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Abstract

Background

Multimorbidity is considered a major challenge for current health care. Lifestyle interven-

tions, as a broad and generic approach, may have the potential to improve the management

of care among patients with multimorbidity. The objective of this study was to evaluate the

association of multimorbidity defined within the cardiometabolic disease domains with die-

tary patterns, representing habitual dietary intake.

Design

We studied 129 369 participants from the Lifelines Cohort study (42% male, 45±13 years

(range 18–93)) in which diet was assessed using a 110-item food frequency questionnaire.

A composite morbidity score was applied in multivariable ordered logistic regression to test

the association with dietary patterns derived by principal components analysis, based on

sex-specific dietary pattern scores.

Results

Four dietary patterns were retained, accounting for 26.6% of the variation in overall diet.

After control for potential confounders, men and women in the highest quintile of “meat,

alcohol and potato pattern” and “snack pattern” had a higher likelihood of having higher

morbidity scores than those in the lowest quintile (e.g. men: OR = 1.83(95% CI:1.71–1.97),

OR = 1.18(95% CI 1.11–1.27 respectively). The opposite was observed with respect to the

“bread and sweets pattern” and “vegetable, fish and fruit pattern” (e.g. women: OR = 0.88

(95% CI: 0.81–0.96), OR = 0.86(95% CI 0.81–0.92 respectively). The association partially

attenuated after adjusting for BMI, but the associations remained significant among men.

PLOS ONE | https://doi.org/10.1371/journal.pone.0220368 August 8, 2019 1 / 13

a1111111111

a1111111111

a1111111111

a1111111111

a1111111111

OPEN ACCESS

Citation: Dekker LH, de Borst MH, Meems LMG,

de Boer RA, Bakker SJL, Navis GJ (2019) The

association of multimorbidity within cardio-

metabolic disease domains with dietary patterns: A

cross-sectional study in 129 369 men and women

from the Lifelines cohort. PLoS ONE 14(8):

e0220368. https://doi.org/10.1371/journal.

pone.0220368

Editor: Andreas Zirlik, Medizinische Universitat

Graz, AUSTRIA

Received: March 29, 2019

Accepted: July 15, 2019

Published: August 8, 2019

Copyright: © 2019 Dekker et al. This is an open

access article distributed under the terms of the

Creative Commons Attribution License, which

permits unrestricted use, distribution, and

reproduction in any medium, provided the original

author and source are credited.

Data Availability Statement: The data underlying

the results presented in the study are available

from https://www.lifelines.nl/. Qualified, interested

researchers may direct queries related to data

access to data@lifelines.nl.

Funding: The Lifelines Biobank initiative has been

made possible by funds from FES (Fonds

Economische Structuurversterking), SNN

(Samenwerkingsverband Noord Nederland) and



Conclusions

Robust associations between dietary patterns and multimorbidity within the cardiometabolic

domain, in particular a “meat, alcohol and potato pattern”, suggest an important opportunity

of dietary interventions in multimobidity prevention. Generic prevention strategies based on

population derived dietary patterns may have the potential to enhance lifestyle management

among people with multimorbidity.

Introduction

Multimorbidity, the co-occurrence of two or more chronic conditions, has become recognized

as a common medical condition and challenges health-care systems worldwide [1,2]. Multi-

morbidity is positively associated with increasing age [1, 3], high mortality [4, 5], functional

decline [6, 7], and increased healthcare utilization [8, 9]. With the rapidly rising prevalence of

multimorbidity, the paradigm of “one patient–one disease” no longer fits the medical necessi-

ties and needs of most patients. Patients with multimorbidity need a broader, more generic

approach as the use of many services or treatment regimens to manage individual diseases can

become duplicative, inefficient or even unsafe [1, 10, 11].

Due to limited evidence on available integrated and multidimensional care pathways for

multimorbid patients, a care model for transitions in organizations and the delivery of care

was recently developed [12]. The promotion of healthy lifestyle as a generic prevention strategy

was one of the components in this model. Dietary behavior is among the most fundamentally

important of health influences [13–15], but nutrition science devoted little study to diet and

the coexistence of multiple chronic conditions in a single patient [16]. As a result, evidence on

the impact of diet on a broad spectrum of chronic diseases is warranted to inform implementa-

tion strategies of dietary interventions in multimorbidity prevention and management.

Nutritional health outcomes are frequently the consequence of multiple synergies among

nutrients and/or foods rather than just the (sum of) individual components [17]. Dietary pat-

tern approaches recognizes complex combinations and interactions in the diet, an approach

which paralleled by the transition from the era of “single chronic disease medicine” to the era

of “multimorbidity medicine” [10, 11]. Focusing on isolated diseases or nutrients/foods cannot

account for all interactions, and may result in erroneous conclusions [17, 18]. While for some

affected disease domains strong associations with dietary patterns are thoroughly described

[19, 20], an association with multimorbidity is yet to be established.

The objective of this study is therefore to examine the association between multimorbidity

within the cardiometabolic disease domains and dietary patterns in the large representative

adult population in the Netherlands.

Subjects and methods

Lifelines cohort study

All adult participants from the Lifelines cohort with reliable dietary intake were included in

the present cross-sectional analysis (n = 129 369). Figure A in S1 File shows the flowchart dia-

gram of participant selection. Lifelines is a population-based cohort study using a unique

three-generation design to study the health and health-related behaviors of 167 729 persons

living in the North of The Netherlands. The Lifelines population is broadly representative for

the people living in this region [21]. Detailed information on the cohort profile can be found
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elsewhere [22]. In brief, individuals living in the recruitment area aged between 25 and 50

year, were invited through their general practitioners and inhabitants of the Northern prov-

inces could register themselves via the Lifelines website. Participants received a baseline ques-

tionnaire and an invitation to a health assessment at one of the Lifelines research sites. During

these visits, participants were asked whether their family members would also be willing to

participate. Overall, 49% of the participants (n = 81 652) were invited through their GP, 38%

(n = 64 489) via participating family members and 13% (n = 21 588) self-registered via the Life-

lines website. Before study entry, all participants signed an informed consent. The Lifelines

Cohort Study is conducted according to the principles of the Declaration of Helsinki and is

approved by the medical ethics committee of the University Medical Center Groningen, The

Netherlands.

Multimorbidity score

Single morbidities within the cardiovascular, endocrinologic and renal domain were scored

according to the 10th edition of the International Statistical Classification of Diseases and

Related Health Problems (ICD-10) [23]. This method is in line with the study of Meems et. al

[3], and a detailed description of the single morbidities within each disease domain can be

found in Section A in S1 File. We calculated a simple morbidity score, the cardiometabolic

morbidity score (CMMS), as a composite end-point, in which the cardiovascular, endocrino-

logic and/or renal domain is considered as ‘affected’ when at least one single disease is present

within this disease domains shortly before and during the first visit at Lifelines outpatient

clinic. Unfortunately, this method of registration has inherent uncertainties concerning sensi-

tivity of disease registration. Therefore, self-reported diseases (or chronic conditions) were

registered in this study when the use of appropriate medication was verified.

Dietary assessment

To assess dietary intake in the Lifelines Cohort, a 110-item semi-quantitative baseline food fre-

quency questionnaire (FFQ) assessing food intake over the previous month was developed by

the Wageningen University using the Dutch FFQTOOL, in which food items were selected

based on the Dutch National Food Consumption Survey of 1997/1998 [24]. The Lifelines FFQ

was designed to include food groups that account for at least 80% of the variance and 80% of

the population intake of both energy and macronutrients. Seven answer categories were used

to assess consumption frequency, ranging from ‘not this month’ to ‘6–7 days a week’. Portion

size was estimated by fixed portion sizes (e.g. slices of bread, pieces of fruit) and commonly

used household measures (e.g. cups, spoons). Energy intake was estimated from the FFQ data

by using the Dutch food composition database of 2011 [25]. Alcohol consumption was also

estimated based on FFQ data. The reliability of reported dietary intake was based on the Gold-

berg cut-off method, which relies on the ratio of reported energy intake and basal metabolic

rate [26], calculated with the Schofield equation [27]. A total of 14 726 participants with a ratio

below 0.87 or above 2.75 were excluded (<0.89 or >2.66 for participants >75 years).

Dietary pattern analysis

Previously, we identified four dietary patterns within this population. A detailed description of

the methodology used to derive these patterns can be found elsewhere [28]. In short, dietary

patterns were derived on the basis of principal components analysis (PCA) on the basis of 33

food groups (Table A in S1 File). The dietary patterns were derived on the basis of consumption

(g/day) of each food group, unadjusted for energy intake. Within the PCA, orthogonal rotation

(varimax option) was used to obtain uncorrelated patterns with greater interpretability. A

Multimorbidity and dietary patterns
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component score was created for each of the dietary patterns identified by multiplying the factor

loadings by the corresponding standardized intake of the food (standardized for men and

women separately), and summing across the food items/groups for each pattern. Stability of the

derived components was assessed by comparing the components solutions and factor loadings

in two random halves of the data set and per sex group. Factor scores for each dietary pattern

were categorized into quintiles (representing very low, low, moderate, high, and very high

adherence to the dietary patterns).

Sociodemographic, lifestyle characteristics and BMI

Self-administered questionnaires were used to collect data regarding demographics (educa-

tion) and lifestyle (smoking, physical activity). Education was classified low education (pri-

mary school, vocational and lower general secondary education), moderate education (higher

secondary education and intermediate vocational training), high education (higher vocational

education and university education). Smoking status was categorized into non-smoker and

current smoker. Physical activity was assessed using the short questionnaire to assess health-

enhancing physical activity [29] and total moderate-to-vigorous physical activity was calcu-

lated in minutes per week. Height and body weight without shoes and heavy clothing were

measured at one of the Lifelines research sites, with the SECA 222 stadiometer and the SECA

761 scale. Body mass index (BMI) in kg/m2 was calculated.

Statistical analysis

Gender stratified baseline characteristics are presented according to categories of affected dis-

ease domains of the CMMS. Continuous data are represented as means ± standard deviation

(SD) for normally distributed data and as medians with interquartile ranges (IQR) for non-

normal distributions. Discrete and categorical data are presented as frequencies (%).

To study the association between quintiles of the dietary patterns scores and the CMMS we

ran a generalized ordered logistic regression. This model relaxes the proportional odds

assumption and allows the effects of the explanatory variables to vary with the point at which

the categories of the dependent variable are dichotomized (partial proportional odds). In mul-

tivariate analysis, we created a model to adjust for risk factors for morbidity and determinants

of diet. This model controlled for several determinants of both multimorbidity and diet (sex,

age, smoking, physical activity, educational level, energy intake). In a second model body mass

index (BMI) was additionally adjusted for. Odds ratios (ORs) were reported with 95% confi-

dence intervals (95%CI). All P values are two-tailed. A P value < 0.05 was considered statisti-

cally significant. Analyses were performed using STATA v.11SE (College Station, TX, USA).

Results

This study included 129 369 participants (41.5% males, 58.5% females) with a mean age of 44.8

(SD = 13.1, range 18–93). With increasing CMMS, subjects were more likely to be older, active

smokers, lower educated, less active, to have a lower total energy intake and a higher preva-

lence of overweight and obesity (Table 1 and Table 2). The overall prevalence of cardiovascu-

lar, renal and endocrinologic diseases was 19.1%, 1.17% and 21.0% among males and 15.7%,

0.8% and 19.2% among females.

Dietary patterns

Detailed information on the dietary patterns that are derived from the data are described else-

where (28). In short, four dietary patterns were retained in a PCA, together explaining 26.6%

Multimorbidity and dietary patterns
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(7.6%, 7.0%,6.4% and 5.6% respectively) of the variation in food intake within this population

(Table 3). The patterns were labels by the foods that correlated highly to the dietary patterns,

i.e. a “bread and cookies” pattern, “snack” pattern, “meat and alcohol” pattern and a “vegeta-

bles, fish and fruit” pattern. The dietary patterns were stable and cross-classification of quin-

tiles of gender specific standardized dietary pattern scores to non-gender specific standardized

dietary pattern scores showed 97% of participants was categorized in the same or adjacent

quintile (results not shown).

Association between quintiles of dietary pattern with CMMS

Significant differences in the association between quintiles of all four dietary pattern scores

and the CMMS according to gender were observed (P for interaction�0.001, results not

shown). Therefore, the results are presented for men and women separately (Table 4 and

Table 5). Results from model 2, presented in Fig 1, showed a significant inverse association

between the quintiles of the “bread and sweets pattern” and the CMMS. The opposite was

observed with respect to the “meat, alcohol and potato pattern” and the “snack pattern” in

which greater adherence was associated with a higher odds of having a CMMS, especially

among men. To illustrate, if a man with a high consumption of foods typical for a “meat, alco-

hol and potato pattern” changed his diet to a pattern that was not characterized by these foods

he would reduce his chance for a higher morbidity score with 83%. While higher adherence to

the “vegetable, fish and fruit pattern” was associated with a lower odds of multimorbidity, after

adjustment for BMI the significant trend disappeared.

Discussion

We demonstrate in this cross-sectional study that empirically derived dietary patterns, after

adjustment for potential confounders, are associated with the prevalence of multimorbidity

Table 1. Baseline data of according to the CMMS among males.

CMMS

morbidities 0 1 2 3

N (%) 36451 (67.9) 12443 (23.2) 4569 (8.5) 189 (0.4)

Age, year, mean (SD) 42(12) 50(12) 59(11) 62(12)

Age, % <40 41.7 16.3 3 4.2

40–60 49.2 58.7 45.3 32.8

>60 9.1 25.1 51.8 63

Current smoker, % yes 23.9 21.3 17.0 25.4

Education, % Low 25.4 34.5 44.2 46.5

Middle 40.5 35.9 30.1 27.6

High 34.1 29.6 25.8 25.9

Weight status, % BMI<25 43.9 26.7 15.8 14.8

BMI 25–30 45.8 54.8 55.8 47.6

BMI>30 10.4 18.5 28.4 37.6

Total moderate to vigorous physical activity (min/wk), mean

(IQR)

250 (60–600) 240 (50–540) 210 (30–480) 155 (0–445)

CVD (%) NA 44.6 98.4 100

CKD (%) NA 1.97 4.27 100

Endocrine (%) NA 53.4 97.3 100

Low education = primary school, vocational and lower general secondary education. Moderate education = higher secondary education and intermediate vocational

training. High education = higher vocational education and university education.

https://doi.org/10.1371/journal.pone.0220368.t001

Multimorbidity and dietary patterns
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Table 2. Baseline data of according to the CMMS among females.

CMMS

morbidities 0 1 2 3

N (%) 54075 (71.4) 16846 (22.3) 4674 (6.2) 122 (0.2)

Age, year (SD) 57(12) 41(12) 51(12) 59(10)

Age, % <40 43.1 16.3 2.9 6.6

40–60 50.3 57.6 45 45.1

>60 6.6 26.1 52.1 48.4

Current smoker, % yes 20.4 17.3 14.8 21.3

Education, % Low 23.7 39.8 59.6 62.2

Middle 43.5 36.7 26.3 21.8

High 32.8 23.5 14.1 16

Weight status, % BMI<25 56.1 40.3 23.3 16.4

BMI 25–30 31.2 38.2 41.7 36.1

BMI>30 12.7 21.5 35 47.5

Total moderate to vigorous physical activity (min/wk) 180

(30–420)

225

(75–480)

210

(60–465)

200

(60–435)

Total energy intake (kcal/d) 1731

(482)

1858

(477)

1802

(464)

1727

(453)

CVD (%) NA 39.6 99.0 100

CKD (%) NA 2.0 2.6 100

Endocrine (%) NA 58.4 98.3 100

Low education = primary school, vocational and lower general secondary education. Moderate education = higher secondary education and intermediate vocational

training. High education = higher vocational education and university education.

https://doi.org/10.1371/journal.pone.0220368.t002

Table 3. Factor loading � matrix of the four identified dietary patterns in the entire study population.

Bread and sweets Snacks Meat, alcohol and

potato

Vegetable, fish and

fruit

Food groups Factor

loading

Food groups Factor

loading

Food groups Factor

loading

Food groups Factor

loading

Low-fat margarine /margarine/

butter

0.69 Other snacks 0.67 Processed meat 0.56 Vegetables 0.57

Bread and bread products 0.68 Pizza 0.54 Fresh meat 0.56 Fish and seafood 0.49

Sugar and confectionary 0.58 Ready to serve dinner 0.49 Alcoholic drinks 0.49 Rice/pasta 0.47

Potatoes 0.54 French fries 0.49 Coffee 0.47 Legumes 0.45

Cake and cookies 0.44 Sugar sweetened

beverages

0.47 Chicken 0.43 Fruit 0.41

Sauces/dressing/gravy 0.43 Fruit/vegetable juices 0.30 Sauces/dressing/gravy 0.34 Nuts and seeds 0.35

High fat dairy products 0.36 Rice/pasta 0.27 Eggs 0.27 Eggs 0.30

Processed meat 0.31 Sauces/dressing/ggravy 0.26 Potatoes 0.25 Breakfast cereals 0.30

Sugar sweetened beverages 0.22 Savory bread topping 0.26 Fruit -0.21 Soup 0.26

Fish and seafood -0.26 Sugar and

confectionary

0.24 Cake and cookies -0.22 Tea 0.25

Alcoholic drinks 0.21 Tea -0.48 Sugar sweetened

beverages

-0.22

Vegetables -0.24

Fruit -0.33

� factor loadings> 0.2

https://doi.org/10.1371/journal.pone.0220368.t003

Multimorbidity and dietary patterns
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within the cardiometabolic disease domain among men and women. In general, higher adher-

ence to a “meat, alcohol and potato pattern” and a “snack pattern” was associated with a higher

odds of having more affected disease domains within the individual, while adherence to a

“bread and sweets pattern” and to a lesser extent a “vegetable, fish and fruit pattern” was

inversely associated with the CMMS. The strength of the associations largely depended on gen-

der. After adjustment for BMI, the associations were attenuated, but remained significant for

most dietary patterns among men.

Targeting specific dietary patterns might favor dietary change as modification will be more

readily achieved if recommended foods are compatible with existing patterns of food con-

sumption [30–32]. This study is the first to show the associations between empirically derived

dietary patterns and prevalence of multimorbidity. The results of this study suggest that higher

adherence to a dietary pattern characterized by high intakes of meat, alcohol and potato and

also a “snack pattern” is associated with increased prevalence of multimorbidity within the car-

diometabolic domain. While previous work has substantially contributed to the understanding

and importance of the study of dietary patterns with respect to single outcomes, disentangling

the potential influence of dietary patterns on health from factors such as the totality of some-

one’s disease profile is challenging, if not impossible. To illustrate, Rodriguez-Monforte et. al

and Li et. al found the rather unexpected finding that no pooled association between the

adherence to unhealthy dietary patterns and stroke mortality was present [19, 33]. This could

be explained by the fact there was large heterogeneity in foods that characterized this

“unhealthy pattern”, but also that the adherence to such pattern could be associated with a

Table 4. Multivariate association of dietary patterns with CMMS among males.

Models � Model 1 Model 2 Model 3

OR (95%CI) OR (95%CI) OR (95%CI)

Bread and sweets (Q1 = ref) 2 0.87 (0.82–0.93) 0.86 (0.81–0.92) 0.87 (0.82–0.93)

3 0.78 (0.73–0.84) 0.76 (0.72–0.82) 0.80 (0.74–0.85)

4 0.69 (065–0.74) 0.67 (0.63–0.72) 0.73 (0.68–0.78)

5 0.58 (0.54–0.62) 0.56 (0.51–0.60) 0.65 (0.60–0.70)

p for trend �0.001 �0.001 �0.001

Snack (Q1 = ref) 2 1.00 (0.94–1.06) 1.01 (0.95–1.08) 1.00 (0.94–1.06)

3 0.98 (0.92–1.05) 1.02 (0.95–1.09) 0.99 (0.93–1.06)

4 1.01 (0.95–1.08) 1.08 (1.01–1.16) 1.05 (0.98–1.13)

5 1.04 (0.97–1.11) 1.18 (1.11–1.27) 1.12 (1.04–1.20)

p for trend 0.213 �0.001 �0.001

Meat, alcohol and potato (Q1 = ref) 2 1.25 (1.15–1.35) 1.21 (1.12–1.32) 1.12 (1.03–1.22)

3 1.37 (1.27–1.48) 1.33 (1.23–1.44) 1.20 (1.11–1.30)

4 1.50 (1.40–1.62) 1.46 (1.36–1.58) 1.26 (1.17–1.36)

5 1.81 (1.69–1.95) 1.83 (1.71–1.97) 1.48 (1.37–1.59)

p for trend �0.001 �0.001 �0.001

Vegetable, fish and fruit (Q1 = ref) 2 0.92 (0.86–0.98) 0.98 (0.92–1.05) 0.98 (0.92–1.05)

3 0.88 (0.83–0.94) 0.99 (0.92–1.06) 0.99 (0.93–1.06)

4 0.89 (0.84–0.95) 1.05 (0.99–1.12) 1.08 (1.00–1.15)

5 0.76 (0.72–0.81) 0.97 (0.91–1.05) 1.00 (0.94–1.08)

p for trend �0.001 0.818 0.165

� Model 1 includes age, model 2 includes model 1+physical activity, smoking, energy intake and educational

attainment, model 3 includes model 2 + BMI.

https://doi.org/10.1371/journal.pone.0220368.t004

Multimorbidity and dietary patterns
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higher risk of other diseases such as cancer, myocardial infarction and ischaemic heart disease

that might lead to death before a stroke could occur.

We found that a diet characterized by high intakes of vegetables, fish and fruit was associ-

ated with a modest decrease in the likelihood of higher CMMS. This finding is in line with a

previous study in which greater consumption of foods such as fruits and vegetable and whole

grain products appeared to lower the risk of multimorbidity [16]. The association, however,

disappeared after adjustment for BMI. Several explanations are proposed, e.g. higher BMI is

associated with selective under-reporting of certain foods (such as unhealthy snacks), and

over-reporting of presumably more “healthy” foods [34]. Additionally, as obesity may be an

intermediate step in the pathway between diet and some affected diseases domains, one can

argue that the models adjusted for BMI present an overadjustment. Obesity is associated with

increased frequency of many long-term conditions that are of importance in primary and sec-

ondary care, including type 2 diabetes, cardiovascular diseases and musculoskeletal problems

[35, 36]. Several studies have reported that obesity is a risk factor for multimorbidity in mid-

dle-aged and older adults. For example, Agborsangaya et al found that having obesity was asso-

ciated with more than double the odds of multimorbidity (odds ratio = 2.2, 95% CI 1.9–2.7)

compared to non-obese [37]. Using population attributable fractions, it has been estimated

that almost a third of multimorbidity could be attributable to overweight and obesity, and a

fifth to obesity alone; a causal relationship can be assumed [35]. BMI assessment to identify

and monitor obesity should be a priority for those working in health care services, along with

weight and lifestyle management and targeted control of other risk factors such as

Table 5. Multivariate association of dietary patterns with CMMS among females.

Models � Model 1 Model 2 Model 3

OR (95%CI) OR (95%CI) OR (95%CI)

Bread and sweets (Q1 = ref) 2 0.97 (0.92–1.01) 0.97 (0.92–1.02) 0.98 (0.93–1.04)

3 0.93 (0.88–0.97) 0.94 (0.89–1.00) 0.97 (0.92–1.02)

4 0.88 (0.84–0.93) 0.91 (0.85–0.97) 0.96 (0.90–1.03)

5 0.81 (0.76–0.86) 0.88 (0.81–0.96) 0.94 (0.86–1.02)

p for trend �0.001 �0.001 0.176

Snack (Q1 = ref) 2 0.94 (0.89–0.98) 0.96 (0.91–1.01) 0.97 (0.93–1.02)

3 0.94 (0.89–0.99) 0.98 (0.93–1.03) 0.98 (0.93–1.04)

4 0.92 (0.87–0.98) 0.98 (0.93 (1.04) 0.98 (0.92–1.04)

5 1.00 (0.94–1.07) 1.11 (1.03 (1.19) 1.06 (0.98–1.13)

p for trend �0.001 0.04 0.349

Meat, alcohol and potato (Q1 = ref) 2 1.07 (1.02–1.13) 1.05 (1.00–1.11) 1.00 (0.95–1.05)

3 1.10 (1.05–1.16) 1.07 (1.02–1.12) 0.98 (0.93–1.03)

4 1.18 (1.12–1.24) 1.14 (1.08–1.21) 1.01 (0.96–1.07)

5 1.23 (1.16–1.31) 1.20 (1.12–1.27) 1.01 (0.95–1.08)

p for trend �0.001 �0.001 0.53

Vegetable, fish and fruit (Q1 = ref) 2 0.87 (0.83–0.93) 0.92 (0.87–0.97) 0.94 (0.89–1.00)

3 0.84 (0.79–0.88) 0.92 (0.87–0.97) 0.95 (0.90–1.01)

4 0.81 (0.76–0.85) 0.91 (0.86–0.96) 0.96 (0.91–1.02)

5 0.72 (0.68–0.76) 0.86 (0.81–0.92) 0.94 (0.88–0.99)

p for trend �0.001 �0.001 0.148

� Model 1 includes age, model 2 includes model 1+physical activity, smoking, energy intake and educational

attainment, model 3 includes model 2 + BMI

https://doi.org/10.1371/journal.pone.0220368.t005
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hypertension and hypercholesterolaemia. Such changes in practice could potentially reduce

the onset and burden of multimorbidity.

In our study higher adherence to a “bread and sweets pattern” was associated with lower

multimorbidity scores, especially in men. This finding is somewhat counterintuitive, but it is

in line with the observation that higher intakes of a dietary pattern characterized by high

intakes of cakes and cookies and whole-grain bread was found to be significantly associated

with a lower risk of chronic diseases [38]. Additionally, cake and cookies were found to be pos-

itively associated with cardiorespiratory fitness [39]. This observation may have a biological

background, or could be the result of some type of reporting bias, in which people with higher

multimorbidity scores tend to under-report their bread and sweets intake compared with their

counterparts. Another well-established source of bias, namely “confounding by indication”

might also apply, as cross-sectional data are prone to this type of bias. It implicates that indi-

viduals at risk have already adapted their dietary habits based on medical or preventive advice.

At this point, we can only conclude that the observation is interesting and that this issue

should be investigated further, preferably in longitudinal studies.

Gender-specific differences were observed. In general, the associations were stronger for

men than women, except for the vegetable, fish and fruit pattern. Hypothetically, this may be

explained by the fact that men and women show heterogeneity in diet intake [13, 40]. In our

population, we found no reason to assess dietary patterns separately for men and women as in

stratified analysis the same patterns were observed. We did however, calculate dietary pattern

scores on the basis of gender specific standardized intakes of foods to minimize the effect of

lower total intake in women. Still, we observed striking gender differences in the adherence to

dietary patterns, being most outspoken for the “meat, alcohol and potato pattern”. Only a

small proportion of women was assigned to the highest adherence group (10%), against a rela-

tively large proportion of men (34%). Women and men may have completed the FFQ differ-

ently, resulting in different degrees of measurement error which may affected the assessment

of food intake and consequently the definition of dietary patterns [41, 42]. Still, it is warranted

Fig 1. The association between quintiles of four dietary patterns scores and CMMS odds ratio with 95% CI. Black

dots = male, white dots = female; Model 2: age, sex, physical activity, smoking, educational attainment, energy intake.

https://doi.org/10.1371/journal.pone.0220368.g001
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to acknowledge gender differences in dietary patterns in relation to disease outcomes to opti-

mally inform future dietary recommendations. It might well be that recommending to eat

more of the healthy foods for women, and less of the unhealthy foods for men would be an

approach to stimulate effective dietary change and consequently decrease disease risk [43].

The present study has several limitations. First, although diet was assessed through a vali-

dated FFQ, the dietary analysis relied on self-reported data which may affected the patterns

found through PCA. Additionally, PCA requires several arbitrary decisions [44]. Yet, it was

found that derived dietary patterns were robust for subjective factor analytical decisions. With

respect to diet, we excluded participants with implausible energy intake. Second, although clin-

ical examination was included, some of the diseases or conditions were self-reported, and this

may have caused under- or over-reporting of these morbidities. However, in the current

framework of the Lifelines Cohort Study we considered this approach most feasible, although

we acknowledge limitations inherent to this approach. Another limitation of this study may be

the simplified composite end-point of morbidity score. Although we recognize that the effect

of multimorbidity on individuals will vary with the combination and severity of morbidities,

we chose to weight all morbidities equally, which resulted in a simplified count to define mor-

bidity. This approach is different from other scores, like the Charlons co-morbidity score [45]

that also takes into account the severity of the co-morbidity. Of note, we are not the first ones

to use such an unweighted score [3, 46], this strategy enabled us to include morbidities that

have a low prevalence. Another limitation is that this is a cross-sectional study, hereby these

analyses do not provide evidence about possible causality of the adherence to dietary patterns

and multimorbidity prevalence. As suggested by XU et.al, there is a need for prospective

research, especially longitudinal cohort studies and randomized control trials, to provide more

definitive evidence on multimorbidity [47]. Last, this study has an observational nature.

Despite the fact that we adjusted for potential confounders, we cannot exclude a possible effect

of any unmeasured factors on the observed association. This study has several strengths such

as the availability of detailed data on diet and health among a very large homogeneous repre-

sentative population of men and women. We used standardized definitions of specific morbid-

ities when possible (i.e. ICD-10), explicitly reported elsewhere [3].

To conclude, robust associations between dietary patterns and multimorbidity, in particular

a “meat, alcohol and potato pattern” within the cardiometabolic domain, suggest an important

opportunity of dietary interventions in multimorbidity prevention and management. These

results therefore provide an opportunity for the implementation of dietary pattern interven-

tions as a generic lifestyle strategy within the care of patients with multimorbidity.

Supporting information

S1 File. (Figure A) Flowchart diagram of participant selection. (Section A) Detailed descrip-

tion of the single morbidities within each disease domain. (Table A) Foods and food groups

used in the dietary pattern analysis.

(DOCX)

Acknowledgments

None of the authors reported any conflicts of interest related to the study.

The Lifelines Biobank initiative has been made possible by funds from FES (Fonds Econo-

mische Structuurversterking), SNN (Samenwerkingsverband Noord Nederland) and REP

(Ruimtelijk Economisch Programma). LHD participates in projects funded by De Friesland

Zorgverzekeraar. The funders had no role in study design, data collection and analysis,

Multimorbidity and dietary patterns

PLOS ONE | https://doi.org/10.1371/journal.pone.0220368 August 8, 2019 10 / 13



decision to publish, or preparation of the manuscript. The authors wish to acknowledge the

services of the Lifelines Cohort Study, the contributing research centers delivering data to Life-

lines, and all study participants.

Author Contributions

Conceptualization: Louise H. Dekker, Laura M. G. Meems, Rudolf A. de Boer.

Formal analysis: Louise H. Dekker.

Methodology: Louise H. Dekker, Laura M. G. Meems.

Writing – original draft: Louise H. Dekker.

Writing – review & editing: Louise H. Dekker, Martin H. de Borst, Laura M. G. Meems,

Rudolf A. de Boer, Stephan J. L. Bakker, Gerjan J. Navis.

References
1. Barnett K, Mercer SW, Norbury M, Watt G, Wyke S, Guthrie B. Epidemiology of multimorbidity and

implications for health care, research, and medical education: a cross-sectional study. Lancet. 2012 Jul

7; 380(9836):37–43. https://doi.org/10.1016/S0140-6736(12)60240-2 PMID: 22579043

2. WHO. Multimorbidity: Technical Series on Safer Primary Care. Geneva: World Health Organisation;

2018.

3. Meems LM, de Borst MH, Postma DS, Vonk JM, Kremer HP, Schuttelaar ML, et al. Low levels of vitamin

D are associated with multimorbidity: results from the Lifelines Cohort Study. Ann Med. 2015; 47

(6):474–81. https://doi.org/10.3109/07853890.2015.1073347 PMID: 26340085

4. Emerging Risk Factors Collaboration, Di Angelantonio E, Kaptoge S, Wormser D, Willeit P, Butterworth

AS, et al. Association of Cardiometabolic Multimorbidity With Mortality. JAMA. 2015 Jul 7; 314(1):52–

60. https://doi.org/10.1001/jama.2015.7008 PMID: 26151266

5. Gijsen R, Hoeymans N, Schellevis FG, Ruwaard D, Satariano WA, van den Bos GA. Causes and con-

sequences of comorbidity: a review. J Clin Epidemiol. 2001 Jul; 54(7):661–74. PMID: 11438406

6. Kadam UT, Croft PR, North Staffordshire GP Consortium Group. Clinical multimorbidity and physical

function in older adults: a record and health status linkage study in general practice. Fam Pract. 2007

Oct; 24(5):412–9. https://doi.org/10.1093/fampra/cmm049 PMID: 17698977

7. Fortin M, Lapointe L, Hudon C, Vanasse A, Ntetu AL, Maltais D. Multimorbidity and quality of life in pri-

mary care: a systematic review. Health Qual Life Outcomes. 2004 Sep 20; 2:51,7525-2-51.

8. Wolff JL, Starfield B, Anderson G. Prevalence, expenditures, and complications of multiple chronic con-

ditions in the elderly. Arch Intern Med. 2002 Nov 11; 162(20):2269–76. PMID: 12418941

9. Salisbury C, Johnson L, Purdy S, Valderas JM, Montgomery AA. Epidemiology and impact of multimor-

bidity in primary care: a retrospective cohort study. Br J Gen Pract. 2011 Jan; 61(582):e12–21. https://

doi.org/10.3399/bjgp11X548929 PMID: 21401985

10. Fabbri E, Zoli M, Gonzalez-Freire M, Salive ME, Studenski SA, Ferrucci L. Aging and Multimorbidity:

New Tasks, Priorities, and Frontiers for Integrated Gerontological and Clinical Research. J Am Med Dir

Assoc. 2015 Aug 1; 16(8):640–7. https://doi.org/10.1016/j.jamda.2015.03.013 PMID: 25958334

11. Tinetti ME, Fried TR, Boyd CM. Designing health care for the most common chronic condition—multi-

morbidity. JAMA. 2012 Jun 20; 307(23):2493–4. https://doi.org/10.1001/jama.2012.5265 PMID:

22797447

12. Palmer K, Marengoni A, Forjaz MJ, Jureviciene E, Laatikainen T, Mammarella F, et al. Multimorbidity

care model: Recommendations from the consensus meeting of the Joint Action on Chronic Diseases

and Promoting Healthy Ageing across the Life Cycle (JA-CHRODIS). Health Policy. 2018 Jan; 122

(1):4–11. https://doi.org/10.1016/j.healthpol.2017.09.006 PMID: 28967492

13. Imamura F, Micha R, Khatibzadeh S, Fahimi S, Shi P, Powles J, et al. Dietary quality among men and

women in 187 countries in 1990 and 2010: a systematic assessment. Lancet Glob Health. 2015 Mar; 3

(3):e132–42. https://doi.org/10.1016/S2214-109X(14)70381-X PMID: 25701991

14. McCullough ML, Feskanich D, Stampfer MJ, Giovannucci EL, Rimm EB, Hu FB, et al. Diet quality and

major chronic disease risk in men and women: moving toward improved dietary guidance. Am J Clin

Nutr. 2002 Dec; 76(6):1261–71. https://doi.org/10.1093/ajcn/76.6.1261 PMID: 12450892

Multimorbidity and dietary patterns

PLOS ONE | https://doi.org/10.1371/journal.pone.0220368 August 8, 2019 11 / 13



15. Lim SS, Vos T, Flaxman AD, Danaei G, Shibuya K, Adair-Rohani H, et al. A comparative risk assess-

ment of burden of disease and injury attributable to 67 risk factors and risk factor clusters in 21 regions,

1990–2010: a systematic analysis for the Global Burden of Disease Study 2010. Lancet. 2012 Dec 15;

380(9859):2224–60. https://doi.org/10.1016/S0140-6736(12)61766-8 PMID: 23245609

16. Ruel G, Shi Z, Zhen S, Zuo H, Kroger E, Sirois C, et al. Association between nutrition and the evolution

of multimorbidity: the importance of fruits and vegetables and whole grain products. Clin Nutr. 2014 Jun;

33(3):513–20. https://doi.org/10.1016/j.clnu.2013.07.009 PMID: 23931982

17. Hu FB. Dietary pattern analysis: a new direction in nutritional epidemiology Curr Opin Lipidol. 2002;

13:3–9. PMID: 11790957

18. Tapsell LC, Neale EP, Satija A, Hu FB. Foods, Nutrients, and Dietary Patterns: Interconnections and

Implications for Dietary Guidelines. Adv Nutr. 2016 May; 7(3): 445–454. https://doi.org/10.3945/an.

115.011718 PMID: 27184272

19. Rodriguez-Monforte M, Flores-Mateo G, Sanchez E. Dietary patterns and CVD: a systematic review

and meta-analysis of observational studies. Br J Nutr. 2015 Nov 14; 114(9):1341–59. https://doi.org/10.

1017/S0007114515003177 PMID: 26344504

20. Jannasch F, Kroger J, Schulze MB. Dietary Patterns and Type 2 Diabetes: A Systematic Literature

Review and Meta-Analysis of Prospective Studies. J Nutr. 2017 Jun; 147(6):1174–82. https://doi.org/

10.3945/jn.116.242552 PMID: 28424256

21. Klijs B, Scholtens S, Mandemakers JJ, Snieder H, Stolk R, Smidt N. Representativeness of the Lifelines

Cohort Study. PloS one. 2015; 10(9).

22. Scholtens S, Smidt N, Swertz MA, Bakker SJ, Dotinga A, Vonk JM, et al. Cohort Profile: Lifelines, a

three-generation cohort study and biobank. International journal of epidemiology. 2015; 44(4):1172–

1180. https://doi.org/10.1093/ije/dyu229 PMID: 25502107

23. International Classification of Diseases. 2010. Available from: ttp://apps.who.int/classifications/icd10/

browse/2010/en. Accessed on June 14th 21019

24. Molag ML, de Vries JH, Duif N, Ocke MC, Dagnelie PC, Goldbohm RA, et al. Selecting informative food

items for compiling food-frequency questionnaires: comparison of procedures. Br J Nutr. 2010 Aug; 104

(3):446–56. https://doi.org/10.1017/S0007114510000401 PMID: 20374682

25. Dutch Food Composition Table 2011—version 3. Available from: http://www.rivm.nl/Documenten_en_

publicaties/Algemeen_Actueel/Nieuwsberichten/2011/Nieuwe_NEVO_tabel_2011_beschikbaar.

Accessed on June 14th 21019

26. Black AE. Critical evaluation of energy intake using the Goldberg cut-off for energy intake:basal meta-

bolic rate. A practical guide to its calculation, use and limitations. Int J Obes Relat Metab Disord. 2000

Sep; 24(9):1119–30. PMID: 11033980

27. Schofield WN. Predicting basal metabolic rate, new standards and review of previous work. Hum Nutr

Clin Nutr. 1985;39 Suppl 1:5–41.

28. Dekker LH, Rijnks RH, Strijker D, Navis GJ. A spatial analysis of dietary patterns in a large representa-

tive population in the north of The Netherlands—the Lifelines cohort study. Int J Behav Nutr Phys Act.

2017 Dec 7; 14(1):166,017-0622-8. https://doi.org/10.1186/s12966-017-0622-8 PMID: 29212502

29. Wendel-Vos GC, Schuit AJ, Saris WH, Kromhout D. Reproducibility and relative validity of the short

questionnaire to assess health-enhancing physical activity. J Clin Epidemiol. 2003 Dec; 56(12):1163–9.

PMID: 14680666

30. Ammerman AS, Lindquist CH, Lohr KN, Hersey J. The efficacy of behavioral interventions to modify die-

tary fat and fruit and vegetable intake: a review of the evidence. Prev Med. 2002 Jul; 35(1):25–41.

PMID: 12079438

31. Hulshof KF, Valsta LM, Welten DC, Lowik MR. Analytical approaches to food-based dietary guidelines

in the European setting. Public Health Nutr. 2001 Apr; 4(2B):667–72. PMID: 11683559

32. Krauss RM, Eckel RH, Howard B, Appel LJ, Daniels SR, Deckelbaum RJ, et al. AHA Dietary Guidelines:

revision 2000: A statement for healthcare professionals from the Nutrition Committee of the American

Heart Association. Stroke. 2000 Nov; 31(11):2751–66. https://doi.org/10.1161/01.str.31.11.2751 PMID:

11062305

33. Li F, Hou LN, Chen W, Chen PL, Lei CY, Wei Q, et al. Associations of dietary patterns with the risk of

all-cause, CVD and stroke mortality: a meta-analysis of prospective cohort studies. Br J Nutr. 2015 Jan

14; 113(1):16–24. https://doi.org/10.1017/S000711451400289X PMID: 25430485

34. Trijsburg L, Geelen A, Hollman PC, Hulshof PJ, Feskens EJ, Van’t Veer P, et al. BMI was found to be a

consistent determinant related to misreporting of energy, protein and potassium intake using self-report

and duplicate portion methods. Public Health Nutr. 2017 Mar; 20(4):598–607. https://doi.org/10.1017/

S1368980016002743 PMID: 27724995

Multimorbidity and dietary patterns

PLOS ONE | https://doi.org/10.1371/journal.pone.0220368 August 8, 2019 12 / 13



35. Booth HP, Prevost AT, Gulliford MC. Impact of body mass index on prevalence of multimorbidity in pri-

mary care: cohort study. Fam Pract. 2014 Feb; 31(1):38–43. https://doi.org/10.1093/fampra/cmt061

PMID: 24132593

36. Must A, Spadano J, Coakley EH, Field AE, Colditz G, Dietz WH. The disease burden associated with

overweight and obesity. JAMA. 1999 Oct 27; 282(16):1523–9. https://doi.org/10.1001/jama.282.16.

1523 PMID: 10546691

37. Agborsangaya CB, Majumdar SR, Sharma AM, Gregg EW, Padwal RS. Multimorbidity in a prospective

cohort: prevalence and associations with weight loss and health status in severely obese patients. Obe-

sity (Silver Spring). 2015 Mar; 23(3):707–12.

38. von Ruesten A, Feller S, Bergmann MM, Boeing H. Diet and risk of chronic diseases: results from the

first 8 years of follow-up in the EPIC-Potsdam study. Eur J Clin Nutr. 2013 Apr; 67(4):412–9. https://doi.

org/10.1038/ejcn.2013.7 PMID: 23388667

39. Floegel A, Wientzek A, Bachlechner U, Jacobs S, Drogan D, Prehn C, et al. Linking diet, physical activ-

ity, cardiorespiratory fitness and obesity to serum metabolite networks: findings from a population-

based study. Int J Obes (Lond). 2014 Nov; 38(11):1388–96.

40. Wardle J, Haase AM, Steptoe A, Nillapun M, Jonwutiwes K, Bellisle F. Gender differences in food

choice: the contribution of health beliefs and dieting. Ann Behav Med. 2004 Apr; 27(2):107–16. https://

doi.org/10.1207/s15324796abm2702_5 PMID: 15053018

41. Kipnis V, Subar AF, Midthune D, Freedman LS, Ballard-Barbash R, Troiano RP, et al. Structure of die-

tary measurement error: results of the OPEN biomarker study. Am J Epidemiol. 2003 Jul 1; 158

(1):14,21; discussion 22–6. https://doi.org/10.1093/aje/kwg091 PMID: 12835281

42. Reedy J, Wirfalt E, Flood A, Mitrou PN, Krebs-Smith SM, Kipnis V, et al. Comparing 3 dietary pattern

methods—cluster analysis, factor analysis, and index analysis—With colorectal cancer risk: The NIH-

AARP Diet and Health Study. Am J Epidemiol. 2010 Feb 15; 171(4):479–87. https://doi.org/10.1093/

aje/kwp393 PMID: 20026579

43. Xu SH, Qiao N, Huang JJ, Sun CM, Cui Y, Tian SS, et al. Gender Differences in Dietary Patterns and

Their Association with the Prevalence of Metabolic Syndrome among Chinese: A Cross-Sectional

Study. Nutrients. 2016 Mar 25; 8(4):180. https://doi.org/10.3390/nu8040180 PMID: 27023599

44. Newby PK, Tucker KL. Empirically derived eating patterns using factor or cluster analysis: a review.

Nutr Rev. 2004 May; 62(5):177–203. https://doi.org/10.1301/nr.2004.may.177-203 PMID: 15212319

45. Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of classifying prognostic comorbidity

in longitudinal studies: development and validation. J Chronic Dis. 1987; 40(5):373–83. PMID: 3558716

46. Boeckxstaens P, Vaes B, Van Pottelbergh G, De Sutter A, Legrand D, Adriaensen W, et al. Multimorbid-

ity measures were poor predictors of adverse events in patients aged >/ = 80 years: a prospective

cohort study. J Clin Epidemiol. 2015 Feb; 68(2):220–7. https://doi.org/10.1016/j.jclinepi.2014.08.010

PMID: 25533322

47. Xu X, Mishra GD, Jones M. Evidence on multimorbidity from definition to intervention: An overview of

systematic reviews. Ageing Res Rev. 2017 Aug; 37:53–68. https://doi.org/10.1016/j.arr.2017.05.003

PMID: 28511964

Multimorbidity and dietary patterns

PLOS ONE | https://doi.org/10.1371/journal.pone.0220368 August 8, 2019 13 / 13


