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Abstract

No study has yet investigated the intake of different types of whole grain (WG) in relation to all-cause and cause-specific mortality in a healthy
population. The aim of the present study was to investigate the intake of WG products and WG types in relation to all-cause and cause-specific
mortality in a large Scandinavian HELGA cohort that, in 1992-8, included 120010 cohort members aged 30—64 years from the Norwegian
Women and Cancer Study, the Northern Sweden Health and Disease Study, and the Danish Diet Cancer and Health Study. Participants
filled in a FFQ from which data on the intake of WG products were extracted. The estimation of daily intake of WG cereal types was based
on country-specific products and recipes. Mortality rate ratios (MRR) and 95% CI were estimated using the Cox proportional hazards
model. A total of 3658 women and 4181 men died during the follow-up (end of follow-up was 15 April 2008 in the Danish sub-cohort, 15 Decem-
ber 2009 in the Norwegian sub-cohort and 15 February 2009 in the Swedish sub-cohort). In the analyses of continuous WG variables, we found
lower all-cause mortality with higher intake of total WG products (women: MRR 0-89 (95 % CI 0-86, 0:91); men: MRR 0-89 (95 % CI 0-86, 0-91) fora
doubling of intake). In particular, intake of breakfast cereals and non-white bread was associated with lower mortality. We also found lower all-
cause mortality with total intake of different WG types (women: MRR 0-88 (95 % CI 0-86, 0-92); men: MRR 0-88 (95 % CI 0-86, 0-91) for a doubling
ofintake). In particular, WG oat, rye and wheat were associated with lower mortality. The associations were found in both women and men and
for different causes of deaths. In the analyses of quartiles of WG intake in relation to all-cause mortality, we found lower mortality in the highest
quartile compared with the lowest for breakfast cereals, non-white bread, total WG products, oat, rye (only men), wheat and total WG types.
The MRR for highest v. lowest quartile of intake of total WG products was 0-68 (95 % CI 062, 075, Pyend over quartitles < 0:0001) for women and
075 (95% CIL 068, 0-81, Pyrend over quartles < 0-0001) for men. The MRR for highest v. lowest quartile of intake of total WG types was 0-74 (95 % CI
067, 0-81, Pyrendoverquarites < 0-0001) for women and 0-75 (95% CI 0:68, 0-82, Pyrend over quartitles < 0-0001) for men. Despite lower statistical
power, the analyses of cause-specific mortality according to quartiles of WG intake supported these results. In conclusion, higher intake of
WG products and WG types was associated with lower mortality among participants in the HELGA cohort. The study indicates that intake
of WG is an important aspect of diet in preventing early death in Scandinavia.
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It has long been recognised that a fibre-rich diet is beneficial
for health. As early as in the fourth century, the ancient
Greek Physician and the ‘Father of Western Medicine’,
Hippocrates, stated that ‘To the human body it makes a

great difference whether the bread be made of fine flour or
coarse, whether with the bran or without the bran’™. Early
pioneers epidemiology
suggested that fibre-rich and unrefined foods are particularly

within the field of nutritional

Abbreviations: MRR, mortality rate ratio; WG, whole grain.
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healthful and that highly refined foods are the cause of many
chronic diseases in the Western part of the world®~”. Since
then, a number of studies have found a lower mortality with
high intake of dietary fibre, particularly from grain’~® just
as intake of whole grain (WG) and WG products has been
shown to be associated with lower risk of obesity/abdominal
fatness?, type 2 diabetes™?, hypertension™®, cvD? and
colorectal cancer™®. Clinical trials have shown that increasing
the intake of WG lowers body weight'*~”, plasma insulin
and insulin resistance”'*'®72?  plood pressure(zl’ﬂ), in
addition to lipids, total cholesterol and LDL-choles-
terolM1>20  However, in studies with no concomitant effect
on weight or waist circumference, intake of WG did not
affect cardiovascular risk factors®~2®_ An effect on prostate-
specific antigen has also been reported’” indicating the
potential effects on cancer progression as well. Only six
studies (two of the references represent the same study)
have investigated the intake of WG products in relation to
the ultimate end point, mortality®~3>. Except for one
study®” where intake of WG was not the primary focus,
these studies have found beneficial/inverse associations
between intake of WG products and all-cause or cause-
specific mortality. One study(%) has investigated the intake
of quantitative WG, cereal fibre, bran and germ in relation
to all-cause and cause-specific mortality among 7827 US
women with type 2 diabetes and has found lower all-cause
and CVD mortality with higher intake of bran. However,
most of the studies have been carried out in low-intake
populations. To our knowledge, no study has yet investigated
the association between WG types, i.e. WG from different
cereal types in relation to mortality.

In Denmark, Norway and Sweden, WG is defined as whole,
cracked, flaked or milled kernels of rye, oats, wheat, barley,
rice, maize, millet and sorghum, where the bran, germ and
endosperm are present in the same proportions as in the
intact kernel®”. This definition is similar to that established
by the American Association of Cereal Chemist Inter-
national® | except for the inclusion of pseudo-cereals such
as amaranth, buckwheat and quinoa in the American
definition. WG is not only a rich source of dietary fibre, but
also contains a range of vitamins, minerals and phyto-
chemicals present in the outer, nutrient-rich layers®”,

We investigated the intake of different WG products and
WG types in relation to all-cause and cause-specific mortality
in a large combined Scandinavian cohort.

Materials and methods
Study population

The HELGA cohort is a large Scandinavian cohort combining
three prospective studies: the Norwegian Women and
Cancer Study(m), the Visterbotten Intervention Programme
(VIP) cohort(41), and the Danish Diet Cancer and Health
Study“*®. The three cohorts are also part of the European
Prospective Investigation into Cancer and Nutrition study
(EPIO)“ and are described in detail elsewhere 414240

Briefly, participants were all recruited from the general

population in 1992-8, which included 37231 Norwegian
women aged 40-55 vyears; 13294 and 12431 Swedish
women and men aged 30, 40, 50 or 60 years, respectively;
in addition to 29875 and 27178 Danish women and men
aged 50-04 years, respectively. In total, 197, 120 and 174
individuals from Denmark, Norway and Sweden, respectively,
were excluded due to missing data on vital status, WG intake
or potential confounders.

Ethics

The three cohorts were approved by the respective local
ethics committees.

Data collection

At baseline, participants filled in a semi-quantitative, country-
specific and validated FFQ regarding their habitual diet
including WG and alcohol intake“*=9®_ 1n Denmark, the
FFQ contained 173 items, in Norway eighty-eight, and in
Sweden ninety-eight, where the number of items was defined
as the number of foods plus the number of standard mixed
recipes. In addition, they filled in a comprehensive lifestyle
questionnaire covering their lifestyle habits in addition to
information on education and smoking intensity. Anthropo-
measurements carried out by trained
professionals at the study centres in Denmark and Sweden;
in Norway, these measurements were self-reported.

metrical were

Assessment of whole-grain intake

In the present study, WG products were assessed from ques-
tions referring to the intake of breakfast cereals, non-white
bread and crisp bread. WG types refer to subfamilies of the
Gramineae family, i.e. oat (Avena), wheat (Triticum), rye
(Secale) or other grains, which consist of barley (Hordeum),
rice (Oryza) and dried maize (Zea), with rice being the
main contributor. Quantification of the intake of different
types of WG was based on the intake of breakfast cereals,
non-white bread and crisp bread after retrieval of data on
the WG content of the three WG products/items from 24-h
dietary recalls conducted in a random sample of 8716
participants of the HELGA cohort as part of the calibration
study of the EPIC”. For each of the three WG food items,
the WG content was calculated as a weighted mean from
the different more specific foods recorded in the 24-h dietary
recalls. These calculations were done country-specific due to
differences in the products consumed in the three countries.
In Norway and Sweden, the estimation was based on recipes,
ingredient lists and data from WG product manufacturers. In
Denmark, the estimation was based on a report from the
Danish National Food Institute™®. Values were expressed as
the WG content of the unprepared ingredients divided by
the weight of the prepared food as it is eaten. When
comparing the WG intake measured using 24-h dietary recalls
v. FFQ, 68% of the participants had a WG intake in the same
(D quintile”m . In Denmark, two-thirds of WG bread
intake was rye bread, whereas the largest contributor to WG
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bread intake in Norway and Sweden was mixed-grain bread.
In all the three countries, the category crisp bread consisted
mostly of products with a high (75%) WG content, whereas
about 20% was crisp bread with no or a low content of
whole grains. Approximately 80% of breakfast cereals
consisted of muesli, porridge, oatmeal or other WG breakfast
cereals, and the remaining 20% were refined grain products
such as cornflakes™™.

Ascertainment of mortality

Data on vital status was extracted from the National Central
Population Registries and cause of death in the National
Cause of Death Registries using the participants’ personal
identification number given to all citizens in Denmark,
Norway and Sweden. End of follow-up was 15 April 2008 in
the Danish sub-cohort, 15 December 2009 in the Norwegian
sub-cohort and 15 February 2009 in the Swedish sub-cohort.
In the Danish sub-cohort, 2173 women and 3333 men died
during a median follow-up of 11-9 years. In the Norwegian
sub-cohort, 966 women died during a median follow-up of
11-1 years. In the Swedish sub-cohort, 519 women and 848
men died during a median follow-up of 14-2 years.

Concerning cause-specific mortality, 1775 women and
1375 men died from cancer, 298 women and 858 men died
from CHD, 137 women and 143 men died from stroke,
125 women and 111 men died from respiratory disease,
twenty-four women and seventy men died from diabetes,
and 1299 women and 1624 men died from other causes.

Assessment of covariates

Data on alcohol intake (g/d), BMI (kg/m?) and total energy
intake (kJ/d) were retrieved from the FFQ. Data on education
(none, primary, technical/professional, secondary and
longer), smoking intensity (never; former, quit 20+ years;
former, quit 11-20 years; former, quit =10 years; current,
pipe/cigar/occasionally; current, 1-15 cigarettes /d; current,
16-25 cigarettes/d; current, 26+ cigarettes/d, unknown) and
the Cambridge physical activity index®® (a cross-tabulation
of occupational activity and time spent on sports and cycling,
only Denmark and Sweden) were retrieved from the lifestyle
questionnaire.

Statistical analyses

The association between WG intake and sex-specific all-cause
mortality was estimated on the basis of Cox proportional
hazards models with age being the underlying time scale.
Subjects were followed from the age at which they completed
the questionnaires to their age at exit, defined as the age of
death, emigration, loss to follow-up or end of follow-up,
whichever came first. The hazard rate was allowed to
change with time under study and was modelled as a linear
spline with boundaries at 1, 2 and 3 years after entry to the
cohort. Furthermore, the underlying hazard was stratified
according to the study centre to control for differences in
mortality, questionnaire design, follow-up procedures and

diagnosis or screening procedures. Cause-specific mortality
was analysed using a competing risks model.

The WG variables (total WG product intake, different WG
products, total intake of WG types or different WG types)
were included simultaneously in the three models with
different sets of adjusting variables. The basic model included
all variables related to WG products or WG types in addition
to age (time scale) and follow-up time (linear spline with
boundaries at 1, 2 and 3 years after entry). The second
model extended the first model by further including the
potential confounders, education (categorical: none, primary,
technical/professional, secondary, longer and unknown),
smoking intensity (categorical: never; former, quit 20+
years; former, quit 11-20 years; former, quit =10 years;
current, pipe/cigar/occasionally; current, 1-15 cigarettes/d;
current, 16-25 cigarettes/d; current, 26+ cigarettes/d,
unknown), alcohol intake (linear spline with boundary at
15g/d), BMI (linear spline with boundaries at 18-5, 25 and
30kg/m? and total energy intake (continuous). In the third
model, the potentially mediating variables in the causal
pathway between WG and mortality, BMI and total energy
intake were excluded. In order to allow WG to act via
appetite regulation and BMI, the last model was considered
the most appropriate.

The intake of ‘other types of WG’ was very low and was
not related to mortality; therefore, ‘other types of WG’ was
omitted from Tables 3-5, although the analyses are still
adjusted for this variable, and it is still part of the ‘total WG
types’ variable.

The association between WG variables and mortality
seemed to level-off; consequently, a log, transformation was
applied. Estimates from the Cox regression models, therefore,
corresponded to a doubling of the WG intake. Quantitative
variables were included linearly in the Cox model after
linearity had been evaluated by linear spline models®>?.
No deviation from linearity was observed for any of the
variables after transformation. Heterogeneity of the effects of
WG intake on mortality was evaluated among the three
countries, among women and men, as well as among WG
types and WG products; no significant heterogeneity was
found among WG products or types or among countries.
Consequently, the amount of WG consumed could be
added up across WG products, across types of WG and
across countries.

Hazard rate ratios according to quartiles of specific WG
products, specific WG types, total WG product intake and
total intake of WG types were also estimated. To ensure an
equal statistical power in the four quartiles, the definition of
quartiles’ cut-points/boundaries were based on the distri-
bution of intake among individuals who died during the
follow-up; consequently, the number of observations is the
same in the four quartiles. Non-consumers of WG (individuals
with a WG intake of 0g/d) were included as part of the first
quartile. Specific WG products or types were mutually
adjusted and further adjusted for age, follow-up time,
education, smoking intensity and alcohol intake.

A forest plot including sex- and country-specific mortality
rate ratios for the comparison between the highest and the
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lowest quartile of intake of total WG types (adjusted for age,
follow-up time, education, smoking intensity and alcohol
intake) was produced.

A range of sensitivity analyses were conducted to evaluate
the stability of the results in subgroups of individuals (using
the model including the intake of total WG types and all-
cause mortality, adjusted for age, follow-up time, education,
smoking intensity and alcohol intake): (1) the proportional
hazards assumption was evaluated by performing separate
analyses of deaths within three intervals of follow-up time
(boundaries at 1, 2 and 3 years after baseline); (2) a possible
interaction with age was investigated (using baseline age 50
years as cut-point) to examine whether older people may par-
ticularly benefit from intake of WG; (3) a possible interaction
with BMI was investigated to examine whether overweight or
obese individuals may benefit more from intake of WG than
individuals with low or normal weight; (4) stratifications on
physical activity (only Denmark and Sweden) and intake of
fruits and nuts, vegetables, meat and alcohol were conducted
to ensure that subgroups of individuals identified by their
intake of vegetables, fruits and nuts, meat and alcohol
(active/inactive or above/below the median intake) had the
same mortality; (5) since data on physical activity was only
available for Denmark and Sweden, a sensitivity analysis
with adjustment for the Cambridge physical activity index®®
was performed in the Danish and Swedish data; (6) corre-
spondingly, as the availability of data on cardiovascular risk
factors such as hypertension, hyperlipidaemia and waist cir-
cumference as potential confounders was limited in Sweden
and Norway, a sensitivity analysis with further adjustment
for hypertension, hyperlipidaemia and waist circumference
was conducted using the Danish data; (7) to evaluate potential
residual confounding by smoking intensity or any diverging
results between smokers and non-smokers, a sensitivity anal-
ysis was conducted in non-smokers (never smokers and
former smokers); (8) to evaluate potential confounding by
diet, the analyses were also adjusted for a seven-item diet
score that was originally described by Trichopoulou et al.?
and slightly modified for the present study to include the
intake of fruits and nuts, vegetables, fish, meat, milk products,
vegetable fat and alcohol. Each individual was assigned one
point for each food item where she/he had an intake above
the median for foods considered healthy (fruits and nuts, veg-
etables, fish and vegetable fat) and an intake below the
median for foods considered unhealthy (meat, milk products
and alcohoD); finally (9) in the Danish data, we were able to
exclude individuals with a previous diagnosis of CHD,
stroke or angina pectoris, as they may not conform to the
assumption of proportional hazards.

Two-sided 95% CI for the mortality rate ratios (MRR) were
estimated based on Wald’s test of the Cox regression par-
ameter on the log(MRR) scale, and tests of effect modification
were performed using the likelihood ratio test. The SAS
procedure PHREG on Windows platform was used for the
statistical analyses (SAS version 9.3; SAS Institute). Forest
plots (based on the results from the PHREG) were generated
using the SAS procedure TEMPLATE.

Results

Descriptive analyses

The median age at recruitment was 51 years for women and
54 years for men, and the median BMI was 24 and 26kg/
m?, respectively (Table 1). Alcohol intake was 2-4 g/d among
women and 12 g/d among men, and total energy intake was
7-1 and 9-8MJ, respectively. Moreover, 39% of women and
31% of men had never smoked, and among both women
and men, about 10% were current smokers and, in addition,
smoked sixteen or more cigarettes per d. Regarding education,
27 % of women and 33 % of men had no education or primary
school as their highest educational level.

The median intake of breakfast cereals in Swedish
women and men was 29 and 31g/d, respectively, and close
to zero in the Danish and Norwegian cohorts (Table 2,
upper part). Similarly, Swedish women and men had crisp
bread intakes of 34 and 57 g/d, whereas the intakes in the
two other cohorts were very low. In contrast, intake of
non-white bread was low in the Swedish cohort and of a
considerable size in the Danish and Norwegian cohorts (i.e.
103 and 118 g/d among Danish women and men, respectively,
and 100 g/d among Norwegian women).

The median intake of WG oats was 2g/d among both
women and men in the combined HELGA cohort, with

Table 1. Baseline characteristics of cohort participants in the HELGA
study

(Number of participants and percentages; medians and 5th—95th
percentiles)

Women Men
n % n %

Age (years)

Median 51 54

5th—95th percentile 40-63 31-64
BMI (kg/m?)

Median 24 26

5th—95th percentile 20-33 21-33

Alcohol intake (g/d)
Median 24 12
5th—95th percentile 0-32 0-4-69
Energy intake (MJ/d)
Median 71 9-8

5th—95th percentile 4.3-11 5.8—-15
Smoking intensity
Never 31630 39 12404 31
Former, quit 20+ years 6539 8 3978 10
Former, quit 11-20 years 5067 6 3525 9
Former, quit =10 years 7803 10 4281 11
Current, pipe/cigar/occas. 1852 2 5776 15
Current, 1-15 cig/d 15830 20 3845 10
Current 16—25 cig/d 6898 9 3364 9
Current, 26+ cig/d 636 1 900 2
Unknown 3846 5 1344 2
Education
None or primary school 21739 27 13068 33
Technical/professional 29848 37 10806 27
Secondary 17702 22 5675 14
Longer education 10812 14 9868 25

occas., Occasionally; cig, cigarettes.
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95% Cl
0.94, 0-97
0.-95, 0-99
0-96, 1-01
0.-86, 0-91
0-97, 1-00
0.92, 0-97
0-95, 0-98
0.-86, 0-91

MRR$
0-96
0-97
0-99
0-89
0-98
0-95
0-96
0-88

95% ClI
0-94, 0-.97
0.-95, 0-99
0-95, 1-00
0-85, 0-90
0-97, 1-00
0-91, 0-96
0-95, 0-98
0-84, 0-90

0-96
97
87
96

0-
0-98

0-
0-98
0-93

0-

Men (deaths = 4181)
0-87

MRRY

95% Cl
093, 0-96
094, 0.98
0.95, 1-00
083, 0-88
097, 1-00
091,096
093, 0.96
082, 0-87

96
98
95

MRR*
0-95
0-
0-98
0-85
0-
0-94
0-
0-85

95% Cl
0.94, 0.97
0.92, 0-96
0.96, 1-00
0-86, 091
0.96, 0-99
0-93, 0-99
0.92, 0-95
0-86, 0-92

MRR$
0-95
0-94
0-98
0-89
0-98
0-96
0-93
0-88

95% Cl
0-94, 0-97
0-92, 0-96
0-96, 1-00
0-85, 0-91
0-96, 0-99
0-92, 0-98
0-92, 0-94
0-85, 0-91
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MRRt
095
094
098
0-88
098
095
093
0-88

o

Women (deaths = 3658)

95% Cl
0-94, 0-96
0-91, 0-95
0-96, 0-99
0-85, 0-90
0-96, 0-99
0-93, 0-99
0-91, 0-94
0-85, 0-90

95
93
98
98
92

MRR*
0-
0-
0-88
0-
0-96
0-
0-87

0-
quit =10 years; current, pipe/cigar/occasionally; current, 1-15 cigarettes/d; current, 16—25 cigarettes/d; current, 26+ cigarettes/d, unknown), alcohol intake (linear spline with boundary at 15 g/d), BMI (linear spline with bound-

aries at 18-5, 25 and 30 kg/m?) and total energy intake (continuous: kJ/d).
1 Second model/column without adjustment for the potentially mediating variables, BMI and total energy intake.

§ Sum of intake of oat, rye, wheat and other types of whole grain.

Total whole-grain products
Per doubling of whole-grain type intake

Breakfast cereals
Non-white bread

Crisp bread

Oat

Rye

Wheat

Total whole-grain types§

1 First model/column with further adjustment for education (categorical: none, primary, technical/professional, secondary and longer), smoking intensity (categorical: never; former, quit 20 + years; former, quit 11—-20 years; former,

*Whole-grain products and whole-grain types (including ‘other types’ of whole grain) mutually adjusted and adjusted for age (time scale) and follow-up time (linear spline with boundaries at 1, 2 and 3 years after entry).

Table 3. The association between intake of whole grain and all-cause mortality of cohort participants in the HELGA study

(Mortality rate ratios (MRR) and 95 % confidence intervals)

Per doubling of whole-grain product intake

All-cause mortality

Whole grain and mortality 613

association between the intake of crisp bread and cancer
mortality (women: MRR 0-98 (95% CI 0-95, 1:00); men: MRR
0:96 (95% CI 0-93, 1-:00) for a doubling of intake). When
investigating the association between the intake of WG types
and cancer mortality, we found lower mortality for each
doubling of the WG wheat intake among both women and
men (women: MRR 095 (95% CI 093, 0-97); men: MRR
095 (95% CI 0-93, 0-97) for a doubling of intake). The intake
of total WG types was associated with lower cancer mortality
in men (MRR 0-89 (95 % CI 0:84, 0-93) for a doubling of intake).

CHD mortality

A total of 298 women and 858 men died from CHD. In the
cause-specific associations between WG products and CHD
mortality (Table 4), we found lower CHD mortality with
higher intake of breakfast cereals (women: MRR 0-91 (95%
CI 0-86, 0-96); men: MRR 0-96 (95% CI 0-93, 0-99) for a
doubling of intake), total WG products (women: MRR 0-85
(95% CI 0-77, 0-:94); men: MRR 0:92 (95% CI 0-86, 0-99) for
a doubling of intake) and total WG types (women: MRR 0-82
(95% CI 0:74, 0-91); men: MRR 0-90 (95% CI 0-84, 0-96) for
a doubling of intake). Among women, intake of oat and
wheat was associated with a borderline statistically signifi-
cantly lower CHD mortality (WG oat: MRR 095 (95% CI
0-90, 1-00); WG wheat: MRR 0:95 (95 % CI 0-90, 1-00)).

Stroke mortality

A total of 137 women and 143 men died from stroke. When
investigating the cause-specific associations between the
intake of WG products and stroke mortality (Table 4), we
found lower stroke mortality with higher intake of total WG
products (MRR 0-84 (95% CI 0:72, 0-98) for a doubling of
intake) and total WG types (MRR 0-82 (95% CI 0-71, 0-95)
for a doubling of intake) among men.

Respiratory disease mortality

A total of 125 women and 111 men died from respiratory
disease. In the cause-specific associations between respiratory
disease mortality and intake of WG types or WG products
(Table 4), only breakfast cereals, total WG types and WG
wheat was associated with lower mortality from respiratory
disease in women (breakfast cereals: MRR 0-:89 (95% CI
0-82, 0:98); total WG types: MRR 0-84 (95% CI 0-71, 0-99);
WG wheat: MRR 0-88 (95% CI 0-83, 0-94) for a doubling
of intake).

Diabetes mortality

A total of twenty-four women and seventy men died from
diabetes. In the cause-specific associations between diabetes
mortality and intake of WG types or WG products (Table 4),
we found lower diabetes mortality with higher intake of
breakfast cereals (women: MRR 0:79 (95% CI 0:62, 0:99);
men: MRR 0:88 (95% CI 0:78, 0-98) for a doubling of
intake). Among men, higher intake of non-white bread was
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Table 4. The association between intake of whole grain and cause-specific mortality of cohort participants in the HELGA study o
(Mortality rate ratios (MRR) and 95 % confidence intervals) -
MRR* 95% CI MRRY 95% ClI MRR%t 95% CI MRR* 95% CI MRRY 95% CI MRR1 95% CI
Cancer mortality Women (deaths = 1775) Men (deaths = 1375)
Per doubling of whole-grain product intake
Breakfast cereals 0-97 0-95, 0-99 0-97 0-95, 0-99 0.97 0-95, 0-99 0-94 0-92, 0-96 0-95 0-93, 0.97 0-95 0-93, 0-.97
Non-white bread 0-96 0-93, 0-99 0-97 0-93, 1-00 0-97 0-94, 1.00 0-94 0-90, 0-97 0-95 0-92, 0-99 0-96 0-92, 0-99
Crisp bread 0-97 0-95, 1-00 0-98 0-95, 1-00 0-98 0-95, 1-00 0-96 0-92, 1-00 0-96 0-92, 1-00 0-96 0-93, 1-00
Total whole-grain products 0-93 0-89, 0-97 0-94 0-89, 0-99 0-94 0-90, 0-99 0-85 0-80, 0-89 0-88 0-83, 0-93 0-88 0-84, 0-93
Per doubling of whole-grain type intake
Oat 0-98 0-96, 1.00 0-98 0-96, 1-00 0-98 0-96, 1.00 0-98 0-96, 1.01 0-98 0-96, 1-01 0-99 0-96, 1-01
Rye 1-01 0-96, 1.06 1.00 0-95, 1-05 1.01 0-96, 1.06 0-95 0-90, 0-99 0-94 0-90, 0-99 0-96 0-91, 1.00
Wheat 0-94 0-92, 0-96 0-95 0-92, 0-97 0-95 0-93, 0-97 0-93 0-91, 0-95 0-95 0-93, 0-97 0-95 0-93, 0-97
Total whole-grain types§ 0-95 0-90, 1-00 0-97 0-91, 1-02 0-96 0-91, 1-01 0-84 0-80, 0-89 0-88 0-83, 0-93 0-89 0-84, 0-93
CHD mortality Women (deaths = 298) Men (deaths = 858)
Per doubling of whole-grain product intake
Breakfast cereals 0-91 0-86, 0-95 0-91 0-86, 0-96 0-91 0-86, 0-96 0-95 0-93, 0-98 0-96 0-94, 0-99 0-96 0-93, 0-99
Non-white bread 0-93 0-86, 0-99 0-94 0-87, 1-02 0-94 0-88, 1-01 0-99 0-95, 1-03 1.00 0-95, 1-04 1.00 0-96, 1-05
Crisp bread 0-98 0-92, 1.05 0-98 0-92, 1-05 0-99 0-92, 1.05 1.00 0-95, 1.05 0-99 0-94, 1.05 1.02 0.97, 1.07
Total whole-grain products 0-83 0-76, 0-92 0-86 0-77, 0-95 0-85 0-77, 0-94 0-90 0-84, 0-97 0-91 0-84, 0-98 0-92 0-86, 0-99 z
Per doubling of whole-grain type intake -
Oat 0-95 0-90, 1-00 0-95 0-90, 1-01 0-95 0-90, 1-00 0-98 0-95, 1.01 0-98 0-95, 1.02 0-98 0-95, 1.01 ';
Rye 0-91 0-82, 1-01 0-90 0-81, 1-00 0-91 0-82, 1-01 0-97 0-91, 1-03 0-95 0-89, 1-01 0-97 0-91, 1.03 =
Wheat 0-93 0-88, 0-98 0-95 0-90, 1-00 0-95 0-90, 1.00 0-96 0-93, 0-99 0-98 0-95, 1-00 0-98 0-95, 1.01 %
Total whole-grain types§ 0-81 0-73, 0-90 0-82 0-73, 0-92 0-82 0-74, 0-91 0-88 0-82, 0-95 0-88 0-82, 0-95 0-90 0-84, 0-96 =]
o)
Stroke mortality Women (deaths = 137) Men (deaths = 143) Q
Per doubling of whole-grain product intake
Breakfast cereals 0-94 0-87, 1-01 0-93 0-86, 1-07 0-94 0-87, 1-02 0-97 0-91, 1-05 0-98 0-91, 1-05 0-98 0-91, 1-05
Non-white bread 0-94 0-84, 1.05 0-92 0-83, 1-03 0-94 0-85, 1.05 0-97 0-87, 1.08 0-97 0-87, 1-09 0-98 0-88, 1-10
Crisp bread 1.05 0.95, 1-16 1.04 0-94, 114 1.05 0.95, 1-16 0-95 0-84, 1-08 0-95 0-83, 1-08 0-96 0-85, 1-09
Total whole-grain products 0-89 0-76, 1-05 0-85 0-72, 1-01 0-90 0-76, 1-06 0-81 0-70, 0-95 0-80 0-68, 0-94 0-84 0-72, 0-98
Per doubling of whole-grain type intake
Oat 0-93 0-86, 1-01 0-93 0-86, 1-00 0-93 0-86, 1-01 1.02 0-94, 1-10 1.02 0-94, 1-10 1.02 0-94, 1-10
Rye 0-97 0-83, 1-14 0-94 0-80, 1-11 0.97 0-83, 1-14 0-87 0-77, 1.00 0-86 0-75, 0-99 0-88 0-77,1.01
Wheat 1-00 0-91, 1.09 0-99 0-91, 1-08 1.00 0-92, 1.09 0-95 0-88, 1-01 0-96 0-89, 1-03 0-96 0-90, 1-03
Total whole-grain types§ 0-85 0-72, 1-01 0-80 0-67, 0-96 0-86 0-72, 1-01 0-79 0-68, 0-92 0-78 0-67, 0-91 0-82 0-71, 0-95
Respiratory disease mortality Women (deaths = 125) Men (deaths = 111)
Per doubling of whole-grain product intake
Breakfast cereals 0-88 0-81, 0-96 0-89 0-82, 0-97 0-89 0-82, 0-98 0-92 0-84, 1.00 0-92 0-84, 1-00 0-93 0-85, 1-01
Non-white bread 0-89 0.78, 1-01 0-92 0-81, 1-06 0-92 0-80, 1-05 0-98 0-85, 1-12 0-99 0-86, 1-13 1.01 0-88, 1-16
Crisp bread 0-98 0-88, 1-10 1.02 0-92, 1-14 1.00 0-90, 1-11 0-98 0-85, 1-12 1.00 0-87, 1-15 1.00 0-87,1-15
Total whole-grain products 0-80 0-68, 0-94 0-82 0-69, 0-98 0-84 0-71, 0-99 0-82 0-69, 0-98 0-84 0-70, 1-00 0-88 0-74,1-05
Per doubling of whole-grain type intake
Oat 0-96 0-88, 1.05 0-94 0-86, 1-03 0-96 0-87, 1.05 0-92 0-84, 1.01 0-91 0-83, 0-99 0-92 0-84, 1.01
Rye 1.04 0-87, 1.24 1.02 0-86, 1-21 1.05 0-88, 1.24 0-99 0-83, 1-17 0-94 0-80, 1-11 1-00 0-85,1-18
Wheat 0-86 0-80, 0-91 0-89 0-84, 0-95 0-88 0-83, 0-94 0-98 0-91, 1-05 1.01 0-94, 1-09 1.01 0-94, 1-09
Total whole-grain types§ 0-85 0-71, 1.02 0-88 0-72,1-07 0-89 0-74, 1.08 0-82 0-69, 0-98 0-83 0-70, 0-98 0-88 0-74,1.04
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Table 4. Continued

MRR* 95% ClI MRRt 95% Cl MRR% 95% ClI MRR* 95% ClI MRRt 95% CI MRR%t 95% ClI
Diabetes mortality Women (deaths = 24) Men (deaths = 70)
Per doubling of whole-grain product intake
Breakfast cereals 0-78 0-62, 0-99 0-79 0-62, 1-00 0-79 0-62, 0-99 0-87 0.77, 0-97 0-89 0-79, 1-00 0-88 0-78, 0-98
Non-white bread 0-92 0-64, 1.29 0-93 0-65, 1-33 0-95 0-68, 1.34 1.27 1.01, 1-60 1.34 1.05, 1.71 1-30 1.03, 1-64
Crisp bread 0-98 0.77,1-24 0-96 0-76, 1-23 0-98 0.78, 1-23 114 0.97, 1-34 1.19 1.01, 1-40 1.16 0-99, 1-36
Total whole-grain products 0-74 0-53, 1-02 0-77 0-54, 1-09 0-77 0-56, 1-07 116 0-87, 1-54 1.27 0-93, 1-74 1.22 0-92, 1-62
Per doubling of whole-grain type intake
Oat 0-86 0-69, 1.06 0-86 0-69, 1-06 0-85 0-68, 1.05 0-92 0-82, 1.02 0-91 0-82, 1.02 0-92 0-82, 1.03 <
Rye 0-95 0-66, 1-37 0-95 0-66, 1-37 0-97 0-68, 1-38 1-10 0-87, 1-39 1.06 0-84, 1-34 110 0-87, 1-39 3
Wheat 0-87 0-75, 1.01 0-89 0-77,1-03 0-89 0-77, 1.04 1.00 0-91, 1.09 1.02 0-93, 1-12 1.02 0-93, 1.12 3
Total whole-grain types§ 0-72 0-51, 1-03 0-74 0-50, 1-08 0-74 0-52, 1-06 1.04 0-80, 1-37 1-11 0-82, 1-48 1-09 0-83, 1-43 Ué
Other causes of mortality Women (deaths = 1299) Men (deaths = 1624) z
=3
Per doubling of whole-grain product intake %
Breakfast cereals 0-95 0.92, 0-97 0-95 0-93, 0-98 0-95 0-93, 0-98 0-95 0-93, 0.97 0-96 0.94, 0-99 0-96 0-94, 0-98 8
Non-white bread 0-90 0-87, 0-93 0-90 0-87, 0-94 0-91 0-88, 0-94 0-94 0-91, 0-98 0-96 0-93, 0-99 0-96 0-93, 1-00 g
Crisp bread 0-97 0-95, 1-00 0-97 0-95, 1-00 0-98 0-95, 1-01 0-98 0-94, 1-01 0-98 0-94, 1-02 0-99 0-95, 1-02 E
Total whole-grain products 0-82 0-79, 0-86 0-82 0-79, 0-86 0-83 0-80, 0-87 0-83 0-79, 0-87 0-86 0-82, 0-90 0-87 0.-83, 0-91
Per doubling of whole-grain type intake
Oat 0-98 0-96, 1-01 0-98 0-96, 1-01 0-98 0-96, 1-01 0-99 0-96, 1-01 0-99 0-97, 1-01 0-99 0-97, 1-01
Rye 0-91 0-86, 0-95 0-90 0-85, 0-94 0-91 0-87, 0-96 0-91 0-88, 0-95 0-91 0-88, 0-95 0-93 0-90, 0-96
Wheat 0-91 0-89, 0-93 0-91 0-89, 0-94 0-92 0-89, 0-94 0-95 0.93, 0-97 0-97 0.-95, 0-99 0-97 0-95, 0-99
Total whole-grain types§ 0-82 0-78, 0-86 0-82 0-78, 0-87 0-83 0-79, 0-88 0-83 0-79, 0-87 0-87 0-83, 0-91 0-88 0-84, 0-92

*Whole-grain products and whole-grain types (including ‘other types’ of whole grain) mutually adjusted and adjusted for age (time scale) and follow-up time (linear spline with boundaries at 1, 2 and 3 years after entry).

1 First model/column with further adjustment for education (categorical: none, primary, technical/professional, secondary, longer), smoking intensity (categorical: never; former, quit 20 + years; former, quit 11-20 years; former,
quit =10 years; current, pipe/cigar/occasionally; current, 1-15 cigarettes/d; current, 16—25 cigarettes/d; current, 26 + cigarettes/d, unknown), alcohol intake (linear spline with boundary at 15g/d), BMI (linear spline with
boundaries at 18.5, 25 and 30 kg/m?) and total energy intake (continuous: kJ/d).

} Second model/column without adjustment for the potentially mediating variables, BMI and total energy intake.

§ Sum of intake of oat, rye, wheat and other types of whole grain.
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Table 5. The association between quartiles of whole-grain intake and all-cause mortality of cohort participants in the HELGA study
(Mortality rate ratios (MRR) and 95 % confidence intervals)

Quartile 2 Quartile 3 Quartile 4
Quartile 1
All-cause mortality MRR* MRR* 95% Cl MRR* 95% CI MRR* 95% CI Pirend over quartiles
Women (deaths = 3658)1
MRR in quartile 2, 3 and 4 compared to quartile 1 (reference) of whole-grain product intake
Breakfast cereals 1 0.77 0-67, 0-89 0-79 0-71, 0-88 0-75 0.-69, 0-82 <0-0001
Non-white bread 1 0-84 0-76, 0-93 0-74 0-65, 0-84 0-72 0-65, 0-81 <0-0001
Crisp bread 1 0-90 0-82, 0-99 0-86 0-78, 0-94 0-91 0-81, 1.01 0-012
Total whole-grain products 1 0-78 0-71, 0-86 0-77 0-71, 0-85 0-68 0-62, 0-75 <0-0001
MRR in quartile 2, 3 and 4 compared to quartile 1 (reference) of whole-grain type intake
Oat 1 0-85 0-78, 0-93 074 0-67, 0-82 0-78 0-70, 0-87 <0-0001
Rye 1 0-92 0-84, 1-01 0-81 0-73, 0-90 0-93 0-83, 1.03 0-134
Wheat 1 072 0-65, 0-79 0-65 0-58, 0-72 0-63 0-53, 0-74 <0-0001
Total whole-grain typest 1 0-80 0-73, 0-87 0-74 0-67, 0-81 0-74 0-67, 0-81 <0-0001
Men (deaths = 4181)1
MRR in quartile 2, 3 and 4 compared to quartile 1 (reference) of whole-grain product intake
Breakfast cereals 1 0-92 0-82, 1-04 0-82 0-76, 0-89 0-74 0-68, 0-81 <0-0001
Non-white bread 1 0-92 0-83, 1-03 0-85 0-75, 0-95 0-78 0-69, 0-88 <0-0001
Crisp bread 1 0.97 0-89, 1-06 0-94 0-86, 1.02 1.03 0-90, 1-17 0-617
Total whole-grain products 1 0-87 0-80, 0-95 0-74 0-68, 0-81 0-75 0-68, 0-81 < 0-0001
MRR in quartile 2, 3 and 4 compared to quartile 1 (reference) of whole-grain type intake
Oat 1 0-87 0-80, 0-95 0-85 0-77, 0-94 0-76 0-69, 0-85 <0-0001
Rye 1 0-91 0-83, 1-00 0-82 0-74, 0-91 0-86 0-78, 0-95 0-001
Wheat 1 0-87 0-80, 0-95 0-76 0-69, 0-84 0-71 0-64, 0-78 <0-0001
Total whole-grain typest 1 0-82 0-75, 0-90 0-72 0-66, 0-78 0-75 0-68, 0-82 <0-0001

*Whole-grain products and whole-grain types (including ‘other types’ of whole grain) mutually adjusted and adjusted for age (time scale), follow-up time (linear spline with
boundaries at 1, 2 and 3 years after entry), education (categorical: none, primary, technical/professional, secondary, longer), smoking intensity (categorical: never; former,
quit 20+ years; former, quit 11-20 years; former, quit =10 years; current, pipe/cigar/occasionally; current, 1-15 cigarettes/d; current, 16—25 cigarettes/d; current, 26+
cigarettes/d, unknown), alcohol (linear spline with boundary at 15g/d), BMI (linear spline with boundaries at 18-5, 25 and 30kg/m?), total energy intake (continuous: kJ/d)

and alcohol intake (g/d).
1 Median intakes of whole grain in each quartile in online Appendix Table.
1 Sum of oat, rye, wheat and other types of whole grain.

associated with higher diabetes mortality (MRR 1-30 (95 % CI
1-03, 1-64) for a doubling of intake).

Other causes of mortality

A total of 1299 women and 1624 men died from other causes
(i.e. causes other than cancer, CHD, stroke, respiratory disease
and diabetes). We also investigated other causes of mortality
in relation to intake of WG types and WG products
(Table 4); here, we found intake of breakfast cereals
(women: MRR 095 (95% CI 0-93, 0-97); men: MRR 0-96
95% CI 094, 098) for a doubling of intake), non-white
bread (women: MRR 0-91 (95% CI 0-88, 0-94); men: MRR
0-96 (95% CI 093, 1:00) for a doubling of intake) and total
WG products (women: MRR 0-83 (95% CI 0-80, 0-87); men:
MRR 0-87 (95% CI 0-83, 0-91) for a doubling of intake) to be
associated with lower mortality from other causes. In analyses
of different types of WG, intake of WG rye and wheat was
associated with lower mortality (rye, women: MRR 091
95% CI 0-87, 0-:96), men: MRR 093 (95% CI 0-90, 0-90);
wheat, women: MRR 092 (95% CI 0-89, 0-94), men: MRR
0-97 (95% CI 095, 0:99) where all estimates corresponds to
a doubling of intake). The total intake of different WG
cereal types was also associated with lower mortality from
other causes (women: MRR 0-83 (95% CI 0-79, 0-88); men:
MRR 0-88 (95% CI 0-84, 0-92) for a doubling of intake).

Quartiles of whole-grain intake

In the analyses of quartiles of WG intake in relation to all-
cause mortality, we found lower mortality in the highest quar-
tile compared with the lowest quartile for breakfast cereals,
non-white bread, total WG products, oat, rye (only men),
wheat and total WG types (Table 5).

The MRR for highest v. lowest quatrtile of intake of breakfast
cereals was 0-75 (95 % CI 0:69, 0:82, Pyrend over quartites < 0°0001)
for  women and 074 (95% CI 068, 081,
Prrendoverquarites < 0:0001) for men. The MRR for highest v.
lowest quartile of intake of non-white bread was 0-72 (95 %
CIL 065, 081, Pyendoverquariles < 0:0001) for women and
078 (95% CI 069, 0-88, Pirend over quartiles < 0:0001) for men.
MRR for highest v. lowest quartile of intake of total WG
products was 068 (95% CI 062, 075, Pyendoverquartiles
< 0:0001) for women and 075 (95% CI 0-68, 0-81,
Pirend over quartiles < 0-0001) for men.

The MRR for highest v. lowest quartile of intake of oat was
078 (95% CI 070, 0-87, Pyrend over quartiles < 0-0001) for women
and 076 (95% CI 0:69, 085, Pirendoverquartles < 0-0001) for
men. The MRR for highest v. lowest quartile of intake of rye
among men was 086 (95% CI 078, 095,
Pirend over quartiles = 0-001). The MRR for highest v. lowest quar-
tile of intake of wheat was 063 (95% CI 0-53, 0-74,
Pirend over quartiles < 0:0001) for women and 0-71 (95% CI 0-64,
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0-78, Pyendover quartiles < 0:0001) for men. The MRR for highest
v. lowest quatrtile of intake of total WG types was 0:74 (95 % CI
067, 0-81, Pyendoverquariles < 0:0001) for women and 075
(95% CI 008, 0-82, Pyend over quartiles < 0-0001) for men.

In the analyses of quartiles of WG intake in relation to
cause-specific mortality, we found lower cancer mortality
with higher intake of breakfast cereals, total WG products,
oat and wheat (Table 6). Among men, the intake of non-
white bread and total WG types was also associated with
lower cancer mortality. The MRR for highest v. lowest quartile
of intake of breakfast cereals was 0-85 (95% CI 0-74, 0-98,
Pirend over quartiles = 0°003) for women and 0-75 (95% CI 0-64,
0-87, Pyrend over quartiles < 0:0001) for men. The MRR for highest
v. lowest quartile of intake of total WG products was 0-86
(95% CI 074, 099, Piendoverquariles = 00230) for women
and 070 (95% CI 0:60, 0-81, Piendoverquartiles < 0-0001) for
men. The MRR for highest v. lowest quartile of intake of oat
was 084 (95% CI 071, 099, Piendoverquartiles = 0:007) for
women and 0-75 (95% CI 0-64, 0-89, Pyend over quartiles = 0-003)
for men. The MRR for highest v. lowest quartile of intake of
wheat was 0-74 (95% CI 0:61, 0:89, Py end over quartites = 0°000)
for  women and 058 (95% CI 049, 069,
Pirend over quartiles < 0:0001) for men. Among men, the MRR
for highest v. lowest quartile of intake of non-white bread
was 079 (95% CI 0:64, 097, Pyendoverquariles = 0:019) and
074 (95% CI 0-63, 0:87, Pyrend overquariles < 0-0001) for highest
v. lowest intake of total WG types.

In the analyses of quartiles of WG intake according to CHD
mortality, we found lower CHD mortality with higher intake of
breakfast cereals and total WG types. Among women, the
intake of total WG products, oat and wheat (borderline) was
also associated with lower CHD mortality. The MRR for high-
est v. lowest quartile of intake of breakfast cereals was 0-53
95% CI 0-37, 077, Pyendoverquariles = 0:0002) for women
and 075 (95% CI 061, 091, Pendoverquarites = 0:009) for
men. The MRR for highest v. lowest quartile of intake of
total WG types was 065 (95% CI 046, 091,
Pirend over quartiles = 0°003) for women and 0-74 (95% CI 0-61,
091, Piendoverquariles = 0:012) for men. Among women, the
MRR for highest ». lowest quartile of intake of breakfast cer-
eals was 0-53 (95% CI 0-37, 077, Pyend over quartiles = 0-0002).
The MRR for highest v. lowest quartile of intake of oat was
066 (95% CI 0-45, 0:96, Prend over quartles = 0:048). The MRR
for highest v. lowest quartile of intake of wheat was 0-67
(95% CI 0-45, 1:00, Pirend over quartiles = 0-062).

In the analyses of quartiles of WG intake according to stroke
mortality, we did not find any statistically significant associ-
ations between WG intake and stroke mortality.

In the analyses of quartiles of WG intake according to res-
piratory disease mortality, we found lower respiratory disease
mortality with higher intake of oat. Among women, intake of
breakfast cereals and total WG types was also associated with
lower respiratory disease mortality. The MRR for highest v.
lowest quartile of intake of oat was 0-51 (95% CI 0-28, 0:93,
Prrend over quariles = 0°000) for women and 0-52 (95% CI 0-28,
097, Piend overquariiles = 0:063) for men. Among women, the
MRR for highest v. lowest quartile of intake of breakfast cer-
eals was 0-39 (95% CI 0-23, 065, Pyrendoverquartiles < 00001)

and 0-47 (95 % CI 0-28, 0-77, Pirend over quartiles = 0-005) for high-
est v. lowest intake of total WG types.

In the analyses of quartiles of WG intake according to dia-
betes mortality, we found lower diabetes mortality with
higher intake of breakfast cereals and oat among men. The
MRR for highest v. lowest quartile of intake of breakfast cer-
eals was 045 (95% CI 0-23, 0:90, Pyend over quartiles = 0-004),
and the MRR for highest v. lowest quartile of intake of oat
was 0-40 (95% CI 0-20, 081, Prgend overquarties = 0:003).

In the analyses of quartiles of WG intake according to other
causes of mortality, we found lower mortality from other
causes with higher intake of breakfast cereals, non-white
bread, total WG products, oat (only borderline among men),
rye, wheat and total WG types. The MRR for highest v.
lowest quartile of intake of breakfast cereals was 0-74 (95%
CI 0:65, 0:84, Pirend over quartiles < 0-0001) for women and 0-78
(95% CI 0:68, 0:90, Pyendoverquariles = 0°0002) for men. The
MRR for highest v. lowest quartile of intake of non-white
bread was 0-54 (95% CI 045, 0:04, Pyrend over quartiles < 0°0001)
for  women and 065 (95% CI 054, 079,
Prrend over quarites < 0:0001) for men. The MRR for highest v.
lowest quartile of intake of total WG products was 0-57
(95% CI 047, 068, Piendoverquariles < 0:0001) for women
and 070 (95% CI 0:61, 0-80, Pyendoverquariles < 0-0001) for
men. The MRR for highest v. lowest quartile of intake of oat
was 0-81 (95% CI 0:67, 098, Pyend overquartiles = 0-0006) for
women and 0:85 (95% CI 0-73, 1-:00, P=0-107) for men. The
MRR for highest ». lowest quartile of intake of rye was 0-81
(95% CI 0-68, 0:97, Pirendover quartiles = 0°007) for women and
076 (95% CI 0:65, 0:89, Pyend over quartiles = 00003) for men.
The MRR for highest v. lowest quartile of intake of wheat
was 051 (95% CI 0-39, 0:67, Pirendoverquariles < 0°0001) for
women and 0-75 (95% CI 0-64, 0-88,
Pirend over quartiles = 0:0009) for men. The MRR for highest v.
lowest quartile of intake of total WG types was 0-61 (95% CI
0:51, 0-73, Pyendoverquartiles < 0:0001) for women and 0-71
(95% CI 0:62, 0-82, Pyendover quartiles < 0-0001) for men.

Country-specific results

The forest plots in Fig. 1(a) and (b) illustrate the sex- and
country-specific MRR (95% CD for the association between
intake of total WG types and all-cause mortality. The forest
plots illustrate the homogeneity in results between countries.

Sensitivity analyses

Totally, nine sensitivity analyses were conducted (see sections
on Methods and Statistical analyses) with the analysis of total
intake of WG types and all-cause mortality as the basis model
(Table 3, third and seventh column: MRR of 0-88 (95 % CI 0-86,
0-92) for women and 0-88 (95% CI 0:86, 0:91) for men, for
each doubling in the intake of total WG types): (1) the
assumption of proportional hazards were not violated;
(2) and (3) tests for effect modification by age or BMI
showed no statistically significant effect modification by age
or BMI on the association between WG intake and all-cause
mortality; (4) stratification by physical activity (only Denmark
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Table 6. The association between quartiles of whole-grain intake and cause-specific mortality of cohort participants in the HELGA study

(Mortality rate ratios (MRR) and 95 % confidence intervals)

Quartile 1 Quatrtile 2 Quartile 3 Quartile 4
MRR* MRR* 95% CI MRR* 95% ClI MRR* 95% Cl Plrend over quartiles
Woment
Cancer mortality (deaths = 1775)
MRR in quartile 2, 3 and 4 compared to quartile 1 (reference) of whole-grain product intake
Breakfast cereals 1 0-98 0-83, 1-15 0-84 0-74, 0-95 0-85 0-74, 0-98 0-003
Non-white bread 1 1.01 0-86, 1-18 0-93 0-79, 1-08 0-89 0-75, 1-05 0-085
Crisp bread 1 0-89 0-77,1-03 0-84 0-75, 0-95 0-87 0-74, 1.02 0-012
Total whole-grain products 1 0-86 0-76, 0-98 0-85 0-75, 0-97 0-86 0-74, 0-99 0-0236
MRR in quartile 2, 3 and 4 compared to quartile 1 (reference) of whole-grain type intake
Oat 1 0-89 0-78, 1-01 077 0-67, 0-90 0-84 0-71, 0-99 0-007
Rye 1 0-98 0-87, 1-11 1.00 0-86, 1-17 0-99 0-79, 1.25 0-957
Wheat 1 0-76 0-65, 0-88 0-74 0-63, 0-87 0-74 0-61, 0-89 0-006
Total whole-grain typest 1 0-99 0-87,1-13 0-94 0-82, 1.07 0-88 0.77,1.02 0-069
CHD mortality (deaths = 298)
MRR in quartile 2, 3 and 4 compared to quartile 1 (reference) of whole-grain product intake
Breakfast cereals 1 0-71 0-43,1-16 0-64 0-47, 0-87 0-53 0-37, 0-77 0-0002
Non-white bread 1 0-72 0-52, 0-99 0-54 0-37, 0-79 0-72 0-47, 1-09 0-023
Crisp bread 1 0-81 0-56, 1-18 0-95 0-68, 1-33 0-94 0-66, 1-34 0-864
Total whole-grain products 1 0-72 0-54, 0-97 0-64 0-46, 0-89 0-56 0-40, 0-78 0-0004
MRR in quartile 2, 3 and 4 compared to quartile 1 (reference) of whole-grain type intake
Oat 1 0-74 0-52, 1-05 0-85 0-59, 1-21 0-66 0-45, 0-96 0-048
Rye 1 0-79 0-57, 1-11 1.02 0-75, 1-38 0-69 0-46, 1-05 0-249
Wheat 1 0-83 0-57, 1-21 0-87 0-60, 1-27 0-67 0-45, 1-00 0-062
Total whole-grain typest 1 0-83 0-60, 1-14 0-59 0-42, 0-82 0-65 0-46, 0-91 0-003
Stroke mortality (deaths = 137)
MRR in quartile 2, 3 and 4 compared to quartile 1 (reference) of whole-grain product intake
Breakfast cereals 1 0-70 0-33, 1-47 0-73 043, 1-23 0-66 0-43, 1-02 0-062
Non-white bread 1 0-86 0-48, 1-54 1.02 0-55, 1-87 0-75 0-41,1.37 0-470
Crisp bread 1 1.03 0-62, 1-74 0-91 0-54, 1-56 1.22 0-68, 2:18 0-655
Total whole-grain products 1 0-78 0-50, 1-22 0-57 0-35, 0-94 0-85 0-53, 1-37 0-264
MRR in quartile 2, 3 and 4 compared to quartile 1 (reference) of whole-grain type intake
Oat 1 1.03 0-64, 1-67 0-66 0-38, 1-16 0-63 0-34, 115 0-095
Rye 1 0-71 041, 1.22 0-81 0-47,1.37 0-91 0-53, 1.57 0-934
Wheat 1 0-72 0-44, 1.18 0-83 0-50, 1-38 0-55 0-23, 1-30 0-323
Total whole-grain typest 1 0-55 0-34, 0-88 0-50 0-31, 0-82 0-80 0-48, 1-33 0-319
Respiratory disease mortality (deaths = 125)
MRR in quartile 2, 3 and 4 compared to quartile 1 (reference) of whole-grain product intake
Breakfast cereals 1 0-28 0-11, 0-69 0-48 0-28, 0-83 0-39 0-23, 0-65 <0-0001
Non-white bread 1 0-87 0-50, 1-53 0-47 0-24, 0-93 0-74 0-41, 1.35 0-228
Crisp bread 1 0-80 0-51, 1-25 0-59 0-32, 1-07 1.03 0-59, 1.79 0-801
Total whole-grain products 1 0-56 0-35, 0-89 0-53 0-33, 0-86 0-82 0-49, 137 0-113
MRR in quartile 2, 3 and 4 compared to quartile 1 (reference) of whole-grain type intake
Oat 1 0-56 0-36, 0-88 0-48 0-27, 0-85 0-51 0-28, 0-93 0-006
Rye 1 1.62 0-86, 3-04 112 0-61, 2-05 112 0-60, 2:10 0-658
Wheat 1 0-63 0-41, 0-99 0-57 0-34, 0-94 0-44 0-09, 2-05 0-064
Total whole-grain typest 1 0-65 0-40, 1-08 0-64 0-39, 1-04 0-47 0-28, 0-77 0-005
Diabetes mortality (deaths = 24)
MRR in quartile 2, 3 and 4 compared to quartile 1 (reference) of whole-grain product intake
Breakfast cereals 1 0-80 0-23, 2.77 0-45 0-13, 1-59 0-28 0-07, 1-04 0-036
Non-white bread 1 0-47 0-15, 1-48 0-40 0-11, 1-50 0-55 0-17,1.73 0-522
Crisp bread 1 1.21 0-41, 3-54 1.25 0-36, 4-35 1-09 0-27, 443 0-860
Total whole-grain products 1 0-41 0-13, 1-29 0-41 0-13, 1-29 0-90 0-31, 2-62 0-494
MRR in quartile 2, 3 and 4 compared to quartile 1 (reference) of whole-grain type intake
Oat 1 0-88 0-34, 2.27 0-36 0-09, 1-51 0-25 0-05, 1-31 0-028
Rye 1 0-93 0-28, 3-09 0-46 0-14, 1.53 0-70 0-22, 2.25 0-390
Wheat 1 0-69 0-26, 1-85 0-61 0-20, 1-88 317 0-27, 37-59 0-627
Total whole-grain typest 1 0.77 0.-25, 2-41 0-44 0-14, 1-38 0-64 0.-20, 2-04 0-308
Mortality from other causes (deaths = 1299)
MRR in quartile 2, 3 and 4 compared to quartile 1 (reference) of whole-grain product intake
Breakfast cereals 1 0-68 0-52, 0-88 0-75 0-62, 0-91 0-74 0-65, 0-84 <0-0001
Non-white bread 1 0-70 0-59, 0-82 0-60 0-49, 0-74 0-54 0-45, 0-64 <0-0001
Crisp bread 1 0-85 0-72, 1-01 0-87 0-75, 1-01 0-86 0-72, 1-04 0-059
Total whole-grain products 1 0-80 0-69, 0-92 0-69 0-59, 0-80 0-57 0-47, 0-68 <0-0001
MRR in quartile 2, 3 and 4 compared to quartile 1 (reference) of whole-grain type intake
Oat 1 0-82 0-70, 0-95 0-75 0-64, 0-89 0-81 0-67, 0-98 0-0006
Rye 1 0-84 0-72, 0-98 0-68 0-57, 0-81 0-81 0-68, 0-97 0-007
Wheat 1 0-66 0-56, 0-78 0-55 0-46, 0-66 0-51 0-39, 0-67 <0-0001
Total whole-grain typest 1 0-67 0-58, 0-77 0-67 0-57,0-79 0-61 0-51,0-73 < 0-0001
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Table 6. Continued
Quartile 1 Quartile 2 Quartile 3 Quartile 4
MRR* MRR* 95% ClI MRR* 95% ClI MRR* 95% ClI Pirend over quartiles

Ment
Cancer mortality (deaths = 1375)
MRR in quartile 2, 3 and 4 compared to quartile 1 (reference) of whole-grain product intake

Breakfast cereals 1 0-99 0-81, 1-21 0-73 0-63, 0-85 0-75 0-64, 0-87 <0-0001
Non-white bread 1 0-92 0-76, 1-12 0-97 0-79, 1-19 0-79 0-64, 0-97 0-019
Crisp bread 1 0-99 0-85, 1-15 0-92 0-79, 1-07 0-83 0-67, 1-03 0-080
Total whole-grain products 1 0-84 0-72, 0-98 0-74 0-64, 0-86 0-70 0-60, 0-81 <0-0001
MRR in quartile 2, 3 and 4 compared to quartile 1 (reference) of whole-grain type intake
Oat 1 0-80 0-69, 0-94 0-75 0-64, 0-89 0-75 0-64, 0-89 0-003
Rye 1 0-97 0-82, 1-14 0-80 0-65, 0-98 0-93 0-78, 1-11 0-261
Wheat 1 0-84 0-72, 0-98 0-69 0-58, 0-82 0-58 0-49, 0-69 <0-0001
Total whole-grain typest 1 0-85 0-73, 0-99 0-68 0-58, 0-79 0-74 0-63, 0-87 <0-0001

CHD mortality (deaths = 858)
MRR in quartile 2, 3 and 4 compared to quartile 1 (reference) of whole-grain product intake

Breakfast cereals 1 0-88 0-69, 1-11 0-87 0-72, 1-05 0-75 0-61, 0-91 0-009
Non-white bread 1 113 0-89, 1.42 0-95 0-74, 1.22 0-87 0-65, 117 0-128
Crisp bread 1 0-98 0-81,1-19 0-95 0-78,1-16 1.23 0-88, 1-71 0-704
Total whole-grain products 1 0-94 0-78, 1-15 0-80 0-66, 0-97 0-85 0-70, 1-04 0-041
MRR in quartile 2, 3 and 4 compared to quartile 1 (reference) of whole-grain type intake
Oat 1 1.01 0-83, 1-23 1.01 0-80, 1-28 0-82 0-65, 1-03 0-052
Rye 1 0-77 0-62, 0-95 0-81 0-67, 0-97 0-88 0-73,1-07 0-216
Wheat 1 0-80 0-66, 0-97 0-70 0-55, 0-88 0-84 0-65, 1-08 0-273
Total whole-grain typest 1 0-79 0-65, 0-96 0-80 0-66, 0-97 0-74 0-61, 0-91 0-012

Stroke mortality (deaths = 143)
MRR in quartile 2, 3 and 4 compared to quartile 1 (reference) of whole-grain product intake

Breakfast cereals 1 0-92 0-59, 1-45 0-86 0-56, 1-32 0-87 0-47,1.28 0-488
Non-white bread 1 0-74 0-44,1.22 0-56 0-35, 0-91 0-86 0-50, 1-46 0-181
Crisp bread 1 110 0-67, 1-79 0-97 0-60, 1-57 1-30 0-71, 2.39 0-590
Total whole-grain products 1 1.01 0-66, 1-56 0-55 0-35, 0-87 0-86 0-54, 1-37 0-101
MRR in quartile 2, 3 and 4 compared to quartile 1 (reference) of whole-grain type intake
Oat 1 0-67 0-42, 1-07 1.03 0-60, 1-76 0-71 041, 1.21 0-200
Rye 1 0-77 0-48, 1-23 0-72 0-39, 1-31 0-61 0-36, 1-05 0-097
Wheat 1 0-59 0-35, 0-99 0-72 0-41,1.27 0-74 0-41,1-32 0-946
Total whole-grain typest 1 0-70 0-44, 1-10 0-69 0-43, 1-11 0-71 0-44,1-15 0-179

Respiratory disease mortality (deaths = 111)
MRR in quartile 2, 3 and 4 compared to quartile 1 (reference) of whole-grain product intake

Breakfast cereals 1 1.50 0.79, 2.82 1.23 0.76, 1-98 0-66 0-37, 1-16 0-350
Non-white bread 1 1.04 0-52, 2-08 0-62 0-28, 1-35 0-94 0-46, 1-94 0-560
Crisp bread 1 0.77 0-45, 1-32 0-98 0-59, 1-62 1.00 0-50, 2-01 0-947
Total whole-grain products 1 1.03 0-61, 1.76 1.05 063, 1.77 0-60 0-38, 1.07 0-098
MRR in quartile 2, 3 and 4 compared to quartile 1 (reference) of whole-grain type intake
Oat 1 0-99 0-59, 1-68 0-87 0-50, 1-51 0-52 0-28, 0-97 0-063
Rye 1 1.16 0-65, 2:10 0-70 0-32, 1.57 1.02 0-53, 1.97 0-624
Wheat 1 1.46 0-83, 2-55 1.40 0-76, 2-56 1.06 0-57, 1-95 0-999
Total whole-grain typest 1 0-96 0-58, 1-61 0-65 0-38, 1-11 0-74 0-42,1-30 0-139

Diabetes mortality (deaths = 70)
MRR in quartile 2, 3 and 4 compared to quartile 1 (reference) of whole-grain product intake

Breakfast cereals 1 0-59 0-24, 1.50 0-31 0-14, 0-68 0-45 0-23, 0-90 0-004
Non-white bread 1 1.89 0-66, 5-41 1.59 0-52, 4.82 2.30 0-79, 6:72 0-188
Crisp bread 1 1.33 0-68, 2-61 1.07 053, 2.15 2.35 1-10, 5-03 0-085
Total whole-grain products 1 1.76 0-83, 3.74 1.09 0-49, 2.42 1.67 0-79, 3-51 0-418
MRR in quartile 2, 3 and 4 compared to quartile 1 (reference) of whole-grain type intake
Oat 1 0-60 0-32, 1.12 0-33 0-16, 0-72 0-40 0-20, 0-81 0-003
Rye 1 114 0-53, 2-48 0-40 012, 1-34 1-80 0-80, 4-05 0175
Wheat 1 0-75 0-37, 1-56 1.07 0-51, 2.22 118 0-60, 2-34 0-245
Total whole-grain typest 1 0-92 0-45, 1-87 0-95 0-49, 1-86 1.18 0-59, 2-38 0-636

Other causes of mortality (deaths = 1624)
MRR in quartile 2, 3 and 4 compared to quartile 1 (reference) of whole-grain product intake

Breakfast cereals 1 0-86 0-71, 1-05 0-83 0-72, 0-94 0-78 0-68, 0-90 0-0002
Non-white bread 1 0-83 0-70, 0-98 0-75 0-63, 0-91 0-65 0-54, 0-79 <0-0001
Crisp bread 1 0-95 0-82, 1-09 0-91 0-79, 1-05 1.06 0-88, 1-28 0-928
Total whole-grain products 1 0-83 0-72, 0-95 0-70 0-61, 0-80 0-70 0-61, 0-80 <0-0001
MRR in quartile 2, 3 and 4 compared to quartile 1 (reference) of whole-grain type intake
Oat 1 0-87 0-75, 1.01 0-94 0-81, 1.09 0-85 0-73, 1-00 0-107
Rye 1 0-83 0-73, 0-96 0-66 0-55, 0-80 0-76 0-65, 0-89 0-0003
Wheat 1 0-88 0-76, 1-02 0-82 0-70, 0-96 0-75 0-64, 0-88 0-0009
Total whole-grain typest 1 0-81 0-70, 0-93 0-71 0-62, 0-81 0-71 0-62, 0-82 < 0-0001

*Whole-grain products and whole-grain types (including ‘other types’ of whole-grain) mutually adjusted and adjusted for age (time scale), follow-up time (linear spline with
boundaries at 1, 2 and 3 years after entry), education (categorical: none, primary, technical/professional, secondary, longer), smoking intensity (categorical: never; former,
quit 20+ years; former, quit 11-20 years; former, quit =10 years; current, pipe/cigar/occasionally; current, 1—15 cigarettes/d; current, 16—25 cigarettes/d; current, 26 +
cigarettes/d, unknown), alcohol (linear spline with boundary at 15g/d), BMI (linear spline with boundaries at 18-5, 25 and 30kg/m?), total energy intake (continuous: kJ/d)
and alcohol intake (g/d).

1 Median intakes of whole-grain in each quatrtile in online Appendix Table.

1 Sum of oat, rye, wheat and other types of whole grain.
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(a)

Country n/N MRR (95 % CI)
Denmark  2173/29787 e ; 0-76 (066, 0-87)
Norway  966/37111 | | 074 (0-60, 0-92)
Sweden 519/13203 [ 'I 0-75 (0-57, 0-99)
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(b)

Country n/N MRR (95 % CI)
Denmark  3333/27069 . E 0-74 (0-67, 0-82)
Sweden 848/12348 | = .| 084 (065, 1-07)

|
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Fig. 1. (a) Forest plot of the mortality rate ratios (MRR) and 95 % CI for the association between intake of total whole-grain types and all-cause mortality of female
participants in the HELGA study. (b) Forest plot of the MRR and 95 % ClI for the association between intake of total whole-grain types and all-cause mortality of

male participants in the HELGA study.

and Sweden) and intake of fruits and nuts, vegetables, meat
and alcohol did not reveal any inconsistent results below/
above median activity or intake; (5) adjustment for the
physical activity index (only Denmark and Sweden) revealed
MRR of 0:89 (95% CI 0-86, 0-93) for women and 0-90 (95 %
CI 0:87, 0:93) for men; (6) further adjustment for hypertension,
hyperlipidaemia and waist circumference (using only the
Danish data) did not change the results the least; (7) results
in non-smokers (never-smokers and former smokers) revealed
MRR of 0-91 (95% CI 0-87, 0-96) for women and 0-94 (95 % CI
0-90, 0-99) for men; (8) the analyses adjusted for the diet index
gave a MRR of 0-90 (95% CI 0-:87, 0:93) for women and 0-89
95% CI 0-87, 0:92) for men; (9) exclusion of individuals
with a previous diagnosis of CHD, stroke or angina pectoris
did not change the results (change in MRR < 1%)).

Discussion

In this large Scandinavian population, intake of WG products
was associated with lower all-cause mortality. In particular, in
the analyses of continuous WG variables, intake of breakfast
cereals and non-white bread was associated with lower
mortality. Also, the total intake of different cereal types was
associated with lower all-cause mortality, and this association
was due to lower mortality associated with higher intake of
WG oat, wheat and rye. The estimates were, with few excep-
tions, all in the same direction and of the same magnitude, and
many were also highly statistically significant. Adjustment for
potential confounders generally did not change the strength
of associations, and the many sensitivity analyses further
supported the overall conclusion of the study.

In the analyses of cause-specific mortality, intake of total
WG products and total WG types was associated with lower
mortality (except for mortality from respiratory disease, and
total WG product intake and cancer mortality in women).
The large part of the remaining associations had MRR below

unity, in the range of 1-12% lower mortality for each dou-
bling in the intake of specific WG products or specific WG
types (Table 4) and in the order of 3—-17% for total WG
products or total WG types. Crisp bread was not associated
with mortality after adjustment for potential confounders.

In the analyses of quartiles of WG intake in relation to
all-cause mortality, we found lower mortality in the highest
quartile compared with the lowest quartile for breakfast
cereals, non-white bread, total WG products, oat, rye (only
men), wheat and total intake of different WG types. The
analyses on cause-specific mortality according to quartiles
of WG intake were characterised by lower power, but still
supported the overall results of the study.

The present study has a major advantage in being carried
out in a population with a considerable and large variation
in the intake of different types of WG. Furthermore, the com-
bination of three large, prospective, population-based cohorts
with linkage to National registries ensures a complete and
valid follow-up of deaths and causes of death in addition to
high statistical Consequently, the
consistent and highly statistically significant. The study does,
however, also have some limitations: there may be some
degree of misclassification in the assessment of WG intake
due to the self-reported data from the FFQ, to a large variation
in WG contents of WG products, and to the fact that the ques-
tionnaires were not designed to measure the intake of WG.

power. results were

However, the questionnaires were validated locally and
Y and the most likely consequence of
this non-differential misclassification is attenuation of associ-

performed well >

ations. Diet was assessed only at baseline and may not reflect
diet earlier in life nor changes during the relatively long
follow-up; consequently, the relevance of a single measure
of exposure depends on the degree to which it tracks over
time. When comparing the first 5, 5-10 and 10-15 years
with the rest of the follow-up, the associations were not
weakened with longer follow-up. If study participation was
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associated with a risk factor for mortality, there is a chance of
selection bias. However, as disease status was unknown at
baseline, selection bias is less likely to have affected the
results, but cannot be completely ruled out. To evaluate
possible bias from prevalent disease (non-proportionality),
we allowed the mortality rate ratios to change with time
under study. Furthermore, the results from analyses of the
first, second and third year of follow-up were compared
with results from the remaining part of follow-up; no differ-
ences were found. There is always a risk of residual con-
founding from unknown factors or measurement error in
known confounders. In particular, individuals with a high
intake of WG may, in general, have a healthier lifestyle and
a better health than non-consumers, also regarding factors
not included in our three sets of potential confounders. Last,
as the three population samples do not completely reflect
the general population, the external validity and generalis-
ability is limited to a population slightly healthier than the
general population.

The present findings of lower mortality with higher intake
of WG products are in line with all, except one, studies on
WG and mortality. The single study®® that did not find an
association did not have intake of WG as the primary focus
(but the Mediterranean diet) and had been characterised by
a study population with an exceptionally low intake of WG.
A study of US male health professionals®® has investigated
the frequency of intake of whole-grain and refined-grain
breakfast cereals in relation to total and cause-specific
mortality. Consistent with our study, they found a strong
association between intake WG breakfast cereals and all-
cause mortality. In the ITowa Women’s Health Study, consisting
of 41836 postmenopausal women aged 55-69 years*”3",
they have found a strong association between total WG
product intake and all-cause and cause-specific mortality.
This association was confined to a lower mortality with
higher intake of dark bread, but not to intake of WG breakfast
cereals and cause-specific mortality. Another study of
Norwegian women and men has investigated a WG bread
score in relation to total and cause-specific mortality®”, and
consistent with our analyses on WG product intake and
mortality, they found lower all-cause mortality in women
and men with a high WG bread score. The remaining two,
rather small studies with 187 and 867 deaths®31333% were
conducted in American populations where the intakes of
WG were extremely low and associated with other healthy
behaviours. Still, after adjustment for potential confounders,
they found lower mortality with higher intake of WG. In the
study by Sahyoun et al®®) the lower mortality associated
with higher number of WG servings per day was confined
to cardiovascular mortality. This is in line with a recent and
combined study of the Nurses Health Study and the Health
Professionals Follow-up Study®> and with the present results
on CHD where intake of both WG products and WG types
was associated with lower CHD mortality.

The sub-study of the Nurses Health Study, conducted on
7822 women with type 2 diabetes”®”, has found a borderline
significant trend for the relative risks over quintiles of WG
intake. The lowest intake in the highest quintile was only

25'5g/d, corresponding to a considerably lower intake than
in the present study and only one-third of the official rec-
ommendation. However, the relative risks were of the same
size as in the present study (relative risk 0-89 (95% CI 0-71,
1-11) in the highest quintile compared with the lowest), and
it is most likely that with more deaths and a larger range of
intake, the study would find stronger associations between
WG intake and mortality.

The present study indicates that particularly WG wheat, but
also WG oats and WG rye, are associated with lower mortality.
Rye is characterised by the highest amount of dietary fibre
among cereals, and the proportion of soluble fibre components
is much higher in rye than in wheat®®. Minimally processed oat
products are rich in viscous forming B-glucans, which have
well-established cholesterol-lowering properties(w‘) . The
analyses on different WG types and mortality are justified by
the possible differential effects of different types of grain, but
in the present study, there were no large differences between
the different types of (whole) grain cereals.

The remarkable consistency of the present results between
women and men, between the cause-specific analyses (disre-
garded the lower statistical power in split analyses), between
the type and the product measures of WG and the fact that
the estimates with few exceptions are all below unity increases
our belief that the findings reflect true associations and not
chance or bias. The size of the estimates may seem small
(1-17% lower mortality for each doubling in WG intake),
but considering the fact that WG is just one single dietary
component, and diet is just one of a range of lifestyle factors
predicting mortality, it is still a valuable and achievable goal
for the Scandinavian populations. In the Scandinavian
countries, an official recommendation of 75 g of WG/10MJ/d
has been published®®~%”. Between 16% (Danish men) and
35% (Norwegian women) reached the recommended daily
intake of WG“? | and although the intake of WG is part of
the traditional diet in the Scandinavian countries, effort has
to be made to increase and keep the intake high.

In conclusion, the intake of WG (products or cereal types)
was associated with lower mortality in the HELGA cohort.
These results were found quite consistently for different
causes of death and across categories of sex and types or
products of WG. The present study indicates that intake of
WG is an important aspect of diet in preventing early death,
and there were no indications that the associations between
WG and mortality were caused by one specific type or
product of WG.

Supplementary material

To view supplementary material for this article, please visit
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