smoking,
(49) cis-PUFA, energy
The (348) a0y Dietary As ab.ove but long Fatal As.certamed C.ontlnuous 10 1(0.36, |ntake{ fish, .
Netherlands %M /1373 (0.2) histor: term intake (not Events using risk /d 2.77) prescribed diet,
1‘:)0 ’ ¥ recent intake) multiple estimate & ' saturated fatty acid
methods intake,SES/class,
alcohol
*13630 USA, 30-55 (591)/ 10 Fibre contained Fatal + Non-fatal Ml, Continuous 1.06 Age, alcohol, aspirin,
(Wolk et al., Primarily 121700 (20\)/ FFQ (116)  within vegetables Non- fatal CHD risk 5g/d (0.84, 0.63 Beta-carotene, BMI,
1999) NHS White, %M 0 (Long-term intake  fatal estimate 1.32) carbohydrate intake,
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Country, Age

Fatal /

Result ID/ ethnicit range (Cases) Follow Diet Non- Outcome/ T Mean
Reference/ . e 8 Up (% Assess- Exposure Assessment Units RR(CI)  Exposure p p trend Adjustments
Inclusion (mean) /Total fatal . (mean)
Cohort Name s loss) ment Details (Sp)
criteria %Male Events
Cancer free, over 6 years. Events Registry data, saturated fatty acid
No CHD, No AOAC method) Medical intake,energy intake,
T2DM, Not records/ fruit fibre, cereal
hyperlipid- autopsy, fibre, folate,
aemic/ Confirmed hypertension,
hyper- self reports magnesium Intake,
cholesterol- menopausal status,
aemic parental Ml, Period
of exposure, physical
activity, smoking,
postmenopausal
HRT, Vit B6 intake,
Vit C
Fibre contained
within potatoes CHD events TFA, BMI, smoking,
13617 (49) AOAC method 071 Cis-PUFA, energy
e e s oy Dy gy e o 1o o,
v Netherlands %M /1373 (0.2) history ) Events g ) g/d 1.06) P T
Zutphen 100 Calculated using multiple estimate saturated fatty acid
Elderly Study time-specific methods intake,SES/class,
food-composition alcohol
tables).
CHD events TFA, BMI, smoking,
Cis-PUFA, energy
(49) As above but long Continuous 0.94 intake, fish
The (348) 40y Dietary term intake (not Fatal Ascertained risk 10 (0.62, rescr}bed ,diet
Netherlands %M /1373 (0.2) history . Events using ) g/d 1.45) P T
recent intake) > estimate saturated fatty acid
100 multiple X
intake,SES/class,
methods

alcohol

*This result was used in the meta-analysis of fibre within vegetables and CHD events
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Stroke events and fibre in vegetables

Summary of cohort results

Data were identified from two studies for stroke outcomes and vegetable fibre: the ATBC study
(Larsson et al., 2009) and the NHS (Oh et al., 2005). The ATBC study (Larsson et al., 2009)
showed a significantly decreased risk (14%) of ischaemic stroke with increasing fibre contained
within vegetables with a significant p for trend (p=0.001). Risk estimates for other types of stroke
were less than one, but not statistically significant. No statistically significant associations were
observed in the Nurses’ Health Study for any type of stroke event.

Exposure definition and assessment

Both studies assessed fibre contained within vegetables using a FFQ but the ATBC used values
derived using Englyst methods and AOAC methods were used to calculate values for the NHS
(Larsson et al., 2009;0h et al., 2005). Neither study reported whether potatoes were included in
the category of vegetables.

Adjustment for appropriate confounders

Both studies adjusted for a wide range of covariates including age, smoking and various health
measures.

Please interpret observational data with caution: With observational studies there is substantial
potential for biases.
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Table 1.33 Stroke events and fibre in vegetables: cohort studies in adults

Result ID/ Age Follow
Reference/ Count.ry, etr\nlc_lty, range (Cases)/ Up (% Diet Assess- e Fatal / Non- Outcome/ As_sessment Contrast Units RR (CI) DG AT
Cohort Inclusion criteria (mean) Total ment fatal Events Details (mean)
loss)
Name %Male
Fibre Age, alcohol, BMI, dietary
Finland, . cholesterol, DBP, energy
13329 Cancer free, 50-69 FFQ/ co.nt.alned stroke, haemorrhage- intake, folate, HDL-C, CHD,
(Larsson et (196) . . within Fatal + Non- Subarachnoid (7.1) vs. 0.63 (0.43, . -
Generally healthy, 136y Questionnaire g/d 0.06 DM, physical activity,
al., 2009) /29133 vegetables fatal Events (2.9) 1.07) .
No CHD, Not %M 100 (276) . magnesium Intake,
ATBC Study . (Englyst Registry data . .
Alcoholics, Smokers method) smoking, group allocation,
SBP
Stroke, haemorrhage-
(383) Intracerebral (7.1) vs. 0.81(0.57,
/29133 (2.9) g/d 1.14) 0.62 As above
Registry data
(2702) Stroke, ischaemic (7vs. o 086076 o0 acbove
/29133 Registry data (2.9) 0.99)
Age, alcohol, aspirin, BMI,
carbohydrate intake,
energy intake, family
Fibre history of DM, family
contained Stroke, any history of
13521 USA, 30-55 L. . . .
(Ohetal, Primarily White, No (1020) 18y FFQ (116) within Fatal + Non- 4 . (8.5) vs. o/d 0.92 (0.74, 014 hypt.ertn.glycerldeaemla,
2005) NHS CHD. No T2DM %M 0 /121700 vegetables fatal Events Ascertained using (2.9) 1.14) family history of HTN,
! ° (AOAC multiple methods family history of Ml,
method) menopausal status, physical
activity, smoking,
postmenopausal HRT, Vit
intake
Stroke, haemorrhagic
(279) (8.5) vs. 0.76 (0.51,
/121700 Ascertained using (2.9) gd 113 0.18 As above
multiple methods
Stroke, ischaemic
(515) (8.5) vs. /d 1.(3);)(0'74, 0.48 As above
/121700 Ascertained using (2.9) & ’ ’

multiple methods
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Fibre in vegetables and CVD summary

Meta-analysis: Fibre in vegetables and incident CVD events

Risk estimates were provided in 8 publications presenting results from 6 cohort studies: NHS, the
Cardiovascular Health Study, the Women'’s’ Health Study, HPFS, ATBC and the Zutphen Elderly
Study (Oh et al., 2005;Mozaffarian et al., 2003;Liu et al., 2002;Wolk et al., 1999;Pietinen et al.,
1996;Rimm et al., 1996;Streppel et al., 2008;Larsson et al., 2009). All studies were included in the
meta-analysis.

Most studies presented results separately for CHD and stroke, so a focussed meta-analysis was
performed for CHD. However, there were too few studies reporting stroke to provide a separate
meta-analysis of this outcome. For one study, to allow the results to be included in the meta-
analysis, we assumed that the median intake for the lowest category was half the upper limit of the
lowest category, and the median of the highest category was 1.5 times the lower limit of the
highest category (Mozaffarian et al., 2003).

Relative risks are presented for each 4g/day increase, equivalent to approximately one standard
deviation, in intake of fibre within vegetables. The approximate mean population intake is 4g/day.
These values are based on UK data from NDNS (Bates et al., 2009) and European data from the
ATBC study (Pietinen et al., 1996;Larsson et al., 2009) and the Zutphen Elderly Study (Streppel et
al., 2008).

For CHD, the pooled estimate of relative risk was 0.97 (95% CI: 0.91 to 1.03) per 4 g/day of fibre
contained within vegetables (p=0.3).
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Figure 1.10 Forest plot for fibre in vegetables and CHD events

Study Estimated

D RR (95% Cl)
|
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i
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i
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Mozaffarian D, et al., 2003 -l 1.02 (0.94, 1.09)
|
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Streppel MT, et al., 2008 —_—l 0.95 (0.74, 1.22)

Pooled estimate <:> 0.97 (0.91, 1.03)
v
|

5 8 1 12 15
RR per 4 g/day of fibre in vegetables
Pooled estimate includes all results with any adjustment for confounding.
Note: Increment =1 SD so estimates are comparable across exposures. This is regardless of any skewness. Axis on log scale.

There was no excess heterogeneity between the cohort studies for CHD (1°=7%, 95% CI: 0% to
76%, Q=5.4, df=5, p=0.4). There were sufficient studies to further explore sources of heterogeneity
by subgroup analysis and meta-regression for the CHD outcome, but not for stroke (see table
below). Estimates were largely consistent across subgroups. No one study had a dominant
influence on the pooled estimate from the random effects analysis for CHD. There were too few
studies to explore any small study effects (such as publication bias) using funnel plots.
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Table 1.34 Subgroup analyses of fibre in vegetables and incidence of CHD. Relative risks are per 4 g/day.

Subgroup subgroup RR (95% CI) I” n Phet * Phet **
subjects' gender Male 0.90 (0.83, 0.98) 0% 3 .8 2

Mixed 1.02 (0.94, 1.09) 1

Female 1.04 (0.87, 1.25) 0% 2 .8
method used to assess fibre AOAC 0.91 (0.83, 1.00) 0% 3 .9

not AOAC 0.83(0.64, 1.08) 1 .6
includes non-fatal events yes 0.89 (0.75, 1.07) 0% 2 5

no 0.98 (0.91, 1.05) 23% 4 .3 4
length of follow-up <10 years 0.95(0.87, 1.04) 36% 4 2

>=10 years 1.01 (0.88, 1.17) 0% 2 5 9
geographic location Americas  0.98 (0.91, 1.05) 23% 4 3

EU 0.89 (0.75, 1.07) 0% 2 5

Other 0 3
adjusted for age yes 0.97 (0.91, 1.03) 7% 6 4

no 0
adjusted for alcohol yes 0.97 (0.91, 1.03) 7% 6 4

no 0
adjusted for anthropometry yes 0.93 (0.86, 1.00) 0% 5 .6

no 1.02 (0.94, 1.09) 1 2
adjusted for energy intake yes 0.97 (0.91, 1.03) 7% 6 4

no 0
adjusted for family history yes 0.94 (0.86, 1.02) 0% 3 4

no 0.99 (0.91, 1.08) 9% 3 .8
adjusted for physical activity yes 0.97 (0.90, 1.04) 25% 5 .3

no 0.95 (0.74, 1.22) 1 9
adjusted for gender yes 0.97 (0.91, 1.03) 7% 6 4

no 0
adjusted for smoking yes 0.97 (0.91, 1.03) 7% 6 4

no 0
adjusted for age & smoking yes 0.97 (0.91, 1.03) 7% 6 4

no 0

* P for heterogeneity within each subgroup

** P for heterogeneity between each subgroup
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Fibre in legumes and CVD

Coronary events and fibre in legumes

Summary of cohort results

The Zutphen Elderly study provided some evidence of risk reduction for fatal CHD with increasing
legume fibre intake, although none of the results were statistically significant (Streppel et al.,
2008).

Dietary histories were taken and these captured intakes over the six to 12 months prior to
assessment. Assessment of intakes was split by period of exposure to explore intake during
middle-age and more recent intake in later life. AOAC values were used to estimate fibre intake for
this cohort. Appropriate adjustments were made for these results and no adjustment for age was
used because the exposures were grouped by age category (middle-aged consumption and
recent intake).

Please interpret observational data with caution: With observational studies there is substantial
potential for biases.
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Table 1.35 Coronary events and fibre in legumes: cohort study in adults

Result ID/ Country,

.. Age range Follow | Fatal / Outcome/
LG ethn|c.|ty, (mean) feeza)/ Up (% Diet Assess Exposure Non-fatal Assessment Contrast Units RR (Cl) Adjustments
Cohort Inclusion Total ment . (mean)
. %Male loss) Events Details
Name criteria
13421 ::b:;(::sn;il);idn:v;:::d CHD events
(Streppel et (49) (Eier adiusted fong term TFA, alcohol, BMI, Cis-PUFA,
al., 2008) The (348) 40y Dietary ; gY J. g Fatal . . Continuous 0.52 (0.25, 1.09) energy intake, fish, smoking,
K intake in middle age. Ascertained using . , 10 g/d . )
Zutphen Netherlands /1373 (0.2) history L Events . risk estimate prescribed diet, saturated
%M 100 Calculated using time- multiple methods e
Elderly o " fatty acid intake,SES/class
Stud specific food-composition
v tables).
Fibre contained within
legumes AOAC method CHD events
(Energy adjusted recent Fatal . . Continuous
intake. Calculated using Events Ascertained using risk estimate 10g/d 0.64(0.34,1.2) As above

time-specific food- multiple methods

composition tables).
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Nutrient-based dietary patterns and CVD

Total CVD and nutrient-based dietary patterns

Summary of cohort results

Two cohort studies provided observational data on the impact of replacing carbohydrate as an
energy source with other nutrients on risk of total CVD events. The Swedish Women'’s Lifestyle
and Health Study explored the association between long term replacement of carbohydrate
sources of energy with protein and risk of total CVD events (Lagiou et al., 2007). For each two-unit
increase in low carbohydrate, high protein additive score, the risk of CVD mortality increased by
15% (95% CI 1, 28%). Increased protein and decreased carbohydrate were equally unfavourable
for CVD mortality in this study. Higher risk estimates associated with increasing score were
observed in women aged more than 40 years at baseline. A similar approach was followed in the
Greek arm of EPIC (Trichopoulou et al., 2007), in which a low carbohydrate/high protein score was
derived and related to risk of total CVD events. In this study, for each two-unit increment in score,
the risk of CVD deaths increased by 9% (95% CI 1, 17%). Both studies therefore provide some
evidence that risk of CVD is elevated in women habitually consuming diets lower in carbohydrate,
but higher in protein.

Exposure definition and assessment

In both cohort studies, using FFQ-derived dietary data, a low carbohydrate/high protein additive
score (LC/HP) was generated for each participant such that a subject with LC/HP score 2 was one
with very high consumption of carbohydrates and very low consumption of protein, whereas a
subject with score 20 was one with very low consumption of carbohydrates and very high
consumption of protein.

Adjustment for appropriate confounders

Both cohort studies adjusted for age, smoking and physical activity, although only EPIC Greece
also adjusted for education as a marker of socioeconomic status.

Please interpret observational data with caution: With observational studies there is substantial
potential for biases.
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Table 1.36 Total CVD and nutrient-based dietary patterns: cohort studies in adults

Country,

Age

Fatal /

Result ID/ . Follow Diet Outcome/
Reference/ ethnlc]ty, range JEr) Up (%  Assess- Exposure Non- Assessment Subgro_up Contrast Units RR (CI) Adjustments
Cohort Name Inc.Iu5|_on (mean) /Total Tl - fatal Details Detail (mean)
criteria %Male Events
16984
(Lagiou et al.,
2007) Low carbohydrate diet score . Age, alcohol, BMI,
Sweden, 30-49 (75) 12y FFQ (Low carbohydrate - high protein  Fatal Total CVD fi;):tlnuous 2 units family history of
The Women's White /42237  (~0) (80) additive score (low score=high Events . ) DM, HRT, physical
Lifestyle and %MO CHO/low protein). Range = 1-20) Registry data estimate 1.15(1.01, 1.28) activity, smoking
Health Cohort
Study
17568
Continuous Age, alcohol, BMI,
The Women's (19) Age <40 risk 2 Units 0.98 (0.77, 1.23) family history of
Lifestyle and /42237 € ‘ Y DM, HRT, physical
Health Cohort estimate activity, smoking
Study
17569
The W (56) Continuous nge,IaIthol, Bl\fAI,
e Women's . . amily history o
Lifestyle and /42237 Age >40 rISk. 2 units 1.21(1.04,1.39) DM, HRT, physical
Health Cohort estimate activity, smoking
Study
13723  Greece, Protein replacing carbohydrate Age, alcohol, BMI,
(Trichopoulou Cancer 20-86 (197) 49y FFQ (Ratio of descer'1d.ing decile of Fatal Total CVD C'ontinuous ) smoking, education,
et al., 2007) free, No /28572 (5) (150) carbohydrate divided by Events risk units/d 1.09 (1.01, 1.17) energy intake,
CHD, No %M 41 ascending decile of protein Registry data estimate physical activity,
EPIC Greece T2DM creating LC/HP score) Gender
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Coronary events and nutrient-based dietary patterns

Summary of cohort results

Three publications from the NHS and the lowa Women’s Health Study provided observational data
on the impact of replacing carbohydrate as an energy source with fat or protein on risk of coronary
heart disease (Halton et al., 2006;Hu et al., 1999;Kelemen et al., 2005). Both cohort studies used
a somewhat different method of generating a dietary profile for each participant that reflected the
extent to which dietary carbohydrate was replaced by either protein, fat (degree of saturation) or
both nutrients and whether the origin of these nutrients was from vegetable or animal sources. The
objective of these studies, however, was to explore whether, when freely consumed, the effects of
low carbohydrate high fat/protein diets as typically administered in weight-loss intervention trials
are associated with risk of coronary heart disease in prospective cohort studies.

The US Nurses’ Health Study provided risk estimates for coronary heart disease events (fatal and
non-fatal combined) after 14 and after 20 years of follow-up (Halton et al., 2006;Hu et al., 1999) in
association with the replacement of dietary carbohydrate with either an isoenergetic amount of
protein, or a combination of fat and protein. After 14 years follow-up, there was a 30% reduction in
risk of CHD in women in the highest decile of protein replacing carbohydrate, compared to the
lowest decile. After 20 years of follow-up, risk estimates were all less than one when comparing
the decile with the lowest carbohydrate intake against the decile with the highest intake and with
increasing replacement of dietary carbohydrate with vegetable sources of fat and protein, the test
for trend was statistically significant (the relative risk on the basis of the percentage of energy from
intake of carbohydrates, vegetable protein, and vegetable fat was 0.70 (95% CI 0.56, 0.88; p for
trend=0.002). Similarly, in the lowa Women’s Health Study (Kelemen et al., 2005), CHD mortality
was not associated with substituting an isoenergetic quantity of total protein for the same amount
of energy from carbohydrate, although there was some evidence of decreased risk when
carbohydrate was substituted with protein from vegetable sources. Data from these studies
suggest that diets lower in carbohydrate and higher in protein and fat are not associated with
increased risk of coronary heart disease in women.

One further cohort study conducted in Denmark reported on the association between dietary fat,
fat type and risk of coronary heart disease in the MONICA | and Il cohorts (Jakobsen et al., 2004)
and is included here since the data are analysed such that for each 5% increment in fat intake,
there is a corresponding energy decrement in dietary carbohydrate. Correspondingly, the authors
comment that ‘in the models used, total energy and protein intake were fixed. Differences in intake
of energy from fat thus reflected complementary differences in intake of energy from
carbohydrates’. There was no association between total fat intake and risk of coronary heart
disease in men or women as a whole, but there was an elevation in risk with increasing intake of
fat in women older than 60 years (RR per 5% energy 1.74 (95% CI 1.15, 2.64)). This elevation in
risk might potentially be attributable to increasing fat consumption, or decreasing carbohydrate
intake.
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Collectively, these studies provide contradictory evidence concerning the impact on CHD risk of
consuming low carbohydrate/higher fat/protein diets as assessed by FFQ. Speculatively,
differences in the nature of carbohydrate consumed as reflected by national or cultural dietary
patterns may be influential. Elevations in risk with lower carbohydrate intakes are observed in
European, but not US cohort studies.

Exposure definition and assessment

In both the NHS and lowa Women’s Health Study, using FFQ-derived dietary data, a low
carbohydrate/high protein additive score (LC/HP) was generated for each participant such that a
subject with LC/HP score of 2 was one with very high consumption of carbohydrates and very low
consumption of protein, whereas a subject with score 20 was one with very low consumption of
carbohydrates and very high consumption of protein.

Adjustment for appropriate confounders

All cohort studies adjusted for age, smoking and physical activity and other important potential
confounders.

Please interpret observational data with caution: With observational studies there is substantial
potential for biases.

This document was prepared for consideration by the Scientific Advisory Committee on Nutrition. It does not necessarily represent the final views of SACN
or the advice/policy of Public Health England and Health Departments.

117



Table 1.37 Coronary events and nutrient-based dietary patterns: cohort studies in adults

Country,

Age

Result ID/ ethnicit range (Cases)/ Follow Diet Fatal / Outcome/ Sub- Contrast
Reference/ . v 8 Up (% Assess- Exposure Non-fatal Assessment group Units RR (CI) p trend Adjustments
Inclusion (mean) Total . ] (mean)
Cohort Name . loss) ment Events Details Detail
criteria %Male
USA,
Primarily Coronary
L bohydrate diet heart di
White, ow carbohydrate die eart disease Age, alcohol, aspirin, BMI,
17435 Cancer free score (Low death, HRT, hypercholesterol-
(Halton et al., No CHD Nol 30-55 (1994) carbohydrate-diet score Fatal + Nonfatal MI 0.94 aem’ia yﬁ ertension
2006) oM Not Jis0r 20V FFQ(122) based on total Non-fatal (26)vs.(5)  units  (0.76, 0.19 arent’a|ycpHD o
- %M 0 carbohydrate, total fat Events Ascertained 1.18) p L ,.p ¥
hyperlipidae R . activity, smoking,
NHS . and total protein (low using
mic/ . ; > supplements
score=high carb) units) multiple
hypercholest
; methods
erolaemic
Low carbohydrate diet Coronary
heart disease
score (Low
. death,
carbohydrate-diet score Fatal + Nonfatal Ml
based on total (21.8) vs. . 0.7 (0.56,
Non-fatal units 0.002 As above
carbohydrate, vegetable . (8) 0.88)
Events Ascertained
fat and vegetable .
) . using
protein (low score=high !
carb) units) multiple
methods
Coronary
Low carbohydrate diet heart disease
score (Low death,
carbohydrate-diet score Fatal + Nonfatal MI (27) vs 0.94
based on total Non-fatal (4.5) : units (0.74, 0.52 As above
carbohydrate, animal fat  Events Ascertained : 1.19)
and animal protein (low using
score=high carb) units) multiple
methods
USA,
Primarily Fatal . L
White, ) ) ischaemic Physical actl'v!ty, age,
13589  Cancer free Protein replacing heart disease alcohol, aspirin, BMI,
! 30-55 bohydrate (Protei Fatal ! 0.72 fibre, diet holesterol
(Huetal, 1999)  No CHD, No (939) carbohydrate (Protein AT Nonfatal MI (24) vs. % ‘ore, dletary cholesterol
14y FFQ (61) intake substituted for Non-fatal (0.57, energy intake,
T2DM, Not /121700 ) . (14.7) Energy .
- %M 0 isoenergetic amount Events . 0.91) hypertension,Ml,
NHS hyperlipidae Medical
. carbohydrate) menopausal status,
mic/ records/ smoking, supplements
hypercholest autopsy €. supp
erolaemic
13969 Denmark, 30-71 (228) 16 Diary + CHO replaced by Fatal + CHD events Men Continuous 5% 0.8 (0.55, alcohol, BMI, dietary
(Jakobsen et al., Primarily /3959 v interview  monounsaturated fat Non-fatal risk Energy 1.15) cholesterol, Fibre,
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Country,

Age

ResultIb/ ethnicit range (Cases)/ Fatal / Outcome/ I Contrast
Reference/ X 5 8 Exposure Non-fatal Assessment group Units RR (CI) p trend Adjustments
Inclusion (mean) Total . ] (mean)
Cohort Name . Events Details Detail
criteria %Male
2004) MONICA White, No %M Events Registry data estimate education, protein intake,
| & Il Danish CHD, No 70 family history of MI,
Cohorts T2DM physical activity, PUFA,
saturated fatty acid
intake, smoking, SBP
13980 (98) 1.01
MONICA | & llI /3959 Women (0.56, As above
Danish Cohorts 1.83)
13986 (not 2.56
As above
MONICA | &Il reported) sznlzg’ (1.15,
Danish Cohorts /3959 g 5.73)
13987 (not 0.75 (0.4
’ As above
MONICA [ & Ill reported) \:égme”’ 1.41)
Danish Cohorts /3959 Y
1.37
13988 (not As above
MONICA | & Ill reported) 2"6%"’ Age (20;17)8'
Danish Cohorts /3959 ’
13989 (not Men 0.85 b
MONICA | & IlI reported) 60V, (0.57, As above
Danish Cohorts /3959 Y 1.28)
Denmark,
’ -71 . .
13970  Primarily 30 Fatal + CHD events Continuous 0.89 (05, As above
R (98) CHO replaced by A 5% 1.57)
MONICA | & 1lI White, No %M /3959 olvunsaturated fats Non-fatal Women risk Ener
Danish Cohorts CHD, No ? poly Events Registry data estimate gy
70
T2DM
13971 As above
(228)
1.15)
13990 (not 0.66
As above
MONICA | & Il reported) XVZ'ZZS' (0.19,
Danish Cohorts /3959 g 2.35)
13991 (not 0.94
As above
MONICA | & IlI reported) \>I\é(())men, (0.51,
Danish Cohorts /3959 Y 1.74)
13992 (not 1.06
As above
MONICA [ & Ill reported) Z/'s%n’ Age (0.56,
Danish Cohorts /3959 1.99)
13993 (S not Men, 0.72 As above
MONICA | & 1lI reported) ~60 (0.47,
Danish Cohorts /3959 Y 1.1)
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Result ID/
Reference/
Cohort Name

13967
(Jakobsen et al.,
2004) MONICA
| & Il Danish
Cohorts

13968
MONICA | & 1lI
Danish Cohorts

13976
MONICA | & IlI
Danish Cohorts

13977
MONICA | & IlI
Danish Cohorts

13978
MONICA 1 & 1lI
Danish Cohorts

13979
MONICA | & 111
Danish Cohorts

13964
(Jakobsen et al.,
2004) MONICA
| & Il Danish
Cohorts

13966
MONICA | & IlI
Danish Cohorts

13972
MONICA | & IlI
Danish Cohorts

13973
MONICA | & 1lI
Danish Cohorts

13974
MONICA | & 1lI
Danish Cohorts

Country,
ethnicity,
Inclusion
criteria
Denmark,
Primarily
White, No
CHD, No
T2DM

Denmark,
Primarily
White, No
CHD, No
T2DM

Age
range
(mean)
%Male

30-71

%M
70

30-71

%M
70

(Cases)/
Total

(98)
/3959

(228)
/3959

(not
reported)
/3959

(not
reported)
/3959

(not
reported)
/3959

(Subgrou
p cases
not
reported)
/3959

(98)
/3959

(228)
/3959

(not
reported)
/3959

(not
reported)
/3959

(not
reported)
/3959

Follow
Up (%
loss)

16y

16y

Diet
Assess-
ment

Diary +
interview

Diary +
interview

Exposure

CHO replaced by
saturated fat

CHO replaced by total
fat

Fatal /

Non-fatal

Events

Fatal +
Non-fatal
Events

Fatal +
Non-fatal
Events

Outcome/

Assessment

Details

CHD events

Registry data

CHD events

Registry data

Sub-

group
Detail

Women

Women,
Age <60

Women,
>60y

Men, Age
<60

Men,
>60y

Women

Women,
Age <60

Women,
>60y

Men, Age
<60

Contrast
(mean)

Continuous
risk
estimate

Continuous
risk
estimate

Units

5%
Energy

5%
Energy

RR (C1)

1.36
(0.98,
1.88)

1.03
(0.78,
1.37)

2.68 (1.4,
5.12)

1.22
(0.86,
1.71)

1.29
(0.87,
1.91)

0.94 (0.7,
1.28)

1.12
(0.93,
1.36)

0.98
(0.87,
1.1)

1.74
(1.15,
2.64)

1.05
(0.86,
1.28)

1.15
(0.93,
1.41)

p trend

Adjustments

As above

As above

As above

As above

As above

As above

As above

As above

As above

As above

As above
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Country, A .
Result ID/ e:::icli.r rafee (Cases)/ Follow Diet Fatal / Outcome/ Sub- e
Reference/ . v 8 Up (% Assess- Exposure Non-fatal Assessment group Units RR (CI) p trend Adjustments
Inclusion (mean) Total . ] (mean)
Cohort Name . loss) ment Events Details Detail
criteria %Male
13975 (not Men, 0.93 As above
MONICA | &Il reported) 560 (0.81,
Danish Cohorts /3959 v 1.06)
Age, alcohol, BMI, dietary
Met, education, dietary
USA, cholesterol, MUFA, PUFA,
13735 PI"II’T13I"I|y 55.69 Ammfal p.rotem/‘CHO CHD events ~saturated fatty acid
(Kelemen et al., White, (61) (739) substitution (Animal Fatal (17.5) vs % 0.88 intake, energy from TFA,
2005) lowa Cancer free, /41836 16.4y FFQ (127)  protein substituted for Events Registry data (8 E;) ' Eoner (0.42, 0.29 energy intake, family
Women's No CHD, No %M O an isoenergetic amount gistry ' 8y 1.86) history of cancer, Fibre,
Health Study T2DM, Post- ? of carbohydrate) hypertension, HRT,
menopausal physical activity, smoking,
Vegetable protein, Vit
intake
Age, alcohol, animal
protein, BMI, Dietary
. Met, education, dietary
Veget.able protein cholesterol, MUFA, PUFA,
substituted for CHD events .
0.70 saturated fatty acid
carbohydrate (Vegetable  Fatal (17.5) vs. % X
. . . (0.49, 0.2 intake,energy from TFA,
protein substituted for Events Registry data (8.9) Energy . .
) ) 0.99) energy intake, family
an isoenergetic amount . )
of carbohydrate) history of cancer, Fibre,
Y hypertension, HRT,
physical activity, smoking,
Vit intake
Age, alcohol, BMI, Dietary
Met, education, dietary
. . cholesterol, MUFA, PUFA,
Protein replacing saturated fatty acid
carbohydrate (Protein CHD events 0.84 X ¥
) R Fatal (22) vs. % intake, energy from TFA,
intake substituted for Events (14.1) Ener| (0.39, 0.62 energy intake, famil
isoenergetic amount Registry data ’ &y 1.79) &Y ! v

carbohydrate)

history of cancer, Fibre,
hypertension, HRT,
physical activity, smoking,
Vit intake
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Carbohydrate-rich foods and CVD

The following sections concern foods which are rich sources of dietary carbohydrates. Studies
included in this section report the following exposures: total cereal foods, other cereals and cereal
foods such as bread and breakfast cereals, legumes, potatoes, sugar-rich foods, starchy foods
and sweetened beverages.

Total cereals and cereal-based foods and CVD

Total CVD and total cereals and cereal-based foods

Summary of cohort results

Data were identified from four studies: the ATTICA Study, EPIC Potsdam, The Norwegian County
Study and the Physicians’ Health Study. These studies provided evidence concerning the
association between consumption of total cereals, breakfast cereals and wholegrain bread and
risk of cardiovascular disease. The ATTICA study reported similar mean age-adjusted
consumption of total cereals in cases and non-cases (Panagiotakos et al., 2009). The Physicians’
Health Study (Liu et al., 2003) provided risk estimates for breakfast cereals and CVD, indicating
lower risk with greater consumption of high fibre and total breakfast cereal types. No association
was observed in this study with refined grain breakfast cereals. Evidence concerning the
association between a wholegrain bread score, wholegrain bread and CVD risk was reported by
the Norwegian County Study and EPIC Potsdam respectively (Jacobs, Jr. et al., 2001;Drogan et
al., 2007). The former reported a 23% reduction in risk when comparing the highest vs. lowest
intake category of wholegrain bread, with a significant test for trend across categories. This
indicates evidence of reduced risk with increasing consumption of wholegrain bread. In the EPIC
Potsdam study, both fatal and non-fatal cases of CVD reported a lower mean consumption of
wholegrain bread compared with the other members of the cohort at baseline (Drogan et al.,
2007).

Exposure definition and assessment

The four cohort studies reported data on total cereals and cereal-based food groups, including
breakfast cereals and wholegrain bread. The ATTICA study reported total cereal intakes using a
156-item FFQ but did not specify the food items included within ‘cereal foods’ (Panagiotakos et al.,
2009). The Physicians’ Health Study (Liu et al., 2003) estimated intake of total, high fibre and
refined grain breakfast cereals and CVD using a 61-item FFQ. Data on wholegrain bread
consumption was reported by FFQ as grams or slices per day by the EPIC cohort and by the
Norwegian County Study respectively (Jacobs, Jr. et al., 2001;Drogan et al., 2007).
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Adjustment for appropriate confounders

The EPIC Potsdam cohort and the ATTICA study provided unadjusted or age-adjusted mean
consumption estimates in cases and other cohort members only. The Physicians’ Health Study

and the Norwegian study adjusted for an appropriate range of covariates, including age, gender
and smoking.

Please interpret observational data with caution: With observational studies there is substantial
potential for biases.
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Table 1.38 Total CVD and total cereals and cereal-based foods: cohort studies in adults

Result ID/ Coun.tl:y, Age Follo Diet Fatal / niezis
ethnicity, range (Cases)/ wUp Assessment Contrast . Mean Exposure .
Reference/ . Assess- Exposure Non-fatal . Units RR (CI) p trend Adjustments
Inclusion (mean) Total (% Details (mean) (SD)
Cohort Name . ment Events
criteria %Male loss)
13451  Germany M/ Stroke, any Cases: (n=68) 33.9
(Drogan et al. No 35-65 ) g/d (51.9)
2007) history of (50) (68) 6.4y FFQ (148) Wholegrain bread Fatal Medical g/d Non-cases:
M1/ /27548 (5) Events records/ death (n=25859)
o .
EPIC Potsdam Stroke %M 40 certificate 45.5g/d (54.6)
M/ Stroke, any ggsfs}(gn(;i;l)
(311) Non-fatal a/d No-n—gcases~
/27548 Events !S::Zasl (n=25859)
45.5g/d (54.6)
Norway, Wholegrain bread Total CVD Age, BMI, dietary
14171 No CHD, 35.56 (score formed as 2.25.5.4 cholesterol, Cod liver ail,
(Jacobs, Jr. et al., No (758) 17 FFQ (66) the product of Fatal Medical v; 0 0'5_ Score 0.77 (0.6, 0.016 energy intake, physical
2001) Norwegian  hyperten /47114 4 slices/day* Events records/ T units 0.98) ’ activity, saturated fatty
. %M 50 X 0.6 s
County Study sion, No proportion of autopsy acid intake, gender,
T2DM wholegrain flour) smoking, SBP, Vit intake
13109 USA, 40-84 Breakfast cereals, Total CVD o ﬁssef!;(;ﬁ]g;t;m;eljrnwula
(Liu et al., 2003) No CVD, (54) (1381) high fibre (>25% Fatal - 0.8 (0.66, ) )
Cancer /104353 >S5y FrQ(e1) wholegrain or bran Events Registry data \S,(:r\;{/adr?{ serv/d 0.97) 0.008 zzzsiiter;sr;o:léishyswal
PHS | free %M 100 by weight) - Rarely Vs &
supplements
. . serv/day serv/d (0.84, 0.37 As above
grain breakfast Events Registry data
vs. Rarely 1.27)
cereals)
Breakfast cereals, Fatal Total CVD >1 0.87
unspecified (total Events Registry data serv/day serv/d (0.74, 0.08 As above
breakfast cereals) gistry vs. Rarely 1.03)
14024 Total CVD
. Cases: (n=170) 49
(Panagiotakos et Greece (45) (170) 5 Fatal + Medical (11)
al., 2009) ! Y FFQ (156) Cereals, total Non-fatal serv/wk Age
No CHD /3042 (31) records/ Non-cases:
%M 49.8 Events autops (n=1826) 52 (12)
ATTICA study psy =
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Coronary events and total cereals and cereal-based foods

N.B. Text and tables concerning coronary events and bread or breakfast cereal have been
separated from total or other cereal results to make interpretation simpler (sections below).

Summary of cohort results

Data were identified from five studies: the Finnish Mobile Clinic Health Surveys study (Knekt et al.,
1994), the ATBC study (Pietinen et al., 1996), the lowa Women’s Health study (Jacobs, Jr. et al.,
1998), the NHS study (Liu et al., 1999) and the HPFS study (Jensen et al., 2004). These studies
provide evidence concerning the association between consumption of total cereals, and specific
cereals such as popcorn, brown rice, wheat germ, rye and other cereals, and risk of fatal or
combined fatal and non-fatal coronary events. The Finnish Mobile Clinic Health Survey study
(Knekt et al., 1994) reported similar mean age-adjusted consumption of total cereals in cases and
non-cases for men and women separately. The ATBC study (Pietinen et al., 1996) reported similar
risk estimates for highest quintile of total cereal intake compared with lowest quintile of intake.

The remaining results provided risk estimates for individual cereal types. The NHS study (Liu et
al., 1999) and the HPFS study (Jensen et al., 2004) provided separate risk estimates for bran and
wheat germ. Both studies indicated evidence of decreased risk for combined fatal and non-fatal
coronary events with increasing bran intake. The results for wheat germ were inconsistent with an
estimated risk close to 1 for the HPFS study but considerably less than 1 for the NHS study. The
NHS study also reported risk estimates for popcorn, brown rice and other cereals (e.g. bulgar and
couscous). None of the provided risk estimates for these specific cereals were significantly
different from 1 (no evidence of an association). The lowa Women’s Health Study (Jacobs, Jr. et
al., 1998) provided risk estimates for crackers (which included refined and wholegrain types) which
were also close to 1, indicating no significant association.
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Exposure definition and assessment

The five cohort studies reported data on total cereals and cereal-based food groups, including
bran, wheat germ, popcorn, brown rice, rye and other cereals such as couscous. The Finnish
Mobile Clinic Health Surveys (Knekt et al., 1994) reported total cereal intakes using a dietary
history. The ATBC Study (Pietinen et al., 1996) estimated intake of total cereal and rye products
using a 276-item FFQ. The lowa Women’s Health study (Jacobs, Jr. et al., 1998) estimated intake
of unspecified cereals using a 127-item FFQ. The NHS study (Liu et al., 1999) estimated bran,
wheat germ, popcorn, brown rice and other cereals using a 126-item FFQ and the HPFS study
estimated added bran and added germ using a 131-item FFQ. Knekt et al. (Knekt et al., 1994) and
Pietinen et al. (Pietinen et al., 1996) did not report which foods were classified in ‘cereal foods’.
Jacobs et al. (Jacobs, Jr. et al., 1998), however, included unspecified grain crackers within the
cereals category, although no further information was provided in this paper.

Adjustment for appropriate confounders

The Finnish Mobile Clinic Health Surveys cohort provided age-adjusted mean consumption
estimates in cases and other cohort members. The remaining studies adjusted for an appropriate
range of covariates, including age, gender, smoking and alcohol.

Please interpret observational data with caution: With observational studies there is substantial
potential for biases.
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Table 1.39 Coronary events and total cereals and cereal-grain foods: cohort studies in adults

Result ID/ (e::,:r:::?ch r:r?ee (Cases)/ Follow Diet F;:;:_/ Outcome/ Sub- Gt Mean
Reference/ . v 8 Up (% Assess- Exposure Assessment group Units RR (CI) Exposu p trend Adjustments
Inclusion (mean) Total fatal . ] (mean)
Cohort Name o loss) ment Details Detail re (SD)
criteria %Male Events
Age, alcohol, BMI,
grsi:aril education, energy intake,
13745  White v fish, Fruit and veg, DM,
Ciar 55-69 Ischaemic heart HRT, hypertension,
(Jacobs, Jr. et Middle- Crackers . 0.81(0.57, :
(61) (438) . . Fatal disease 5.5-42vs. serv/ marital status, meat, oral
al., 1998) lowa aged 9y FFQ (127) (Unspecified grain 1.14) 0.19 . .
: /41836 Events 0 wk contraceptive pill,
\If\lleirll::r;tsud aciilgtsl;c:\ls(t)- %M 0 type) Registry data smoking, physical
Y men,o ausa activity, sugar intake,
| P supplements, waist:hip
ratio
USA, ‘ Added Bran Added germ |nt:f1ke, Age,
Primarily 40-75 (wheat, corn, oat Fatal + CHD events alcohol, energy intake,
13446  White, (1818) and ricc:z bran, Non- >6.85 0.7 (0.6, family history of M, fat
(Jensen et al., Cancer 14y FFQ (131) ! Medical testing, (11.1)vs. g/d 0.82) <0.001 intake, fish, Fruit,
%M /51529 added to foods fatal ) ) .
2004) HPFS free, No ) . Registry data, Self (0) physical activity,
100 during cooking or Events ) ;
CHD, No by participants) report smoking, veg, Vit E,
T2DM yPp P Wholegrain
Added Germ Added bran |nta'ke, Age,
CHD events alcohol, energy intake,
(added wheat Fatal + -
orm. added to Non- >0.33 0.95 (0.83 family history of M, fat
£ L Medical testing, (0.83) vs. g/d ' o 0.43 intake, fish, Fruit,
foods either fatal i 1.09) R -
. . Registry data, Self 0(0) physical activity,
during cooking or Events ) .
by participants) report smoking, veg, Vit E,
4 Wholegrain
13137
Cases: (n: 186)
(Knekt e.t a/:, Finland, 30-69 (186) Dietary Fatal CHD events 339g/d
1994) Finnish 14y (9) . Cereals, total Men g/d Age
. . No CHD /5133 history Events . Non-cases: (n:
Mobile Clinic %M 53 Registry data 2264) 334g/d
Health Surveys g
13138 Cases: (n: 58)
Finnish Mobile (58) 207g/d
Clinic Health /5133 Women g/d Non-cases: (n: Age
Surveys 2183) 240g/d
alcohol, aspirin, BMI,
USA energy intake,
oss iy 3055 O T C1Dens 2O omes o
(Liuetal, 1999)  White, No 10y FFQ(126) © &, bUlgar . : 1.08) 0.16 P '
NHS CHD. No %M 0 /121700 kasha, and fatal Medical records/ Almost wk menopausal status,
TZDIIVI ? couscous) Events autopsy never (0) parental M, protein

intake, smoking, physical
activity, Vit intake
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Country, Age Fatal /

Result ID/ ethnicit range (Cases)/ Follow Diet Non- Outcome/ Sub- e Mean
Reference/ . v 8 Up (% Assess- Exposure Assessment group Units RR (Cl) Exposu p trend Adjustments
Inclusion (mean) Total fatal . ] (mean)
Cohort Name o loss) ment Details Detail re (SD)
criteria %Male Events
\5/;6 & serv/ 0.63 (0.42,
Bran Almost wk 0.95) As above
never (0)
5-6 (0.93
vs (053) serv/ 0.41(0.15, As above
Wheat germ Almost wk 1.1) 0.01
never (0)
1(1)vs.
As above
Popcorn Almost serv/  0.92(0.45, 0.27
d 1.87)
never (0)
5-6 (0.79)
Brown rice Vs. serv/  0.45 (0.06, As above
Almost wk 3.2)
never (0)
Finland,
Cancer Age, alcohol, BMI, DBP,
13399 free, 50-69 FFQ/ education, saturated
(Pietinen et al., Generally (635) 6.1 Question Non-rye cereals, Fatal CHD events (214.5) /d 12)5 (0.79, 0.83 fatty acid intake, energy
1996) ATBC healthy, No %M /29133 Y -naire total Events Registry data vs. (47) 8 ' ’ intake, physical activity,
Study CHD, Not 100 (276) sistry smoking, group
Alcoholics, allocation, SBP
Smokers
Rye and rye Fatal CHD events (172.2) 0.75 (0.58,
g/d 0.98) 0.02 As above
products (total) Events . vs. (16)
Registry data
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Coronary events and bread

Summary of cohort results

Data were identified from five studies: the lowa Women'’s Health study (Jacobs, Jr. et al., 1998),
the Adventist Health study (Fraser et al., 1992), the Norwegian County study (Jacobs, Jr. et al.,
2001), the Health Food Shoppers Study (Key et al., 1996) and the NHS (Liu et al., 1999). These
studies provide evidence of the association between consumption of different types of bread and
risk of fatal or combined fatal and non-fatal coronary events.

The lowa Women’s study (Jacobs, Jr. et al., 1998) reported a risk estimate for white bread
comparing the highest quintile of intake with the lowest intake. There was no association with fatal
ischaemic heart disease. All other studies reported risk estimates for wholegrain bread.

Higher wholegrain bread intake was generally associated with lower risk estimates for coronary
events. Two studies (Jacobs, Jr. et al., 1998;Jacobs, Jr. et al., 2001) reported significantly lower
risk of fatal events with greater wholegrain bread intake and increasing wholegrain bread score,
while three studies (Fraser et al., 1992;Key et al., 1996;Liu et al., 1999) reported non-significant,
but negative associations with greater wholegrain bread intake for fatal or combined fatal and non-
fatal events. The Adventist Health study (Fraser et al., 1992) also provided a risk estimate for non-
fatal events only and provided evidence of a lower risk of coronary events with greater intake of
wholegrain bread.

Collectively, these cohort studies provide evidence of a reduction in risk of coronary events with
increasing consumption of wholegrain or whole-wheat breads.

Exposure definition and assessment

Four cohort studies estimated wholegrain bread intake with FFQs ranging in number of items from
65 to 127 (Jacobs, Jr. et al., 1998;Fraser et al., 1992;Jacobs, Jr. et al., 2001;Key et al., 1996;Liu et
al., 1999) whereas Key et al. (Key et al., 1996) used a short dietary questionnaire to determine
intakes of ‘wholemeal bread'.

Adjustment for appropriate confounders
All the studies adjusted for an appropriate range of covariates, including age, gender and smoking.
Please interpret observational data with caution: With observational studies there is substantial

potential for biases.
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Table 1.40 Coronary events and bread

: cohort studies in adults

Result ID/ (e::,:r:::?ch r:r?ee (Cases)/ Follow Diet F:l:::_/ Outcome/
Reference/ X v 8 Up (% Assess- Exposure Assessment Contrast (mean) Units RR (CI) p p trend Adjustments
Inclusion (mean) Total fatal .
Cohort Name . loss) ment Details
criteria %Male Events
25. CHD events
14313 . . Bread: Whole- 0.82 . .
(Fraser et al., \leShAi\;:r;\ln;acr:_I'yD (52) (260) 6 FFQ (65) wheat consumers Fatal Medical Whole-wheat vs. (0.55, NS Aﬁe;i\gle;gcfg\,liftmype;tnedn:rlon,
1992) Adventist ’ ! /59081 Y vs. White Events records/ White (reference) 1.21) phy ) Y. 8 !
No T2DM %M smoking
Health Study consumers autopsy
37.4
Mi
Non- 0.45
(134) Whole-wheat vs.
/59081 fatal Confirmed White (reference) (0.28, <0.01 As above
Events 0.71)
self report
Age, alcohol, BMI,
education, energy intake,
13741  USA, Primarily 55-69 Ischaemic fish, Fruit and veg, DM,
(Jacobs, Jr. et White, Middle- (61) (438) White bread Fatal heart disease 1.24 HRT, hypertension, marital
al., 1998) lowa aged adults, No 9y FFQ(127) (including pita 7-42 vs. 0 serv/wk (0.94, 0.13 status, meat, oral
: /41836 Events . . . .
Women's CHD, Post- bread) Registry data 1.64) contraceptive pill, smoking,
%M 0 ) .

Health Study menopausal physical activity, sugar
intake, supplements,
waist:hip ratio

Ischaemic
. heart disease 0.67
Wholegrain bread Fatal 17.5-42 vs. 0-0.5 serv/wk (0.49, 0.23 As above
(Dark bread) Events .
Registry data 0.91)
Wholegrain bread CHD events Age, BMI, dietary
14170 . .
(Jacobs, Jr. et Norway, No 35.56 (score formed as 0.76 cholesterol, Cod liver oil,
P CHD, No (553) the product of Fatal Medical 2.25-5.4 vs. 0.05- Score : energy intake, physical
al., 2001) ) 17y FFQ (66) ) . ) (0.56, 0.04 e .
. hypertension, /47114 slices/day*proporti Events records/ 0.6 units activity, saturated fatty acid
Norwegian %M 50 . 1.02) . .
Countv Stud No T2DM on of wholegrain autopsy intake, gender, smoking,
¥ v flour) SBP, Vit intake
13135 1679 Ischaemic
(Key et al., United (46) (250) 16.8 Short Wholegrain bread Fatal heart disease 0.85
1996) Health Kingdom, ey question-  (Wholemeal bread Daily vs. <daily (0.68, NS Age, gender, smoking
Lo . /11140 (4.7) . . Events )
Food Shoppers Primarily White naire consumed daily) Registry data 1.06)
%M 40
Study
CHD events alcohol,v aspirin, BMI,
Fatal + energy intake,
14049  USA, Primarily 30-55 . 0.98 hypercholesterolaemia,
(Liu et al,, 1999)  White, No CHD, 57121)700 10y FFQ(126) Wholegrain bread gct)gl Z:g:;asl/ :\SS)(\S' Almost serv/d (0.77, 0.43 hypertension, menopausal
NHS No T2DM %M 0 1.25) status, parental Ml, protein
Events autopsy

intake, smoking, physical
activity, Vit intake
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Coronary events and breakfast cereals

Summary of cohort results

Data were extracted from four studies: the Health Food Shoppers Study (Key et al., 1996), the
lowa Women’s Health study (Jacobs, Jr. et al., 1998), the Physicians’ Health Study | (PHS) (Liu et
al., 2003) and the NHS (Liu et al., 1999). These studies provided evidence concerning the
association between consumption of breakfast cereals and risk of fatal ischaemic heart disease or
combined fatal and non-fatal CHD events. The Health Food Shoppers’ Study (Key et al., 1996)
reported risk estimates for ‘bran cereals’. The lowa Women’s Health study (Jacobs, Jr. et al.,
1998) reported risk estimates for high and low fibre breakfast cereals. The PHS | (Liu et al., 2003)
reported risk estimates for high fibre, low fibre and unspecified breakfast cereals and the NHS (Liu
et al., 1999) reported risk estimates for high fibre and oatmeal breakfast cereals.

Three out of the four studies reported a decreased risk of fatal coronary events with increased
consumption of high fibre breakfast cereals and in two studies (Liu et al., 2003;Liu et al., 1999) this
decrease was statistically significant. The Health Food Shoppers Study (Key et al., 1996) reported
no association. The results provide some evidence of reduced risk of fatal events in individuals
with greater high fibre breakfast cereal consumption.

No association of risk of fatal coronary events with low fibre breakfast cereal consumption was
reported by the two studies providing risk estimates for this type of breakfast cereal (Jacobs, Jr. et
al., 1998;Liu et al., 2003). No association between fatal and non-fatal events and oatmeal
consumption was reported by the NHS (Liu et al., 1999). The PHS | (Liu et al., 2003) reported a
lower risk estimate for unspecified cereals although this was not statistically significant.

Exposure definition and assessment

Three out four cohort studies estimated breakfast cereal intake with FFQs ranging from 65 to 127
items (Key et al., 1996;Jacobs, Jr. et al., 1998;Liu et al., 1999;Liu et al., 2003). Key et al. (Key et
al., 1996) used a short dietary questionnaire to determine intakes of ‘bran cereals’.

Adjustment for appropriate confounders

The Health Food Shoppers’ Study was adjusted for age, gender and smoking (Key et al., 1996)
but the lowa Women’s Health study (Jacobs, Jr. et al., 1998), the PHS | (Liu et al., 2003) and the
NHS (Liu et al., 1999) provided risk estimates adjusted for additional covariates.

Please interpret observational data with caution: With observational studies there is substantial
potential for biases.
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Table 1.41 Coronary events and breakfast cereals: cohort studies in adults

Result ID/ (e::,:r:::?ch r:fee (Cases)/ Follow Diet Fatal / Outcome/ T
Reference/ . b 8 Up (% Assess- Exposure Non-fatal  Assessment Details Units RR (CI) p p trend Adjustments
Inclusion (mean) Total (mean)
Cohort Name . loss) ment Events
criteria %Male
*13738  USA, Breakfast , Age, alcohol, BMI, education,
. . . . Ischaemic heart energy intake, fish, Fruit and
(Jacobs, Jr. et Primarily White, = 55-69 cereals, high disease vez. DM. HRT. hvpertension
al., 1998) Middle-aged (61) (438) Fr(127) fibre (>25% Fatal 557vs. k0770056, 023 - aglzital AN rrﬁ’at o
lowa adults, No CHD, /41836 wholegrain or Events Registry data 0 1.04) ’ contrace tivel il sr,nokin
Women's Post- %M 0 bran content by gistry raceptive pitl <IN,
R physical activity, sugar intake,
Health Study menopausal weight) L .
supplements, waist:hip ratio
Breakfast 5.5-7 vs. 145 (0.99,
cereals, low serv/wk 0.14 As above
! 0 2.13)
fibre
(Key et 033431 16-79 Ischaemic heart
1996) Health ~ United (46) (250) 16.8y Short Breakfast Fatal disease Daily vs. 0.99 (0.79, ‘
Kingdom, question-  cereals (bran K NS Age, gender, smoking
Food Primarily White /11140 (4.7) naire cereals daily) Events Registry data <daily 1.25)
Shoppers v %M 40 v gistry
Study
40-84 Breakfast M Age, alcohol, BMI, DM,
*13111 USA, (54) cereals, high hypercholesterolaemia,
>
(Liu et al., No CVD, Cancer ﬁii)gsa 55y FFQ (61) fibre (>25% E?/Zanlts Registry data ﬁir\;sll serv/d 8';;)(0'51’ 0.01 hypertension, physical
2003) PHS | free %M wholegrain or gistry Y ’ activity, smoking,
100 bran by weight) supplements
Breakfast
cereals, low
>
fibre (Refined- 21 vs. serv/d 0.96 (0.68, 0.97 As above
. Rarely 1.36)
grain breakfast
cereals)
Breakfast
cereals,
>
unspecified F_{;r\:l. serv/d 8';2)(0'54’ 0.14 As above
(total breakfast y ’
cereals)
Breakfast ia;zg::l, aspirin, BMI, energy
*14050 US.A' . . 30-55 c.ereals, high Fatal + CHD events 1(0.93) hypercholesterolaemia,
. Primarily White, (761) fibre (>25% vs. 0.76 (0.57, .
(Livuetal., 10y FFQ (126) | Non-fatal . serv/d 0.007 hypertension, menopausal
No CHD, No /121700 wholegrain or Medical records/ Almost 1) K
1999) NHS %M 0 Events status, parental MI, protein
T2DM bran content by autopsy never (0) . . .
weight) intake, smoking, physical
& activity, Vit intake
1(1)vs.
Oatmeal Almost serv/d 1.1(045, 0.68 As above
(Cooked) 2.68)
never (0)

This document was prepared for consideration by the Scientific Advisory Committee on Nutrition. It does not necessarily represent the final views of SACN or the advice/policy of Public Health England and Health Departments.

132



*This result was used in the meta-analysis of high-fibre breakfast cereals and CHD events
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Stroke events and total cereals and cereal-based foods

Summary of cohort results

Data were extracted from four studies: the ATBC study (Larsson et al., 2009), the Health Food
Shoppers Study (Key et al., 1996), the PHS | (Liu et al., 2003) and the NHS (Liu et al., 2000a).
These studies provided evidence concerning the association between total cereals, breakfast
cereals and wholegrain bread and fatal and non-fatal stroke. There was one significant association
across increasing intakes (trend) for total cereals and haemorrhagic (intracerebral) stroke in the
ATBC study (Larsson et al., 2009). No other significant associations between total cereals,
breakfast cereals or wholegrain bread and stroke were reported in any of these studies.

Exposure definition and assessment

Three of the studies assessed total cereals, breakfast cereals and wholegrain bread using a FFQ.
The FFQ used in the PHS | (Liu et al., 2003) only had 61 items but this should be sufficient for
measuring breakfast cereals. The exposures were reported in grams per day (Larsson et al.,
2009) or servings per day (Liu et al., 2003).

One publication from the NHS (Liu et al., 2000a) reported data on total cereal consumption, which
included whole grain foods such as “dark bread, popcorn, cooked oatmeal, whole grain breakfast
cereal (25% + whole grain/ bran content by weight), wheat germ, brown rice, bran, bulgur, kasha
and couscous”. Refined grains were also specified as cereals, according to the authors (Liu et al.,
2000a), and namely consisted of “sweet rolls and cakes/ desserts, white bread, pasta, English
muffins, muffins or biscuits, refined grain breakfast cereal, white rice, pancakes or waffles and
pizza”. One cohort did not report which foods were classified as cereal foods (Larsson et al.,
2009). Key et al. (Key et al., 1996) used a short dietary questionnaire to determine intakes of ‘bran
cereals’ and ‘wholmeal bread’.

Adjustment for appropriate confounders

The Health Food Shoppers Study adjusted for age, gender and smoking. The other studies
adjusted for an appropriate range of covariates including age, smoking and alcohol intake.

Please interpret observational data with caution: With observational studies there is substantial
potential for biases.
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Result ID/ Country, Age . Fatal /
.. Follow Diet
Reference/ ethnicity, range (Cases)/ Up (% Assess Exposure Non- Outcome/
Cohort Inclusion (mean) Total p % P fatal Assessment Details
. loss) ment
Name criteria %Male Events

Table 1.42 Stroke events and total cereals and cereal-based foods: cohort studies adults
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13433

(Key et al., U.nlted 16-79 Short Breakfast cereals, C.erebrovascular . 0.93
1996) Kingdom, (46) (147) 168y uestion (high fibre bran Fatal disease Daily vs. (0.65 NS Age, gender, smokin
Health Food Primarily /11140 (4.7) gaire cergeals daily) Events <daily 1 54)’ £, 8 ! €
Shoppers White %M 40 v Registry data '
Study

Wholegrain bread Fatal E:Z;ealasreovascular Daily vs 1.08

(Wholemeal bread y ’ (0.75, NS Age, gender, smoking

consumed daily) Events <daily 1.54)

v Registry data )

"ol
(Larsson et (196) Question Non- haemorrhage- (327.4) vs. 1(0.54, ! ! -
al., 2009) Finland %M /29133 Y e Cereals, total fatal  Subarachnoid (116.4) g/d 184 091 folate, HDL-C, CHD, DM, physical
ATBC Study f 100 (276) Events  Registry data activity, magnesium Intake,

Cancer free, smoking, group allocation, SBP
Generally Stroke, 0.64 Age, alcohol, BMI, dietary
healthy, No (383) haemorrhage- (327.4) vs. /d (6 a1 0.04 cholesterol, DBP, energy intake,
CHD, N9t /29133 Intracerebral (116.4) g 1 61)’ ' HDL-C, CHD, DM, physical activity,
Alcoholics, Registry data : smoking, group allocation, SBP
Smokers 0.87

(2702) Stroke, ischaemic (327.4) vs. :

/29133 Registry data (116.4) g/d (0.7, 0.08 As above

1.03)
Stroke, ischaemic Age, alcohol, aspirin, BMI, saturated

USA, Fatal + fatty acid intake, energy from TFA,

13652 Primarily 30-55 (352) Cereals-Total Grains Non- Confirmed self 0.79 ene»rl intake fa;mil Eiitor of MI'
(Luetal, White, No /121700 12y FFQ(126) (whole and refined) fatal reports, Medical Q5 vs. Q1 (0.54, 0.16 hi hgl'yc h e;tensiczln men\é ausa,l
2000a) NHS  CHD, No %M 0 ports, 1.18) gh " hypertension, menopausal

T2DM Events records/autopsy, status, physical activity, smoking, Vit
Registry data intake
40-84 .
13112 USA, (54) Brreakfast cereals, high Stroke, any 141 Age, alcohol, BMI, DM,
. (146) fibre (>25% Fatal >1vs. serv/ hypercholesterolaemia,
(Liu et al., No CVD, /104353 >y FFQ(61) wholegrain or bran b Events Rarel d (0.85, 018 hypertension, physical activit
2003) PHS| Cancer free %M o'ce v Registry data Y 2.34) yper » Py v
100 weight) smoking, supplements
Breakfast cereals, low Fatal Stroke, any 1 vs serv/ 1.22
fibre (Refined-grain Events &arell d (0.71, 0.87 As above
breakfast cereals) Registry data Y 2.11)
1.54
Breakfa.s.t cereals, Fatal Stroke, any 1 vs, serv/  (0.94,
unspecified (total Events Rarel d 2.52) 0.2 As above
breakfast cereals) Registry data y '
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Summary of total cereals and cereal-based foods and CVD

Meta-analysis: Total cereals and incident CVD events

Data were extracted from 5 publications presenting results from 4 cohort studies: the ATTCIA
Study, the Finnish Mobile Health Clinic Surveys, the NHS and the ATBC study (Panagiotakos et
al., 2009;Knekt et al., 1994;Liu et al., 2000a;Pietinen et al., 1996;Larsson et al., 2009). Of these,
one publication (Knekt et al., 1994) contained insufficient information to estimate a dose-response
trend for inclusion in meta-analysis. One publication (Pietinen et al., 1996) was an early analysis of
CHD data from the same study as a later publication that focussed on stroke (Larsson et al.,
2009). These studies could not be combined into an overall CVD outcome because of the different
lengths of follow-up. Another study only presented results combined into overall CVD
(Panagiotakos et al., 2009). This left too few studies reporting the same outcome to provide a
meta-analysis, either CHD or stroke, or any CVD combined.

Meta-analysis: High fibre breakfast cereals and incident CVD events

Data were extracted from 5 publications presenting results from 4 cohort studies: NHS (Liu et al.,
1999), PHS | (Liu et al., 2003), Health Food Shoppers Study (Key et al., 1996) and lowa Women's
Health Study (Jacobs, Jr. et al., 1998). One paper from the NHS was a later analysis of (Liu et al.,
2003), but it presented insufficient information for inclusion in meta-analysis (Djousse et al., 2009).
One study could not be included because the exposure was dichotomised, so could not provide a
dose-response trend (Key et al., 1996). Only one study reported on stroke events (Liu et al.,
2003), so the meta-analysis focussed on the CHD outcome, and included 3 papers (Jacobs, Jr. et
al., 1998;Liu et al., 1999;Liu et al., 2003). For one study, to allow the results to be included in the
meta-analysis, we assumed that the median intake for the “rarely” category was approximately
zero, and the median of the highest category was 1.5 times the lower limit of the highest category
(Liu et al., 2003). Each study in the meta-analysis defined high-fibre breakfast cereal as >25%
fibre, so there is reasonable similarity in methods.

Relative risks are presented for each 0.5 servings/day increase, equivalent to approximately one
standard deviation, in high fibre breakfast cereals intake. The approximate mean population intake
is 0.5 servings/day. These values are based on UK data from NDNS (Bates et al., 2009).
However, it should be noted that studies providing data for the meta-analysis were all conducted in
the USA.

The pooled estimate of relative risk was 0.87 (95% CI: 0.80 to 0.94) per half serving of high-fibre
breakfast cereals per day (p=0.001).
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Figure 1.11 Forest plot for high fibre breakfast cereals and CHD events

Study Estimated

ID RR (95% Cl)
Jacobs DR, et al., 1998 —= 0.89 (0.75, 1.07)
Liu S, et al., 1999 . 0.85 (0.74, 0.98)
Liu S, et al., 2003 » 0.87 (0.76, 0.98)

Pooled estimate <> 0.87 (0.80, 0.94)

T T T T
4 .8 9 1 1.1
RR per 0.5 servings/day of high fibre breakfast cereal
Pooled estimate includes all results with any adjustment for confounding.
Note: Increment =1 SD so estimates are comparable across exposures. This is regardless of any skewness. Axis on log scale.

There was no excess heterogeneity between the cohort studies (1°=0%, 95% CI: 0% to 0%, Q=0.2,
df=2, p=0.9).

There were insufficient studies to explore small-study effects, such as publication bias, through
funnel plots or hypothesis tests. No one study had a dominant influence on the pooled estimate
from the random effects analysis.

There were insufficient studies to explore the sources of heterogeneity by stratified forest plots,
subgroup analyses or meta-regression.

Meta-analysis: Wholegrain bread and incident CVD events

Data were extracted from 6 publications presenting results from the following 6 cohort studies:
EPIC Potsdam, the lowa Women’s Health Study, the Adventist Health Study, the Norwegian
County Study, the NHS and the Health Food Shoppers Study (Drogan et al., 2007;Liu et al.,
1999;Jacaobs, Jr. et al., 2001;Jacobs, Jr. et al., 1998;Key et al., 1996;Fraser et al., 1992). One
study could not be included because the exposure was dichotomised, so could not provide a dose-
response trend (Key et al., 1996). Another study was excluded because levels of exposure were
not in terms of amounts or frequencies, but type of bread (Fraser et al., 1992). Similarly, the
exposure provided in the Norwegian County Study was a score that represented wholegrain bread
(slices of bread multiplied by the wholegrain content) rather than slices of wholegrain bread per
day (Jacobs, Jr. et al., 2001). One study only presented unadjusted results for wholegrain bread
(Drogan et al., 2007) and was therefore excluded. This left only 2 studies remaining that provided
results for CHD in the same format and so a meta-analysis was not possible.
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Legumes (non-soy) and CVD

Total CVD and non-soy legumes

Summary of cohort results

Data on the association between total CVD and consumption of legumes (excluding soy) were
provided by 4 papers reporting on five cohort studies: NHS and HPFS combined, NHANES |, the
Japanese Collaborative Cohort Study and the ATTICA study (Joshipura et al., 2009;Nagura et al.,
2009;Panagiotakos et al., 2009;Bazzano et al., 2001). Data from the NHS and HPFS were pooled
in one publication to provide one estimate of risk (Joshipura et al., 2009). The US and Greek
cohort studies tended to show no clear direction of association, with risk estimates close to one,
and wide confidence intervals. However, there was some evidence of reduced risk with increasing
consumption of legumes in the Japan Collaborative Cohort Study, with a 16% (95% CI 0.74, 0.95)
reduction in risk of CVD for participants in the highest category of consumption (4.5 times per
week) compared to the lowest consumers (0.8 times per week) with a significant test for trend
(p=0.01).

Exposure definition and assessment

All cohorts reported consumption data of total legumes excluding soy beans expressed either as
servings per day/week or weekly frequency of consumption. Consumption estimates were mainly
achieved through use of FFQs, with the number of items on the Japan Collaborative Cohort Study
FFQ being particularly limited (n=33).

Adjustment for appropriate confounders

All cohorts were adjusted for important confounders including age, gender, smoking,
anthropometry and physical activity.

Please interpret observational data with caution: With observational studies there is substantial
potential for biases.
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Table 1.43 Total CVD non-soy legumes: cohort studies in adults

Country, Age . Fatal / Outcome/
Result ID/ .. Follow Diet
Reference/ ethn|c.|ty, range () Up (%  Assess- Exposure Non- Assessn_1ent Subgro.up Contrast Units RR (CI) p trend Adjustments
Inclusion  (mean) Total fatal Details Detail (mean)
Cohort Name o loss) ment
criteria %Male Events
Age, alcohol, BMI, BP, smoking,
ra, e T
(Bazzano et al., ' (3680) /9632 19y (4) & _ . >4vs.0-09 times/wk (0.82,  0.06 nictty, tamily nistory of DA,
No CHD recall (Frequency  fatal Ascertained using Fruit and veg, meat, physical
2001) NHANES | %M 38 . . 1.01) .
of intake) Events multiple methods activity, plasma TC, saturated
fatty acid intake, Gender
14679 30-75 (Total cohort Fatal + disease & Continuous 1.69 h enghoIestelroIa:emia
(Joshipuraetal., USA, (60) FFQ Beans/ Non- ischaemic stroke Low CHO ; 1 : P . !
cases 3892) 15y risk . (0.66, hypertension, HRT,
2009) NHS & No CHD (126) legumes fatal (<40%) . serving/d
/173229 . estimate 4.32) menopausal status, parental
HPFS %M 36 Events Medical records/ ) L )
autops M, physical activity, smoking,
psy Vit intake, wholegrain
(Subgroup Moderate Continuous 0.96
14684 cases not . 1
CHO (>40- risk . (0.63, As above
NHS & HPFS reported) 55%) estimate serving/d 1.44)
/173229 ? :
(Subgroup .
14685 cases not High CHO fi‘;?t'”uous 1 (160617 A< above
NHS & HPFS reported) (>55%) estimate serving/d 1 53)’
/173229 )
Age, alcohol, BMI, education,
13408 Japan, 40-79 Beans/ Other CVD (not dietary .ch.olesterol, saturated
(Nagura et al,, Cancer 12.7 FFQ Legumes Fatal CHD/Stroke) (4.5) vs 0.79 fatty acid intake, DM,
2009) Japan (738) /59485 Y g . ' ' times/wk  (0.64, 0.097 hypertension, hours of sleep,
. free, No %M (16.45)  (33) (excluding Events (0.8) . )
Collaborative CHD 24 soy) Registry data 0.98) hours of walking, n-3 FA intake,
Cohort Study ’ 4 gistry perceived stress, gender,
smoking, Na+
Total CVD 0.84
(2981) ota (4.5) vs. .
/59485 (0.8) times/wk  (0.74, 0.01 As above
Registry data ' 0.95)
B -
14031 (45) Fatal+  Total CVD ) Age,. M.I' CRP, education,
. Continuous 1.08 family history of CHD,
(Panagiotakos Greece, (170) /3042 5y(31) FFQ Beans/ Non- risk 1 unit (0.87 hypercholesterolaemia
et al., 2009) No CHD %M ¥ (156) legumes fatal Medical records/ estimate 1 ;%6)’ hypertension hysical ’activit
ATTICA study 49.8 Events autopsy ' P » PRy Y

DM, gender, smoking

*This result was used in the meta-analysis of legumes and any CVD event

This document was prepared for consideration by the Scientific Advisory Committee on Nutrition. It does not necessarily represent the final views of SACN or the advice/policy of Public Health England and Health Departments.

141



Coronary events and non-soy legumes

Summary of cohort results

Data were extracted from three studies: the Adventist Health study (Fraser et al., 1992), the Japan
Collaborative Cohort Study (Nagura et al., 2009) and NHANES | (Bazzano et al., 2001). These
studies provided evidence concerning the association between consumption of legumes (non soy)
and risk of fatal or non-fatal CHD events. All studies provided risk estimates: one study provided
estimates for fatal and non-fatal events reported separately (Fraser et al., 1992), one reported a
risk estimate for fatal events (Nagura et al., 2009) and one reported a risk estimate for fatal and
non-fatal events combined (Bazzano et al., 2001).

The risk estimates from the Japan Collaborative Cohort Study and NHANES | indicated a 20%
reduction in risk of fatal heart events in the highest legume consumers, although this was only
statistically significant in the NHANES | cohort (Bazzano et al., 2001). The risk estimates reported
by the Adventist Health study did not indicate risk reduction with increased consumption of
legumes.

Exposure definition and assessment

The three cohort studies reported data on legumes, including beans and peas. The Adventist
Health study (Fraser et al., 1992) estimated intake of legumes using a 65-item FFQ. The Japan
Collaborative Cohort study (Nagura et al., 2009) estimated intake of legumes using a 33-item FFQ
and NHANES | (Bazzano et al., 2001) estimated intake of legumes using a FFQ and recall.

Adjustment for appropriate confounders

All studies provided age, weight, gender and smoking adjusted risk estimates.

Please interpret observational data with caution: With observational studies there is substantial
potential for biases.
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Table 1.44 Coronary events and non-soy legumes: cohort studies in adults

2::::::\?:2/ (e::,:r::r ¥ r:r? ee (Cases)/ szl e Fatal / Outcome/ Assessment Contrast
. w 8 Up (% Assess- Exposure Non-fatal Details Units RR (CI) p trend Adjustments
Cohort Inclusion  (mean) Total (mean)
. loss) ment Events
Name criteria %Male
CHD events Age, alf:ohol, BMI, .BP, smoking,
14344 2574 Beans-Legumes Fatal + education, energy intake,

B t  USA,N ) 1802 19 FF ) thnicity, family history of DM
(Bazzano » N0 ( ) v Q: (Frequency of Non-fatal  Ascertained using >4vs.0-0.9 times/wk  0.79(0.69,0.91) 0.003 N .mu ¥, family history O. !
al., 2001) CHD %M 38 /9632 (4) recall legume intake) Events multiole methods Fruit and veg, meat, physical
NHANES | ° 5 P activity, plasma TC, saturated

fatty acid intake, gender
*14315 USA, 25- CHD events
(Fraseretal.,, Primarily  (52) . .
2 Beans-L Fatal ) 1.26 (0.9, 1.7 Age, ht, h ,
1992) White, 5569?))81 6y FFQ (65) Bz::z asiun;::, E?/zzants Medical records/ >3vs.<0.3 serv/wk 502 o NS Pg1esi‘;vaﬁIicttivitype:sgtselrm;mokin
Adventist NoCHD, %M P autopsy phy ¥, gender, &
Health Study NoT2DM 374
Mi
(134) Non-fatal
/59081 Events Confirmed self report >3 vs. <0.9 serv/wk 1.16 (0.72,1.85) NS As above
13407 iy cholstarel, sarurtes
(Nagura et Japan, 40-79 CHD events v cn /
al., 2009) Cancer (452) 12.7y Beans-Legumes Fatal (4.5) vs fatty acid intake, DM,
v : FF - e i k .8(0.61, 1. 124 h ion, h fsl
Japan free, No %M /59485 (16.45) Q33) (excluding soy) Events Registry data (0.8) times/w 0.8(0.61,1.05) 0 yperten5|on,. ours ors .eep,
. hours of walking, n-3 FA intake,
Collaborative  CHD 424 erceived stress, gender, smokin
Cohort Study P +8 ! &

Na+

*This result was used in the meta-analysis of legumes and any CVD event
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Stroke events and non-soy legumes

Summary of cohort results

Data were extracted from three cohorts reported in two papers: the Japan Collaborative Cohort
Study (Nagura et al., 2009) and the HPFS and NHS (Joshipura et al., 1999). These studies
provided evidence concerning the association between bean/legume consumption and fatal and
non-fatal stroke (total stroke, ischaemic and haemorrhagic). None of the studies reported any
statistically significant associations between bean/legume consumption and risk of stroke.

Exposure definition and assessment

All of the studies assessed bean/legume consumption using a FFQ. The FFQ used in the Japan
Collaborative Cohort Study (Nagura et al., 2009) had only 33 items but did contain a question on
boiled beans. The exposure was reported in servings per day (Joshipura et al., 1999) or times per
week (Nagura et al., 2009).

Adjustment for appropriate confounders

All studies adjusted for an appropriate range of covariates including age, alcohol, BMI and
smoking. The Japan Collaborative Cohort Study (Nagura et al., 2009) also adjusted for gender.

Please interpret observational data with caution: With observational studies there is substantial
potential for biases.
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Table 1.45 Stroke events and non-soy legumes: cohort studies in adults

:::::::\?:2/ (e::,:r:zr ¥ r:r? ee (Cases)/ Follow U e Fatal / Outcome/
. w 8 P Assess- Exposure Non-fatal Assessment Contrast (mean) Units RR (CI) p trend Adjustments
Cohort Inclusion (mean) Total (% loss) .
. ment Events Details
Name criteria %Male
Age, alcohol, aspirin,
. . BMI, energy intake,
*14285 g::c’er 40-75 Fatal s Stroke, ischaemic family history of MI,
(oshipura et free, No (204) 8y FFQ (131) Beans/Legumes  Non-fatal Medical records/ Cor.1t|nuous risk 1 serving/d 0.71(0.33, hypercholfzsterolae.mla,
al., 1999) %M /51529 estimate 1.52) hypertension, physical
CHD, No Events autopsy L .
HPFS 100 activity, smoking,
T2DM ) .
assessment period, Vit
intake
USA, Age, aIcohoI,‘aspmn,
Primaril Stroke, ischaemic BMI, energy intake,
*14349 K 4 30-55 ! family history of MI, HRT,
(Joshipura et White, (366) Fatal + Continuous risk hypercholesterolaemia
al,, 1999) Cancer %M /121700 14y FFQ (116) Beans/Legumes  Non-fatal Medical records/ estimate 1 serving/d 1.65(0.81, 3.4) hypertension, physical
free, No Events autopsy L .
NHS CHD. No 0 activity, smoking,
T2DM ~assessment period, Vit
intake
Age, alcohol, BMI,
13404 education, dietary
cholesterol, saturated
(Nagura et Japan, 40-79 Stroke, any e
al., 2009) Cancer (1053) 12.7y Fatal . fatty acid |.ntake,DM,
Japan free, No %M /59485 (16.45) FFQ (33) Beans/Legumes Events Registry data (4.5) vs. (0.8) times/wk 0.9 (0.75, 1.08) 0.188 hypertension, hours.of
. sleep, hours of walking,
Collaborative  CHD 424 . .
n-3 FA intake, perceived
Cohort Study .
stress, gender, smoking,
Na+
Stroke,
(393) haemorrhagic
(4.5) vs. (0.8) times/wk 1.03 (0.77, 1.4) 0.857 As above
/59485 .
Registry data
Stroke, ischaemic
(362) ) 0.88 (0.64,
/59485 Registry data (4.5) vs. (0.8) times/wk 1.19) 0.389 As above

*This result was used in the meta-analysis of legumes and any CVD event

This document was prepared for consideration by the Scientific Advisory Committee on Nutrition. It does not necessarily represent the final views of SACN or the advice/policy of Public Health England and Health Departments.

145



Summary on non-soy legumes and CVD

Meta-analysis: Legumes and incident CVD events

Data were extracted from 6 publications presenting results from the following 7 cohort studies:
Japan Collaborative Cohort Study, ATTICA, NHS, HPFS, NHANES | and the Adventist Health
Study (Nagura et al., 2009;Panagiotakos et al., 2009;Bazzano et al., 2001;Joshipura et al.,
1999;Joshipura et al., 2009;Fraser et al., 1992). One paper presented results from two separate
cohorts, and was included as two entries in the meta-analysis (Joshipura et al., 1999). Another
paper presented more up-to-date information than this (Joshipura et al., 2009), but stratified by
percentage of energy from carbohydrate intake. Because the sizes of those strata were not
presented, the earlier results were used in this meta-analysis.

All remaining publications contributed information to the dose-response meta-analysis. The
Adventist Health Study presented results for two outcome subgroups (definite fatal and non-fatal
events) which were first combined into one estimate for total events before combining with the
other studies (Fraser et al., 1992). For this study we also used the midpoint of each exposure
category because the median or mean were not available, and assumed the midpoint of the upper
category was 1.5 times its lower limit.

There were insufficient studies presenting results for CHD and stroke to present separate meta-
analysis for these outcomes, so all CVD outcomes were combined in one meta-analysis. The
pooled estimate of relative risk from the cohort studies was 0.96 (95% CI: 0.90 to 1.03) per quarter
of a serving of beans or legumes per day (p=0.04).

Relative risks are presented for each 0.25 servings/day increase, equivalent to approximately one
standard deviation, in beans and legumes intake. The approximate mean population intake is 0.25
servings/day. These values are based on UK data from NDNS (Bates et al., 2009).
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Figure 1.13 Forest plot for legumes and total CVD events

Study

Fraser GE, et al., 1992

Joshipura KJ, et al., 1999 (Health Professionals)

Joshipura KJ, et al., 1999 (Nurses Health Study 1)

Bazzano LA, et al., 2001

Nagura J, et al., 2009

Panagiotakos D, et al., 2009

Pooled estimate

Estimated

RR (95% Cl)

1.15 (0.97, 1.37)

0.92 (0.76, 1.11)

1.13 (0.95, 1.36)

0.97 (0.94, 1.00)

0.94 (0.89, 0.99)

0.83 (0.75, 0.91)

0.96 (0.90, 1.03)

.6 .8 1
RR per 0.25 servings/day of legumes

Pooled estimate includes all results with any adjustment for confounding.

T T
12 14

Note: Increment =1 SD so estimates are comparable across exposures. This is regardless of any skewness. Axis on log scale.

There was considerable heterogeneity between the cohort studies (1°=73%, 95% CI: 37% to 88%,

Q=18.3, df=5, p=0.003), meaning that the result needs to be interpreted with caution.

Panagiotakos et al had a strong influence on the estimate, and almost doubled the heterogeneity,
but this study was only adjusted for age. When this study was excluded, the relative risk was 0.98

(95% Cl: 0.93 to 1.04) with 1°=53%.

There were sufficient studies to further explore sources heterogeneity by subgroup analysis and
meta-regression (see table below). Estimates were largely consistent across subgroups, and
heterogeneity generally remained high within each subgroup. There were too few studies to

explore any small study effects (such as publication bias) using funnel plots.
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Table 1.46 Subgroup analyses of legume intake and incidence of any CVD. Relative risks are per 0.25 servings/day.

Subgroup subgroup RR (95% CI) % n Phet *  Phet **
subjects' gender Male 0.92 (0.76, 1.11) 1 .6

Mixed 0.95 (0.87, 1.02) 80% 4 .002

Female 1.13 (0.95, 1.36) 1
includes non-fatal events yes 0.94 (0.89, 0.99) 1

no 0.98 (0.88, 1.09) 7% 5 001 8
length of follow-up <10 years 0.95(0.77, 1.16) 82% 3 .004

>=10 years 0.97 (0.92, 1.02) 52% 3 1 7
geographic location Americas  1.02 (0.92, 1.13) 56% 4 .08

EU 0.83 (0.75, 0.91) 1

Other 0.94 (0.89, 0.99) 1 A
adjusted for age yes 0.96 (0.90, 1.03) 73% 6 .003

no 0
adjusted for alcohol yes 0.96 (0.92, 1.01) 32% 4 2

no 0.97 (0.70, 1.34) 91% 2  <0.001 .8
adjusted for anthropometry yes 0.98 (0.93, 1.04) 52% 5 .08

no 0.83 (0.75, 0.91) 1 A
adjusted for energy intake yes 0.96 (0.92, 1.01) 32% 4 2

no 0.97 (0.70, 1.34) 91% 2  <0.001 .8
adjusted for family history yes 0.99 (0.90, 1.08) 38% 3 2

no 0.95 (0.82, 1.09) 83% 3 .003 .6
adjusted for physical activity yes 0.98 (0.93, 1.04) 52% 5 .08

no 0.83 (0.75, 0.91) 1 1
adjusted for gender yes 0.98 (0.93, 1.04) 52% 5 .08

no 0.83 (0.75, 0.91) 1 1
adjusted for smoking yes 0.98 (0.93, 1.04) 52% 5 .08

no 0.83 (0.75, 0.91) 1 1
adjusted for age & smoking yes 0.98 (0.93, 1.04) 52% 5 .08

no 0.83 (0.75, 0.91) 1 1

* P for heterogeneity within each subgroup/ ** P for heterogeneity between each
subgroup
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Potatoes and CVD

Although potatoes are vegetables, nutritionally they are classified as a source of starch and data
for potato consumption are presented here (and not other vegetables) since potatoes are more
commonly seen as a source of carbohydrate in the UK.

Total CVD and potatoes

Summary of cohort results

Data on the association between total CVD and consumption of potatoes were provided by three
cohort studies conducted in the USA and Greece (Joshipura et al., 2009;Panagiotakos et al.,
2009). Data from the Nurses’ Health Study and the Health Professionals Follow-up Study were
pooled and reported in one publication to provide one estimate of risk (Joshipura et al., 2009). The
pooled Nurses’ Health Study and the Health Professionals Follow-up Study reported an increased
risk of fatal and non-fatal CVD events with increasing consumption of potatoes, although the
strength and statistical significance of these associations varied by total carbohydrate
consumption subgroup (tending to increase in higher carbohydrate consumers).

The ATTICA study reported a higher age-adjusted frequency of potato consumption in cases of
CVD than the other members of the cohort (Panagiotakos et al., 2009). Collectively these studies
provide some evidence of increased risk of CVD with increasing intake of potatoes.

Exposure definition and assessment

Potato consumption was reported as either servings per day or an estimate of frequency of
consumption derived in both studies from extensive FFQs.

Adjustment for appropriate confounders

The ATTICA study provided age-adjusted estimates of consumption frequency only, but the other
cohorts were adjusted for most important potential confounders.

Please interpret observational data with caution: With observational studies there is substantial
potential for biases.
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Table 1.47 Total CVD and potatoes: cohort studies in adults

Result ID/ Coun‘tl"y, Age Follow Diet il g
ethnicity, range (Cases)/ Non- Assessment Subgroup Contrast . Mean Exposure .
Reference/ : Up (%  Assess- Exposure . ; Units RR (CI) p Adjustments
Inclusion (mean) Total fatal Details Detail (mean) (sD)
Cohort Name o loss) ment
criteria %Male Events
C.oronary heart Age, alcohol, aspirin, BMI,
(Subgroup disease & eneray intake. DM
14686 30-75 cases not Fatal + ischaemic Continuous 1 1.15 h egrz:lholestérolaelzmia
(Joshipuraet  USA, (60) reported; 15 FFQ Potatoes Non- stroke Low CHO risk servin ((') 37 hypertension HRT !
al., 2009) No CHD total cohort y (126) fatal (<40%) R P & 152) mV:no e carental
NHS & HPFS %M36  cases 3892) Events  Medical : pausa’ status, parent
MI, physical activity, smoking,
/173229 records/ L ;
Vit intake, wholegrain
autopsy
(Subgroup
14687 ::sisrtr:;:lt- Moderate Continuous 1 1.17
P ! CHO (>40- risk serving  (0.94, <0.05 As above
NHS & HPFS total cohort 55%) estimate /d 1.46)
cases 3892) ? ’
/173229
(Subgroup
cases not .
14688 reported; High CHO i:i::tmuous :ervin (162:3 As above
NHS & HPFS total cohort (>55%) estimate /d & 1 -69),
cases 3892) '
/173229
Cases: (n=170)
Total CVD
14023 (45) Fatal+ 0@ 132 (3)
(Panagiotako  Greece, FFQ Non- . Serv Non-cases:
17 42 1 P M | A
setal,2009) NoCHD %M (170)/3042 - 5yB1) ;¢ otatoes o tal receg;;as y Jwk (n=1826) 11.6 ge
ATTICA study 49.8 Events (4)
autopsy
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Coronary events and potatoes

Summary of cohort results

Data were extracted from two studies: the Finnish Mobile Clinic Health Surveys study (Knekt et al.,
1994) and the ATBC study (Pietinen et al., 1996). These studies provided evidence concerning the
association between consumption of potatoes and risk of fatal CHD events. The Finnish Mobile
Clinic Health Surveys study reported results for men and women separately. Results from the
Finnish Mobile Clinic Health Surveys indicated that there was no association between potato
consumption and fatal coronary events for men or women. Data from the ATBC study indicates a
significantly reduced risk of fatal coronary events in the highest potato consumers (287g/d)
compared with the lowest consumers (<95g/d). There were too few studies to undertake a meta-
analysis.

Exposure definition and assessment

The Finnish Mobile Clinic Health Surveys estimated intake of potatoes using a dietary history and
the ATBC study estimated intake of potatoes using a 276-item FFQ.

Adjustment for appropriate confounders

The Finnish Mobile Clinic Health Surveys study (Knekt et al., 1994) provided age-adjusted mean
consumption estimates in cases and other cohort members only, while the ATBC study (Pietinen
et al., 1996) adjusted for an appropriate range of covariates, including age, BMI and smoking.

Please interpret observational data with caution: With observational studies there is substantial
potential for biases.
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Country,

Age

Fatal /

Result ID/ .. Follow . Outcome/ Mean

Reference/ ethmc.lty, e ey Up (% Diet Assess- Exposure Non- Assessment Subgrctup Contrast (mean) Units RR (CI) Exposure P Adjustments
Inclusion (mean) Total ment fatal . Detail trend

Cohort Name . loss) Details (SD)
criteria %Male Events

13139 Cases: (n:

(Knekt e.t al:, Finland, 30-69 (186) 14y Dietary Fatal CHD events 186) 287

1994) Finnish No CHD /5133 9) histor Potatoes Events Men g/d Non-cases: Age

Mobile Clinic %M 53 v Registry data (n: 2264)

Health Surveys 274

13140 Cases: (n:
- . 58) 186

Finnish Mobile (58) Women /d Non-cases: Age

Clinic Health /5133 & ' &

Survevs (n: 2183)

v 180
Finland, Age, alcohol,
13400 Cancer free, 50-69 BMI, D!BP,
(Pietinen et al Generally (635) FFQ/ Fatal CHD events 0.74 (0.57 education,
" healthy, No 6.1y Questionnaire  Potatoes (286.5) vs. (95.3) g/d ’ o 0.02 saturated fatty

1996) ATBC %M /29133 Events . 0.97) L
CHD, Not (276) Registry data acid intake,

Study . 100 .
Alcoholics, energy intake,
Smokers physical activity,

Table 1.48 Coronary events and potatoes: cohort studies in adults
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smoking, group
allocation, SBP

*This result was used in the meta-analysis of potatoes and any CVD event
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Stroke events and potatoes

Summary of cohort results

Data were extracted from two cohorts: the HPFS (Joshipura et al., 1999) and the NHS (Joshipura
et al., 1999) reported in one paper. These studies provided evidence concerning the association
between potato consumption and fatal and non-fatal ischaemic stroke. Neither study reported any
statistically significant associations between potato consumption and risk of stroke. There were too
few studies to undertake a meta-analysis.

Exposure definition and assessment

Both of the studies assessed potato consumption using a FFQ. The FFQ used by HPFS
(Joshipura et al., 1999) had 131 items and the FFQ used by the NHS (Joshipura et al., 1999) had
116 items. The exposures were reported in servings per day.

Adjustment for appropriate confounders

Both studies adjusted for an appropriate range of covariates including age, alcohol, BMI and
smoking.

Please interpret observational data with caution: With observational studies there is substantial
potential for biases.
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Table 1.49 Stroke events and potatoes: cohort studies in adults

Result ID/ Country, .
.. Age range Follow Diet Fatal /
Reference/ ethnlc_lty, (mean) (e Up (% Assess- Exposure Non-fatal U As_sessment Contrast Units RR (CI) Adjustments
Cohort Inclusion Total Details (mean)
o %Male loss) ment Events
Name criteria
14287  USA, 40-75 ol Stroke, ischaemic ?agri,"\allﬁggglr,ya;p;\l;:ln, BMI, energy intake,
Sl'o,sg;t;r)a et (I\:jzng:r[)f,rzz %M 5252‘;)29 8y FFQ (131) Potatoes Non-fatal Medical records/ Ez;z:tlij;:ste 1 serving/d 1:23)(0'85’ hype.rcholes.tc.erolaemie?, hypertension,
Events autopsy physical activity, smoking, assessment
HPFS T2DM 100 . L
period, Vit intake
USA, Stroke, ischaemic Age, alcohol, aspirin, BMI, energy intake,
*14350 L N
(Joshipura et Primarily 30-55 (366) Fatal + Continuous family history of MI,
P White, Cancer 14y FFQ (116) Potatoes Non-fatal Medical records/ . R 1 serving/d 1.15 (0.69, hypercholesterolaemia, hypertension,
al., 1999) /121700 risk estimate ; - .
NHS free, No CHD, %M 0 Events autopsy 1.9) physical activity, smoking, assessment

No T2DM

period, Vit intake

*This result was used in the meta-analysis of potatoes and any CVD event
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Summary on potatoes and CVD

Meta-analysis: Potatoes and incident CVD events

Data were extracted from 5 publications presenting results from the following 5 cohort studies:
ATTICA Study, the Finnish Mobile Health Clinic Surveys, NHS, HPFS and the ATBC study
(Panagiotakos et al., 2009;Knekt et al., 1994;Joshipura et al., 1999;Joshipura et al., 2009;Pietinen
et al., 1996). Of these, two publications (Knekt et al., 1994;Joshipura et al., 2009) contained
insufficient information to estimate a dose-response trend for inclusion in meta-analysis. The
remaining studies all contributed towards the meta-analysis. One paper contained information
from two US cohorts (Joshipura et al., 1999). To combine studies presenting results in units of
grams/day (Pietinen et al., 1996) with those using servings/day or /week (Joshipura et al.,
1999;Panagiotakos et al., 2009), we assumed a serving size of 200 grams.

Relative risks are presented for each 0.5 servings/day increase, equivalent to approximately one
standard deviation, in potato intake. The approximate mean population intake is 0.5 servings/day.
These values are based on UK data from NDNS (Bates et al., 2009).

Figure 1.14 Forest plot for potatoes and CVD events

Study Estimated

D RR (95% CI)

Pietinen P, et al., 1996 —_—— 0.85 (0.75, 0.97)

Joshipura KJ, et al., 1999 (Health Professionals) —_— 1.12(0.92, 1.35)

Joshipura KJ, et al., 1999 (Nurses Health Study 1) —_—l 1.07 (0.83, 1.38)

Panagiotakos D, et al., 2009 —_— 1.44(1.25, 1.65)
T T T

5 1 15 2
RR per 0.5 servings/day of potatoes

Pooled estimate includes all results with any adjustment for confounding.
Note: Increment =1 SD so estimates are comparable across exposures. This is regardless of any skewness. Axis on log scale.

There was excessive heterogeneity between the cohort studies (1?=90 %, 95% CI: 76% to 96%,
Q=29.1, df=3, p<0.001). Heterogeneity was too high to estimate a meaningful pooled estimate.
One of the studies with strong influence on the pooled estimate did not adjust for smoking
(Panagiotakos et al., 2009), but when this study was excluded heterogeneity was still high (69%).
There were insufficient studies to explore subgroups.
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There were insufficient studies to explore small-study effects such as publication bias through
funnel plots or hypothesis tests.
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Sugar- or starch-rich foods and CVD

Total CVD starchy foods and sweets

Summary of cohort results

The ATTICA study of Greece provided data on the association between added sugars, starchy
food consumption and risk of total CVD events (Panagiotakos et al., 2009). Age-adjusted servings
per week of added sugars in the form of sweets in cases of CVD were similar to the other
members of the cohort. Similarly there was no evidence of an association between consumption of
starchy foods and risk of CVD in this cohort.

Exposure definition and assessment

Consumption of sweets and starchy foods was reported as either servings per week and was
derived from a 156-item FFQ.

Adjustment for appropriate confounders

The ATTICA study provided age-adjusted estimates of consumption frequency only for sweets, but
the model used for starchy foods was adjusted for most important potential confounders.

Please interpret observational data with caution: With observational studies there is substantial
potential for biases.
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Table 1.50 Total CVD starchy foods and sweets: cohort study in adults

C try, .
Result ID/ e:::icli':' Age range (Cases)/ Follow Diet Fatal / Outcome/
Reference/ : e (mean) Up (%  Assess- Exposure Non-fatal  Assessment Details Contrast (mean) Units RR (Cl) Mean Exposure (SD) Adjustments
Inclusion Total
Cohort Name o %Male loss) ment Events
criteria
14026 (45) Added Fatal + Total CVD Cases: (n=170) 4.5 (2.2)
(Panagiotakos  Greece, (170) >y FFQ sugars Non-fatal serv/wk Non-cases: (n=1826) 4.9 Age
et al., 2009) NoCHD .\ oo /3042 (31) (156) Svfeets A, Medical records/ Py = : g
ATTICA study ? ’ autopsy ’
Starchy Total CVD Age, BMI, CRP, education,
FH,
foods Fatal + Continuous risk 1.02 hypercholesterolemia
(Cereals, Non-fatal Medical records/ R 1 unit (0.72, P ) !
otatoss Events autops estimate 1.42) hypertension, PHYSICAL
Eread) ' HeRy ’ ACTIVITY, DM, gender,

smoking , CHD
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Coronary events and sweet foods
Summary of cohort results
Data were extracted from one study: the lowa Women’s Health Study (Jacobs, Jr. et al., 1998).

This study did not report any evidence an association between consumption frequency of ‘sweets
and desserts’ and risk of fatal coronary events in the fully adjusted model.

Exposure definition and assessment

The cohort study provided risk estimates in association with weekly servings of sweets and
desserts, which included cookies/biscuits, doughnuts, brownies, sweet rolls, cakes, pastries and
pies using a 127 item FFQ.

Adjustment for appropriate confounder

The study adjusted for an appropriate range of covariates, including age, BMI, smoking, physical
activity and alcohol.

Please interpret observational data with caution: With observational studies there is substantial
potential for biases.
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Table 1.51 Coronary events and sweet foods

: cohort study in adults

Result ID, ntr A|
R:::r;ncél E:I:Jni::ir ¥ raf ee (Cases)/ Il Rt il Buip Contrast
. e = Up (% Assess- Exposure Non-fatal Assessment Units RR (CI) P trend Adjustments

Cohort Inclusion (mean) Total . (mean)

. loss) ment Events Details
Name criteria %Male

13743  USA

T Age, alcohol, BMI, education,

(Jacobs, Jr. Primarily Added sugars-Sweet snack . . ) .
. X Ischaemic heart energy intake, fish, Fruit and veg,

etal., White, 55-69 foods. (Cookies; . . .

X . disease 0.86 (0.56, DM, HRT, hypertension, marital
1998) Middle- (61) (438) doughnuts; brownies; Fatal 11.5-143 vs. .

9y FFQ (127) serv/wk 1.31) 0.56 status, meat, oral contraceptive
lowa aged adults, /41836 sweet roll, coffee cake, Events Registry data 0-2 il smokin hysical activit
Women's No CHD, %M 0 other pastry; cake; pie; gistry pilL . 8, phy Y
X — sugar intake, supplements,
Health Post- muffins or biscuits) S .
waist:hip ratio

Study menopausal
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Sweetened beverages and CVD

Coronary events and sweetened beverages

Summary of cohort results

Data were extracted from one study, the NHS (Fung et al., 2009). This study provided evidence
concerning the association between consumption of total sugar-sweetened beverages and total
sugar and non-calorically- sweetened beverages plus three other drink types, namely; fruit drinks
and punch, cola and non-cola carbonated beverages with risk of fatal and non-fatal CHD events.
The study provided continuous risk estimates for each additional two servings consumed per day
except for the total sugar and artificially sweetened beverage exposure which was reported as
highest intake (more than two servings per day) compared with the lowest consumers (<1 serving
per day). Regardless of beverage type, increasing consumption was associated with increased
risk of fatal or non-fatal coronary events. The study reported 27% to 35% increased risk of fatal or
non-fatal CHD events with an increase of two servings of sweetened beverages of any type per
day. These increases in risk were statistically significant for four out of the five beverage types.

When assessed separately, non-calorically- sweetened beverages were not associated with
coronary events (data not in tables).

Exposure definition and assessment

The cohort estimated intakes of total sugar sweetened beverages, total sugar and non-calorically-
sweetened beverages, non-cola carbonated beverages, cola beverages and fruit drinks and punch
using a 116-item FFQ.

Adjustment for appropriate confounders

The study provided risk estimates adjusted for an appropriate range of covariates, including age,
smoking status, physical activity and alcohol intake. Further adjustment for body mass index,
energy intake, and incident diabetes attenuated the associations, but they remained significant
(data not shown in tables).

Please interpret observational data with caution: With observational studies there is substantial
potential for biases.
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Table 1.52 Coronary events and sweetened beverages: cohort study in adults

Result ID/ Coun.tlry,
ethnicity,
i Inclusion
Cohort Name .
criteria
13621 USA,
(Fungetal., No CHD,
2009) NHS No T2DM

Age
range
(mean)
%Male

30-55

%M 0

(Cases)/
Total

(3105)
/121700

Follow
Up (%
loss)

24y (5)

Diet
Assess-
ment

FFQ (116)

Exposure

Total Sugar-
sweetened
beverages

Full-calorie sugar
sweetened
beverages
(Carbonated non-
cola)

Full-calorie sugar
sweetened
beverages (Cola)

Full-calorie sugar
sweetened
beverages (Fruit
drinks and punch)
Total sugar and
non-calorically-
sweetened
beverages

Fatal /
Non-fatal
Events

Fatal +
Non-fatal
Events

Fatal +
Non-fatal
Events

Fatal +
Non-fatal
Events

Fatal +
Non-fatal
Events

Fatal +
Non-fatal
Events

Outcome/
Assessment Details

CHD events

Confirmed self
reports

CHD events

Confirmed self
reports

CHD events

Confirmed self
reports
CHD events

Confirmed self
reports
CHD events

Confirmed self
reports

Contrast
(mean)

Continuous
risk
estimate

Continuous
risk
estimate

Continuous
risk
estimate

Continuous
risk
estimate

>2 (2.6) vs.
<1(0)

Units

2 serv/d

2 serv/d

2 serv/d

2 serv/d

serv/d

RR (Cl)

1.28
(1.14,
1.44)

1.27
(0.87,
1.86)

1.35
(1.15,
1.57)

1.33
(1.03,
1.71)

1.35
(1.07,
1.69)

p p trend
<0.001
0.22
<0.001
0.03
<0.001

Adjustments

Age, alcohol, aspirin, family
history of CHD, HEI, high
TC, hypertension,
menopausal status, physical
activity, smoking,
postmenopausal HRT

As above

As above

As above
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Carbohydrate form and CVD

The following section focuses on CVD outcomes and carbohydrate form, including studies
reporting the following exposures: wholegrain foods, refined grain foods, glycaemic index (GI) and
glycaemic load (GL).

Wholegrains and CVD

Total CVD and wholegrains

Summary of cohort results

Three cohort studies, namely the EPIC Potsdam study, lowa Women’s Health Study and the
Boston Study of Wholegrains and CVD risk, conducted in North America and Germany provided
data on the association between wholegrains and risk of total CVD (Drogan et al., 2007;Sahyoun
et al., 2006;Jacobs, Jr. et al., 2007). From these cohorts there is evidence of a consistent
decreased risk with increasing consumption of wholegrains. Mean consumption of wholegrains by
CVD cases was lower than other members of the EPIC Potsdam cohort, and in the two US
cohorts, individuals in the highest frequency intake category experienced a 27% to 52% reduction
in risk of CVD compared to individuals in the lowest consumption category.

Exposure definition and assessment

The lowa Women’s Health Study and EPIC Potsdam cohorts used FFQs to assess dietary intake,
whereas the Boston Study of Wholegrains and CVD Risk, used three-day food diaries to collect
dietary data. In the Boston Study of Wholegrains and CVD Risk, the total number of grain servings
recorded was divided into wholegrain servings and refined-grain servings on the basis of the
proportion of the grain ingredients in the foods. It is unclear which foods were classified as
wholegrain as the paper does not explicitly state the definition for these foods (Sahyoun et al.,
2006). The lowa Women’s Health Study classified wholegrain foods as those containing >25%
wholegrain or bran by weight (Jacobs, Jr. et al., 2001) and EPIC Potsdam simply reported
wholegrain intake as ‘grain flakes, grains and muesli’. All three cohorts therefore characterise
wholegrain intakes somewhat differently.

Adjustment for appropriate confounders

Unadjusted mean consumption data in cases and non-cases were reported only for EPIC
Potsdam, but the other two cohorts adjusted for important confounders including age, smoking,
and education.
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Please interpret observational data with caution: With observational studies there is substantial
potential for biases.
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Table 1.53 Total CVD and wholegrains: cohort studies in adults

Result ID/ Country, r:fee (Cases)/ Follow Diet F::;:_/ Outcome/ Contrast Mean Exposure
Reference/ ethnicity, g Up (% Assess- Exposure Assessment Details Units RR (Cl) P p trend Adjustments
. . (mean) Total fatal (mean) (SD)
Cohort Name Inclusion criteria loss) ment
%Male Events
13063 35-65 Total wholegrain MI/ Stroke, any gags‘(eio(;) 68)
(Drogan et al, No history of (50) (68) 6.4y (5) o foods (Gra.ln Fatal Medical records/ g/d Non-cases: (n:
2007) EPIC /27548 (148) flakes, grains, Events .
MI/Stroke 8 death certificate 25859) 5.5
Potsdam %M 40 muesli) (14.7)
Fatal + Cases: (n:311)
M/ Stroke, any 3.1(9.7)
(311) Non- g/d Non-cases: (n:
/27548 ]:Eavtjr:ts Medical records 25859) 5.5
(14.7)
USA, Age, alcohol, B.MI,
Primarily White Wholegrains coffee, education,
* A ’ )
(Jacobs Jrlaei46 Cancer free, No 25-69 non-FDA ol cvp zzsgrggg:r:auksz fish
- CHD, No T2DM, (61) (1900) FFQ definition (as Fatal . >19 vs. 0.73 (0.62, . ’ !
a., 2007,) lowa Post-menopausal, /41836 17y (127) described in Events Medical records/ 0-3.5 serv/wk 0.86) 0.0001 fruit .and ve‘g,.
Women's . L o autopsy physical activity, red
Health Study Without colitis, %M 0 (Jacobs, Jr. et al., meat, refined grain
Without liver 2007) 4 . !
. . smoking, Vit intake,
cirrhosis N .
waist:hip ratio
Age, alcohol, BMI,
education, energy
" - .
14318 Wholegrain: Total CVD intake, etf.mlaty,
(Sahyoun et al., USA 60- definition unclear CHD, marital status,
2006) Boston N ) (73) (89) Food Fatal . >1.95 vs. 0.48 (0.25, physical activity,
Study of 22::'2:?, VX:;; /747 15y diary g;:&;zﬁ of Events a'vllsglcsal records/ <0.56 serv/d 0.96) 0.04 saturated fatty acid
Wholegrains Y Y %M 33 X psy intake, gender,
wholegrains)
and CVD Risk smoking, statin use,

hypertension
medication

*This result was used in the meta-analysis of wholegrains and any CVD event
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Coronary events and wholegrains

Summary of cohort results

Data were extracted from five papers relating to four cohorts: the lowa Women'’s Health study
(nine years follow up) (Jacobs, Jr. et al., 1998), the lowa Women’s Health study (17 years follow
up) (Jacobs, Jr. et al., 2007), the HPFS (Jensen et al., 2004), the Atherosclerosis Risk in
Communities (ARIC) (Steffen et al., 2003) and the NHS (Liu et al., 1999). All studies reported risk
estimates for wholegrain consumption and incidence of coronary events (either fatal events only or
combined fatal plus non-fatal events).

Results consistently showed evidence of decreased risk of incident coronary events with greater
wholegrain consumption in all studies and subgroups, with the exceptions being the ‘other
wholegrain’ consumption in the nine year follow up of the lowa Women’s Health study (Jacobs, Jr.
et al., 1998) and a result in those taking no regular physical activity in the NHS (Liu et al., 1999). A
significant p for trend value was also reported for four out of the five publications (Jacobs, Jr. et al.,
1998;Jacobs, Jr. et al., 2007;Liu et al., 1999).

Exposure definition and assessment

The four cohort studies reported data on wholegrain foods which include wholegrain bread,
wholegrain breakfast cereals and oatmeal. All cohorts used FFQs with ARIC having the fewest (66
items) (Steffen et al., 2003) and the rest having around 130 items (Jacobs, Jr. et al., 1998;Jacobs,
Jr. et al., 2007); (Jensen et al., 2004); (Liu et al., 1999). Three of the cohorts (Jacobs, Jr. et al.,
1998;Jacobs, Jr. et al., 2007;Liu et al., 1999;Steffen et al., 2003) defined wholegrain intake using
classifications outlined by Jacobs and colleagues (Jacobs, Jr. et al., 1998). This definition
classifies the following foods as wholegrain: ‘dark bread’, breakfast cereals with 225% wholegrain
or bran by weight, brown rice, popcorn, wheat germ, bran, cooked oatmeal and other grains
including bulgar, kasha and couscous (Jacobs, Jr. et al., 1998).

The American Association of Cereal Chemists International and the American Food and Drug
Administration (FDA) defines whole grains as “intact, ground, cracked or flaked fruit of the grain
whose principal components, the starchy endosperm, germ and bran, are present in the same
relative proportions as they exist in the intact grain” (American Association of Cereal Chemists
International, 1999;United States FDA, 2006). This approach therefore includes all foods with
more than 51% whole-grain content. One study (HPFS) applied the (FDA) definition for
wholegrains (Jensen et al., 2004).
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While it is recommended that Americans eat at least three portions (around 85g) of whole grains
per day, the UK does not currently have any specific recommendations other than the
recommendation “to choose whole-grain varieties whenever you can” (USDA, 2010;Food
Standards Agency, 2010).

Adjustment for appropriate confounders

All five publications provided risk estimates adjusted for an appropriate range of covariates,
including age, gender and smoking.

Please interpret observational data with caution: With observational studies there is substantial
potential for biases.
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Table 1.54 Coronary events and wholegrains: cohort studies in adults

Country, A .
Result ID/ e::r:‘icli.r rafee (Cases)/ Follow Diet Fatal / Outcome/ Subgrou e
Reference/ . w 8 Up (% Assess- Exposure Non-fatal Assessment 8 . P Units RR(CI) Ptrend Adjustments
Inclusion (mean) Total . Detail (mean)
Cohort Name . loss) ment Events Details
criteria %Male
Age, alcohol, BMI,
o education, energy
USA, Wholegralln." Other intake, fish, Fruit and
13733 b imaril wholegrains veg, DM, HRT
(Jacobs, Jr. et White v 55-69 (Brown rice, Ischaemic heart 1.26 hyygnlerter;sionlmarital
1., 1998 ! 61 438 FF , wheat Fatal di : !
at ) Middle-aged (61) (438) 9y Q popearn, whea ata lsease 5.5-91vs.0 serv/ (0.81, 0.69 status, meat, oral
lowa /41836 (127) germ, bran, cooked Events wk . .
, adults, No . 1.95) contraceptive pill,
Women's %M 0 oatmeal, other Registry data . .
CHD, Post- . smoking, physical
Health Study grains (bulgar, - R
menopausal activity, sugar intake,
kasha, couscous)) o
supplements, waist:hip
ratio
Wholegrain: Jacobs .
et al definition: catal Eicszg‘z;"'c heart 185845 . 07
(Jacobs, Jr. et al., Events (22.5) vs. 0- wk (0.5, 0.018 As above
1998) (Non-FDA ) 3.5(1.5) 0.98)
L Registry data
definition)
A Icohol, BMI
" USA, ge, alcohol, MI,
13747 Primaril CHD events coffee, education,
(Jacobs, Jr. et White v 55-69 Wholegrains, non- 0.72 energy intake, oestrogen
al., 2007) ! (61) (1034) FFQ FDA definition (as Fatal ) >19 vs. 0- serv/ : use, fish, fruit and veg,
Cancer free, 17y X X Medical (0.57, 0.002 X .
lowa /41836 (127) described in (Jacobs, Events 3.5 wk physical activity, red
, No CHD, No records/ 0.9) ) .
Women's %M 0 Jr.etal., 2007) meat, refined grain,
T2DM, Post- autopsy . "
Health Study smoking, Vit intake,
menopausal s )
waist:hip ratio
Age, alcohol, BMI,
Wholegrain, FDA d!etary Met, education,
USA definition (foods dietary cholesterol,
Prim,aril 40-75 contain wholegrain CHD events MUFA, PUFA, saturated
*%13435 X v g Fatal + 0.82 fatty acid intake, Energy
White, (1818) FFQ components —bran, . . (42.4) vs. .
(Jensenetal., 14y . Non-fatal Medical testing, g/d (0.7, 0.29 from TFA, energy intake,
Cancer free, %M /51529 (131) germ, endosperm in . (3.5) I
2004) HPFS . Events Registry data, 0.96) family history of cancer,
No CHD, No 100 the same proportion Self report fibre, hypertension, HRT,
T2DM as naturally in intact P s Nyperte ! ’
rains) physical activity,
& smoking, vegetable
protein, Vit intake
Total wholegrain Fatal CHD Age, alcohol, aspirin,
USA, foods, Jacobs et al events + non- BMI, energy intake,
. 14041 Prlmarlly 30-55 (761) FFQ definition (Jacobs, Fatal + fatal Ml 1.77-17.86 serv 0.75 hypercholfesterolaemla,
(Liu etal., White, No /121700 10y (126) Jr.etal., 1998) Non-fatal vs. 0-0.26 /d (0.59, 0.01 hypertension,
1999) NHS CHD, No %M 0 (Dark bread, Events Medical e 0.95) menopausal status,
T2DM wholegrain records/ MUFA, parental M,
breakfast cereal, autopsy PUFA, protein intake,
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Country, Age

Result ID/ .. Follow Diet Fatal / Outcome/
Reference/ ethn|c.|ty, range feeza)/ Up (% Assess- Exposure Non-fatal Assessment Subgro.up Contrast Units RR(CI) Ptrend Adjustments
Cohort Name In‘clus.lon (mean) e loss) ment Events Details peed itz
criteria %Male
popcorn, cooked saturated fatty acid
oatmeal, wheat intake, smoking, TFA,
germ, brown rice, physical activity, Vit
bran, and other intake
grains (e.g., bulgar,
kasha, and
14042 (184) couscous)) :}i\r::a;:r 1.77-17.86 ?643? 0003 Acabove
NHS /121700 smoker vs. 0-0.26 0.79)
No 0.72
e 14043 5(]5-32?—)700 Hyperch.olest- 3572:]67226 (0.54, 0.01 As above
erolaemia 0.91)
No 0.73
14044 (392) 1.77-17.86
Supplement (0.52, 0.05 As above
NHS /121700 Use vs. 0-0.26 1.02)
No Vit E 0.83
Use 1.15)
0.72
14046 (264) Alcohol Non-  1.77-17.86 (0.49 0.07 As above
NHS /121700 drinkers vs. 0-0.26 Y ’
1.06)
. 0.74
14047 (439) No vigorous 1.77-17.86 (0.54, 011 As above
NHS /121700 PA vs. 0-0.26 1.02)
0.75
14048 (432) Not HRT 1.77-17.86 (0.54, 0.02 As above
NHS /121700 users vs. 0-0.26 1.04)
Total wholegrain
foods (dark bread Coronary artery Age, alcohol, BMI,
and whole-grain disease (MI, education, energy
cold breakfast CAD death, intake, ethnicity,
*%13285 45-64 cereal with >25% coronary 0.72 smoking, physical
(Steffen et al.,  USA, (54) (535) 11y(2) FFQ whole grain or bran Fatal and revascular- (3)vs. (0.1) serv/ (6 53 0.05 activity, gender,
2003) ARIC Multi-ethnic /15792 (66) by weight). FFQ non fatal isation) T d 0 ;37)’ ’ smoking, SBP,
Study %M 44 items classified as ' hypertension
wholegrain using Medical medication,
Jacobs et al records/ postmenopausal HRT,
definition (Jacobs, autopsy waist:hip ratio, HDL, LDL

Jr. etal., 1998)

*This result was used in the meta-analysis of wholegrains and CHD events

**This result was used in the meta-analysis of wholegrains and CHD events and wholegrains and any CVD event
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Stroke events and wholegrains

Summary of cohort results

Data were extracted from three studies: the lowa Women’s Health Study (Jacobs, Jr. et al., 2007),
the ARIC Study (Steffen et al., 2003) and the NHS (Liu et al., 2000a). These studies provided
evidence concerning the association between consumption of wholegrains and fatal and non-fatal
stroke including any stroke, nonhaemorrhagic/ischaemic and haemorrhagic stroke. In each cohort,
risk estimates tended to be lower with increasing wholegrain consumption. However, these risk
estimates were not significantly lower in either the lowa Women’s Health Study (Jacobs, Jr. et al.,
2007) or the ARIC study (Steffen et al., 2003). The Nurses’ Health Study (Liu et al., 2000a)
reported a significantly reduced risk of ischaemic stroke with wholegrain consumption for the
whole cohort and in ‘never or former smokers’. The risk was reduced by 31% and 50%
respectively. Additionally, there was a p for trend of 0.006 in the ‘never or former smokers’
subgroup. This significant association was not seen in the ‘alcohol non-drinkers’, ‘no vigorous
physical activity’ or the ‘not HRT users’ (not hormone replacement therapy users) subgroups.

Exposure definition and assessment

The three studies all assessed wholegrain consumption using FFQs with between 66 and 127
items. The FFQ used by ARIC (Steffen et al., 2003) had only 66 items which calls into question the
validity of the estimate of wholegrain intake. All three cohorts classified wholegrain foods using the
Jacobs et al. definition which includes ‘dark bread’, breakfast cereals with 225% wholegrain or
bran by weight, brown rice, popcorn, wheat germ, bran, cooked oatmeal and other grains including
bulgar, kasha and couscous (Jacobs, Jr. et al., 1998).

Adjustment for appropriate confounders

All three studies adjusted for an appropriate range of covariates including age, alcohol, BMI and
smoking. The ARIC study (Steffen et al., 2003) also adjusted for gender.

Please interpret observational data with caution: With observational studies there is substantial
potential for biases.
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Table 1.55 Stroke events and wholegrains: cohort studies in adults
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Age, alcohol, BMI,
USA, coffee, education,
*13748  Primarily energy intake,

(Jacobs, Jr. et White, >5-69 Stroke, any oestrogen use, fish,

Wholegrain, non-FDA

al., 2007) lowa  Cancer free, (61) (414) 17y FFQ definition (Jacobs, Jr. Fatal Events . >19vs. 0- serv/wk 0.85 (0.6, 0.52 fruit and veg,

\ /41836 (127) Medical records/ 3.5 1.21) . >
Women's No CHD, No %M 0 et al., 1998) autops physical activity, Red
Health Study T2DM, Post- ° psy meat, refined grain,

menopausal smoking, Vit intake,
waist:hip ratio
(251) Nonhaemorrhagic >19 vs. 0- 0.88 (0.57,
/41836 stroke 35 serv/wk 1 3¢) 0.94 As above
(113) Stroke, >19 vs. 0- 1.28 (0.64,
/41836 haemorrhagic 35 serv/wk 5 56) 0.93 As above
Age, alcohol, aspirin,
BMI, saturated fatty
USA Stroke, ischaemic acid intake, energy
T from TFA, energy
*% _ _ 4
(Liu et al 13650 \F;\;Ln:tzrlzo 30-55 (352) 12 FFQ hol . b Fatal + Non- Confirmed self 1.772736 vs 0.69 (0.5, 0.08 intake, family history
" 4 /121700 y (126) ~ Wholegrain, Jacobset ¢ Fvents  reports, Medical 80 VS 0.98) : of MI, high TC,
2000a) NHS CHD, No %M 0 al definition (Jacobs 0-0.26 .
T2DM ) ’ records/autopsy, hypertension,
Ir. etda f 149_98) (SOT(' Registry data menopausal status,
o o
’ smoking, Vit intake
breakfast cereal (with Never or 1.77- £
13653 (238) >25% wholegrain or former 1'7 36 vs 0.5 (0.34, 0.006 As above except
NHS /121700 bran), popcorn, smoker 0_(') % ’ 0.76) ' smoking
cooked oatmeal, :
Alcohol 1.77- .
13654 (94) wheat germ, brown Non- 17.86 vs 0.72(0.39, 0.22 As first except
NHS /121700 rice, bran and other - . ’ 1.36) ' alcohol
. drinkers 0-0.26
grains (bulgur, kasha 177
13655 (201) and couscous)) No 1'7 36 vs 0.73(0.48, 0.08 As first except
NHS /121700 vigorous PA 0»(') 26 ’ 1.11) ' physical activity
1.77- .
13656 (249) Not HRT 17.86 vs 0.69 (0.46, 0.05 As first except
NHS /121700 users 0»(') 26 ’ 1.05) ' menopausal status
Total wholegrain
foods (dark bread and Age, al.cohol, BM|,
whole-grain cold education, energy
. intake, ethnicity,
**13289 45-64 E;zif\i/focl:re:‘;inwgr Stroke, ischaemic smoking, physical
(Steffen et al., USA, (54) (214) ? ) g (3) vs. 0.75 (0.46, activity, gender,
bran by weight). FFQ 0.15
2003) ARIC Multi-ethnic /15792 items classified as Medical records/ (0.1) 1.22) smoking, SBP,
Study %M 44 autopsy hypertension

wholegrain using
Jacobs et al definition
(Jacobs, Jr. et al.,
1998)

medication,
postmenopausal
HRT, waist:hip ratio
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*This result was used in the meta-analysis of wholegrains and stroke events

**This result was used in the meta-analysis of wholegrains and stroke events and wholegrains and any CVD event
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Summary on wholegrains and CVD

Meta-analysis: Wholegrains and incident CVD events

Data were extracted from 8 publications presenting results from 6 cohort studies (Drogan et al.,
2007;Jacobs, Jr. et al., 2007;Sahyoun et al., 2006;Liu et al., 1999;Jensen et al., 2004;Steffen et
al., 2003;Liu et al., 2000a;Jacobs, Jr. et al., 1998;Nettleton et al., 2008). Of these, one publication
(Liu et al., 1999) was an early analysis of data from the Nurses’ Health Study | data, presented
more fully in a later publication (Liu et al., 2000a). Another publication (Jacobs, Jr. et al., 1998)
was an early analysis of data from the lowa Women's Health Study presented more fully in a later
publication (Jacobs, Jr. et al., 2007). One study had to be excluded because, whilst results for
different sources of wholegrains were presented, no overall result could be estimated (Drogan et
al., 2007). The remaining studies all contributed towards the meta-analysis. For one study, intake
of whole grains was assumed to follow a normal distribution with mean and standard deviation
guoted in the paper, so that median intakes for each category could be estimated (Liu et al.,
2000a). For two studies we assumed that the median intake for the highest category was 1.5 times
the lower limit of the highest category (Jacobs, Jr. et al., 2007;Sahyoun et al., 2006). So that one
study could be included in the meta-analysis (Jensen et al., 2004), an average serving size of 40
grams was assumed.

Relative risks are presented for each 0.5 servings/day increase, equivalent to approximately one
standard deviation, in wholegrain intake. The approximate mean population intake is estimated at
0.5 servings/day based on published data (Lang et al., 2003).

The pooled estimate of relative risk from the cohort studies was 0.95 (95% CI: 0.92 to 0.97) per
half serving of wholegrains per day (p<0.001).
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Figure 1.15 Forest plot for wholegrains and total CVD events

Study Estimated

ID RR (95% CI)

Liu S, et al., 2000 —l-— 0.93 (0.88, 0.98)
Steffen LM, et al., 2003 —.— 0.95 (0.92, 0.99)
Jensen MK, et al., 2004 —l—— 0.90 (0.83, 0.97)
Sahyoun NR, et al., 2006 — 0.87 (0.77, 0.99)
Jacobs DR, et al., 2007 . 0.96 (0.94, 0.98)
Pooled estimate @ 0.95 (0.92, 0.97)

T T T : T

7 .8 9 11

. 1
RR per 0.5 servings/day of wholegrains
Pooled estimate includes all results with any adjustment for confounding.
Note: Increment =1 SD so estimates are comparable across exposures. This is regardless of any skewness. Axis on log scale.

There was little heterogeneity between the cohort studies (1°=25%, 95% Cl: 0% to 70%, Q=5.3,
df=4, p=0.3). There were sufficient studies to investigate sources of heterogeneity through
subgroup analysis and meta-regression:

This document was prepared for consideration by the Scientific Advisory Committee on Nutrition. It does not necessarily represent the final views of SACN
or the advice/policy of Public Health England and Health Departments.
176



Table 1.56 Subgroup analyses of wholegrain intake and incidence of any CVD. Relative risks are per 0.5
servings/day.

Subgroup subgroup RR (95% CI) I” n Phet *  Phet **
subjects' gender Male 0.90 (0.83, 0.97) 1 5

Mixed 0.93 (0.87, 1.00) 35% 2 2

Female 0.96 (0.94, 0.97) 0% 2 .3
definition of wholegrain FDA 0.90 (0.83, 0.97) 1

Jacobs 0.96 (0.94, 0.97) 0% 3 .6

not stated 0.87 (0.77, 0.99) 1 3
includes non-fatal events yes 0.94 (0.86, 1.01) 51% 2

no 0.94 (0.91, 0.96) 0% 3 4 4
length of follow-up <10 years 0

>=10years 0.95(0.92, 0.97) 25% 5 3 7
geographic location Americas 0.95 (0.92, 0.97) 25% 5 3

EU 0

Other 0
adjusted for age yes 0.95 (0.92, 0.97) 25% 5 3

no 0
adjusted for alcohol yes 0.95 (0.92, 0.97) 25% 5 3

no 25% 0
adjusted for anthropometry yes 0.95 (0.94, 0.97) 0% 4 4

no 0.90 (0.83, 0.97) 1 2
adjusted for energy intake yes 0.95 (0.92, 0.97) 25% 5 3

no 0
adjusted for family history yes 0.92 (0.88, 0.96) 0% 2 4

no 0.96 (0.94, 0.97) 8% 3 2
adjusted for physical activity yes 0.95 (0.92, 0.97) 25% 5 .3

no 0
adjusted for gender yes 0.95 (0.92, 0.97) 25% 5 .3

no 0
adjusted for smoking yes 0.95 (0.92, 0.97) 25% 5 3

no 25% 0
adjusted for age & smoking yes 0.95 (0.92, 0.97) 25% 5 3

no 25% O

* P for heterogeneity within each subgroup

** P for heterogeneity between each subgroup

The results for the individual sources of wholegrains from Drogan et al (Drogan et al., 2007), which
could not be included, were in broad agreement with those from this meta-analysis.
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There were too few studies to explore any small study effects (such as publication bias) using
funnel plots.

When results were explored by outcome type (CHD / stroke), results for both outcomes were very
similar. For CHD, the pooled estimate was 0.95 (95% CI: 0.93 to 0.97) per half serving of
wholegrains per day (p<0.001), with no excess heterogeneity (1>=0%):

Figure 1.16 Forest plot for wholegrains and CHD events

Study Estimated
D RR (95% Cl)
Liu's, etal, 1999 —-— 0.95 (0.91, 0.99)
Steffen LM, et al., 2003 —_— 0.95 (0.91, 1.00)
Jensen MK, et al., 2004 L 0 0.90 (0.83, 0.97)
i
i
|
Jacobs DR, et al., 2007 + 0.95(0.93, 0.98)
;
i
Pooled estimate @ 0.95 (0.93, 0.97)
i
i
i
i
i
i
i
L
T T T

8 9 1 11
RR per 0.5 servings/day of wholegrains

Pooled estimate includes all results with any adjustment for confounding.

Note: Increment =1 SD so estimates are comparable across exposures. This is regardless of any skewness. Axis on log scale.
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For stroke, the pooled estimate was 0.96 (95% CI: 0.93 to 0.99) per half serving of wholegrains
per day (p=0.02), with little excess heterogeneity (1°=24%):

Figure 1.17 Forest plot for wholegrains and stroke events

Study Estimated
) RR (95% CI)
T
i
i
i
Liu'S, et al., 2000 —_— 0.93 (0.88, 0.98)
i
i
i
i
Steffen LM, et al., 2003 - 0.94 (0.87, 1.02)
i
i
|

|
Jacobs DR, et al., 2007 —a— 0.98 (0.94, 1.02)
|

‘
Pooled estimate <> 0.96 (0.93, 0.99)
\
‘

IS I9 1 1?1
RR per 0.5 servings/day of wholegrains
Pooled estimate includes all results with any adjustment for confounding.
Note: Increment =1 SD so estimates are comparable across exposures. This is regardless of any skewness. Axis on log scale.

There were too few studies to explore heterogeneity within each outcome type.
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Refined grains and CVD

Total CVD and refined grains

Summary of cohort results

Two cohort studies from the US provided data on the association between refined grains and risk
of total CVD (Sahyoun et al., 2006;Jacobs, Jr. et al., 2007). In both the Boston Study of
Wholegrains and CVD Risk and the lowa Women’s Health Study, there was no evidence of an
association between refined grain consumption and risk of CVD mortality.

Exposure definition and assessment

The lowa Women’s Health Study used a FFQ to assess dietary intake, whereas the Boston Study
of Wholegrains and CVD Risk, being smaller, was able to use three-day food diaries to collect
dietary data. In the Boston Study of Wholegrains and CVD Risk the total number of grain servings
recorded was divided into wholegrain servings and refined-grain servings on the basis of the
proportion of the grain ingredients in the foods that were wholegrain and refined grain. The gram
amount of each food consumed was then added for wholegrain and refined grain separately.

Adjustment for appropriate confounders

Both cohorts adjusted for important confounders including age, BMI, smoking, and education.

Please interpret observational data with caution: With observational studies there is substantial
potential for biases.
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Table 1.57 Total CVD and refined grains: cohort studies in adults

A . Fatal
Result ID/ Country, ra:ee (Cases)/ Follow Diet :loan-/ Outcome/ Contrast
Reference/ ethnicity, g Up (% Assess- Exposure Assessment Details Units RR (Cl) p trend Adjustments
. . (mean) Total fatal (mean)
Cohort Name Inclusion criteria loss) ment
%Male Events
USA,
*13751 Primarily White, Total CVD Age, alcohol, BMI, coffee, education,
(Jacobs, Jr. et Cancer free, No >5-69 energy intake, oestrogen use, fish
gy CHD, No T2DM, (61) (1900) FFQ ) ) Fatal ) >22.5vs. 0.94 (0.78, . ! . RO
al., 200'7) Post-menopausal, /41836 17y (127) Refined grains Events Medical records/ 0-5.75 serv/wk 1.12) 0.33 fruit and veg, phy.5|FaI acthltyf red.
lowa Women's . o o autopsy meat, smoking, Vit intake, waist:hip
Health Study Without colitis, %M 0 ratio, wholegrain
Without liver !
cirrhosis
17575 Total CVD Age, alcohol, BMI, education, energy
(Sahyoun et al., USA 60- intake, ethnicity, CHD, marital
2006) Boston T . (73) (89) Food . . Fatal . >1.95 vs. No ! X V; )
Primarily White, 15y ) Refined grains Medical records/ serv/d . 0.41 status, physical activity, saturated
Study of Generally health /747 diary Events autops <056 association fatty acid intake, gender, smokin
Wholegrains ! BEAVES P stat»iln se, h e;tinsionlmedicatigc’)n
and CVD Risk use, vp

*This result was used in the meta-analysis of refined grains and any CVD event
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Coronary events and refined grains

Summary of cohort results

Data were extracted from two publications, reporting on one cohort, the lowa Women’s Health
Study at nine years (Jacobs, Jr. et al., 1998) and 17 years follow up (Jacobs, Jr. et al., 2007).
These publications provided evidence concerning the association between consumption of refined
grains and risk of fatal CHD and fatal IHD, comparing groups with highest and lowest intake. The
risk estimates were close to 1 indicating no evidence of an association with refined grain
consumption and fatal CHD or fatal IHD.

Exposure definition and assessment

The lowa Women’s Health Study reported data on refined grains including white rice, pasta, pizza,
bread and rolls, using a 127-item FFQ.

Adjustment for appropriate confounders

An appropriate range of covariates, including age, smoking and BMI, were used.

Please interpret observational data with caution: With observational studies there is substantial
potential for biases.
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Table 1.58 Coronary events and refined grains:

cohort studies in adults

Result ID/ Country, Age .
Reference/ ethnicity range (Cases)/ Follow Up Diet Fatal / Non- Iz Contrast
L Assess- Exposure Assessment Units RR (CI) P trend Adjustments
Cohort Inclusion (mean) Total (% loss) fatal Events . (mean)
o ment Details
Name criteria %Male
Age, alcohol, BMI,
education, energy
13740 USA, Primarily Refined gr.alns (whllte . intake, fish, Fruit and
. bread; refined-grain Ischaemic heart veg, DM, HRT,
(lacobs, Jr.et  White, 55-69 breakfast cereals; and other disease 1.12 hypertension, marital
al., 1998) Middle-aged (438) FFQ i sreds, an 23-155.5 : VP '
(61) 9y refined grains — English Fatal Events serv/wk (0.77, 0.57 status, meat, oral
lowa adults, No /41836 (127) ) . vs. 0-6 . .
, %M 0 muffins, bagels, or rolls; Registry data 1.62) contraceptive pill,
Women's CHD, Post- . X .
pancakes or waffles; white smoking, physical
Health Study  menopausal . . - .
rice; pasta; pizza) activity, sugar intake,
supplements, waist:hip
ratio
Other refined grains Is.chaemlc heart
(English muffins, bagels, or disease 5.5-50 vs 0.79
g » DABE’S, Fatal Events : ' serv/wk (0.52, 0.29 As above
rolls; pancakes or waffles; . 0-1.5
T . Registry data 1.21)
white rice; pasta; pizza)
USA.' Primarily Age, alcohol, BMI,
White, Cancer coffee, education
13752  free, No CHD, »eau '
CHD events energy intake,
(acobs, Jr.et  No T2DM, 55-69 oestrogen use, fish
l., 2007 Post- 2934 FF 22.5vs. 0- 0.89 (0.7 ! !
ak, ) 0s (61) ( ) 17y Q Refined grains Fatal Events Medical records/ > v serv/wk (0.7, 0.22 fruit and veg, physical
lowa menopausal, /41836 (127) 5.75 1.14) L
, X %M 0 autopsy activity, red meat,
Women's Without smoking, Vit intake
Health Study  colitis, waist‘hig, ratio !
Without liver ’ p. !
X R wholegrain
cirrhosis
Age, alcohol, BMI,
education, energy
Refined-grains (cold Coronary artery intake, ethnicity,
" breakfast cereal with <25% disease (MI, CAD smoking, physical
13290 45-64 wholegrain content, white death, coronary 1.17 activity, gender
(Steffen et USA, (54) (535) § Fatal and non e (5.0) vs. . Y !
11y (2 .82 11 B
al,, 2003) Multi-ethnic /15792 vy (2) FFQ (66) b;esird, ﬁﬁ?iisdi:sttji’ts fatal revascularisation) (0.5) serv/d (10686), 0 ;mo:::egr;ssio:,
ARIC Study %M 44 pastry, ' ' : vP

cookies, cake, brownies,
pasta and rice)

Medical records/
autopsy

medication,
postmenopausal HRT,
waist:hip ratio, HDL,
LDL

*This result was used in the meta-analysis of refined grains and any CVD event
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Stroke events and refined grains

Summary of cohort results

Data were extracted from three studies: the lowa Women’s Health Study (Jacobs, Jr. et al., 2007),
the ARIC Study (Steffen et al., 2003) and the NHS (Liu et al., 2000a). These studies provided
evidence concerning the association between consumption of refined grains and fatal and non-
fatal stroke including any stroke, nonhaemorrhagic/ischaemic and haemorrhagic stroke. The
direction of association was inconsistent for these analyses and there were no significant p values
for trend reported.

Exposure definition and assessment

The three studies all used FFQs to assess refined grain consumption. The FFQs used had
between 66 and 127 items. The FFQ used by ARIC (Steffen et al., 2003) had only 66 items which
calls into question the validity of the estimate of intake of refined grains. The exposures were
reported in servings per day or servings per week.

Adjustment for appropriate confounders

All three studies adjusted for an appropriate range of covariates including age, alcohol, BMI and
smoking. The ARIC study (Steffen et al., 2003) also adjusted for gender.

Please interpret observational data with caution: With observational studies there is substantial
potential for biases.
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Table 1.59 Stroke events and refined grains: cohort studies in adults

i3y Country, ethnicit r:r? ee (Cases)/ 2L Diet )/ Ac:::s::nr:‘eelft Contrast
Reference/ ry L E 8 Up (%  Assess- Exposure Non-fatal ' Units RR (CI) P Adjustments
Inclusion criteria (mean) Total Details (mean) trend
Cohort Name %Male loss) ment Events
(]
Age, alcohol, BMI, coffee,

13753 USA, education, energy intake
(Jacobs, Jr. et Primarily White, Cancer 25-69 Stroke, any >22.5 oestro| en’use f?:h fruit'
al 200’7) .Iowa free, No CHD, No T2DM, (61) (414) 17 FFQ Refined grains Fatal Vs 6- serv/wk 1.3(0.88, 0.24 and veg h si’cal a(’:tivit

" : Post-menopausal, /41836 ¥ (127) g Events Medical records/ : 1.91) ' &, pnysica Vi,
Women's R . . 5.75 red meat, smoking, Vit

Without colitis, Without %M 0 autopsy . . .
Health Study . R X intake, waist:hip ratio,
liver cirrhosis .
wholegrain
Nonhaemorrhagic
k 22.
(251) stroke >22.5 1.19 (0.72,
/41836 vs. 0- serv/wk 1.97) 0.4 As above
Medical records/ 5.75 ’
autopsy
Stroke,
(113) haemorrhagic >22.5 1.1(0.54,
/41836 vs. 0- serv/wk 2.23) 0.87 As above
Medical records/ ~ 5.75 ’
autopsy
Refined grains (sweet Age, alcohol, aspirin, BMI,
rolls, cakes, desserts, . . R
. Stroke, ischaemic saturated fatty acid intake,
white bread, pasta, energy from TFA, energy
% i ; ) ,

. 13651 UsA, 30-55 (352) FFQ English muffins, Fatal + Confirmed self Qs vs. 0.97 (0.67, intake, family history of MI,
(Liuetal., Primarily White, No CHD, /121700 12y (126) muffins or biscuits. Non-fatal reports. Medical al 1.42) 0.58 hich TC. hvpertension
2000a) NHS No T2DM %M 0 Refined grain Events pores, : en I, nyp '

records/autopsy, menopausal status,
breakfast cereal, i . L .
o Registry data physical activity, smoking,
white rice, pancakes "
) Vit intake
or waffles and pizza)
Refined-grains (col.d Age, alcohol, BMI,
breakfast cereal with ) .
<25% wholegrain education, energy intake,
*13291 45-64 content. white bread Stroke, ischaemic ethnicity, smoking, physical
(Steffen et al., USA, (54) (214) 11y (2) FFQ bagels (,:Ionuts astrl Non-fatal (5) vs. serv/d 0.82 (0.48, 0.16 activity, gender, smoking,
2003) ARIC Multi-ethnic /15792 y (66) g€, AONULS, PASLY, £y ants Medical records/  (0.5) 1.4) ‘ SBP, hypertension
muffins, biscuits, S
Study %M 44 autopsy medication,

cookies, cake,
brownies, pasta and
rice)

postmenopausal HRT,
waist:hip ratio

*This result was used in the meta-analysis of refined grains and any CVD event
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Summary of refined grains and CVD

Meta analysis: Refined grains and incident CVD events

Data were extracted from 5 publications presenting results from the following 4 cohort studies: the
lowa Women’s Health Study, NHS, ARIC and the Boston Study of Wholegrains and CVD risk
(Sahyoun et al., 2006). Of these, one publication (Jacobs, Jr. et al., 1998) was an early analysis of
data presented more fully in a later publication (Jacobs, Jr. et al., 2007). The remaining studies all
contributed towards the meta-analysis. For one study, intake of refined grains was assumed to
follow a normal distribution with mean and standard deviation quoted in the paper, so that median
intakes for each category could be estimated (Liu et al., 2000a). For one study we assumed that
the median intake for the highest category was 1.5 times the lower limit of the highest category
(Jacobs, Jr. et al., 2007).

Relative risks are presented for each 0.5 servings/day increase, equivalent to approximately one
standard deviation, in refined grains intake. The approximate mean population intake is 0.5
servings/day as based on published data (Lang et al., 2003).

The pooled estimate of relative risk from the cohort studies was 1.00 (95% CI: 0.98 to 1.01) per
half serving of refined grains per day (p=0.5).

Figure 1.18 Forest plot for refined grains and total CVD events

Study Estimated

ID RR (95% ClI)

Liu S, et al., 2000 - 0.99 (0.95, 1.03)
Steffen LM, et al., 2003 —;--.— 1.01(0.98, 1.03)
Jacobs DR, et al., 2007 —.-%-— 0.99 (0.97, 1.01)
Pooled estimate <:> 1.00 (0.98, 1.01)

.:3 .9|5 . 1 ] 1.:)5 . 1!1
RR per 0.5 servings/day of refined grains

Pooled estimate includes all results with any adjustment for confounding.
Note: Increment =1 SD so estimates are comparable across exposures. This is regardless of any skewness. Axis on log scale.

There was no excess heterogeneity between the cohort studies (1?=0%, 95% CI: 0% to 86%,
Q=1.5, df=2, p=0.5). There were insufficient studies to explore stroke and CHD results separately.
There were insufficient studies to explore the sources of heterogeneity by subgroup analysis and
meta-regression. There were insufficient studies to explore small-study effects such as publication
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bias through funnel plots or hypothesis tests. No one study had a dominant influence on the
pooled estimate from the random effects analysis.
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Glycaemic index and CVD

The glycaemic index (Gl) is a relative measure of the plasma glucose response induced by a
specific food, as compared to the response induced by the same amount of carbohydrate from a
reference source, such as white bread or pure glucose (Liu et al., 2000b).

All studies used previously published glycaemic index values, from a variety of sources. Many
studies described the need to adapt or use averaged values, though only one reported the extent
of this (11.1% of values used) (Kaushik et al., 2009). For the majority, the reference food used to
calculate Gl values was not listed, but four sources selected values which used white bread (Van
Dam et al., 2000;Levitan et al., 2007;0h et al., 2005), and others used glucose as a reference.

Most studies used a similar method to calculate dietary Gl and GL: namely, summing the products
of the Gl for each food multiplied by its carbohydrate content per serving multiplied by the average
number of servings of that food per day (to give dietary GL), then dividing by the average daily
carbohydrate intake to give dietary Gl:

Dietary Gl = {3 [(servings of food per day) x (CHO content) x Gl)]}/total CHO (Meyer et al., 2000).

Three studies, however, calculated dietary Gl by summing the products of each food’s Gl
multiplied by its % contribution to total carbohydrate intake (Barclay et al., 2007;Kaushik et al.,
2009;Van Dam et al., 2000). The glycaemic index (and thus also GL) is determined not only by the
nature of the carbohydrate component of a food or diet, but also by the types and amounts of
protein, fat and dietary fibre, as well food processing and storage (Venn and Green, 2007). Unless
tightly controlled in an experimental situation, in most cases high and low GI/GL diets differ in
many ways other than the carbohydrate fraction, including dietary fibre content, energy density
and sensory quality.
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Total CVD and glycaemic index

Summary of cohort results

One Swedish cohort study provided data on the association between total CVD and glycaemic
index (GI) (Levitan et al., 2007). In the Cohort of Swedish Men publication, dietary Gl was not
associated with cardiovascular mortality.

Exposure definition and assessment

Dietary Gl was estimated from a 96-item FFQ administered once at study baseline and the result
from this study was appropriately adjusted.

Please interpret observational data with caution: With observational studies there is substantial
potential for biases.

Table 1.60 Total CVD and glycaemic index: cohort study in adults

Result ID/ Country, Age Fatal / Outcome/

Follow
Reference/ ethnicity, range (Cases)/ o Assessment/ Non- Assessment  Contrast p .
Cohort Inclusion (mean) Total UIZss()A Exposure fatal Details (mean) gl trend LTI
Name criteria %Male Events
Age, alcohol,
aspirin, BMI,
14097 Farbohydrate
intake, cereal
(Levitan et Sweden, Total CVD fibre, smoking,
Cancer 45-79 96-item FFQ (82.9) vs. 1.09 education,
al., 2007) (785) Fatal . .
free, No /48850 5y (0) Events Registry (73) (0.88, 0.46 energy intake,
CHD, No %M 100 Gl data units/day  1.36) family history of
Cohort of .
. T2DM HTN, family
Swedish .
history of MI,
Men

marital status,
physical activity,
PUFA, SFA

*This result was used in the meta-analysis of glycaemic index and any CVD event
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Coronary events and glycaemic index

Summary of cohort results

Data were extracted from five studies: the Blue Mountains Eye study (Kaushik et al., 2009), the
Prospect-EPIC Utrecht study (Beulens et al., 2007), the NHS (Liu et al., 2000b), the Cohort of
Swedish Men study (Levitan et al., 2007) and the Zutphen Elderly study (Van Dam et al., 2000).
Prospect-EPIC Utrecht reported results for the total sample and two subgroups, namely those with
a BMI of less than 25 and those with a BMI of more than 25. The Blue Mountains Eye study
reported results for high versus low glycaemic index and also the rest of the group vs. lowest Gl
tertile and highest cereal fibre. These studies provided evidence concerning the association
between glycaemic index and fatal incident coronary events. All the studies provided risk
estimates comparing highest and lowest groups (quintiles or quartiles) of glycaemic index
measured as a score or in units with the risk of fatal or combined fatal and non-fatal CHD events.

Three out of the five studies reported increased risk of fatal or non-fatal coronary events for all
participants with greater levels of dietary Gl, with risk estimates in the region of 1.31 to 1.91
(Kaushik et al., 2009;Liu et al., 2000b;Beulens et al., 2007). The Prospect-EPIC Utrecht study
subgroups reported similar increases in risk of 31% to 36%. Two studies (Levitan et al., 2007;Van
Dam et al., 2000) reported risk estimates close to 1 and therefore no evidence of an association
between Gl and fatal and fatal or non-fatal CHD events.

Exposure definition and assessment

Four cohorts estimated Gl using FFQ data; The Blue Mountains Eye study (Kaushik et al., 2009),
Prospect-EPIC Utrecht study (Beulens et al., 2007), the NHS (Liu et al., 2000b) and the Cohort of
Swedish Men (Levitan et al., 2007). The Zutphen Elderly study (Van Dam et al., 2000) estimated

glycaemic index using a dietary history.

Adjustment for appropriate confounders

All studies provided risk estimates adjusted for an appropriate range of covariates, including age,
BMI, gender (where relevant) and smoking.

Please interpret observational data with caution: With observational studies there is substantial
potential for biases.
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Table 1.61 Coronary events and glycaemic index: cohort studies in adults

Resin) (e::,:r:::?ch r:fee (Cases)/ illien 2155 F:l:Jar:-/ Outcome/ Subgrou Contrast
Reference/ X v 8 Up (% Assess- Exposure Assessment 8 ; P Units RR(CI) ptrend Adjustments
Cohort Name Inclusion (mean) Total loss) B fatal Details Detail (mean)

criteria %Male Events

*x13475 Age, alcohol, BMI, smoking,
(Beulens et al. The 49-70 Fatal + CHD events physical activity,
" Netherlands, (556) Non- 1.33 hypercholesterolaemia,

2007) 9y (10) FFQ(178) Gl Q4 vs. Q1 0.02 )

No CHD, No /17357 fatal . (1.07, hypertension, menopausal status,

0,

Prospect-EPIC %M 0 Registry data . . .

T2DM Events 1.67) nutrient intake, oral contraceptive
Utrecht X

pill, SBP

13490 (cases not 1.36
Prospect-EPIC reported;) BMI <25 Q4vs.Ql (0.97, 0.19 As above
Utrecht /17357 1.92)

13491 (cases not 1.31
Prospect-EPIC reported;) BMI >25 Q4 vs. Q1 (0.97, 0.06 As above
Utrecht /17357 1.76)

%k
(Kaushik :33,49 Australia, 49- CHD events 1.91 Age, BMI, DBP, education,MI,
v Primarily (65) Gl (Energy  Fatal (60.6) vs. ) ) stroke, DM, self-rated health
2009) Blue . (95) /3654 13y FFQ (145) . Units (1.01, 0.04 .
R White, Age adjusted) Events . (52.4) status, gender, smoking, SBP,
Mountains Eye Registry data 3.47) . L
Study >49y %M 44 hypertension medication
Gl and Rest of group
(Cases not cereal Fatal CHD events vs. Lowest Gl 1.03
reported) fibre Events tertile and (0.74, As above
/3654 composite Registry data highest cereal 1.45)
score fibre
Age, alcohol, aspirin, BMI, energy
USA, Fatal + Fatal CHD + non- intake, Fibre, folate,

14689 No T2DM, 38-63 (761) Gl (Energy Non- fatal Ml 131 hypercholesterolaemia,
(Liuetal., Without /75521 10y (2) FFQ (126) adjusted fatal Q5vs. Q1 score (1' 02 hypertension, menopausal status,
2000b) NHS angina or %M 0 score) Events Medical records/ 1 68)1 physical activity, parental CHD,

heart attack autopsy ' protein intake, smoking,
supplements, Vit E
*14087 Age, alcohol, aspirin, BMI,

(Levitan et al Sweden, 45-79 M carbohydrate intake, cereal fibre,

2007) Cohor't, Cancer free, (1324) 5y(0) FFQ (96) Gl Fatal (82.9)vs. (73)  units/d 0.99 0.93 smoking, education, energy

of Swedish No CHD, No %M /48850 ¥ Events Registry data : ! (0.84, ' intake, family history of HTN,

Men T2DM 100 gistry 1.17) family history of MlI, marital
status, physical activity, PUFA, SFA

*%

13919 The 64-84 Fatal + Cgronary heart Age, alcohol, BMI, carbohy(.jrate
(Van Dam et Netherlands 10 Dietar Gl (Ener Non- disease death, 1.11 intake, energy intake, physical
al., 2000) ! (94) /646 ¥ ) v A gy Nonfatal Ml (85) vs. (77) (0.66, 0.7 activity, PUFA, prescribed diet,
Zutoh No CHD, No %M (0.15) history adjusted) fatal A tained usi 1.87) turated fatty acid intak

utphen T2DM 100 Events scertained using . saturated fatty acid intake,

Elderly Study

multiple methods

smoking
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*This result was used in the meta-analysis of Gl and CHD events/ **This result was used in the meta-analysis of Gl and CHD events plus any CVD event
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Stroke events and glycaemic index

Summary of cohort results

Data were extracted from three studies: the Cohort of Swedish Men (Levitan et al., 2007), the Blue
Mountains Eye Study (Kaushik et al., 2009) and the NHS (Oh et al., 2005). These studies provided
evidence concerning the association between the glycaemic index of the diet and fatal and non-
fatal stroke including any stroke, ischaemic and haemorrhagic stroke. The Blue Mountains Eye
Study (Kaushik et al., 2009) showed a significantly increased risk (91%) for any stroke when
comparing a high Gl diet to a low Gl diet. All other relative risk scores were closer to 1 and non-
significant with no significant p values for trend reported.

Exposure definition and assessment

The three studies all used FFQs to assess the glycaemic index of the diet. The FFQs used had 96
(Levitan et al., 2007), 116 (Oh et al., 2005) and 145 (Kaushik et al., 2009) items.

Adjustment for appropriate confounders

The Cohort of Swedish Men (Levitan et al., 2007) adjusted for a number of appropriate covariates
including age, BMI and smoking. The other two studies adjusted for these factors and a number of
other health-related variables.

Please interpret observational data with caution: With observational studies there is substantial
potential for biases.
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Table 1.62 Stroke events and glycaemic index: cohort studies in adults

Country, A .
Result ID/ e:::icli.r rafee (Cases)/ Follow Diet Fatal / Outcome/ Sub- AT
Reference/ . w 8 Up (% Assess- Exposure Non-fatal Assessment group Units RR (CI) p trend Adjustments
Inclusion (mean) Total " ] (mean)
Cohort Name . loss) ment Events Details Detail
criteria %Male
13352 Rest of grou
(Kaushik et Australia, 49- Gl and group Age, BMI, DBP, education,Ml,
. . . Stroke, any vs. Lowest Gl
al., 2009) Primarily (65) (95) cereal fibre  Fatal K stroke, DM, self-rated health
. 13y FFQ (145) . tertile and 1.83(0.83, 4.02) .
Blue White, Age /3654 composite Events . . status, gender, smoking, SBP,
. Registry data highest cereal . -
Mountains >49y %M 44 score fibre hypertension medication
Eye Study
Stroke, any
Gl (Energy  Fatal (60.6) vs. Units ~ 1.91(1.01,3.47) 004  Asabove
adjusted) Events . (52.4)
Registry data
14088 Age, alcohol, aspirin, BMI,

. Sweden, 45-79 carbohydrate intake, cereal fibre,
(Levitan et al., Cancer free (692) Fatal stroke, smoking, education, SFA energy
2?(5)7) jo:ort No CHD, No %M /48850 5y (0) FFQ (96) Gl Events :ch‘aimlg t (82.9) vs. (73)  units/d  1.09 (0.85, 1.38) 0.67 intake, family history of HTN,
of Swedis T2DM 100 €gistry data family history of MI, PUFA, marital
Men status, physical activity,

Age, BMI, cereal fibre, smoking,
1 ki
5 4258)50 itm e (82.9)vs.(73) units/d 1.19(0.77,1.83)  0.49  education, energy intake, family
aemorrhagic history of HTN, PA
Age, alcohol, aspirin, BMI, energy
USA Stroke, any intake, energy from cereal fibre,
o N family history of DM, family
13440 Primarily 30-55 (1020) Fatal + Ascertained history of hypertriglycerideaemia
(Ohetal, White, No 18y FFQ (116) Gl Non-fatal ' (80.3)vs. (68) Units  0.98(0.8,1.2) 0.98 ory Of hypertrigyceride '
) NH HD. N %M /121700 E using family history of HTN, family
005) NHS CHD, No oM 0 vents multiple history of MI, menopausal status,
T2DM methods physical activity, smoking, Vit
intake postmenopausal HRT,
NHS 13501 (528) BMI <25 Q5vs. Ql 0.9 (0.67, 1.18) 0.37 As above
13502
NHS (492) BMI >25 Q5vs. Ql 1.12 (0.83, 1.52) 0.26 As above
(279) stroke, (80.3)vs.(68) Units  1.06(0.73,1.53)  0.87 As above
haemorrhagic
(178) BMI <25 Q5vs.Ql 0.98 (0.64, 1.51) 0.87 As above
(101) BMI >25 Q5vs.Ql 1.27 (0.62, 2.6) 0.54 As above
(515) stroke, (80.3)vs.(68) Units  1.05(0.78,1.4)  0.62  Asabove
ischaemic
13503
NHS (259) BMI <25 Q5vs.Ql 0.84 (0.56, 1.26) 0.42 As above
13504
NHS (256) BMI >25 Q5vs. Ql 1.39(0.91, 2.12) 0.09 As above

*This result was used in the meta-analysis of glycaemic index and stroke events
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**This result was used in the meta-analysis of glycaemic index and stroke events plus any CVD event
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Summary of glycaemic index and CVD

Meta-analysis: Glycaemic index and incident CVD events

Data were extracted from 6 publications presenting results from 5 cohort studies, namely EPIC-
Potsdam Utrecht, the NHS, the Cohort of Swedish Men, the Blue Mountains Eye Study and the
Zutphen Elderly Study (Beulens et al., 2007;Levitan et al., 2007;0h et al., 2005;Kaushik et al.,
2009;Liu et al., 2000b;Van Dam et al., 2000). Of these, 1 publication (Liu et al., 2000b) was an
early analysis of data presented more fully in a later publication (Oh et al., 2005). All remaining
publications contributed information to the dose-response meta-analysis.

For one paper (Kaushik et al., 2009), the CHD and stroke events were first combined before they
could be included in the analysis of any CVD. For Beulens et al. (Beulens et al., 2007), the quartile
mean score of glycaemic load divided by the total carbohydrates in grams, was used as an
estimate of the mean glycaemic index in each category.

Combining all studies reporting any CVD outcome in one meta-analysis, the pooled estimate of
relative risk from the cohort studies was 1.02 (95% CI: 0.99 to 1.06) per 2 units of glycaemic index
(p=0.07).

Relative risks are presented for every 2 Gl unit increment (equivalent to approximately one
standard deviation) in glycaemic index. The approximate mean UK population dietary Gl value is
55 Gl units. These figures are based on published UK and European data from the EPIC study
(van Bakel et al., 2009).
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Figure 1.19 Forest plot for glycaemic index and total CVD events

Study

Van Dam RM, et al., 2000 -

Oh K, et al., 2005 =

Beulens JW, et al., 2007 —l—
Levitan EB, et al., 2007 ——

Kaushik S, et al., 2009 —

Pooled estimate <<>

Estimated

RR (95% CI)

1.03 (0.90, 1.17)
1.00 (0.97, 1.03)
1.10 (1.02, 1.20)
1.01 (0.97, 1.06)
1.06 (0.97, 1.16)
1.02 (0.99, 1.06)

.8 1 1.2
RR per 2 units of glycaemic index

Pooled estimate includes all results with any adjustment for confounding.

14

Note: Increment =1 SD so estimates are comparable across exposures. This is regardless of any skewness. Axis on log scale.

There was little heterogeneity between the cohort studies (1°=34%, 95% Cl: 0% to 75%, Q=6.1,
df=4, p=0.2). There were sufficient studies to further explore the sources of heterogeneity by

subgroup analysis and meta-regression for all CVD outcomes combined, but not for CHD or stroke

(see table below). Estimates were largely consistent across subgroups. No one study had a
dominant influence on the pooled estimate from the random effects analysis.
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Table 1.63 Subgroup analyses of glycaemic index and incidence of any CVD. Relative risks are per 2 Gl units.

Subgroup subgroup RR (95% CI) i n Phet * Phet **
subjects' gender Male 1.02 (0.98, 1.06) 0% 2 .8 9

Mixed 1.06 (0.97, 1.16) 1

Female 1.04 (0.94, 1.15) 80% 2 .03
standard used to derive Gl values glucose 1.08 (1.02, 1.15) 0% 2

white bread 1.00 (0.98, 1.03) 0% 3 .8

not stated 0 A
median glycaemic index <=60 1.08 (1.02, 1.15) 0% 2 5 A

>60 1.00 (0.98, 1.03) 0% 3
includes non-fatal events yes 1.02 (0.98, 1.06) 0% 2 4

no 1.04 (0.97, 1.11) 60% 3 .08 1
length of follow-up <l0years 1.05(0.97,1.14) 68% 2 .07

>=10 years 1.01 (0.98, 1.04) 0% 3 4 6
geographic location Americas 1.00 (0.97, 1.03) 1

EU 1.04 (0.99, 1.10) 37% 3 2

Other 1.06 (0.97, 1.16) 1 9
adjusted for age yes 1.02 (0.99, 1.06) 3% 5 2

no 0
adjusted for alcohol yes 1.02 (0.98, 1.06) 0% 4 2

no 1.06 (0.97, 1.16) 1 5
adjusted for anthropometry yes 1.02 (0.99, 1.06) 34% 5 2

no 0
adjusted for energy intake yes 1.02 (0.99, 1.06) 34% 5 2

no 0
adjusted for family history yes 1.00 (0.98, 1.03) 0% 2 .6

no 1.07 (1.02, 1.13) 0% 3 1
adjusted for physical activity yes 1.02 (0.98, 1.06) 40% 4 2

no 1.06 (0.97, 1.16) 1 5
adjusted for gender yes 1.02 (0.99, 1.06) 3% 5 2

no 0
adjusted for smoking yes 1.02 (0.99, 1.06) 3% 5 2

no 0
adjusted for age & smoking yes 1.02 (0.99, 1.06) 3% 5 2

no 0

* P for heterogeneity within each subgroup

** P for heterogeneity between each subgroup

funnel plots.

There were too few studies to explore any small study effects (such as publication bias) using
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There was no evidence of any association between glycaemic index and CHD, with RR=1.02 per 2
units of glycaemic index for CHD (95% CI: 0.96 to 1.08), but heterogeneity did not improve by
stratifying on outcome (1>=53%). Levitan et al had a strong influence on the CHD outcome, but
only presented results for Ml (Levitan et al., 2007). This may be one possible source of the
heterogeneity within the CHD analysis.

Figure 1.20 Forest plot for glycaemic index and CHD events

Study Estimated

ID RR (95% CI)
Van Dam RM, et al., 2000 l 1.03(0.90, 1.17)
Beulens JW, et al., 2007 i—l— 1.10 (1.02, 1.20)
Levitan EB, et al., 2007 + 1.00 (0.97, 1.03)
Kaushik S, et al., 2009 —I——i— 0.95 (0.85, 1.05)

Pooled estimate <:> 1.02 (0.96, 1.08)

T T T
8 1 1.2 1.4
RR per 2 units of glycaemic index
Pooled estimate includes all results with any adjustment for confounding.
Note: Increment =1 SD so estimates are comparable across exposures. This is regardless of any skewness. Axis on log scale.
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There was no evidence of any association with stroke, (RR=1.01 per 2 Gl units, 95% CI: 0.98 to
1.05, 1°=46%).

Figure 1.21 Forest plot for glycaemic index and stroke events

Study Estimated
ID RR (95% CI)
Oh K, et al., 2005 1.00 (0.97, 1.03)

Levitan EB, et al., 2007 1.01 (0.98, 1.05)

Kaushik S, et al., 2009 o 1.15(1.00, 1.34)

Pooled estimate 1.01 (0.98, 1.05)

T T T
8 1 1.2 1.4
RR per 2 units of glycaemic index
Pooled estimate includes all results with any adjustment for confounding.
Note: Increment =1 SD so estimates are comparable across exposures. This is regardless of any skewness. Axis on log scale.

There were insufficient studies to explore these disease-specific analyses further.
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Glycaemic load and CVD

The glycaemic load (GL) is the product of a specific food’s Gl and its carbohydrate content (Liu et
al., 2000b), therefore taking into account both the quality and quantity of carbohydrate consumed.
This may be interpreted as a measure of diet-induced insulin demand (Stevens et al., 2002).

Total CVD and glycaemic load

Summary of cohort results

One Swedish cohort study provided data on the association between total CVD and glycaemic
load (Levitan et al., 2007). In the Cohort of Swedish Men study, dietary GL was not associated
with cardiovascular mortality.

Dietary GL was estimated from a 96-item FFQ administered once at study baseline and the result
was appropriately adjusted.

Please interpret observational data with caution: With observational studies there is substantial
potential for biases.

Table 1.64 Total CVD and glycaemic load: cohort study in adults

Result ID/ Country, Age Fatal / Outcome/

Reference/ ethnicity, range (Cases)/ Assessment/ Non- Assessment Contrast RR (Cl) p
Cohort Inclusion (mean) Total Exposure fatal Details (mean) trend
Name criteria %Male Events

Follow
Up (%
loss)

Adjustments

Age, alcohol,
aspirin, BMI,
carbohydrate
intake,
cereal fibre,
smoking,
*14112 education,

Sweden
(Levitan et ! 45-79 Total CVD energy
al,, 2007) Cancer (250) vs. 1.13 intake,

(785) 96-item FFQ Fatal
Cohort of free, No %M /48850 >y (0) GL Events Registry data (18.0) (081, 0.39 family
) CHD, No units/day  1.56) )
Swedish history of

100
Men T2DM HTN, family

history of Ml,
marital
status,
physical
activity,
PUFA, SFA

*This result was used in the meta-analysis of glycaemic load and any CVD event
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Coronary events and glycaemic load

Summary of cohort results

Data were extracted from four papers presenting results from three cohort studies: the Cohort of
Swedish Men (Levitan et al., 2007), Prospect-EPIC Utrecht study (Beulens et al., 2007) and two
references from the NHS, one with a follow up of 10 years (Liu et al., 2000b) and one of 20 years
(Halton et al., 2006). These studies provided evidence concerning the association between
glycaemic load and fatal and non-fatal coronary events including myocardial infarction, unspecified
coronary heart disease events and coronary heart disease death. Glycaemic load was either
reported simply as glycaemic load or energy adjusted glycaemic load. All results from the
Prospect-EPIC Utrecht study (Beulens et al., 2007) and the NHS (Liu et al., 2000b;Halton et al.,
2006) show an increase risk of coronary heart disease events with increasing glycaemic load, with
four out of six results showing a significantly increased risk of between 47% (Beulens et al., 2007)
and 98% (Liu et al., 2000b). Additionally, all four of these results have a significant p for trend. The
two remaining results from these studies showing non-significant increased risks are in subgroups
of people with a healthy BMI (Liu et al., 2000b;Beulens et al., 2007). The Cohort of Swedish Men
(Levitan et al., 2007) showed no association between glycaemic load and fatal myocardial
infarction.

Exposure definition and assessment

All studies used FFQs to assess the glycaemic load of the diet with 96 (Levitan et al., 2007), 122
(Halton et al., 2006), 126 (Liu et al., 2000b) and 178 (Beulens et al., 2007) items.

Adjustment for appropriate confounders

All four references adjust for an appropriate range of covariates including age, BMI and smoking.

Please interpret observational data with caution: With observational studies there is substantial
potential for biases.
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Table 1.65 Coronary events and glycaemic load: cohort studies in adults

Country, Age ,
Result ID/ .. Follow Diet Fatal /
Reference/ ethn|c.|ty, range (e Up (% Assess- Exposure Non-fatal I . Subgro-up Contrast Units RR (CI) P trend Adjustments
Inclusion (mean) Total Assessment Details Detail (mean)
Cohort Name . loss) ment Events
criteria %Male
Age, alcohol, BMI,
**13467 The smoking, physical activity,
(Beulens et 49-70 Fatal + CHD events hypercholesterolaemia,
al., 2007) Netherlands, (556) /17357 Y FFQ(178)  GL Non-fatal (121.8) score  147(1.04, 0.03 hypertension,
No CHD, No (10) ) vs. (78.5) 2.09)
Prospect-EPIC %M 0 Events Registry data menopausal status,
T2DM . R
Utrecht nutrient intake, oral
contraceptive pill, SBP
(Subgroup
13487
Prospect-EPIC cases not BMI <25 (121.8) score 1.14 (0.67, 0.43 As above
Utrecht reported;) vs. (78.5) 1.93)
/17357
(Subgroup
13489
Prospect-EPIC cases not BMI >25 (121.8) score 178 (111, 0.04 As above
Utrecht reported;) vs. (78.5) 2.85)
/17357
Coronary heart Age, aIc.ohoI, aspmn, BMI,
USA, disease death cereal fibre, fat intake,
17565  Primarily 30-55 (1994) Fatal + Nonfatal Ml ! Q10 vs 1.9 (1.15, HRT, hypercholesterol-
(Haltonetal.,  White, No /82802 20y FFQ (122) GL Non-fatal al : units 3.15) 0.003 aemia, hypertension,
2006) NHS T2DM, No %M 0 Events . . parental CHD, physical
Ascertained using . L
CVD . activity, protein intake,
multiple methods .
smoking, supplements
Age, alcohol, aspirin, BMI,
14102 carboh\(drate |nta!<e,

(Levitan et al Sweden, 45-79 M cereal fibre, smoking,

" Cancer free, (1324) Fatal (250) vs. . 1.04 (0.8, education, energy intake,
i?gzv)egi‘: :‘m NoCHD,No %M /48850 Sv(0) FFa(se) Gl Events fesistry data (180) units/d 3 34) 0.65 family history of HTN,
T2DM 100 gistry family history of Ml,

Men . ’
marital status, physical
activity, PUFA, SFA
Age, alcohol, aspirin, BMI,
energy intake, fat intake,
Fibre, folate,

USA, Fatal CHD + Non-fatal Hypercholesterol-aemia
*14629 NoT2DM, 38-63 0 GL(Energy  Fatal+ M (206) vs 18 (141 hypertension '

(Liu et al., Without (761) /75521 (2)y FFQ(126)  adjusted Non-fatal w7 sore 0.0001 my:no e tatus

2000b) NHS angina or %M 0 score) Events Medical records/ ' P !

heart attack

autopsy

physical activity, parental
CHD, protein intake,
smoking, supplements,
Vit E
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Country, Age

Result ID, Foll Di Fatal
iy ethnicity, range (Cases)/ oflow et il Outcome/ Subgroup  Contrast 5
Reference/ . Up (% Assess- Exposure Non-fatal " . Units
Inclusion (mean) Total Assessment Details Detail (mean)
Cohort Name . loss) ment Events
criteria %Male
Fatal + CHD events
Non-fatal Medical records/ BMI <23 Q3vs.Ql Score
Events
autopsy

RR (Cl)

1.11 (0.74,
1.66)

P trend

Adjustments

Age, alcohol, aspirin, BMI,
energy intake, Fibre,
folate,
hypercholesterolaemia,
hypertension,
menopausal status,
physical activity, parental
CHD, protein intake,
smoking, supplements,
Vit E

*This result was used in the meta-analysis of glycaemic load and any CHD events

**This result was used in the meta-analysis of glycaemic load and any CHD event plus any CVD event
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Stroke events and glycaemic load

Summary of cohort results

Data were extracted from two studies: the Cohort of Swedish Men (Levitan et al., 2007) and the
NHS (Oh et al., 2005). These studies provided evidence concerning the association between
glycaemic load and fatal and non-fatal stroke including any stroke, ischaemic and haemorrhagic
stroke. The Cohort of Swedish Men (Levitan et al., 2007) showed no association between
glycaemic load and fatal haemorrhagic or ischaemic stroke. The NHS (Oh et al., 2005) showed a
61% increased risk of any stroke when high glycaemic load was compared to low glycaemic load
in participants with a BMI greater than 25kg/m?. There was also a significant p for trend for this
association. This association was not seen in the subgroup of participants with a BMI below 25.
Additionally there was no significant association between glycaemic load and any, haemorrhagic
or ischaemic stroke when the whole cohort was analysed or with haemorrhagic and ischaemic
stroke in the BMI<25 and BMI>25 subgroups.

Exposure definition and assessment

Both studies used FFQs to assess the glycaemic load of the diet with 96 (Levitan et al., 2007) and
116 (Oh et al., 2005) items.

Adjustment for appropriate confounders

The Cohort of Swedish Men (Levitan et al., 2007) adjusted for a number of appropriate factors
including age, BMI and smoking. The NHS (Oh et al., 2005) adjusted for these covariates and a
number of other health-related variables.

Please interpret observational data with caution: With observational studies there is substantial
potential for biases.
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Table 1.66 Stroke events and glycaemic load: cohort studies in adults

Resin) (e::,:r::r ¥ r:r? ee (Cases)/ szl 2155 Fatal / Outcome/ Subgrou Contrast
Reference/ . w 8 Up (% Assess- Exposure  Non-fatal Assessment 8 . P Units RR (CI) p trend Adjustments
Inclusion  (mean) Total . Detail (mean)
Cohort Name . loss) ment Events Details
criteria %Male
(Levitan i‘::zlj:lll 2‘;"::;”' 45-79 Stroke,
N (165) Fatal haemorrhagic (250) vs. . 1.44 (0.91, Age, BMI, cereal fibre, smoking, education,
i?gj\)egiz:m fcrsg Tf; %M /48850 >y FFQ(%6) 6L Events (180) units 5 27) 0.087  onergy intake, family history of HTN, PA
Men T2DM 100 Registry data
Stroke Age, alcohol, aspirin, BMI, carbohydrate intake,
X - cereal fibre, smoking, education, energy intake,
(692) ischaemic (250) vs. units 1.05(0.74, 0.76 family history of HTN, family history of Ml,
/48850 (180) 1.49) . . L
Registry data marital status, physical activity, PUFA,
gIstry saturated fatty acid intake
USA Age, alcohol, aspirin, BMI, energy intake,
N energy from cereal fibre, family history of DM,
*13443  Primaril 30-55 Fatal + Stroke, an I : ! ] .
(Oh etal White v (1020) 18y FFQ(116)  GL Non-fatal Multiple v (166.8) Units 1.23(0.98, 0.08 family history of hypertriglycerideaemia, family
- ! /121700 vs. (96.4) 1.53) ’ history of HTN, family history of M,
2005) NHS No CHD %M 0 Events methods
No T2Dl,\/l menopausal status, physical activity, smoking,
postmenopausal HRT, Vit intake
(528) BMI <25 Q5vs. Ql i.g:)(OJG, 0.93 As above
(492) BMI>25  Q5vs.Ql ;.(23;)(1.15, 0.01 As above
Stroke,
haemorrhagic As above
Ascertained (166.8) . 1.23(0.81,
(279) using vs.(96.4) UM 1gg) 0.31
multiple
methods
(178) BMI <25 Q5vs. Q1 121)(064’ 0.81 As above
(101) BMI>25 Q5 vs. Q1 ;.52)(0.81, 013 Asabove
Stroke,
ischaemic As above
Ascertained (166.8) . 1.23(0.98,
(515) using vs. (96.4) UM 153 087
multiple
methods
(259) BMI <25 Q5vs. Q1 222)(057’ 0.42 As above
(256) BMI>25  Q5vs.Ql ;'22)(0'96’ 0.11 As above

*This result was used in the meta-analysis of glycaemic load and any CVD event
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Summary of glycaemic load and CVD

Meta analysis: Glycaemic load and incident CVD events

Data were extracted from 5 publications presenting results from 3 cohort studies conducted in the
USA, Sweden and the Netherlands (Beulens et al., 2007;Levitan et al., 2007;Halton et al.,
2006;0h et al., 2005;Liu et al., 2000b). Of these, one publication from the NHS (Liu et al., 2000b)
was an early analysis (10 year follow-up) of data presented more fully in a later publication (18
year follow-up) (Oh et al., 2005). Another publication from the NHS was a later analysis of data
presented in that publication (20 year follow-up), but did not include enough detail for inclusion in
dose-response meta-analysis (Halton et al., 2006), so the middle publication (18 year follow-up)
was used (Oh et al., 2005). All remaining publications, those from the NHS (Oh et al., 2005),
Prospect-EPIC Utrecht (Beulens et al., 2007) and the Cohort of Swedish Men (Levitan et al.,
2007), contributed information to the dose-response meta-analysis.

Combining all studies reporting any CVD outcomes in one meta-analysis, the pooled estimate of
relative risk from the cohort studies was 1.06 (95% CI: 1.01 to 1.12) per 20 units of GL (p=0.03).

Relative risks are presented for every 20 GL unit increase, equivalent to approximately one
standard deviation, in glycaemic load. The approximate population mean GL is 120 units. These
figures are based on published UK and European data from the EPIC study (van Bakel et al.,
2009).

Figure 1.22 Forest plot for glycaemic load and total CVD events
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Study Estimated

ID RR (95% Cl)

Oh K, etal.,, 2005 —— 1.05 (0.99, 1.11)

Beulens JW, et al., 2007 1 L 1.18 (1.01, 1.38)

Levitan EB, et al., 2007 L] 1.04 (0.95, 1.14)

Pooled estimate <> 1.06 (1.01, 1.12)
T

T T T T
9 1 11 1.2 13 1.4
RR per 20 units of glycaemic load

Pooled estimate includes all results with any adjustment for confounding.
Note: Increment =1 SD so estimates are comparable across exposures. This is regardless of any skewness. Axis on log scale.

There was little heterogeneity between the cohort studies (1°=11%, 95% Cl: 0% to 91%, Q=2.2,
df=2, p=0.3). There were too few studies to explore sources of heterogeneity using subgroup
analysis or meta-regression or to explore any small study effects such as publication bias.

Including CHD and stroke separately, one publication that was excluded earlier to avoid
duplication could be included for CHD (Liu et al., 2000b). The pooled estimate of relative risk for
CHD from the cohort studies is not presented though, because the substantial heterogeneity
makes it unreliable (1°=80%, 95% CI: 36% to 94%)).

Figure 1.23 Forest plot for glycaemic load and CHD events
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Study Estimated

ID RR (95% CI)

Liu S, et al., 2000 —a 1.18 (1.10, 1.27)
Beulens JW, et al., 2007 & 1.18 (1.01, 1.38)
Levitan EB, et al., 2007 —— 1.01 (0.95, 1.09)

T T T T T
11 1.2 13 14

.9 1
RR per 20 units of glycaemic load

No pooled estimates are provided because of large heterogeneity.
Note: Increment =1 SD so estimates are comparable across exposures. This is regardless of any skewness. Axis on log scale.

There were insufficient studies of CHD to investigate the potential sources of this heterogeneity
using subgroup analysis or meta-regression. However, Levitan et al. had a strong influence on the
CHD outcome, but only presented results for Ml (Levitan et al., 2007). This may be one possible
source of the heterogeneity within the CHD analysis.
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Pooled estimate plots for CVD

The following section includes all the calculated pooled risk estimates from previous sections.
These have been plotted together to give an over-arching picture of the relationship of various
carbohydrate exposures for any or total CVD, coronary events and stroke events. Please refer
back to previous sections for further detail on each point estimate to aid interpretation of these
pooled results. Please also refer back to the methods for justification of the size of increments
used, approximating one standard deviation for each exposure, so the point estimates for each
exposure are on comparable scales.
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Pooled estimates for any CVD event

Range of intakes

Exposure RR (95% CI) Increment studies intake in UK in meta-analysis *

% energy from CHO 1.00 (0.89, per 8% energy from CHO 33to 53 %
wholegrains 0.95 (0.92, per 0.5 servings/day 0.5 servings/day 0.0 to 4.1 servings/day
beans & legumes 0.96 (0.90, per 0.25 servings/day 0.25 servings/day 0.1 to 0.9 servings/day
refined grains 1.00 (0.98, per 0.5 servings/day 0.5 servings/day 0.1 to 5.0 servings/day
glycaemic index 1.02 (0.99, per 2 Gl units 55 Gl units/day 48 to 85 units

glycaemic load 1.06 (1.01, per 20 GL units 120 GL units 80 to 250 units

1.1 1.2
RR per =1 SD of dietary exposure

Note: Increments are chosen to approximate 1 standard deviation so that estimates are comparable across exposures. Axis on log scale.
* The reported range of intakes included in meta-analyses is taken to be from the lowest category mean or midpoint up to the highest.
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Pooled estimates for coronary events
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Exposure

fibre

soluble fibre

insoluble fibre

fibre in cereals

fibre in fruit

fibre in vegetables

high fibre breakfast cereals

wholegrains

glycaemic index

RR (95% Cl)

0.89 (0.84, 0.95)

0.86 (0.71, 1.05)

0.84 (0.77, 0.92)

0.82(0.73, 0.91)

0.98 (0.92, 1.04)

0.97 (0.91, 1.03)

0.87 (0.80, 0.94)

0.95 (0.93, 0.97)

1.02 (0.96, 1.08)

Increment

per 7 g/day

per 4 g/day

per 7 g/day

per 7 g/day

per 4 g/day

per 4 g/day

per 0.5 servings/day

per 0.5 servings/day

per 2 Gl units

No. of

studies

Mean

intake in UK

19 g/day

4 g/day

15 g/day

12 g/day

2 g/day

4 g/day

0.5 servings/day

0.5 servings/day

55 Gl units

Range of intakes

in meta-analysis *

4 to 51 g/day

3.7 to 8.6 g/day

10 to 28 g/day

1 to 26 g/day

1 to 11 g/day

2 to 14 g/day

0.0 to 1.3 servings/day

0.1 to 4.1 servings/day

48 to 85 units

Note: Increments are chosen to approximate 1 standard deviation so that estimates are comparable across exposures. Axis on log scale.

g

.8

—_——
——
—_——
—
—_—
—_—
-
I I

.9

1
RR pe

14 1.2
D of dietary exposure

r=18S

*The reported range of intakes included in meta-analyses is taken to be from the lowest category mean or midpoint up to the highest.
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Pooled estimates for stroke events
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Range of intakes

Exposure RR (95% CI) Increment i studies intake in UK in meta-analysis *

0.95 (0.89, 1.01) per 7 g/day 19 g/day 10 to 36 g/day

wholegrains 0.96 (0.93, 0.99) per 0.5 servings/day 0.5 servings/day 0.0 to 4.1 servings/day

glycaemic index 1.01 (0.98, 1.05) per 2 Gl units 55 Gl units 52 to 83 units

| [
1.4 42
RR per =1 SD of dietary exposure

Note: Increments are chosen to approximate 1 standard deviation so that estimates are comparable across exposures. Axis on log scale.
* The reported range of intakes included in meta-analyses is taken to be from the lowest category mean or midpoint up to the highest.
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