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Associations of Diet Quality and
All-Cause Mortality Across
Levels of Cardiometabolic Health
and Disease: A 7.6-Year
Prospective Analysis From the
Dutch Lifelines Cohort
Diabetes Care 2021;44:1228–1235 | https://doi.org/10.2337/dc20-2709

Petra C. Vinke,1 Gerjan Navis,2

Daan Kromhout,1 and Eva Corpeleijn1

OBJECTIVE

To simultaneously investigate the association of diet quality and all-cause mortal-
ity in groups with varying cardiometabolic diseases (CMDs) at baseline.

RESEARCH DESIGN AND METHODS

From the population-based Lifelines cohort, 40,892 non-underweight participants
aged ≥50 years with data on diet quality and confounding factors were included (en-
rollment 2006–2013). From food-frequency questionnaire data, tertiles of the Lifelines
Diet Score were calculated (T1 5 poorest, T3 5 best diet quality). Four CMD catego-
ries were defined: 1) CMD free, 2) type 2 diabetes, 3) one cardiovascular disease
(CVD), 4) two or more CMDs. Months when deaths occurred were obtained from mu-
nicipal registries up until November 2019. Multivariable Cox proportional hazards
models were applied for the total population and stratified by CMD categories.

RESULTS

After a median follow-up of 7.6 years, 1,438 participants died. Diet quality and
CMD categories were independently associated with all-cause mortality in crude
and adjusted models (P < 0.001). A dose-response relationship of diet quality with
all-cause mortality was observed in the total population (Ptrend < 0.001, T2 vs. T35
hazard ratio 1.22 [95% CI 1.07–1.41], T1 vs. T3 5 1.57 [1.37–1.80]). In stratified
analyses, the association was significant for CMD-free individuals (T1 vs. T35 1.63
[1.38–1.93]) and for patients with type 2 diabetes (1.87 [1.17–3.00]) but not for pa-
tients with one CVD (1.39 [0.93–2.08]) or multiple CMDs (1.19 [0.80–1.76]).

CONCLUSIONS

A high-quality diet can potentially lower all-cause mortality risk in the majority of
the aging population. Its effect may be greatest for CMD-free individuals and pa-
tients with type 2 diabetes. Tailored dietary guidelines may be required for pa-
tients with extensive histories of CMDs.

The Global Burden of Disease Study estimated that for all deaths that occurred
worldwide in 2017, dietary risk was the leading behavioral risk factor, accounting
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for 10.9 million deaths. Moreover, most
of these deaths were induced by cardio-
metabolic diseases (CMDs), such as is-
chemic heart disease, stroke, and type 2
diabetes (1). However, the extent to
which a high-quality diet can lower the
mortality risks of groups with varying
levels of existing cardiometabolic bur-
den remains unclear.
Most prospective cohort studies on

diet quality and mortality have investi-
gated either disease-free populations or
populations with specific disease diag-
noses. Patients with histories of cancer,
cardiovascular diseases (CVDs), or dia-
betes were excluded from most of the
cohort studies examined in two meta-
analyses that studied the association of
diet quality and mortality risk (2,3). A
recent meta-analysis on adherence to
the Mediterranean diet and all-cause
mortality only included prospective co-
hort studies conducted with healthy
participants (4). Consequently, these
meta-analyses obtained evidence of an
association between healthy diets and
mortality in study populations that were
healthier than the general population.
Other studies have specifically investi-
gated associations of diet quality with
mortality in participants with a history
of CMDs. Two prospective cohort stud-
ies found that a high-quality diet was
associated with lower risks (32% [5] and
27% [6] lower) of all-cause mortality in
post–myocardial infarction patients. A
third study found that patients with one
of various CVDs had a 19% lower risk of
all-cause mortality when better adher-
ing to the Mediterranean diet (7). A
meta-analysis of prospective diabetes co-
horts found that adherence to a Mediter-
ranean diet was associated with a 21%
lower risk of CVD mortality (8). These
findings indicate that a high-quality diet
may lower mortality risks even when car-
diometabolic health is impaired.
Few studies have simultaneously in-

vestigated the association of diet quality
and mortality in subgroups of the popu-
lation defined by existing cardiometa-
bolic burden. Furthermore, whether a
high-quality diet can lower mortality
risks for populations with a history of
multiple CMDs has not been deter-
mined. Therefore, the current study in-
vestigated the inverse association of diet
quality and all-cause mortality within
subgroups of the population-based

Lifelines cohort, ranging from CMD-free
participants to patients with multiple
CMDs.

RESEARCH DESIGN AND METHODS

Cohort Design and Study Population
The Lifelines Cohort Study is a multidis-
ciplinary prospective population-based
cohort study examining, in a unique
three-generation design, the health and
health-related behaviors of 167,729 per-
sons living in the North of the Nether-
lands. In Lifelines, a broad range of
investigative procedures is used in
assessment of the biomedical, sociode-
mographic, behavioral, physical, and
psychological factors that contribute to
health and disease of the general popu-
lation, with a special focus on multimor-
bidity and complex genetics. The overall
design and rationale of the study have
previously been described in detail
(9,10). Participants were included in the
study between 2006 and 2013. Written
informed consent was obtained from all
participants. Lifelines is conducted in ac-
cordance with the Declaration of Hel-
sinki and was approved by the Medical
Ethics Committee of the University
Medical Center Groningen under refer-
ence number 2007/152.

Adults aged 50 years or older were
targeted in this study because in the
Netherlands, the contribution of exter-
nal causes of death, such as accidents
or suicide, to overall mortality of adults
<50 years exceeds that of CMDs (11).
This left a total of 48,380 potential
participants. Additionally, participants
whose baseline data on diet quality or
covariates were missing or unreliable,
or who withdrew their consent, were
excluded. Moreover, underweight par-
ticipants and frail elderly (BMI <18.5
kg/m2 for age <70 years, BMI <20 kg/
m2 for age $70 years) were excluded.
For this group, dietary requirements
may deviate from those of the general
population, and mechanisms other than
cardiometabolic health status may con-
tribute to the increased mortality risk of
this group. Of 48,380 Lifelines partici-
pants aged $50 years, 40,892 met the
inclusion criteria (Supplementary Fig. 1).

Data Collection

Dietary Assessment

At baseline, diet over the previous
month was assessed with a 110-item

semiquantitative food-frequency ques-
tionnaire (FFQ) (12). Energy intake was
estimated with the 2011 Dutch Food
Composition Database (13). FFQ data
were considered unreliable when the ra-
tio between the reported energy intake
and the basal metabolic rate, calculated
with the Schofield equation (14), was
<0.50 or >2.75 or when daily energy in-
takes for men and women were <800
kcal and 500 kcal, respectively (15).

The food-based Lifelines Diet Score
(LLDS) was calculated as a measure of
relative diet quality. This score is based
on the scientific evidence on diet and
chronic disease relations underlying the
2015 Dutch dietary guidelines (16). The
development of the LLDS has previously
been described (17). In brief, the LLDS
ranks the relative intakes of nine food
groups with proven positive health ef-
fects (vegetables, fruits, whole-grain
products, legumes and nuts, fish, oils
and soft margarines, unsweetened dairy
products, coffee, and tea) and three
food groups with proven negative
health effects (red and processed meat,
butter and hard margarines, and sugar-
sweetened beverages). For each of
these food groups, quintiles of con-
sumption in g/1,000 kcal were deter-
mined and assigned 0–4 points. For
negative food groups, higher scores
were assigned for lower quintiles of
consumption (Supplementary Table 1).
The sum of these LLDS components var-
ied between 0 and 48. For enabling
comparability across studies, the quin-
tiles for each food group were prede-
fined within the total adult Lifelines
cohort (N 5 129,363). The scores were
then categorized into tertiles within the
current study population, with the third
tertile indicating the highest diet quality.

Cardiometabolic Diseases and All-Cause

Mortality

At baseline, participants were catego-
rized according to the prevalence of
CMDs (type 2 diabetes, chronic kidney
disease [stages 3–5], myocardial infarc-
tion, angioplasty or bypass surgery,
aortic aneurysm, heart or kidney trans-
plantation, stroke, heart failure). These
conditions were ascertained with use of
questionnaires combined with data on
prescribed medication and laboratory
measurements (Supplementary Table 2).
The following CMD categories were de-
fined: 1) CMD free; 2) type 2 diabetes
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without prevalent CVDs, as defined
above; 3) one CVD (referring to all of the
included conditions other than type 2 dia-
betes); and 4) two or more CMDs (any
combination of two or more of the in-
cluded conditions). These groups are mu-
tually exclusive, meaning that each
participant is categorized in only one of
the groups. The Lifelines cohort was
linked to municipal registries, which regis-
ter all deaths of the municipalities’ inhabi-
tants. Participants were tracked passively,
provided that they did not withdraw con-
sent. Times of death (months and years)
were collected up to November 2019.
Data on the underlying causes of death
were not available.

Demographics and Lifestyles

Participants’ heights and body weights
(without shoes and heavy clothing) were
measured and rounded to 0.5 cm and 0.1
kg, respectively, for calculation of BMI
(measured as weight in kilograms divided
by the square of height in meters). Self-
administered questionnaires at baseline
were used to collect demographic data
(ethnicity and educational levels) and life-
styles (alcohol consumption, smoking,
and physical activity). Educational levels
were categorized as low (International
Standard Classification of Education
[ISCED] levels 0–2: no education, primary
school, lower vocational, or lower general
secondary education), middle (ISCED lev-
els 3–4: intermediate vocational training
or higher secondary education), or high
(ISCED levels 5–6: higher vocational or
university education) (18). Energy intake
(kilocalories per day) and alcohol con-
sumption (grams per day) were estimated
from the FFQ data (12). Participants were
categorized as “never,” “former,” or
“current” smokers. The validated Short
QUestionnaire to ASsess Health-enhanc-
ing physical activity (SQUASH) was used
for assessment of physical activity (19).
Nonoccupational moderate-to-vigorous
physical activity (MVPA), including sports,
at moderate (4.0–6.4 METs) to vigorous
($6.5 METs) intensity, was calculated in
minutes per week. Missing MVPA data (n
5 2,790 [6.8%]) were imputed with the
hot-deck imputation macro for SPSS (20),
which replaced a missing value with a val-
ue from another participant of the same
sex with similar status for educational lev-
el, smoking, and energy intake.

Data Analysis
Cox proportional hazards regression
analysis was performed for investigation
of associations of diet quality and CMD
categories with all-cause mortality. Par-
ticipants’ follow-up commenced at the
month of their baseline assessment,
and participants who were alive by No-
vember 2019 were censored at this
time. The proportional hazards assump-
tion was verified through inspection of
the log � log plots. For the LLDS, tertile
3 was considered the reference group.
For CMD categories, this was the group
of CMD-free participants.

In the first analysis, independent as-
sociations of diet quality and CMD cate-
gories with all-cause mortality were
investigated through the inclusion of
both the LLDS in tertiles and the cat-
egorical CMD variable as independent
variables in the model. The model was
subsequently adjusted for potential con-
founders (sex, age, age squared, educa-
tional level, smoking status, energy
intake, alcohol intake, and nonoccupa-
tional MVPA). Age squared was in-
cluded because of the nonlinear
association of age with mortality risk.

In the next phase, the association of
diet quality and all-cause mortality was
investigated stratified by CMD category,
with adjustment for the same potential
confounders noted above. To test
whether the association of diet quality
and all-cause mortality differed signifi-
cantly among the four CMD categories,
we included the interaction term of
LLDS in tertiles and CMD categories in
the unstratified model in which LLDS
was coded as an ordinal variable. To
test for a linear trend in the association
of LLDS tertiles and mortality, we re-
peated both the main analysis and the
stratified analyses after replacing the
categorical LLDS tertile variable with a
continuous variable containing the
mean LLDS score for each tertile.

In the final Cox regression, the joint
association of diet quality and CMD cat-
egories with all-cause mortality was in-
vestigated for comparison of mortality
risks across strata of diet quality and
CMDs simultaneously. Accordingly, a
categorical variable with 12 levels that
combined diet quality (LLDS tertiles)
and the four CMD categories was in-
cluded. CMD-free participants with a
high-quality diet (tertile 3) were chosen
as the reference group. The model was

then adjusted for the potential con-
founders described above. The joint Cox
regression was repeated in a sensitivity
analysis, in which the category of CMD-
free individuals was further divided into
normal weight (BMI <25 kg/m2), over-
weight (BMI 25–30 kg/m2), and obese
(BMI >30 kg/m2) categories.

Analyses were performed with IBM
SPSS, version 25 (Chicago, IL). Two-sided
P levels <0.05 were considered statis-
tically significant.

RESULTS

After a median follow-up of 7.6 years
(interquartile range 6.8–8.6), 1,438 par-
ticipants (852 men and 586 women)
died. The average mortality rate was 4.6
per 1,000 person-years (6.2 for men and
3.3 for women). On average, CMD-free
individuals had a 0.6-points-higher LLDS
and were 7.3 years younger than pa-
tients with multiple CMDs (Table 1). The
distribution of the LLDS across tertiles of
the score was highly similar among the
four CMD categories. Supplementary
Table 3 shows the prevalence of differ-
ent diseases among individuals with one
CVD or multiple CMDs.

Diet Quality and Cardiometabolic
Diseases Versus All-Cause Mortality
Diet quality and CMD categories were
independently associated with all-cause
mortality in the crude and adjusted
models (P < 0.001) (Table 2). For diet,
the mortality risk of individuals in the
poorest LLDS tertile was 57% higher
than for those in the tertile with the
highest diet quality (T3) (hazard ratio
[HR] 1.57 [95% CI 1.37–1.80], adjusted
model). For CMD categories, the mortal-
ity risks for individuals with type 2 dia-
betes (1.44 [1.20–1.74]) or a single CVD
(1.46 [1.23–1.74]) were similarly ele-
vated in comparison with CMD-free in-
dividuals. For patients with multiple
CMDs, mortality risk was approximately
double that for CMD-free individuals
(1.97 [1.66–2.35]). Kaplan-Meier curves
are depicted in Supplementary Fig. 2.

Diet Quality and All-Cause Mortality
Across Levels of Cardiometabolic Diseases
In the analyses stratified by CMD cate-
gories, diet quality was significantly as-
sociated with all-cause mortality in
CMD-free individuals and in patients
with type 2 diabetes (Table 3). The HR
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for T1 vs. T3 was 1.63 (95% CI
1.38–1.93) for CMD-free individuals and
1.87 (1.17–3.00) for patients with type 2
diabetes. Among patients with one CVD
(HR 1.39 [95% CI 0.93–2.08]) or multiple
CMDs (1.19 [0.80–1.76]), the association
of diet quality and all-cause mortality
was nonsignificant. Statistically, the asso-
ciation of diet quality and all-cause mor-
tality was not significantly modified by
CMD categories (crude Pinteraction 5
0.154; adjusted Pinteraction 5 0.255).
In the joint analysis, the mortality

risks related to diet within the CMD

categories were compared with those
for individuals who were CMD free and
consumed a healthy diet (T3) (Fig. 1 and
Supplementary Table 4). The mortality
risk of patients with type 2 diabetes ad-
hering to high-quality diets (T3) was
slightly higher (HR 1.26 [95% CI 0.86–
1.83]) than that of CMD-free individuals
with a healthy diet. In patients with
multiple CMDs, the mortality risk was at
least double that of the reference
group, irrespective of diet quality. In
line with the stratified analyses, this
joint analysis also showed that the

difference in mortality risk between
LLDS T1 and T3 was greatest for pa-
tients with type 2 diabetes and least
pronounced for patients with multiple
CMDs.

Diet quality and CMD categories
were also jointly examined in a sensitiv-
ity analysis in which the category of
CMD-free individuals was subdivided
based on weight status (Supplementary
Table 5). Mortality risks did not differ
substantially among normal-weight,
overweight, and obese CMD-free partic-
ipants with varying levels of diet quality.

Table 1—Baseline characteristics of the study population

Total,
N 5 40,892

CMD category*

Free of CMD,
N 5 35,298

T2D,
N 5 2,318

1 CVD,
N 5 1,912

$2 CMDs,
N 5 1,364

Sex (%)
Male 44.0 42.0 49.8 54.2 71.4
Female 56.0 58.0 50.2 45.8 28.6

Age at baseline 59.1 ± 7.3 58.4 ± 6.9 61.8 ± 7.3 65.0 ± 8.2 65.7 ± 8.1

White, East/West European
ethnicity (%)

99.1 99.2 97.9 99.4 98.7

Education level (%)
Low 45.7 44.2 56.8 53.3 54.4
Middle 29.1 29.7 25.2 24.4 24.9
High 25.3 26.1 18.0 22.3 20.7

Mortality rate (per 1,000 person-years)
Total 4.6 3.6 7.3 11.5 17.0
Male 6.2 4.6 9.5 15.1 17.7
Female 3.3 2.8 5.1 7.4 15.1

LLDS 26.1 ± 5.9 26.1 ± 5.9 25.9 ± 5.8 25.8 ± 5.7 25.5 ± 5.9

Energy intake (kcal/day)
Male 2,206 ± 590 2,240 ± 594 2,073 ± 558 2,073 ± 545 1,991 ± 515
Female 1,766 ± 445 1,774 ± 445 1,701 ± 434 1,698 ± 427 1,660 ± 434

Smoking status (%)
Never 34.7 35.6 31.4 30.4 24.0
Former 50.4 49.3 53.9 57.7 62.2
Current 14.9 15.1 14.7 11.9 13.8

Alcohol users (%) 83.3 84.5 72.8 79.2 76.8
Intake among users in g/day 6.8 (2.7–13.8) 6.8 (2.7–13.8) 6.4 (1.8–12.9) 6.8 (2.6–15.6) 6.7 (2.5–14.9)

Nonoccupational MVPA (min/week) 215 (80–420) 220 (90–420) 180 (60–390) 230 (70–420) 190 (60–390)

BMI (kg/m2)
Male 26.9 ± 3.4 26.7 ± 3.2 29.1 ± 4.1 27.3 ± 3.2 28.3 ± 3.7
Female 26.6 ± 4.4 26.3 ± 4.2 30.3 ± 5.4 27.6 ± 4.2 29.7 ± 5.1

Waist circumference (cm)
Male 98.2 ± 10.0 97.3 ± 9.5 104.9 ± 11.3 99.7 ± 9.5 102.7 ± 10.6
Female 89.9 ± 11.6 89.0 ± 11.1 100.6 ± 12.7 92.8 ± 10.9 98.9 ± 13.3

SBP (mmHg) 131.0 ± 16.6 130.4 ± 16.4 137.2 ± 16.7 133.4 ± 17.6 132.7 ± 17.5

LDL cholesterol (mmol/L) 3.6 ± 0.9 3.6 ± 0.9 3.1 ± 1.0 3.2 ± 1.0 2.6 ± 0.9

HDL cholesterol (mmol/L) 1.6 ± 0.4 1.6 ± 0.4 1.3 ± 0.4 1.5 ± 0.4 1.3 ± 0.3

HbA1c (%) 5.7 ± 0.5 5.6 ± 0.3 6.8 ± 0.9 5.7 ± 0.3 6.3 ± 0.8

HbA1c (mmol/mol) 39.2 ± 5.3 38.2 ± 3.3 50.7 ± 10.1 39.2 ± 3.6 44.9 ± 9.2

Data are percentages, means ± SD, or median (25th–75th percentile). v2, one-way ANOVA or Kruskal-Wallis test depending on data character-
istics was used for testing differences between CMD groups. P value <0.001 for all. SBP, systolic blood pressure; T2D, type 2 diabetes. *CMD
categories are mutually exclusive; each participant is categorized in one group only.
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Adjustment for BMI or waist circumfer-
ence led to minor attenuation of the re-
sults (Supplementary Table 6).

CONCLUSIONS

The findings of this large-scale prospect-
ive cohort study indicate that adherence
to a healthy diet is associated with a
lower all-cause mortality risk in

individuals with varying cardiometabolic
health levels. The most pronounced as-
sociation of diet quality and all-cause
mortality was observed among patients
with type 2 diabetes. When these pa-
tients and CMD-free individuals adhered
to a high-quality diet, the mortality risk
of the former was only slightly elevated
compared with that of the latter. The
mortality risk was substantially higher

for patients with multiple CMDs irre-
spective of diet quality. These results, in
combination, show that improved diet
quality can potentially lower all-cause
mortality risk for most subgroups of the
aging population. However, other strat-
egies, including tailored dietary advice,
may be needed for patients with com-
plex and extensive histories of CMDs.

This study’s findings confirm that
poor diet quality is associated with a
greater risk of all-cause mortality. Meta-
analyses of prospective cohort studies
that investigated other measures of
overall diet quality, such as Mediterra-
nean diet scores (3,21), Healthy Eating
Index (22,23) or Dietary Approaches to
Stop Hypertension (DASH) score (24,25),
also found associations with all-cause or
cause-specific mortality. For example,
the pooled relative risk of all-cause mor-
tality was 0.91 per 2-point improvement
in the Mediterranean diet score (rang-
ing from 0 to 7 or 9) (3). When the Al-
ternate Healthy Eating Index and DASH
score were applied, the pooled relative
risk for all-cause mortality was 0.78 for
the best versus poorest quantiles of the

Table 2—Cox regression for investigation of the association of diet quality and
CMD categories versus all-cause mortality during a median follow-up of 7.6 years

Crude HR (95% CI) Adjusted HR (95% CI)*

Tertile of LLDS
T3 (Best diet quality) 1 (REF) 1 (REF)
T2 1.27 (1.11–1.46) 1.22 (1.07–1.41)
T1 (Poorest diet quality) 1.66 (1.46–1.89) 1.57 (1.37–1.80)

CMD categories#
Free of CMD 1 (REF) 1 (REF)
T2D 2.04 (1.70–2.45) 1.44 (1.20–1.74)
1 CVD 3.27 (2.77–3.85) 1.46 (1.23–1.74)
$2 CMDs 4.87 (4.14–5.74) 1.97 (1.66–2.35)

N 5 40,892, P < 0.001 in crude and adjusted analyses. For LLDS tertile: Ptrend < 0.001 in
crude and adjusted analyses. REF, reference; T2D, type 2 diabetes. *LLDS tertile and CMD,
adjusted for each other, education level, sex, age, age squared, smoking status, alcohol in-
take, nonoccupational MVPA, and energy intake. #CMD categories are mutually exclusive;
each participant is categorized in one group only.

Table 3—Cox regression for investigation of the association of diet quality and all-cause mortality during a median follow-up
of 7.6 years, with stratification by CMD category

Baseline CMD
category# LLDS tertile

Crude HR (95% CI)
and P values

Adjusted HR (95% CI)
and P values* Nevents (%)

Mortality rate
(cases/1,000
person-years)

Free of CMD T3 1 (REF) 1 (REF) 258 (2.1) 3.0

T2 1.24 (1.05–1.47) 1.21 (1.02–1.43) 302 (2.6) 3.0

T1 1.69 (1.45–1.98) 1.63 (1.38–1.93) 415 (3.6) 4.6

P < 0.001 P < 0.001

Ptrend < 0.001 Ptrend < 0.001

T2D T3 1 (REF) 1 (REF) 30 (3.8) 5.0

T2 1.47 (0.92–2.35) 1.34 (0.83–2.17) 42 (5.6) 7.3

T1 1.89 (1.22–2.95) 1.87 (1.17–3.00) 57 (7.2) 9.5

P 5 0.018 P 5 0.028

Ptrend 5 0.004 Ptrend 5 0.008

1 CVD T3 1 (REF) 1 (REF) 42 (6.8) 9.1

T2 1.32 (0.88–1.97) 1.28 (0.86–1.93) 55 (8.9) 11.9

T1 1.46 (1.00–2.15) 1.39 (0.93–2.08) 68 (10.0) 13.3

P 5 0.149 P 5 0.265

Ptrend 5 0.056 Ptrend 5 0.117

$2 CMDs T3 1 (REF) 1 (REF) 47 (11.4) 15.7

T2 1.12 (0.76–1.65) 1.11 (0.74–1.65) 55 (12.8) 17.5

T1 1.12 (0.77–1.62) 1.19 (0.80–1.76) 67 (12.9) 17.5

P 5 0.811 P 5 0.695

Ptrend 5 0.571 Ptrend 5 0.396

REF, reference. P values <0.05 in boldface. *Adjustment for education level, sex, age, age squared, smoking status, alcohol intake, nonoccu-
pational MVPA, and energy intake. #CMD categories are mutually exclusive; each participant is categorized in one group only.
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scores (2). By comparison, the con-
verted HR in the current study for the
best versus poorest LLDS tertiles was
0.64. These findings foreground the im-
portance of diet as a modifiable risk fac-
tor for mortality.
Our analyses, stratified by CMD cate-

gories, yielded further insights regarding
the relevance of diet in subgroups of
the aging population. Predictably, given
the results of previous studies in which
participants with CMDs were excluded
(4), a significant association was ob-
served for diet quality and mortality
among CMD-free individuals. More im-
portantly, our stratified analyses high-
lighted the considerable health
potential of improved diet quality for
patients with type 2 diabetes; the mor-
tality risk was 87% greater when these
patients’ diet quality was poor. By con-
trast, a previous study found that an un-
disputed risk factor like smoking was
associated with a 63% greater all-cause
mortality risk in patients with type 2
diabetes without CVDs (26). This finding
indicates that poor diet quality should
be prioritized equally with smoking in
risk factor management for patients
with type 2 diabetes. It is hypothesized
that the lower mortality risk for those
patients adhering to a healthy diet will
in part be established through a lower
risk of CVD incidence in this at-risk pa-
tient population. Moreover, the results
of our joint analysis showed that the
mortality risk for patients with type 2
diabetes who adhered to a high-quality

diet was only slightly higher than that
for CMD-free individuals whose diet
was equally healthy. Because intensive
pharmaceutical treatment for type 2
diabetes is controversial, as it could in-
crease mortality risk (27,28), dietary in-
terventions may be a safe and
efficacious alternative addition to stand-
ard pharmaceutical therapy. This fore-
grounds the importance of initiatives
aimed at the implementation of lifestyle
programs in the standard care of pa-
tients with type 2 diabetes (29,30).

The association between diet quality
and mortality of patients with one CVD,
though not significant, was of a mean-
ingful magnitude. In the past, diet and
lifestyle were emphasized solely for pre-
vention of CVDs. However, the findings
of more recent prospective cohort stud-
ies reveal that CVD patients who adhere
to a healthy diet have a 19–32% lower
all-cause mortality risk (5–7). The cur-
rent study found a similar 28% lower
all-cause mortality risk for patients with
one CVD adhering to a healthy diet, al-
though this result was not statistically
significant. Together, these results indi-
cate that dietary interventions have ma-
jor health potential for preventing
premature deaths of initially CMD-free
individuals and of patients already suf-
fering from CMDs.

A question that remains to be an-
swered is whether an inverse associ-
ation of diet quality and mortality exists
when multiple CMDs are present. For
this group, the 19% higher mortality risk

for patients with a poor diet quality was
not significantly different from risk in
patients adhering to a healthy diet. Al-
though a higher number of comorbid-
ities is associated with an increased
mortality risk (31,32), this does not ex-
plain why the risk would not be attenu-
ated by a healthy diet. A possible
explanation could be that the LLDS does
not optimally reflect the dietary needs
of elderly individuals with multiple
CMDs. The LLDS is based on scientific
evidence on the role of diet in the pre-
vention of a number of major chronic
diseases (16). The establishment of mul-
timorbidity may entail altered nutrition-
al needs, like a substantially elevated
energy and protein requirement (33,34),
which is not captured by the LLDS. Fur-
thermore, as can be seen in
Supplementary Table 3, the underlying
profile of CVDs in the group with one
CVD is qualitatively different from that in
the group with two or more CMDs. For
example, the prevalence of myocardial
infarction and angioplasty or bypass sur-
gery is much higher in the group with
two or more CMDs, whereas chronic kid-
ney disease is more prevalent in the
group with one CVD. These different
CVDs may differentially influence mortal-
ity risk and may also have different sus-
ceptibilities to dietary improvements.
This may have affected both mortality
risks and the association of diet and
mortality in these groups. From a meth-
odological perspective, the absence of a
significant association in patients with
one CVD or multiple CMDs could be re-
lated to a lack of power. However, in
proportional hazards models, the power
is determined by the number of events
rather than by the number of censored
observations (35). As the number of
events was higher in the group with one
CVD and the group with multiple CMDs
than in the group with type 2 diabetes,
this explanation becomes less plausible.

The strengths of this study include
the large study population and the neg-
ligible dropout rate, as mortality data
were collected passively from municipal
registries. This results in a representa-
tive study population, which benefits
the external validity of the study results.
A limitation was that dietary data were
self-reported and may have been prone
to recall or reporter bias. Although the
identification of CMDs relied on a com-
bination of self-reporting, medication

Figure 1—Illustration of the joint association of diet quality and CMD category with all-cause
mortality risk. Results from adjusted Cox regression analyses, in which LLDS tertile 3 of the dis-
ease-free category is set as the reference group for all other groups. Data are HRs and 95% CIs.
CMD categories are mutually exclusive; each participant is categorized in one group only.
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use, and laboratory measurements, mis-
classification could have occurred. Add-
itionally, since neither the incidence of
new CMDs during follow-up nor the
cause of death was taken into account,
this study could not evaluate whether a
decrease in CVDs is the mechanism
underlying the lower mortality risks in
disease-free individuals or patients with
type 2 diabetes with higher diet quality.
Furthermore, we did not have data on
dates of diagnoses for the CMDs
studied. Therefore, we could not rule
out the potential confounding influence
of disease duration on the association
of diet and mortality risk. Finally, infor-
mation on causes of death was not
available; noncardiometabolic diseases
could have contributed to mortality
risks in the current study.

In conclusion, a healthy diet could
beneficially influence all-cause mortality
risks for individuals with and individuals
without CMDs. Especially for patients
with type 2 diabetes, diet quality stands
out as a potential modifiable risk factor.
Early lifestyle intervention in this patient
population can lower mortality risk as-
sociated with this disease, presumably
also by lowering the risk of concomitant
CVDs. More research is needed to in-
vestigate the dietary needs of patients
with one CVD and patients with mul-
tiple CMDs and to elucidate the influ-
ence of diet on mortality for these
patients.
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