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Abstract

Purpose Cardiometabolic multimorbidity (CMM) is a major public health challenge. This study investigated the prospective
relationships between diet quality, dietary components, and risk of CMM in older British men.

Methods We used data from the British Regional Heart Study of 2873 men aged 60-79 free of myocardial infarction (MI),
stroke, and type 2 diabetes (T2D) at baseline. CMM was defined as the coexistence of two or more cardiometabolic diseases,
including MI, stroke, and T2D. Sourcing baseline food frequency questionnaire, the Elderly Dietary Index (EDI), which
was a diet quality score based on Mediterranean diet and MyPyramid for Older Adults, was generated. Cox proportional
hazards regression and multi-state model were used to estimate the hazard ratios (HRs) and 95% confidence intervals (CIs).
Results During a median follow-up of 19.3 years, 891 participants developed first cardiometabolic disease (FCMD), and
109 developed CMM. Cox regression analyses found no significant association between baseline EDI and risk of CMM.
However, fish/seafood consumption, a dietary component of the EDI score, was inversely associated with risk of CMM, with
HR 0.44 (95% CI1 0.26, 0.73) for consuming fish/seafood 1-2 days/week compared to less than 1 day/week after adjustment.
Further analyses with multi-state model showed that fish/seafood consumption played a protective role in the transition from
FCMD to CMM.

Conclusions Our study did not find a significant association of baseline EDI with CMM but showed that consuming more
fish/seafood per week was associated with a lower risk of transition from FCMD to CMM in older British men.

Keywords Cardiometabolic multimorbidity - Diet - Fish consumption - Prospective cohort study

Introduction

Cardiometabolic multimorbidity (CMM) is a common pat-
tern of multimorbidity, defined as the co-occurrence of two
or more cardiometabolic diseases (CMDs), including myo-
cardial infarction (MI), stroke, and type 2 diabetes (T2D).
The prevalence of CMM increases with age, and with the
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population ageing worldwide, CMM is becoming an increas-
ing global health concern [1-4]. Each additional cardiomet-
abolic condition present would increase healthcare costs,
complicate medical treatment, impair quality of life, and
double the risk of death [1, 5, 6]. Di Angelantonio et al. esti-
mated that a 2-disease CMM would reduce life expectancy
by 12 years at the age of 60 years, and a 3-disease CMM was
associated with a 15 years of reduced life expectancy, com-
paring to people without any cardiometabolic disease [1]. In
addition, the development of one cardiometabolic condition
can substantially increase the risk of developing another. For
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example, adults with diabetes are nearly twice as likely to
have heart disease or stroke as adults without diabetes [7].

There has been well-established evidence of associations
between diet quality, dietary components, and risk of single
cardiometabolic diseases. Meta-analyses pooling risk esti-
mates of odds ratio (OR), risk ratio (RR), and hazard ratio
(HR) from cohort studies showed that high diet quality, as
assessed by Mediterranean diet scores (MDS), was inversely
related to the risk of acute MI, unspecified stroke, and T2D
[relative risks (RRs) and 95% confidence intervals (95% CI)
comparing highest versus lowest category of adherence to
the Mediterranean diet were 0.70 (0.62, 0.80), 0.73 (0.59,
0.91), 0.79 (0.72, 0.88) for acute MI, unspecified stroke, and
T2D, respectively] [8, 9]. Meanwhile, based on meta-analy-
ses of prospective studies focusing on dietary components,
higher intakes of vegetables, fruits, and fish were inversely
associated with coronary heart disease and stroke [10], while
whole grains, fruits, and dairy were associated with reduced
risk of type 2 diabetes [11].

While previous studies have carefully evaluated the asso-
ciation between diet and incidence of individual cardiometa-
bolic diseases, very few have considered associations with
incidence CMM [3, 4, 12, 13]. Two cross-sectional studies
investigating the relationship between diet and CMM risk
yielded inconsistent results. Jeong et al. showed that intakes
of calcium, potassium, and fruits were inversely associated
with the prevalence of CMM pattern [13], but Sakakibara
et al. found no significant differences in the daily consump-
tion of fruits and vegetables among CMM groups [4]. In
the two prospective studies that examined the associations
of diet and development of CMM, although both studies
observed significant associations between diet and risk of
the first cardiometabolic disease (FCMD), no significance
was found between diet and the development of CMM [3,
12]. These two prior prospective studies, however, derived
their dietary measures only based on the daily consumptions
of a few selected food groups, which were crude and could
not reflect participants’ composite diet quality, adherence
to established dietary patterns, or detailed dietary intakes.
Hence, the prospective relationships between a priori diet
quality scores, dietary components, and risk of CMM have
yet to be investigated.

Mediterranean-style diet is characterized by higher con-
sumptions of fruits, vegetables, cereals, legumes, and extra-
virgin (cold pressed) olive oil, and low-to-moderate intakes
of fish, other meat, dairy products, and red wine [14]. Medi-
terranean diet score (MDS), which reflects adherence to the
Mediterranean-style dietary pattern, is an internationally
recognized dietary index that has been broadly studied [8,
9]. Biologically, adhering to the Mediterranean dietary pat-
tern collectively was identified with improving risk factors
for cardioembolic diseases, including improved blood pres-
sure, blood sugar, and blood lipid profiles [15]. Considering
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that participants in the current study are all older adults over
60 years, we applied an MDS-adapted diet quality index,
Elderly Dietary Index (EDI), to specifically address adher-
ence to nutritional recommendations for older adults [16].
Prior studies have shown that the EDI was associated with
cardiovascular disease risk factors in the Mediterranean pop-
ulation and risk of coronary heart disease in the older British
men population [16, 17]. Therefore, to extend the current
literatures, aim of this study was to examine the prospective
association of diet quality score EDI with risk of CMM, in
a cohort of older British men. In addition, we investigated
each dietary food component of the EDI on their relation-
ships with CMM risk.

Methods
Study design

The British Regional Heart Study (BRHS) follows a cohort
of 7735 men aged 40-59 years randomly selected from 24
British towns between 1978 and 1980 [18-20]. This analy-
sis uses baseline data collected from 1998 to 2000, marked
as the 20 year follow-up (Q20) of BRHS. A total of 4252
men aged 60—79 completed the Q20 follow-up questionnaire
on sociodemographic, health, medication, and general life-
styles, together with a food frequency questionnaire (FFQ),
and were invited to a physical examination [19, 20]. Cardio-
metabolic disease events and deaths were followed till June
2018. We excluded participants with a history of myocardial
infarction, stroke, and those who had a doctor-diagnosed
or screen-detected type 2 diabetes (fasting plasma glucose
> 7 mmol/L) at baseline (n=1085). Participants with any
missing dietary or demographic data were also excluded
(n=294), leaving 2873 men in the present analyses. All
participants provided informed written consent in accord-
ance with the Declaration of Helsinki. Ethical approval
was obtained from The National Research Ethics Service
(NRES) Committee London—Central (Reference number:
MREC/02/2/91).

Assessment of diet quality

Dietary information was obtained through the baseline
self-administered FFQ. The FFQ was developed for use in
the WHO’s Monitoring Trends and Determinants in Car-
diovascular Diseases [21] and has been validated against
weighted food consumption in British populations [22, 23].
Participants were asked to report their consumption fre-
quency of 86 different types of food items. For each food
item, respondents selected their usual intake frequency from
nine options: 1, 2, 3, 4, 5, 6, or 7 days/week; monthly; or
rarely/never. In addition, information on specific types of
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fruits, milk, bread, fat used for cooking and spreading, and
household consumption amount of fat and oils were col-
lected in the FFQ.

The EDI was computed from the FFQ. Developed by
Kourlaba et al. [16] according to select features of the tra-
ditional Mediterranean diet and Modified MyPyramid for
Older Adults, the original EDI consists of ten dietary food
groups: fruits, vegetables, cereals, legumes, meat, fish and
seafood, bread, olive oil, dairy, and alcohol. In the current
study, we excluded alcohol from the EDI because of lack-
ing information on the frequency of red wine consumption.
Hence, EDI in this study is composed of nine dietary food
groups. For each food group, a 4-point scoring system was
assigned based on the consumption frequency. A score of 1
means that the consumption frequency adheres the least to
the nutritional recommendations, while a score of 4 indicates
the healthiest intake frequency of the food group. Since olive
oil consumption frequency was unavailable, the scoring of
olive oil was modified using never/rarely consumed and ter-
tiles of weekly consumption in the current study. The total
EDI score ranges from 9 to 36 (Online Resource Table 1 and
Fig. 1), with higher scores indicating better adherence to the
dietary recommendations and hence a presumably healthier
diet. For the analyses, participants were categorized into
quartiles of EDI to reflect their diet quality, using integer
cutoffs that produce groups as equally sized as possible
(Quartile cutoffs are score 22, 24, and 26).

Ascertainment of cardiometabolic disease
and cardiometabolic multimorbidity

Participants were followed up for MI, stroke, T2D, and
death to June 1st, 2018. Both nonfatal and fatal MI and
stroke were counted as diagnoses of cardiometabolic dis-
eases. Nonfatal cardiometabolic diseases were ascertained
from ongoing general practitioner reports and reviews of
participants’ medical records biennially [20]. Fatal MI and
stroke events were determined through the death information
that was obtained from the National Health Service Central
Registers in Southport (for England and Wales) and Edin-
burgh (for Scotland). Causes of death were coded using the
International Classification of Diseases, Ninth Revision.
Fatal MI was coded as 410—414, and fatal stroke was coded
as 430-438. CMM was ascertained when the participant
was diagnosed or died of a second kind of cardiometabolic
disease.

Available covariates

Smoking status, alcohol intake, physical activity, social
class, current use of any lipid-lowering drugs, and energy
intake were obtained from the baseline self-completed ques-
tionnaire [24-26]. Height, weight, and waist circumference

were measured at the baseline physical examination, as
described previously [27]. BMI was calculated using height
and weight measurements. The National Index of Multiple
Deprivation (IMD) was computed from the baseline neigh-
borhood-level socioeconomic factors, including income,
employment, education, housing, and living environment,
and were divided into quintiles from the least to the most
deprived [28]. Participants were classified into four smoking
groups: never, long-term ex-smokers (gave up > 15 years),
ex-smokers (gave up between 5 and 15 years), or current/
recent smokers (gave up <5 years). Alcohol intake was cat-
egorized into six groups on the basis of the number and
frequency of alcoholic beverage consumption: none, occa-
sional, light, moderate, heavy, or unspecified for those who
did not provide information on the amount they drank. Based
on the self-reported exercise frequency and intensity, physi-
cal activity was classified into six groups: inactive, occa-
sional, light, moderate, moderately vigorous/vigorous, or
unspecified for men lacking the information. Social class
was categorized into manual, non-manual, or unspecified
based on the longest held occupation. Current use of any
lipid-lowering drugs was derived by self-reported informa-
tion on the use of statin or other lipid lowering drugs. Energy
intake was calculated by multiplying energy values (kcals)
with macronutrient intakes, which were computed by a vali-
dated computer program that multiplied participants’ food
consumption frequency by each food’s standard portion size
and by the food’s nutrient compositions obtained from the
UK food-composition tables [29, 30].

Statistical methods

Participants who were cardiometabolic disease-free at base-
line were grouped by their baseline EDI quartiles. For the
four groups, baseline characteristics were summarized as
means with standard deviation for continuous variables and
percentage for categorical variables. Kruskal-Wallis test was
used to compare the difference of continuous variables, and
Pearson’s chi-squared test was conducted to compare the
difference of categorical variables.

Cox proportional hazards models were first carried out to
estimate the associations of the baseline EDI and its dietary
food components with risk of CMM. Each participant’s fol-
low-up time was computed from the date of the Q20 physical
examination to the date of event, death, or end of follow-
up (June 1st, 2018), whichever occurred first. Specifically,
CMM event date represented the date when the participant
was diagnosed or died of a second kind of cardiometabolic
disease during follow-up. Age was adjusted in model 1.
Model 2 made extra adjustment with BMI. And model 3
included other sociodemographic and lifestyle variables,
including waist circumference, smoking, alcohol intake,
physical activity, social class, National IMD, use of any
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Disease transition pattern of CMM, from baseline (CMD-free) to FCMD, CMM, and death

Cardiometabolic disease- 1 First Cardiometabolic 2 Cardiometabolic Multimorbidity
free (Baseline) > Disease (FCMD) > (CMM)
N =2873 N=2891 N=109
3 4 5
A 4
J Death
N=1592

CMM: Cardiometabolic Multimorbidity; FCMD: First cardiometabolic disease.

Fig. 1 Disease transition pattern of CMM, from baseline (CMD-free) to FCMD, CMM, and death

lipid-lowering drugs, and energy intake. Patients with heart
failure were found to have higher risk of developing cardio-
metabolic diseases and may have poorer or better dietary
habit compared to people without a history of heart failure
[31-34]. We therefore conducted a sensitivity analysis by
excluding participants with doctor-diagnosed heart failure
at baseline to test the robustness of our analyses. In addition,
to investigate the potential impact of missing observations,
we carried out missing data imputation. Missing variables
were imputed through multiple imputation using chained
equations (n=10). All cox models were examined for the
proportional-hazards assumption using the Kolmogorov-
type supremum test and found no trend with time. P values
for linear trend were computed and presented for the test
of associations between baseline EDI quartiles, groups of
EDI food components, and risk of CMM. In addition, a P
value < 0.05 was considered statistically significant.

After Cox regression analyses, we further conducted
multi-state models to assess associations of the baseline EDI
score quartiles and significant food components of the EDI
with the disease transitions from baseline (free of CMD) to
FCMD, and to CMM [35]. Death was included in the tran-
sition pattern as the absorbing state. Therefore, there were
five transition stages in the CMM disease transition pattern
without differentiating FCMD: (1) Baseline (free of CMD)
to FCMD; (2) FCMD to CMM; (3) Baseline to death; (4)
FCMD to death; and (5) CMM to death. We further divided
FCMD into individual diseases (i.e., first MI, first stroke,
and first T2D) and there were eleven transition stages in the
CMM disease transition pattern (Online Resource Fig. 2).
For participants entered different states on the same date
(n=321), we added 0.5 days to the entering date of the lat-
ter state to maximize the numbers being used in the model.
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For example, for participants who had FCMD and death at
the same date, the date of death equals to the date of FCMD
plus 0.5 day. After obtaining multi-state model estimates, we
then predicted the probabilities of being an FCMD-survivor
(developed FCMD without transitioning to another state),
CMM-survivor (developed CMM without transitioning to
another state), dead without FCMD, dead with FCMD, and
dead with CMM from the enrollment to the longest follow-
up. All covariates were set to average or reference levels of
the BRHS population in the present analyses. Probabilities
were obtained separately for participants in each baseline
EDI quartiles and each consumption frequency groups of
the EDI food components. Analyses were conducted using
R (version 4.0.3) and the multi-state model was performed
with “mstate” package.

Results
Baseline characteristics of study participants

Of 2873 participants included in the current analyses, after a
median follow-up of 19.3 years (Q1, Q3: 18.8, 19.9), 891 par-
ticipants developed FCMD, 109 people proceeded to develop
CMM, and 1592 participants died with or without develop-
ing FCMD (Fig. 1). Median time for development of FCMD
was 8.3 years (Q1, Q3: 4.5, 13.1), and median time for CMM
development was 13.8 years (Q1, Q3: 9.1, 16.8). Of 891 cases
of FCMD, 354 of them were MI, 285 were stroke, and 252
were T2D (Online Resource Fig. 2). About half of the people
who experienced a first event of MI or stroke, experienced a
fatal event.
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Table 1 Baseline characteristics of 2873 older British men by quartiles of baseline Elderly Dietary Index (EDI) in 1998-2000

Characteristic EDI quartile 1 EDI quartile 2 EDI quartile 3 EDI quartile 4 P value
(N=1793) (N=1749) (N=651) (N=680)
Age at baseline, years 68.5 (5.5) 68.3 (5.5) 68.2 (5.7) 68.0 (5.3) 0.3
Incident CMM, % 4.2 33 4.0 37 0.8
Current/recent smokers, % 30.1 14.3 10.0 5.2 <0.01
Heavy alcohol drinkers, % 4.2 2.8 29 1.4 <0.01
Physically inactive, % 12.7 8.0 7.4 6.4 <0.01
Manual social class, % 57.4 52.2 37.7 31.3 <0.01
National IMD most deprived quintile, % 21.6 16.8 11.1 8.1 <0.01
BMI, kg/m? 26.8 (4.0) 26.8 (3.6) 26.8 (3.3) 26.4 (3.2) 0.01
Waist circumference, cm 97.1 (10.9) 96.7 (10.5) 96.5 (9.2) 95.2 (9.2) <0.01
Energy intake, kcal/day 2168.2 (571.2) 2189.6 (534.6) 2172.2 (522.6) 2059.8 (440.5) <0.01
Family history of diabetes, % 10.3 10.5 11.8 11.7 0.9
Atrial fibrillation based on ECG, % 2.7 3.4 2.7 2.6 0.8
Use of any lipid-lowering drugs, % 2.9 2.9 2.9 5.6 0.01
Use of any blood pressure lowering drugs, % 22.6 24.8 24.2 25.5 0.5
Systolic blood pressure, mm Hg 149.3 (24.2) 149.4 (23.4) 149.8 (23.2) 148.6 (23.7) 0.8
Diastolic blood pressure, mmHg 85.6 (10.9) 85.8 (11.0) 85.8 (10.7) 85.8 (10.7) 0.8
Total cholesterol, mmol/L 6.1 (1.1) 6.0 (1.1) 6.1 (1.0) 6.1 (1.0) 0.3
Plasma HDL cholesterol, mmol/L 1.3(0.4) 1.3(0.3) 1.4 (0.3) 1.4 (0.3) 0.06
Plasma LDL cholesterol, mmol/L 4.0 (1.0) 4.0 (1.0) 4.0 (0.9) 4.0 (0.9) 0.3
Triglycerides, mmol/L 1.9 (1.2) 1.8 (1.0) 1.7 (0.8) 1.7 (0.9) 0.5

Values are presented as Mean (SD) or percentage unless stated otherwise

Pearson’s chi-squared test was used for all categorical variables
Kruskal-Wallis test was used for all continuous variables

CMM cardiometabolic multimorbidity, BMI body mass index, /MD Index of multiple deprivation

Table 1 presents the baseline characteristics of BRHS par-
ticipants by their EDI quartiles in 1998-2000. Participants
who had closer adherence to the Mediterranean diet (measured
by EDI) at baseline were less likely to be current/recent smok-
ers, heavy alcohol drinkers, manual workers, being physically
inactive, or being in the most deprived quintile of the National
IMD. Also, participants in the highest quartile of EDI had sig-
nificantly smaller BMI, waist circumference, and total energy
intake at baseline. Participants with missing data tend to be
older and had less energy intakes, also were more likely to be
current/recent smokers or ex-smokers, heavy drinkers, manual
workers, being physically inactive, and having lower plasma
total cholesterol and lower plasma LDL-C (Online Resource
Table 2).

Diet and incident cardiometabolic multimorbidity

Cox regression analyses showed that baseline EDI were not
significantly associated with risk of CMM after adjusting for
sociodemographic and lifestyle factors (Table 2). No consist-
ent trend was found between quartiles of baseline EDI and
CMM risk, with being in Q2 having the lowest estimated risk

compared to participants in Q1 in the fully adjusted model
(HR: 0.74, 95% CI 0.44, 1.26).

For the Cox regression analyses of individual dietary com-
ponents of the EDI with CMM risk, we found that fish/seafood
consumption was significantly associated with risk of CMM
(Fig. 2). Consuming the presumably healthiest amount of fish/
seafood at baseline, which was 1-2 days/week according to
EDTI’s scoring criteria, was significantly associated with lower
risk of CMM (HR: 0.44, 95% C10.26, 0.73), compared to con-
suming fish/seafood < 1 day/week, after adjusting for sociode-
mographic and lifestyle covariates. In addition, it was found
that eating fish/seafood > 3 days/week, defined as the second
healthy intake frequency in the EDI fish/seafood group, was
also significantly associated with lower CMM risk compared
to consumption of < 1 day/week (HR: 0.37, 95% CI 0.20, 0.66,
Online Resource Table 3), after adjusting for all other covari-
ates. Excluding men with prevalent heart failure at baseline
(n=14) or imputing missing data made little difference to the
findings between baseline EDI, fish/seafood consumption, and
risk of CMM (Online Resource Tables 4 and 5).
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Table 2 Prospective association between baseline Elderly Dietary Index and incident cardiometabolic multimorbidity in BRHS participants aged

60-79 years in 1998-2000 (n=2873)

Baseline EDI

No. of events

Rate (per 1000
person-years)

HR (95% CI) of CMM

Model 12

Model 2°

Model 3¢

Per SD increase

Q1 (EDI Score 9-22, n=793) 33 2.08
Q2 (EDI score 23-24, n=749) 25 1.67
Q3 (EDI score 25-26, n=651) 26 2.00
Q4 (EDI score 27-35, n=680) 25 1.84

P for trend

0.85 (0.70, 1.03)
Ref
0.67 (0.40, 1.12)
0.81 (0.49, 1.35)
0.70 (0.42, 1.17)
0.26

0.87 (0.72, 1.06)
Ref
0.69 (0.41, 1.16)
0.83 (0.50, 1.38)
0.77 (0.46, 1.28)
0.39

0.93 (0.76, 1.15)
Ref
0.74 (0.44, 1.26)
0.94 (0.55, 1.60)
0.89 (0.51, 1.54)
0.86

EDI Elderly Dietary Index, CMM Cardiometabolic multimorbidity, HR Hazard ratio, CI Confidence interval

“Model 1: adjusted for age
"Model 2: adjusted for model 1+BMI

“Model 3: adjusted for model 2+ waist circumference, smoking status, alcohol intake, physical activity, social class, National IMD, energy

intake, and use of any lipid-lowering drugs
*P<0.05

EDI Dietary
Components

Fruit: Daily vs. <1

HR (95% CI)

dayiweek

‘egetable: Daily vs. < 1

[ ]

1.39 {0.63, 3.09)

[ ]

dayiweek

Cereal: Daily vs. <1

0.55 (0.20, 1.50)

dayiweek

Legumes: 1-2 daysiweek

0.77 (0.37. 1.61)

vs. Neverirarely

Meat: 1-2 daysiweek vs. 2

L ]

0.74 (0.40, 1.37)

3 daysiweek
Fish/Seafood: 1-2
days/week vs. <1

dayiweek

Bread: Whaole grain vs.

0.99 {0.39, 2.48)

0.44 (0.26, 0.73)

Mone/White

Olive oil: Tertile 3 of

1.03 {0.58, 1.85)

L ]

intake vs. Neverrarely
Dairy:
Skimmed/Semi-skimmed
milk and low-fat cheese
vs. Full-fat milk and

0.66 (0.30, 1.44)

. 1.44 (0.70, 2.95)

full-fat cheese .

e o A TR PR ERE P
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Hazard Ratio

Fig.2 Prospective associations between individual dietary compo-
nent of the Elderly Dietary Index and incident cardiometabolic mul-
timorbidity in BRHS participants aged 60-79 years in 1998-2000
(n=2873). EDI Elderly Dietary Index, HR Hazard ratio, CI Con-
fidence interval. Multivariable model was adjusted for age, BMI,
waist circumference, smoking status, alcohol intake, physical activity,
social class, National IMD, energy intake, use of any lipid-lowering
drugs, and modified EDI score without food group of interest. Die-
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tary components were derived from the baseline FFQ as categorical
variables, which were defined by the EDI criteria. The reference level
was chosen to be the least intake adherence to the dietary pattern. For
fish/seafood and bread consumptions, the two least adherence intake
groups were combined (never/rarely and<1 day/week, none and
white, respectively) due to small case numbers in the least consump-
tion adherence group
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Diet and cardiometabolic multimorbidity
transitions

Table 3 shows the multi-state model results of transition
risk estimates from baseline (CMD-free) to FCMD and to
CMM by baseline EDI quartiles. Baseline EDI quartiles
were not significantly associated with the risk of FCMD,
nor with the risk of CMM. Full disease transition results
showed that being in higher baseline EDI quartiles was
significantly related to lower risk of mortality transitioning
from FCMD, particularly from first stroke or first T2D to
death (Online Resource Tables 6, 7). However, significant
higher risk of CMM transitioning from first MI and risk
of death transitioning from CMM were found comparing
baseline EDI Q3 to Q1 (Online Resource Table 7). Holding
average or reference levels of covariates in the analyses, at
20 year follow-up, the percentages of participants predicted
to develop FCMD or CMM did not differ significantly across
baseline EDI quartiles (Online Resource Fig. 3). But the
predicted risk of death (with or without FCMD and CMM)
was approximately 10% higher for participants being in the

baseline EDI Q1, comparing to participants being in the
other three quartiles (Online Research Fig. 3).

The multi-state model results of fish/seafood consump-
tion with CMM disease transitions are presented in Tables 4
and 5. The impact of fish/seafood intake was significantly
stronger in the transition from FCMD to CMM compared to
the transition from CMD-free to FCMD. The fully adjusted
HRs (95% CI) for the transition of CMM from FCMD were
0.43 (0.23, 0.77) and 0.41 (0.24, 0.70) for consuming fish/
seafood > 3 days/week and 1-2 days/week, respectively,
comparing to consuming fish/seafood < 1 day/week. Specifi-
cally, the significant impact of fish/seafood consumption was
in the transition of CMM from first MI or T2D (Table 5).
Though the association of fish/seafood intake with combined
FCMD was not significant, higher intake of fish/seafood
(= 3 days/week) was found to be significantly associated
with lower risk of first MI (HR: 0.68, 95% CI 0. 48, 0.97)
(Table 5). In addition, consuming fish/seafood more frequent
was related to a lower risk of death from baseline, but a
higher risk of death from first stroke. During the follow-up
period, given average or reference levels of covariates, the
predicted percentages of participants who developed CMM

Table 3 Hazard ratios (95%

CI) for disease transitions from
baseline (CMD-free) to FCMD
and CMM by quartiles of the
baseline Elderly Dietary Index
(EDI) in BRHS participants
aged 60-79 years in 1998-2000
(n=2873)

Table 4 Hazard ratios (95%

CI) for disease transitions

from baseline (CMD-free)

to FCMD and CMM by fish/
seafood consumption in BRHS
participants aged 6079 years in
1998-2000 (n=2873)

Baseline EDI quartiles

First cardiometabolic disease
(N=2891) from baseline

Cardiometabolic multimorbidity
(N=109) from FCMD

No. of events  HR (95% CI) No. of events  HR (95% CI)
Q1 (EDI score 9-22, n=793) 264 Ref 33 Ref
Q2 (EDI score 23-24, n=749) 238 0.97(0.81,1.16) 25 0.59 (0.34, 1.02)
Q3 (EDI score 25-26, n=651) 196 0.93(0.77,1.13) 26 0.86 (0.49, 1.48)
Q4 (EDI score 27-35,n=680) 193 0.87(0.72,1.07) 25 0.80 (0.45, 1.42)

Model adjusted for age, BMI, waist circumference, smoking status, alcohol intake, physical activity, social

class, National IMD, energy intake, and use of any lipid-lowering drugs

FCMD First cardiometabolic disease, CMM Cardiometabolic multimorbidity

*P<0.05

Baseline fish/seafood consumption

First cardiometabolic disease
(N=891) from baseline

Cardiometabolic multimorbidity
(N=109) from FCMD

No. of events HR (95% CI) No. of events HR (95% CI)
<1 day/week (n=308) 103 Ref 22 Ref
> 3 days/week (n=950) 274 0.81 (0.64,1.02) 30 0.43 (0.23, 0.77)*
1-2 days/week (n=1615) 514 0.93 (0.75, 1.16) 57 0.41 (0.24, 0.70)*

Model adjusted for age, BMI, waist circumference, smoking status, alcohol intake, physical activity, social
class, National IMD, energy intake, use of any lipid-lowering drugs, and modified EDI score without fish/

seafood intake

Baseline fish/seafood consumption categories are presented in the order of presumably the least healthy
intake (< 1 day/week), the second healthy intake (> 3 days/week), and the healthiest intake (1-2 days/
week), based on EDI scoring criteria

FCMD First cardiometabolic disease, CMM Cardiometabolic multimorbidity

*P<0.05

@ Springer



European Journal of Nutrition

Table 5 Hazard ratios (95%
CI) for disease transitions from
baseline (CMD-free) to first
MLI, stroke, or T2D, CMM,

Disease transition

No. of events

Hazard ratios (95% CI) for each disease transition

Baseline fish/seafood consumption

and death by baseline fish/ <1 day/ >3 days/week (n=950) 1-2 days/week (n=1615)
seafood consumption in BRHS week
participants aged 60—79 years in (n=308)
1998-2000 (n=2873) Baseline to FCMD
Baseline to MI 354 Ref 0.68 (0.48, 0.97)* 0.74 (0.54, 1.03)
Baseline to stroke 285 Ref 0.88 (0.56, 1.40) 1.10(0.72, 1.67)
Baseline to T2D 252 Ref 1.07 (0.69, 1.67) 1.23 (0.81, 1.86)
FCMD to CMM
MI to CMM 31 Ref 0.40 (0.12, 1.36) 0.24 (0.08, 0.73)*
Stroke to CMM 33 Ref 0.63 (0.16, 2.48) 0.67 (0.21, 2.11)
T2D to CMM 45 Ref 0.26 (0.08, 0.81)* 0.46 (0.18, 1.17)
Baseline to death 1022 Ref 0.81 (0.65, 1.01) 0.81 (0.67, 1.00)*
FCMD to death
MI to death 254 Ref 1.40 (0.80, 2.45) 0.95 (0.59, 1.54)
Stroke to death 173 Ref 2.46 (1.22,4.97)* 1.49 (0.78, 2.86)
T2D to death 73 Ref 0.91 (0.35, 2.40) 1.41(0.57, 3.48)
CMM to death 70 Ref 1.58 (0.62, 4.03) 0.53 (0.21, 1.30)

Model adjusted for age, BMI, waist circumference, smoking status, alcohol intake, physical activity, social
class, National IMD, energy intake, use of any lipid-lowering drugs, and modified EDI score without fish/

seafood intake

Baseline fish/seafood consumption categories are presented in the order of presumably the least healthy
intake (< 1 day/week), the second healthy intake (> 3 days/week), and the healthiest intake (1-2 days/

week), based on EDI scoring criteria

FCMD First cardiometabolic disease, CMM Cardiometabolic multimorbidity

*P<0.05

(survived or died after that) was shown to be consistently
smaller for participants consuming fish/seafood more than
1 day/week comparing to < 1 day/week (Online Resource
Fig. 4).

Discussion

The present study investigated the prospective associations
of an a priori diet quality score, EDI, and its components,
with risk of CMM in older British men. Our results showed
that baseline adherence to the EDI did not relate significantly
to the development of CMM. However, consuming fish/sea-
food more than 1 day/week was significantly associated with
lower risk of CMM. The impact of fish/seafood consumption
on CMM development was found to be stronger in the tran-
sition of CMM from FCMD than from baseline to FCMD.
Two prior prospective studies conducted in British and
Chinese populations examined the potential role that diet
played in the development of CMM [3, 12]. Findings from
the Whitehall IT cohort of 8270 middle-aged British partici-
pants showed that a poor dietary habit, defined as <1 serv-
ing/day of fruit and vegetable consumption, was significantly

@ Springer

associated with the risk of FCMD from CMD-free at base-
line [HR (95% CI) 1.09 (1.00, 1.18)], but not with the risk
of CMM developed from FCMD [HR (95% CI) 1.14 (0.96,
1.36)] [3]. A Chinese cohort involving approximately half
million participants also found that a less healthy dietary
habit, defined as non-daily eating of vegetables, fruits, and
eggs, and eating red meats daily or less than weekly, was
significantly related to a higher risk of FCMD [HR (95%
CD 1.13, (1.08, 1.18)], but not to the development of CMM
[HR (95% CI) 1.04 (0.94, 1.16] [12]. Nevertheless, Han et al.
study showed that a less healthy dietary habit was signifi-
cantly associated with higher risk of CMM when stroke was
the FCMD [HR (95% CI) 1.25 (1.05, 1.49) and 1.84 (1.04,
3.25) for ischaemic stroke and haemorrhagic stroke, respec-
tively] [12].

Our study brought prior work further using a Mediter-
ranean diet-based dietary score EDI to measure the baseline
diet quality in an older British men cohort. However, we did
not observe significant associations between baseline EDI
and the risk of FCMD or CMM. Lack of significance in the
current study may mainly be due to the aging cohort and
limited study power. The BRHS cohort used in our study
consisted of participants who were all older than 60 years.
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While adherence to the Mediterranean diet was suggested to
be associated with improvements in risk factors of cardio-
vascular diseases [15], associations of the risk factors such
as blood pressure and cholesterol level with cardiovascular
diseases were found to be weaker in older adults than in
younger adults, potentially mainly because of physiological
changes with aging [36-39]. In addition, higher absolute
risks of cardiometabolic diseases and mortality in the elderly
could potentially diminish the observed associations. Study
power could be another possible reason for the insignificant
results, as we had a relatively small number of CMM cases
(n=109) in our cohort. The full disease transition estimates
in the current study revealed a significant inverse association
between baseline EDI quartiles and risk of mortality transi-
tioning from FCMD. However, unexpected higher risks of
transitions from first MI to CMM and from CMM to mortal-
ity were found comparing baseline EDI Q3 to Q1 (Online
Resource Tables 6, 7). The unexpected higher risks in the
current study may be mainly because of selection bias, spe-
cifically index event bias and survival bias [40]. For exam-
ple, the risk estimate of CMM from first MI was computed
based on participants who experienced and survived the first
MI. However, prior evidence has shown that an unhealthy
diet was associated with higher risk of all-cause mortality
and CVD mortality in older adults [17], which suggested
that participants in lower EDI quartiles may not have expe-
rienced or survived the first MI. This then may lead to biased
risk estimate of the EDI with the subsequent CMM follow-
ing first MI. Overall, the impacts of diet quality on CMM
and its disease transitions warrant further investigation with
a more general population of wider age range and larger
cohorts.

Regarding dietary components of the EDI, we found that
eating fish/seafood more than 1 day/week was associated
with lower risk of CMM after adjusting for all potential con-
founders. More importantly, our study found that baseline
consumption of fish/seafood played a significantly greater
beneficial role in the transition of CMM from FCMD than
from CMD-free to FCMD, with about 60% reduction in the
risk of CMM from FCMD if consuming fish/seafood more
than 1 day/week. The current study is the first to reveal
the role of fish/seafood consumption in the development
of CMM. Results of fish/seafood intake in specific disease
transitions suggested a significant inverse association of
higher fish/seafood intake with risk of first MI, and with
risk of CMM developed from the first MI or T2D (Table 5).
The significant result of consuming fish/seafood > 3 days/
week with lower risk of first Ml is in line with previous evi-
dence reporting the preventive impact of eating fish/seafood
on coronary heart diseases [10, 41]. The impacts of fish/
seafood consumption, however, were shown to be insignifi-
cant in the relationships with the other two FCMDs in our
study. A recent systematic review also reached insignificant

conclusion in the relationship between fish consumption and
stroke based on 4 prospective cohort studies conducted in
Western countries [41]. In addition, the impacts of fish/sea-
food consumption on risk of T2D were suggested to have
geographical variations, with insignificant associations
found in European cohorts [11].

Our study observed a significant impact of fish/seafood
consumption in the disease transition of CMM from FCMD.
This finding suggested a stronger protective role that fish/
seafood consumption may have in older populations after
developing the FCMD, especially after the development of
first MI or first T2D. There have been several previous stud-
ies showing the potential secondary prevention effect of fish/
seafood intakes [42, 43]. A recent analysis including three
cohorts of patients with prior vascular diseases found that
consuming fish at least two servings/week was significantly
related to a lower risk of another major cardiovascular dis-
eases (HR: 0.84, 95% CI 0.73, 0.96) [42]. Another meta-
analysis including 57,394 patients with diabetes showed a
significant reduction in the risk of developing CHD (RR:
0.61, 95% CI1 0.29, 0.93) comparing the highest to the low-
est fish consumption [43]. Biologically, fish/seafood is par-
ticularly beneficial to cardiovascular disease because of its
relatively higher levels of seafood-derived long-chain n-3
polyunsaturated fatty acids (n—3 PUFAs), which were shown
to be significantly related to improvements in endothelial
function and inflammation, and blood lipid profiles [44]. An
unexpectedly higher risk of mortality was observed in the
transition of death from first stroke with higher fish/seafood
consumption (particularly > 3 days/week). This may also
be mainly due to selection bias/index event bias. Notably,
the current study did not specify types of fish/seafood con-
sumed or their cooking methods. Previous evidence showed
that fish/seafood types and cooking methods could affect the
cardiometabolic health impacts of fish/seafood significantly,
with nonfried fish/seafood showing more consistent positive
results [41, 45]. Overall, our significant beneficial result of
consuming more fish/seafood on CMM is in line with Amer-
ican Heart Association (AHA)’s advisory recommendation
of consuming nonfried seafood 1-2 days/week for potential
cardiovascular benefits [44].

In the last several decades, prevalence of multimorbid-
ity has been rapidly increasing mainly because of the aging
population worldwide and decreased mortality from major
chronic diseases [5, 6]. A growing number of studies have
been focused on exploring behavioral risk factors of multi-
morbidity. For example, a recent study involving 348,290
British adults found that prudent dietary pattern and a few
food components were associated with risk of multimorbid-
ity [46]. However, definitions of multimorbidity varied a lot
across studies. With inter-related physiological pathways,
some sets of chronic conditions tend to cluster together.
Cardiometabolic conditions included in the current study
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are leading causes of deaths globally, and more importantly,
with their common underlying risk factors and inter-related
biological pathways, the co-occurrence of them is one of
the most common multimorbidity patterns [47]. A prior UK
cohort showed that 6% of middle-aged British adults devel-
oped CMM during a mean follow-up of 23.7 years [3]. Our
older British men cohort had a lower percentage of CMM
occurrence (3%) compared to the younger British adults’
cohort, and this may be because our older men cohort had
a high all-cause mortality rate and high fatality rates of the
first MI or stroke event. Nevertheless, results of the current
study provide more insights into this leading multimorbidity
pattern and its relationships with dietary factors, particularly
in the elderly. Findings of our study could potentially influ-
ence future preventive programs and guidelines, and hence
have considerable public health benefits on the management
of multimorbidity for older adults.

The current study has several strengths. First, this study
used a prospective population-based cohort that followed
participants for a long period of time. Second, we used
an FFQ that had been validated against weighted food
intakes in British populations [22, 23], and participants’
dietary intakes were comparable to the survey results
of the National Diet and Nutrition Survey [48]. In addi-
tion, the internal validity of the study was improved by
adjusting for a range of potential confounding variables,
including both sociodemographic and lifestyle factors.
However, findings of the current study need to be con-
sidered in light of several limitations. First, the dietary
measure of the study is prone to measurement error as
the diet quality scores were derived based on one-time
dietary measure at baseline. This could bias our estimates
since we did not know if participants changed their dietary
habits during follow-up, especially after the diagnosis of
the first or second cardiometabolic disease. Besides, due
to design consideration, we only excluded patients with
baseline prevalent MI, but did not identify people who
had previously received a CABG or PCI. Patients with
chronic coronary syndromes at baseline are at higher risk
of developing another cardiometabolic disease and may
have a less healthy dietary habit. Including these patients
in the current study may increase the risk estimates seen
in the unhealthy diet group. However, as we did not
observe significant HRs between diet quality groups in
the current analyses, impact of this potential bias on our
findings is minimal. It is also possible that patients with
prevalent chronic coronary conditions may have modified
their dietary habit and adopted a healthier diet, and this
may bias the model estimates towards the null in the cur-
rent analyses. Third, we had a relatively small number
of cases recorded during follow-up, which reduced our
study power in the analyses of associations and disease
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transitions. Fourth, our current study used a Mediterra-
nean diet-adapted dietary index EDI that was specifically
developed for older populations to measure diet quality.
The FFQ used in the study did not collect more detailed
dietary information, such as serving sizes and sodium
intakes, so we were unable to derive and explore other
diet quality scores, such as the Alternative Healthy Eat-
ing Index (AHEI) or Dietary Approaches to Stop Hyper-
tension (DASH), that were developed to apply to general
populations based on different dietary guidelines. This
limited the generalizability of our study results to general
populations. In addition, our cohort only involved British
men who were mostly from European ethnic origin, so
we could not explore whether our results generalize to
other ethnic groups or women. Finally, due to the study’s
observational nature, we could not rule out the effects of
possible residual confounding, such as the misclassifica-
tion of self-reported lifestyle factors or other unmeasured
confounding factors.

Conclusion

Our study is the first to investigate the associations of
a priori diet quality score and dietary components with
the risk of cardiometabolic multimorbidity. We did not
observe a significant association between baseline adher-
ence to the Mediterranean-adapted diet quality score (EDI)
and the risk of CMM. However, fish/seafood consumption,
a dietary component of the EDI, was found to be signifi-
cantly inversely related to the risk of CMM, particularly
in the transition of CMM from FCMD.

To conclude, results of the current study keep with the
AHA and traditional Mediterranean diet recommendations
of consuming nonfried fish/seafood 1-2 days/week, and
further the potential health benefits towards reducing the
risk of CMM. Further work with larger cohorts and more
general populations, other diet quality indices, and more
frequent dietary measurements are needed to better under-
stand the relationship of diet quality and dietary compo-
nents with risk of CMM.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00394-023-03193-x.

Author contributions QW and SGW contributed to the study concep-
tion and design; PHW and LTL planned the data collection; OP con-
tributed to data preparation and data analysis; QW performed the sta-
tistical analysis and prepared the first draft of the manuscript; AFS and
SGW commented and edited the previous versions of the manuscript.
All authors critically reviewed and approved the final manuscript.

Funding The British Regional Heart Study was funded by a British
Heart Foundation grant (RG/13/16/30528).


https://doi.org/10.1007/s00394-023-03193-x

European Journal of Nutrition

Data availability Restrictions apply to the availability of the data.
Data can be made available with the permission of BRHS. E-mail:
Llennon 1 k.

Code availability Available if required.

Declarations

Conflict of interest The authors have no conflict of interest to declare
that are relevant to the content of this article.

Ethical approval Ethical approval for this study has been obtained from
National Research Ethics Service (NRES) Committee London—Central.
Reference number: MREC/02/2/91.

Consent to participate All participants provided their written informed
consents in accordance with the Declaration of Helsinki for participat-
ing in the BRHS.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Di Angelantonio E, Kaptoge S, Wormser D et al (2015) Associa-
tion of cardiometabolic multimorbidity with mortality. JAMA
314:52. https://doi.org/10.1001/jama.2015.7008

2. Kivimiki M, Kuosma E, Ferrie JE et al (2017) Overweight,
obesity, and risk of cardiometabolic multimorbidity: pooled
analysis of individual-level data for 120 813 adults from 16
cohort studies from the USA and Europe. Lancet Public Health
2:€277-e285. https://doi.org/10.1016/S2468-2667(17)30074-9

3. Singh-Manoux A, Fayosse A, Sabia S, Tabak A, Shipley M,
Dugravot A, Kiviméki M (2018) Clinical, socioeconomic, and
behavioural factors at age 50 years and risk of cardiometa-
bolic multimorbidity and mortality: a cohort study. PLoS Med
15:e1002571. https://doi.org/10.1371/journal.pmed.1002571

4. Sakakibara BM, Obembe AO, Eng JJ (2019) The prevalence of
cardiometabolic multimorbidity and its association with physi-
cal activity, diet, and stress in Canada: evidence from a popula-
tion-based cross-sectional study. BMC Public Health 19:1361.
https://doi.org/10.1186/s12889-019-7682-4

5. World Health Organization (2014) Global status report on non-
communicable diseases. Geneva, Switzerland, pp 176. https://
apps.who.int/iris/bitstream/handle/10665/148114/9789241564
854_eng.pdf. Accessed 10 Jun 2022

6. Boyd CM, Fortin M (2010) Future of multimorbidity research:
how should understanding of multimorbidity inform health sys-
tem design? Public Health Rev 32:451-474. https://doi.org/10.
1007/BF03391611

7. Leon BM, Maddox TM (2015) Diabetes and cardiovascu-
lar disease: epidemiology, biological mechanisms, treatment

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

recommendations and future research. WJID 6:1246. https://
doi.org/10.4239/wjd.v6.113.1246

Rosato V, Temple NJ, La Vecchia C, Castellan G, Tavani A,
Guercio V (2019) Mediterranean diet and cardiovascular dis-
ease: a systematic review and meta-analysis of observational
studies. Eur J Nutr 58:173-191. https://doi.org/10.1007/
500394-017-1582-0

Zeraattalab-Motlagh S, Jayedi A, Shab-Bidar S (2022) Mediter-
ranean dietary pattern and the risk of type 2 diabetes: a systematic
review and dose-response meta-analysis of prospective cohort
studies. Eur J Nutr. https://doi.org/10.1007/s00394-021-02761-3
Bechthold A, Boeing H, Schwedhelm C, Hoffman G, Kniip-
pel S, Igbal K, Henauw SD, Michels N, Devleesschauwer B,
Schlesinger S, Schwingshackl L (2019) Food groups and risk
of coronary heart disease, stroke and heart failure: a systematic
review and dose-response meta-analysis of prospective studies.
Crit Rev Food Sci Nutr 59:1071-1090. https://doi.org/10.1080/
10408398.2017.1392288

Schwingshackl L, Hoffmann G, Lampousi A-M, Kniippel S, Igbal
K, Schwedhelm C, Bechthold A, Schlesinger S, Boeing H (2017)
Food groups and risk of type 2 diabetes mellitus: a systematic
review and meta-analysis of prospective studies. Eur J Epidemiol
32:363-375. https://doi.org/10.1007/s10654-017-0246-y

Han Y,Hu Y, Yu C, Guo Y, Pei P, Yang L, Chen Y, Du H, Sun
D, Pang Y, Chen N, Clarke R, Chen J, Chen Z, Li L, Lv J (2021)
Lifestyle, cardiometabolic disease, and multimorbidity in a pro-
spective Chinese study. Eur Heart J 42:3374-3384. https://doi.
org/10.1093/eurheartj/ehab413

Jeong D, Kim J, Lee H, Kim DY, Lim H (2020) Association
of cardiometabolic multimorbidity pattern with dietary factors
among adults in South Korea. Nutrients 12:2730. https://doi.
org/10.3390/nu12092730

Davis C, Bryan J, Hodgson J, Murphy K (2015) Definition of the
Mediterranean diet: a literature review. Nutrients 7:9139-9153.
https://doi.org/10.3390/nu7115459

Richardson LA, Izuora K, Basu A (2022) Mediterranean diet and
its association with cardiovascular disease risk factors: a scoping
review. [JERPH 19:12762. https://doi.org/10.3390/ijerph1919
12762

Kourlaba G, Polychronopoulos E, Zampelas A, Lionis C, Pana-
giotakos DB (2009) Development of a diet index for older adults
and its relation to cardiovascular disease risk factors: the elderly
dietary index. ] Am Diet Assoc 109:1022-1030. https://doi.org/
10.1016/j.jada.2009.03.004

Atkins JL, Whincup PH, Morris RW, Lennon LT, Papacosta O,
Wannamethee SG (2014) High diet quality is associated with a
lower risk of cardiovascular disease and all-cause mortality in
older men. J Nutr 144:673-680. https://doi.org/10.3945/jn.113.
186486

Lennon LT, Ramsay SE, Papacosta O, Shaper AG, Wannamethee
SG, Whincup PH (2015) Cohort profile update: the British
Regional Heart Study 1978-2014: 35 years follow-up of cardio-
vascular disease and ageing. Int J Epidemiol 44:826-826g. https://
doi.org/10.1093/ije/dyv141

Walker M (2004) The British regional heart study 1975-2004. Int
J Epidemiol 33:1185-1192. https://doi.org/10.1093/ije/dyh295
Walker M, Shaper AG, Lennon L, Whincup PH (2000) Twenty
year follow-up of a cohort based in general practices in 24 British
towns. J Public Health Med 22:479-485. https://doi.org/10.1093/
pubmed/22.4.479

WHO Monica Project Principal Investigators (1988) The world
health organization monica project (monitoring trends and deter-
minants in cardiovascular disease): a major international collab-
oration. J Clin Epidemiol 41:105-114. https://doi.org/10.1016/
0895-4356(88)90084-4

@ Springer


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1001/jama.2015.7008
https://doi.org/10.1016/S2468-2667(17)30074-9
https://doi.org/10.1371/journal.pmed.1002571
https://doi.org/10.1186/s12889-019-7682-4
https://apps.who.int/iris/bitstream/handle/10665/148114/9789241564854_eng.pdf
https://apps.who.int/iris/bitstream/handle/10665/148114/9789241564854_eng.pdf
https://apps.who.int/iris/bitstream/handle/10665/148114/9789241564854_eng.pdf
https://doi.org/10.1007/BF03391611
https://doi.org/10.1007/BF03391611
https://doi.org/10.4239/wjd.v6.i13.1246
https://doi.org/10.4239/wjd.v6.i13.1246
https://doi.org/10.1007/s00394-017-1582-0
https://doi.org/10.1007/s00394-017-1582-0
https://doi.org/10.1007/s00394-021-02761-3
https://doi.org/10.1080/10408398.2017.1392288
https://doi.org/10.1080/10408398.2017.1392288
https://doi.org/10.1007/s10654-017-0246-y
https://doi.org/10.1093/eurheartj/ehab413
https://doi.org/10.1093/eurheartj/ehab413
https://doi.org/10.3390/nu12092730
https://doi.org/10.3390/nu12092730
https://doi.org/10.3390/nu7115459
https://doi.org/10.3390/ijerph191912762
https://doi.org/10.3390/ijerph191912762
https://doi.org/10.1016/j.jada.2009.03.004
https://doi.org/10.1016/j.jada.2009.03.004
https://doi.org/10.3945/jn.113.186486
https://doi.org/10.3945/jn.113.186486
https://doi.org/10.1093/ije/dyv141
https://doi.org/10.1093/ije/dyv141
https://doi.org/10.1093/ije/dyh295
https://doi.org/10.1093/pubmed/22.4.479
https://doi.org/10.1093/pubmed/22.4.479
https://doi.org/10.1016/0895-4356(88)90084-4
https://doi.org/10.1016/0895-4356(88)90084-4

European Journal of Nutrition

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Yarnell JW, Fehily AM, Milbank JE, Sweetnam PM, Walker CL
(1983) A short dietary questionnaire for use in an epidemiological
survey: comparison with weighed dietary records. Hum Nutr Appl
Nutr 37:103-112

Bolton SC, Milne AC (1991) FFQ versus weighed intake data on
Scottish men. Proc Nutr Soc 50:35A (Abstract)

Wannamethee SG, Lowe GD, Whincup PH, Rumley A, Walker M,
Lennon L (2002) Physical activity and hemostatic and inflamma-
tory variables in elderly men. Circulation 105:1785-1790. https://
doi.org/10.1161/hc1502.107117

Wannamethee SG, Lowe GD, Shaper G, Whincup PH, Rumley
A, Walker M, Lennon L (2003) The effects of different alcoholic
drinks on lipids, insulin and haemostatic and inflammatory mark-
ers in older men. Thromb Haemost 90:1080-1087. https://doi.org/
10.1160/TH03-04-0221

Wannamethee SG, Lowe GD, Shaper AG, Rumley A, Lennon
L, Whincup PH (2005) Associations between cigarette smoking,
pipe/cigar smoking, and smoking cessation, and haemostatic and
inflammatory markers for cardiovascular disease. Eur Heart J
26:1765-1773. https://doi.org/10.1093/eurheartj/ehi183

Shaper AG, Pocock SJ, Walker M, Cohen NM, Wale CJ, Thom-
son AG (1981) British Regional Heart Study: cardiovascular risk
factors in middle-aged men in 24 towns. Br Med J (Clin Res Ed)
283:179-186. https://doi.org/10.1136/bm;.283.6285.179
Ramsay SE, Morris RW, Whincup PH, Subramanian SV, Papa-
costa AO, Lennon LT, Wannamethee SG (2015) The influence of
neighbourhood-level socioeconomic deprivation on cardiovascu-
lar disease mortality in older age: longitudinal multilevel analy-
ses from a cohort of older British men. J Epidemiol Community
Health 69:1224-1231. https://doi.org/10.1136/jech-2015-205542
Wannamethee SG, Lowe GD, Rumley A, Bruckdorfer KR, Whin-
cup PH (2006) Associations of vitamin C status, fruit and vegeta-
ble intakes, and markers of inflammation and hemostasis. Am J
Clin Nutr 83(3):567-727. https://doi.org/10.1093/ajcn.83.3.567
Holland B, Welch AA, Unwin ID, Buss DH, Paul AA, South-
gate DAT (1991) McCance and Widdowson’s the composition
of foods, 5th edn. Royal Society of Chemistry and Ministry of
Agriculture, Fisheries and Food, London

Dunlay SM, Givertz MM, Aguilar D et al (2019) Type 2 diabetes
mellitus and heart failure: a scientific statement from the Ameri-
can Heart Association and the Heart Failure Society of America:
this statement does not represent an update of the 2017 ACC/
AHA/HFSA heart failure guideline update. Circulation. https://
doi.org/10.1161/CIR.0000000000000691

Adelborg K, Szépligeti S, Sundbgll J et al (2017) Risk of stroke
in patients with heart failure: a population-based 30-year cohort
study. Stroke 48:1161-1168. https://doi.org/10.1161/STROK
EAHA.116.016022

Wirth J, di Giuseppe R, Boeing H, Weikert C (2016) A Mediter-
ranean-style diet, its components and the risk of heart failure: a
prospective population-based study in a non-Mediterranean coun-
try. Eur J Clin Nutr 70:1015-1021. https://doi.org/10.1038/ejcn.
2016.140

Sanches Machado d’Almeida K, Ronchi Spillere S, Zuchinali P,
Corréa Souza G (2018) Mediterranean diet and other dietary pat-
terns in primary prevention of heart failure and changes in cardiac
function markers: a systematic review. Nutrients 10:58. https://doi.
0rg/10.3390/nu10010058

Putter H, Fiocco M, Geskus RB (2007) Tutorial in biostatistics:
competing risks and multi-state models. Stat Med 26:2389-2430.
https://doi.org/10.1002/sim.2712

Jacobsen SJ, Freedman DS, Hoffmann RG, Gruchow HW, Ander-
son AJ, Barboriak JJ (1992) Cholesterol and coronary artery

@ Springer

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

disease: age as an effect modifier. J Clin Epidemiol 45:1053-1059.
https://doi.org/10.1016/0895-4356(92)90145-D

Collaboration PS, Lewington S, Whitlock G, Clarke R, Sherliker
P, Emberson J, Halsey J, Qizilbash N, Peto R, Collins R (2007)
Blood cholesterol and vascular mortality by age, sex, and blood
pressure: a meta-analysis of individual data from 61 prospective
studies with 55 000 vascular deaths. Lancet 370:1829-1839.
https://doi.org/10.1016/S0140-6736(07)61778-4

Emdin CA, Anderson SG, Callender T, Conrad N, Salimi-
Khorshidi G, Mohseni H, Woodward M, Rahimi K (2015) Usual
blood pressure, peripheral arterial disease, and vascular risk:
cohort study of 4.2 million adults. BMJ (Clinical research ed.)
351:h4865. https://doi.org/10.1136/bmj.h4865

Lacey B, Lewington S, Clarke R et al (2018) Age-specific asso-
ciation between blood pressure and vascular and non-vascular
chronic diseases in 0-5 million adults in China: a prospective
cohort study. Lancet Glob Health 6:e641-e649. https://doi.org/
10.1016/S2214-109X(18)30217-1

Hu Y-J, Schmidt AF, Dudbridge F et al (2017) The impact of
selection bias on estimation of subsequent event risk. Circ Car-
diovasc Genet 10:e001616. https://doi.org/10.1161/CIRCGENETI
CS.116.001616

Krittanawong C, Isath A, Hahn J et al (2021) Fish consump-
tion and cardiovascular health: a systematic review. Am J Med
134:713-720. https://doi.org/10.1016/j.amjmed.2020.12.017
Mohan D, Mente A, Dehghan M et al (2021) Associations of
fish consumption with risk of cardiovascular disease and mortal-
ity among individuals with or without vascular disease from 58
countries. JAMA Intern Med 181:631. https://doi.org/10.1001/
jamainternmed.2021.0036

Jayedi A, Soltani S, Abdolshahi A, Shab-Bidar S (2021) Fish con-
sumption and the risk of cardiovascular disease and mortality in
patients with type 2 diabetes: a dose-response meta-analysis of
prospective cohort studies. Crit Rev Food Sci Nutr 61:1640-1650.
https://doi.org/10.1080/10408398.2020.1764486

Rimm EB, Appel LJ, Chiuve SE, Djoussé L, Engler MB, Kris-
Etherton PM, Mozaffarian D, Siscovick DS, Lichtenstein AH
(2018) Seafood long-chain n-3 polyunsaturated fatty acids and
cardiovascular disease: a science advisory from the American
Heart Association. Circulation 138:35-47. https://doi.org/10.
1161/CIR.0000000000000574

Pastorino S, Bishop T, Sharp SJ et al (2021) Heterogeneity of
associations between total and types of fish intake and the inci-
dence of type 2 diabetes: federated meta-analysis of 28 prospec-
tive studies including 956,122 participants. Nutrients 13:1223.
https://doi.org/10.3390/nu13041223

Zhang Y, Chen H, Carrillo-Larco RM et al (2022) Association
of dietary patterns and food groups intake with multimorbidity: a
prospective cohort study. Clin Nutr ESPEN 51:359-366. https://
doi.org/10.1016/j.clnesp.2022.07.019

Prados-Torres A, Calder6n-Larrafiaga A, Hancco-Saavedra J et al
(2014) Multimorbidity patterns: a systematic review. J Clin Epide-
miol 67:254-266. https://doi.org/10.1016/j.jclinepi.2013.09.021
Hoare J, Henderson L, Bates CJ, Prentice A, Birch M, Swan G,
Farron M (2004) National Diet and Nutrition Survey: adults aged
19 to 64 years. Volume 5: Summary report. A National Statistics
publication. http://www.ons.gov.uk/ons/rel/lifestyles/the-national-
diet-and-nutrition-survey/2001-edition/the-national-diet-and-nutri
tion-survey---volume-5--summary-report.pdf. Accessed 20 Jan
2022


https://doi.org/10.1161/hc1502.107117
https://doi.org/10.1161/hc1502.107117
https://doi.org/10.1160/TH03-04-0221
https://doi.org/10.1160/TH03-04-0221
https://doi.org/10.1093/eurheartj/ehi183
https://doi.org/10.1136/bmj.283.6285.179
https://doi.org/10.1136/jech-2015-205542
https://doi.org/10.1093/ajcn.83.3.567
https://doi.org/10.1161/CIR.0000000000000691
https://doi.org/10.1161/CIR.0000000000000691
https://doi.org/10.1161/STROKEAHA.116.016022
https://doi.org/10.1161/STROKEAHA.116.016022
https://doi.org/10.1038/ejcn.2016.140
https://doi.org/10.1038/ejcn.2016.140
https://doi.org/10.3390/nu10010058
https://doi.org/10.3390/nu10010058
https://doi.org/10.1002/sim.2712
https://doi.org/10.1016/0895-4356(92)90145-D
https://doi.org/10.1016/S0140-6736(07)61778-4
https://doi.org/10.1136/bmj.h4865
https://doi.org/10.1016/S2214-109X(18)30217-1
https://doi.org/10.1016/S2214-109X(18)30217-1
https://doi.org/10.1161/CIRCGENETICS.116.001616
https://doi.org/10.1161/CIRCGENETICS.116.001616
https://doi.org/10.1016/j.amjmed.2020.12.017
https://doi.org/10.1001/jamainternmed.2021.0036
https://doi.org/10.1001/jamainternmed.2021.0036
https://doi.org/10.1080/10408398.2020.1764486
https://doi.org/10.1161/CIR.0000000000000574
https://doi.org/10.1161/CIR.0000000000000574
https://doi.org/10.3390/nu13041223
https://doi.org/10.1016/j.clnesp.2022.07.019
https://doi.org/10.1016/j.clnesp.2022.07.019
https://doi.org/10.1016/j.jclinepi.2013.09.021
http://www.ons.gov.uk/ons/rel/lifestyles/the-national-diet-and-nutrition-survey/2001-edition/the-national-diet-and-nutrition-survey---volume-5--summary-report.pdf
http://www.ons.gov.uk/ons/rel/lifestyles/the-national-diet-and-nutrition-survey/2001-edition/the-national-diet-and-nutrition-survey---volume-5--summary-report.pdf
http://www.ons.gov.uk/ons/rel/lifestyles/the-national-diet-and-nutrition-survey/2001-edition/the-national-diet-and-nutrition-survey---volume-5--summary-report.pdf

	Prospective associations between diet quality, dietary components, and risk of cardiometabolic multimorbidity in older British men
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Study design
	Assessment of diet quality
	Ascertainment of cardiometabolic disease and cardiometabolic multimorbidity
	Available covariates
	Statistical methods

	Results
	Baseline characteristics of study participants
	Diet and incident cardiometabolic multimorbidity
	Diet and cardiometabolic multimorbidity transitions

	Discussion
	Conclusion
	Anchor 20
	References


