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Background: It is unknown whether a socio-economic difference exists in the association of diet quality with
type 2 diabetes incidence, nor how diet influences the socioeconomic inequality in diabetes burden.
Methods: In 91,025 participants of the population-based Lifelines Cohort (aged �30, no diabetes or cardiovas-
cular diseases at baseline), type 2 diabetes incidence was based on self-report, fasting glucose � 7¢0 mmol/l
and/or HbA1c � 6¢5%. The evidence-based Lifelines Diet Score was calculated with data of a 110-item food
frequency questionnaire. Socio-economic status (SES) was defined by educational level. Cox proportional
hazards models were adjusted for age, gender, smoking, energy intake, alcohol intake and physical activity.
Findings: In 279,796 person-years of follow-up, 1045 diabetes cases were identified. Incidence rate was 5¢7,
3¢2 and 2¢4 cases/1000 person-years in low, middle and high SES, respectively. Diet was associated with
greater diabetes risk (HR(95%CI) in Q1 (poor diet quality) vs. Q5 (high diet quality) = 2¢11 (1¢70�2¢62)). SES
was a moderator of the association(pINTERACTION = 0¢038). HRs for Q1 vs. Q5 were 1¢66 (1¢22�2¢.27) in low,
2¢76 (1¢86�4¢08) in middle and 2¢46 (1¢53�3¢97) in high SES. With population attributable fractions of
14¢8%, 40¢1% and 37¢3%, the expected number of cases/1000 person-years preventable by diet quality
improvement was 0¢85 in low, 1¢28 in middle and 0¢90 in high SES.
Interpretation: Diet quality improvement can potentially prevent one in three cases of type 2 diabetes, but
because of a smaller impact in low SES, it will not narrow the socioeconomic health gap in diabetes burden.
Funding: None.

© 2019 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license.
(http://creativecommons.org/licenses/by-nc-nd/4.0/)
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1. Introduction

Type 2 diabetes is a worldwide health concern, even more so in
populations with low socioeconomic status (SES) [1]. To lower the
total burden of disease, and to narrow the socioeconomic health gap,
it is of major relevance to elucidate the health potential of risk factor
improvement within different levels of SES. Diet quality is a modifi-
able risk factor for which the importance in the development of type
2 diabetes is well established [2]. However, the degree to which
improvement in diet quality can contribute to diabetes prevention in
different levels of SES is unknown.

At the food product level, there is evidence from meta-analyses of
prospective cohort studies that higher intake of fruits and vegetables
[3], whole grains [4] and yoghurt [5] lowers the risk of diabetes, while
higher intake of red/processed meat [6] and sugar-sweetened bever-
ages [7] is associated with an a greater diabetes risk. At the food
pattern level, diets of the highest quality, as assessed by the Healthy
Eating Index, Alternate Healthy Eating Index and DASH Diet, were
associated with an 18% lower diabetes risk in a meta-analysis of pro-
spective cohort studies [8]. A randomized controlled trial in a centre
of the PREDIMED study, showed that a Mediterranean Diet interven-
tion reduced diabetes incidence by 52% in four years of follow-up [9].
This confirms the importance of diet quality in diabetes prevention.

Poor diet quality is more common in low SES groups [10], and
could therefore contribute to the socio-economic inequality in diabe-
tes burden. Indeed, the inverse relationship between SES and diabe-
tes prevalence was in part, but not fully, explained by differences in
diet quality in a cohort study of healthy adults [11]. In addition to dif-
ferences in exposure to risk factors, the associations of risk factors
like diet with diabetes may also differ across levels of SES [12]. If diet
quality differentially affects diabetes risk over levels of SES, the health
potential of diet quality improvement will also vary with SES.

To our knowledge, it has not been previously investigated
whether a socioeconomic difference exists in the association between
diet quality and diabetes incidence. We aimed to investigate this in



Research in context

Evidence before this study

In February 2019, we searched PubMed for evidence (no date or
language restriction) on the association between diet quality,
socio-economic status and type 2 diabetes, or any combination of
two of these concepts, by using a combination of MeSH terms and
regular search terms. Meta-analyses of prospective cohort studies
confirmed the importance of a healthy diet in the prevention of
type 2 diabetes (pooled relative risk (95% CI) = 0¢82 (0¢78�0¢85)).
Furthermore, it is also clear that socio-economic inequalities exist
in the burden of type 2 diabetes. However, it is currently
unknown whether a socio-economic difference exists in the asso-
ciation of diet quality and diabetes incidence. Additionally, it is
unclear whether diet quality improvement has the potential to
narrow the socioeconomic gap in diabetes burden.

Added value of this study

The current study illustrates that a socio-economic disparity
exists in the association of diet quality with diabetes incidence
(pINTERACTION = 0¢038). Although diabetes risk in the poorest diet
quality group was higher in low SES than in high SES, the hazard
ratios for poorest vs. best diet quality were lower in low SES than
in middle and high SES. This difference is driven by a notably ele-
vated risk even in low SES individuals with the highest diet qual-
ity. This is likely due to the presence of concurrent risk factors,
which can also explain the smaller fraction of cases preventable
by diet quality improvement in low SES.

Implications of all the available evidence

This study underlines that poor diet quality is not only a con-
cern in low SES, but in all levels of SES. Although public health
initiatives aiming to improve diet quality have considerable
health potential across all levels of SES, one should be aware
that this may broaden rather than narrow the socio-economic
inequality in type 2 diabetes burden. Since the smaller impact
of diet quality improvement in low SES is likely related to the
remaining presence of concurrent risk factors, interventions
targeting multiple risk factors have greater potential to narrow
the socioeconomic health gap.
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adults participating in the contemporary, population-based Lifelines
cohort, and to determine how the results will influence the socioeco-
nomic inequality in diabetes burden.
2. Methods

2.1. Cohort design and study population

The Lifelines cohort study is a multi-disciplinary prospective
population-based cohort study examining in a unique three-genera-
tion design, the health and health-related behaviours of 167,729
persons living in the North of the Netherlands. It employs a broad
range of investigative procedures in assessing the biomedical, socio-
demographic, behavioural, physical and psychological factors which
contribute to health and disease of the general population, with a
special focus on multi-morbidity and complex genetics. The overall
design and rationale of the study have been described in detail else-
where [13]. Participants were included in the study between 2006
and 2013, and written informed consent was obtained from all par-
ticipants. The Lifelines study is conducted according to the
principles of the Declaration of Helsinki and approved by the Medi-
cal Ethics Committee of the University Medical centre Groningen,
The Netherlands.

So far, four assessment rounds took place (T1=baseline, median +
IQR of time in months to follow-up rounds: T2=13 [12�14], T3=24
[23�27], T4=44 [35�51]). Participants without follow-up data, under
the age of 30, or reporting cardiovascular disease or any type of dia-
betes at baseline were excluded. Also, women who reported preg-
nancy at baseline or during follow-up were excluded to prevent
misperception of gestational diabetes. Participants with missing or
unreliable data on diet quality or covariates were excluded as well.
Out of 152,662 adult Lifelines participants, 91,025 met the inclusion
criteria (Supplementary Fig. 1).

3. Data collection

3.1. Type 2 diabetes prevalence and incidence

At baseline, participants who had either any type of self-reported
diabetes, a fasting glucose � 7¢0 mmol/L or HbA1c � 6¢5%, or who
reported to use prescribed diabetes medication (ATC A10A/A10B),
were categorized as prevalent diabetes case and therefore excluded.
At T2, T3 and T4, participants were considered an incident case when
they answered confirmative to the question whether they were diag-
nosed with diabetes since the last time they filled out the question-
naire. At T4, we additionally considered participants with a fasting
glucose � 7¢0 or HbA1c � 6¢5 as incident cases. Data on prescribed
medication were not available during follow-up.

3.2. Dietary assessment

At baseline, dietary consumption was assessed using a 110-item
semi-quantitative FFQ assessing food consumption over the previous
month [14]. Energy intake was estimated from the FFQ data by using
the 2011 Dutch food composition database [15]. FFQ data was consid-
ered unreliable when the ratio between reported energy intake and
basal metabolic rate, calculated with the Schofield equation [16], was
below 0¢50 or above 2¢75, or when energy intake was below
800 kcal/day (males) or 500 kcal/day (females) [17].

The Lifelines Diet Score (LLDS) was calculated as a measure of
relative diet quality. This score is based on the 2015 Dutch dietary
guidelines, summarizing contemporary evidence on diet and
chronic disease relations [18]. Since these guidelines are fully
based on scientific evidence from international peer-reviewed lit-
erature, and not on expert opinions, they are suitable for use in sci-
entific research. The development of this food-based diet score has
been described in detail elsewhere [19]. In short, the LLDS ranks
the relative intake of nine food groups with proven positive health
effects and three food groups with proven negative health effects.
For each of the food groups, quintiles of consumption in grams/
1000 kcal are determined and awarded zero to four points (Supple-
mentary Table 1). For the positive food groups, that is vegetables,
fruit, whole grain products, legumes & nuts, fish, oils & soft mar-
garines, unsweetened dairy, coffee and tea, higher scores are
awarded to higher quintiles of consumption. For the negative food
groups, that is red & processed meat, butter & hard margarines and
sugar-sweetened beverages, higher scores are awarded to lower
quintiles of consumption. The sum of these LLDS components var-
ied from zero to 48. The LLDS scores were then categorized into
quintiles, with quintile 1 including 20% of participants with the
lowest diet quality and quintile 5 including 20% of participants
with the highest diet quality (LLDS range Q1: 0�18, Q2: 19�22,
Q3: 23�25, Q4: 26�29, Q5: 30�48). The quintiles for each product
group were predefined in the total Lifelines cohort. Higher scores
in women, individuals of older age and higher education level, sup-
port the validity of the LLDS [19].
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3.3. Educational level

Educational level was used as an indicator for socioeconomic sta-
tus, and was assessed at baseline with the following question: “What
is the highest level of education you have finished?”. Educational level
was categorized as low (no education, primary school, lower voca-
tional or lower general secondary education: ISCED level 0, 1 or 2),
middle (intermediate vocational training or higher secondary educa-
tion: ISCED level 3 or 4) or high (higher vocational or university edu-
cation: ISCED level 5 or 6) [20].

3.4. Demographics and lifestyle

At baseline, height and body weight without shoes and heavy
clothing were measured at 12 local Lifelines research sites, and
rounded to the nearest 0¢5 cm and 0¢1 kg. Self-administered ques-
tionnaires at baseline were used to collect data regarding ethnicity
and lifestyle (alcohol, smoking, physical activity). The validated short
questionnaire to assess health-enhancing physical activity (SQUASH)
was used to assess physical activity [21]. From the SQUASH data, lei-
sure time and commuting physical activity, including sports, at mod-
erate (4¢0�6¢4 MET) to vigorous (� 6¢5 MET) intensity (non-work
moderate to vigorous physical activity (MVPA)) was calculated in
minutes per week [21]. Alcohol consumption was estimated based
on Lifelines’ Food Frequency Questionnaire (FFQ) data [14]. To resolve
missings in MVPA (n = 6045, 6¢6%), multiple imputation and Hot Deck
imputation were explored. As the results virtually did not differ
between both imputation methods, the simpler Hot Deck method
was used. With the Hot Deck imputation macro for SPSS [22] missing
values were replaced with the value of a participant who was similar
in age, gender, smoking status, energy intake and BMI.

4. Data analysis

Cox proportional hazards regression was used to investigate the
association of diet quality, and educational level with diabetes inci-
dence. Non-cases with incomplete follow-up were censored at the
last time-point for which data was available. Additionally, all partici-
pants were censored after 60 months. The assumptions of the Cox
proportional hazards model were checked both by inspection of the
log-minus-log plots, as well as by performing a Cox regression with
time-dependent covariate, to investigate whether ratios differ before
vs. after T2 or T3. For analyses including the LLDS in quintiles, quintile
5 representing the highest diet quality was set as the reference group.
For educational level, this was high education.

In the first analyses, the independent associations of diet quality
and educational level were investigated by including both the LLDS
in quintiles, and educational level in 3 categories. Diet quality and
educational level were first entered into the model separately (model
1), and then combined (model 2). Subsequently, the model was
adjusted for potential confounders (model 3 � gender, age; model 4
� smoking status (current, former, never), energy intake (kcal/day),
alcohol intake (g/day), non-work MVPA (min/week)). As we consider
BMI as a potential intermediate factor, rather than a confounder,
baseline BMI was included in a separate 5th model.

Subsequently, a Cox regression was performed including diet
quality, educational level and their interaction, to test whether the
association of diet quality with diabetes incidence differs over levels
of SES. Ordinal coding was used for diet quality to test this interaction
effect. When the interaction term was significant, additional Cox
regression analyses were performed stratified by educational level.
These analyses followed the same steps of including covariates as
described above.

To estimate the fraction of cases preventable through diet quality
improvement in the different educational groups, multivariable logis-
tic regression analyses were performed including all participants
with complete follow-up. Based on the confounder adjusted odds
ratios from the logistic regression analysis in 67,125 participants,
adjusted population attributable fractions were calculated using the
punaf package, as described by Newson [23].

Data analysis was performed in IBM SPSS 23 (SPSS, Chicago Illi-
nois, USA), except for population attributable fractions, for which
STATA 13.0 (StataCorp) was used. P-levels below 0¢05 were consid-
ered significant.

5. Data statement

The Lifelines Cohort does not enable public data sharing. The cohort’s
data is only available to scientists who, upon approval of a submitted
research proposal, have signed a Data/Material Transfer Agreement.

6. Results

During a total of 279,796 years of follow-up, 1045 type 2 diabetes
cases were identified, providing an average incidence rate of 3¢73 per
1000 person-years (4¢41 in men, 3¢25 in women). Incidence rates were
lower in higher education groups, irrespective of differences in age and
gender (age- and gender-adjusted incidence rates: 4¢91 in low, 3¢59 in
middle, 2¢57 in high education). Participants in high vs. low education
were, amongst others, younger, more often male, less often smokers,
had higher diet quality and physical activity, and lower BMI (Table 1). In
total 45¢3% of the cases were identified through self-reported question-
naires (48¢1% in low, 42¢1% in middle, 43¢8% in high education), and
54¢7% were identified through lab measurements (51¢9% in low, 57¢9%
in middle, 56¢2% in high education) (Supplementary Fig. 2).

6.1. LLDS, educational level and diabetes incidence

In Cox regression analyses, none of the checks performed found evi-
dence that the assumption of proportional hazards was violated for the
exposure of interest. Diet quality and educational level were indepen-
dently associated with diabetes incidence in crude and adjusted models
(Table 2). Incidence rate in Q1 (poor diet quality) vs. Q5 (high diet quality)
was 2¢11 (HR, 95%CI = 1¢70�2¢62) times higher. Because of the significant
interaction between diet quality and education (pINTERACTION = 0¢038),
analyses were repeated stratified by educational level (Table 3). The
results illustrate that the strength of the association between diet quality
and diabetes incidence was lowest at the low level of education. In this
group, the rate of diabetes incidence was 1¢66 (95%CI: 1¢22�2¢27) times
greater in Q1 of the LLDS (poor diet quality), compared to Q5 (high diet
quality). For middle and high educational level, the rate was 2¢76 (95%CI:
1¢86�4¢08) and 2¢46 (95%CI: 1¢53�3¢97) times greater in participants
with poor diet quality (Q1). Additional adjustment for BMI attenuated the
associations at all three educational levels by 8%�17%, suggesting that a
small part of the association of diet quality with diabetes incidence was
explained by lower BMI among participants with a higher diet quality. To
elucidate the mechanism underlying the weaker association in low SES,
the joint associations of diet quality and SES were further investigated in
an additional analysis with Q5, high education level as reference category
for all groups. The risk for diabetes was higher in both Q1 and Q5 for par-
ticipants in low SES compared to high SES. That the hazard ratio for
Q1 vs. Q5 in low SES was smaller than in high SES, is because the SES dif-
ference in risk is larger for Q5. Individuals with a low level of education,
adhering to a high quality diet (Q5) have a 2¢06 times (95%CI: 1¢43�2¢98)
greater risk of diabetes than highly educated participant with an equally
healthy diet. This notably higher risk in the reference group with the
healthiest diet (Q5) in low SES makes the difference between good and
poor diet quality smaller. To quantify this, for low SES the Q1/Q5 ratio
was 3¢66/2¢06 = 1¢78. For high SES, this was 2¢54/1¢00 = 2.54 (Fig. 1/
Supplementary Table 2). The healthfulness of the dietary quintiles across
levels of SES was comparable since quintiles were based on the whole
population.



Table 1
Characteristics of Lifelines participants over different educational levels.

Educational level

Total sample (N = 91,025) Low (N = 28,134) Middle (N = 34,938) High (N = 27,953)

Gender (%)
Male 42¢1 40¢0 40¢2 46¢5
Female 57¢9 60¢0 59¢8 53¢5

Age at baseline 48 § 10 52§ 11 46 § 9 46 § 10
White/East & West European ethnicity (%)* 98¢8 98¢9 98¢8 98¢6
Diabetes Incidence rate

Total 3¢73 5¢74 3¢20 2¢42
Male 4¢41 6¢10 4¢11 3¢30
Female 3¢25 5¢50 2¢58 1¢64

Smoking status (%)
Never 44¢9 36¢2 45¢4 53¢2
Former 36¢3 41¢2 34¢7 33¢4
Current 18¢8 22¢6 19¢9 13¢5

Non-occupational MVPA (minutes/week) 180 [60�360] 180 [60�370] 180 [60�360] 210 [90�380]
LLDS 24¢5 § 5¢9 24¢1 § 6¢0 24¢1 § 5¢8 25¢6 § 5¢8
Alcohol-users (%) 83¢0 78¢4 82¢4 88¢3
Intake among users in g/day 6¢4 [2¢5�12¢4] 6¢4 [2¢5�12¢6] 6¢3 [2¢4�12¢1] 6¢6 [2¢7�12¢4]
Energy intake (kcal/day)

Male 2382 § 637 2418 § 677 2430 § 651 2298 § 575
Female 1846 § 472 1819 § 479 1869 § 478 1845 § 453

Body weight (kg)
Male 88¢3 § 12¢7 89¢2 § 13¢2 88¢9 § 12¢8 87¢0 § 12¢1
Female 74¢2 § 13¢4 75¢0 § 13¢5 74¢8 § 13¢7 72¢4 § 12¢5

BMI (kg/m2)

Male 26¢5 § 3¢4 27¢1 § 3¢6 26¢5 § 3¢4 25¢8 § 3¢2
Female 25¢9 § 4¢5 26¢7 § 4¢6 26¢0 § 4¢6 24¢9 § 4¢1

Glucose (mmol/L) 4¢9 § 0¢5 5¢0 § 0¢5 4¢9 § 0¢5 4¢9 § 0¢5
HbA1c (%) 5¢5 § 0¢3 5¢6 § 0¢3 5¢5 § 0¢3 5¢5 § 0¢3

Values in means § SD, or median [25th�75th percentile].
* based on available data (92.9% of participants).

Table 2
Independent associations of diet quality (LLDS) and educational level with diabetes incidence. Hazard ratio’s and 95% confidence inter-
vals from Cox proportional hazards regression.

Model 1 Model 2 Model 3 Model 4 Model 5

Diet quality quintile
P-value(Cox regression) < 0¢001 0¢005 < 0¢001 < 0¢001 < 0¢001

Q1 (Poorest) 1¢53 (1¢26�1¢86) 1¢42 (1¢16�1¢73) 2¢01 (1¢63�2¢48) 2¢11 (1¢70�2¢62) 1¢87 (1¢50�2¢31)
Q2 1¢22 (1¢01�1¢48) 1¢18 (0¢97�1¢43) 1¢49 (1¢22�1¢81) 1¢54 (1¢26�1¢88) 1¢40 (1¢15�1¢71)
Q3 1¢07 (0¢87�1¢31) 1¢04 (0¢85�1¢28) 1¢23 (1¢00�1¢52) 1¢26 (1¢02�1¢55) 1¢19 (0¢96�1¢46)
Q4 1¢12 (0¢92�1¢35) 1¢10 (0¢91�1¢34) 1¢19 (0¢98�1¢45) 1¢21 (0¢99�1¢47) 1¢15 (0¢95�1¢40)
Q5 (Best) 1 1 1 1 1

Educational level
P-value(Cox regression) < 0¢001 < 0¢001 < 0¢001 < 0¢001 0¢002

Low 2¢40 (2¢04�2¢82) 2¢33 (1¢99�2¢75) 1¢71 (1¢45�2¢02) 1¢67 (1¢41�1¢97) 1¢34 (1¢13�1¢59)
Middle 1¢32 (1¢12�1¢57) 1¢29 (1¢09�1¢53) 1¢34 (1¢12�1¢59) 1¢32 (1¢11�1¢57) 1¢15 (0¢97�1¢37)
High 1 1 1 1 1

Model 1: LLDS in quintiles OR educational level in 3 categories.
Model 2: LLDS in quintiles AND educational level in 3 categories.
Model 3: 2 + age, gender.
Model 4: 3 + smoking status, energy intake, alcohol intake, non-work MVPA.
Model 5: 4 + BMI.
N = 91 025.
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6.2. Adjusted population attributable fractions per educational level

The adjusted population attributable fractions reflect the proportion
of the total burden of diabetes that could be eliminated if all participants
adhered to a diet as in quintile 5 of the LLDS, while other confounding
factors remained the same. The attributable fractions were 14¢8% (95CI:
�3¢8%�30¢1%) in low, 40¢1% (95CI: 20¢0%�55¢1%) in middle and 37¢3%
(95CI: 13¢4%�54¢6%) in high education. The number of diabetes cases
that can be prevented depends on the incidence rate, as well as on the
fraction of cases attributed to sub-optimal diet quality. Incidence rate in
the low education group is greater than in middle and high education
(Table 1). Therefore, the expected number of cases per 1000 person years,
preventable by diet quality improvement is 0¢85 in low, vs. 1¢28 in mid-
dle and 0¢90 in high education (Fig. 2).

7. Discussion

Socio-economic inequalities exist in the association of diet quality
with diabetes incidence, with stronger associations being present in mid-
dle and high SES. The lower relative risk within low SES primarily repre-
sented a disproportionally low benefit of a healthy diet. An individual
with low level of education, adhering to a high quality diet (Q5) has a
two times greater risk of diabetes than a highly educated participant
adhering to an equally healthy diet. Despite this lower relative benefit of



Table 3
Education-level specific associations of diet quality (LLDS) with diabetes incidence. Hazard ratio’s and 95% confidence intervals from Cox propor-
tional hazards regression, stratified by education level.

Q1 Q2 Q3 Q4 Q5 PLLDS (Cox regression)

Low Education
Cases/person-years 99/15,379 113/18,950 81/16,418 104/18,621 96/16,538
Model 1 1¢11 (0¢84�1¢47) 1¢02 (0¢78�1¢34) 0¢84 (0¢63�1¢13) 0¢96 (0¢72�1¢26) 1 0¢452
Model 2 1¢64 (1¢22�2¢22) 1¢33 (1¢00�1¢76) 1¢02 (0¢75�1¢37) 1¢04 (0¢78�1¢37) 1 0¢003
Model 3 1¢66 (1¢22�2¢27) 1¢33 (1¢00�1¢78) 1¢02 (0¢75�1¢38) 1¢04 (0¢79�1¢37) 1 0¢003
Model 4 1¢48 (1¢09�2¢02) 1¢25 (0¢94�1¢67) 0¢98 (0¢72�1¢32) 1¢01 (0¢76�1¢33) 1 0¢028
Middle Education
Cases/person-years 77/18,297 73/24,706 61/21,309 84/23,198 47/19,498
Model 1 1¢73 (1¢20�2¢48) 1¢22 (0¢84�1¢76) 1¢17 (0¢80�1¢71) 1¢48 (1¢03�2¢11) 1 0¢021
Model 2 2¢44 (1¢67�3¢56) 1¢57 (1¢08�2¢29) 1¢38 (0¢94�2¢03) 1¢66 (1¢16�2¢37) 1 <0¢001
Model 3 2¢76 (1¢86�4¢08) 1¢73 (1¢18�2¢53) 1¢47 (0¢99�2¢16) 1¢72 (1¢20�2¢46) 1 <0¢001
Model 4 2¢55 (1¢73�3¢77) 1¢60 (1¢09�2¢34) 1¢42 (0¢96�2¢09) 1¢72 (1¢20�2¢47) 1 <0¢001
High Education
Cases/person-years 35/9537 50/16,737 45/16,814 39/21,600 41/22,196
Model 1 1¢93 (1¢23�3¢03) 1¢58 (1¢05�2¢39) 1¢42 (0¢93�2¢16) 0¢96 (0¢62�1¢48) 1 0¢007
Model 2 2¢43 (1¢52�3¢88) 1¢81 (1¢18�2¢76) 1¢58 (1¢03�2¢44) 0¢98 (0¢63�1¢53) 1 <0¢001
Model 3 2¢46 (1¢53�3¢97) 1¢85 (1¢20�2¢85) 1¢62 (1¢05�2¢50) 1¢00 (0¢64�1¢55) 1 <0¢001
Model 4 2¢04 (1¢26�3¢30) 1¢56 (1¢01�2¢41) 1¢44 (0¢93�2¢22) 0¢88 (0¢56�1¢36) 1 0¢003

Model 1: LLDS in quintiles.
Model 2: 1 + age, gender.
Model 3: 2 + smoking status, energy intake, alcohol intake, non-work MVPA.
Model 4: 3 + BMI.
N = 91 025.

Fig. 1. Joint associations of diet quality and SES with diabetes incidence. Hazard ratio’s for diet quality (LLDS) in quintiles, with Q1 representing poorest, and Q5 representing highest
diet quality. High SES, Q5 as reference for all groups. Adjusted for age, gender, smoking status, energy intake, alcohol intake, non-work MVPA.
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diet quality improvement in low SES, due to the much higher diabetes
incidence in low SES, diet quality improvement has the potential to
meaningfully reduce diabetes incidence in all levels of SES.

In the present study we found that diet quality was strongly associ-
ated with diabetes incidence, also after adjustment for other lifestyle
factors and BMI. The overall, fully adjusted hazard ratio was 1¢87 for
poor (Q1) vs. high (Q5) diet quality, which equals a HR of 0¢53 for Q5 vs.
Q1. Similar prospective associations were previously reported in the
Nurses Health and Health Professionals Follow-up Study (RR for Q5 vs.
Q1 was 0¢82 for HEI-2005, 0¢67 for AHEI-2010) [24] and Women’s
Health Initiative (HR for Q5 vs. Q1 of AHEI = 0¢76) [25]. However, these
studies do not address the primary aim of this study, which was to
assess whether a socioeconomic difference exists in the association
between diet quality and diabetes.
This study showed that the association between diet and diabetes
is significantly modified by SES. In low SES, the lifestyle adjusted HR
for poor diet quality (Q1) vs. high diet quality (Q5) was 1¢66, whereas
this was 2¢76 in middle and 2¢46 in high SES. A few previous studies
investigated the possibility of socio-economic disparities in associa-
tions of lifestyle factors with other health outcomes, although not for
diet and diabetes. In the UK Biobank, an extended score of unhealthy
lifestyle factors had a much stronger association with cardiovascular
and all-cause mortality in lower SES groups [26]. In the Scottish
Health Surveys, the risk of morbidity or mortality from high alcohol
intake was greater for drinkers in deprived areas [27]. Our finding
that diabetes risk in Q1 was higher in low SES than middle and high
SES is in line with these studies. However, we found weaker, instead
of stronger associations of diet quality with diabetes in low SES. We
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Fig. 2. Estimated proportion of cases that could be prevented if all participants
adhered to a diet of a quality defined by quintile 5 of the LLDS. Based on confounder
adjusted population attributable fractions, and incidence rates per educational level.
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additionally illustrated that this was primarily the result of a two
times greater risk in the reference category with high diet quality
(Q5) in low SES, compared to high SES. This lower health benefit of
adhering to a high quality diet may be one of the mechanisms under-
lying socioeconomic inequalities with regard to diabetes.

From a policy perspective, improving diet quality has health
potential over all levels of SES, despite the weaker association in low
SES. The calculations of the population attributable fractions showed
that eliminating poor diet quality as a risk factor for diabetes was
estimated to prevent 14¢8% of cases in low SES, but 40¢1% in middle
and 37¢3% in high SES. First of all, the large proportions of diabetes
cases preventable by diet quality improvement in middle and high
SES illustrate that poor diet quality is definitely not a problem in low
SES alone. Furthermore, despite the smaller relative contribution of
diet to diabetes incidence in low SES, the absolute number of cases
preventable by diet quality improvement is more comparable over
all levels of SES because of the higher diabetes incidence in low SES
(Table 2). This underlines that public health interventions aiming to
improve diet quality are of importance irrespective of SES, as there is
potential health impact over all levels of SES. At the same time, how-
ever, this does mean that improvement of diet quality alone will not
be sufficient to overcome socioeconomic health inequalities.

As the high diabetes incidence in low SES is likely related to the
preponderance of risk factors in that category, multifaceted lifestyle
interventions are needed to reduce diabetes burden in low SES and
to narrow the socioeconomic health gap. A theory that fits the results
of the present study, is that harmful lifestyle factors have lower
health effects in low social classes due to the existence of many con-
current risk factors [28]. This implies that even when adhering to an
equally healthy diet, a low SES individual remains at higher health
risk than its high SES peers. The causal pie model, introduced by
Rothman, provides a further illustration of this principle [29]. A com-
bination of component causes (like genetic predisposition, poor diet
quality, smoking, lack of physical activity or stress) can add up to a
sufficient cause, resulting in disease. By eliminating one component
cause, in this case poor diet quality, some cases will not be prevented
because the remaining risk factors can still add up to a sufficient
cause. This is expected to happen more often in low SES, where more
concurrent risk factors exist. The results of the previously discussed
UK Biobank study [26] are in line with this reasoning, as this study,
investigating a combined lifestyle score instead of a single risk factor,
did not find an elevated risk of cardiovascular disease and mortality
for the most healthy lifestyle category in low SES compared to high
SES individuals. This indicates that when multiple risk factors are tar-
geted, low SES individuals with a healthy lifestyle are at similar
health risk as their high SES peers with a comparable lifestyle. In con-
trast, we showed that targeting diet quality alone will render low SES
individuals at higher risk than their high SES peers.

This prospective study was performed in the contemporary Dutch
Lifelines Cohort. An advantage of the large sample of 91,025 partici-
pants is that it enabled the comparison of diet quality quintiles, strati-
fied by SES. As the cohort is extensively phenotyped, the risk of bias is
low, although residual confounding cannot be ruled out. Further-
more, diet quality was assessed with the food-based Lifelines Diet
Score, which is fully based on international scientific evidence on
associations between diet quality and risk of major chronic diseases,
including type 2 diabetes. A limitation is that in two of the three
follow-up assessments, only self-reported data on diabetes incidence
was available. Therefore, cases may have been unnoticed in the first
and second follow-up assessment, because blood glucose and HbA1c
measurements were not available. Since data on prescribed diabetes
medication was not available, it is possible that more cases have been
missed. Despite these limitations, diabetes incidence in our study
(4¢45 in males, 3¢25 in females) is comparable to incidence in the
Netherlands as a whole (3¢9 in males and 3¢2 in females in 2017)
[30], which warrants the reliability of our measurements. At T4, the
proportion of self-reported diabetes cases was slightly higher in
lower levels of SES, which may yield a higher risk of false positives in
low SES. However, the majority of cases was identified through labo-
ratory assessment, which lowers the risk of bias by differences in
self-report between levels of SES. Finally, since this study was per-
formed in a developed country with a high quality health care sys-
tem, results may not be generalizable to less developed populations.

To conclude, diet quality improvement can potentially prevent
one in three cases of diabetes, but because of a smaller impact in low
SES, it will not narrow the socioeconomic inequalities in type 2 diabe-
tes. The smaller impact in low SES is expected to be related to the
presence of concurrent risk factors. Therefore, interventions targeting
multiple risk factors are needed to lower diabetes burden, in particu-
lar in low SES. It is a common perception that poor diet quality is pre-
dominantly a problem in lower socioeconomic classes. Nonetheless,
the large proportion of diabetes cases preventable by diet quality
improvement in middle and high SES, illustrates that there is still lots
of room for improvement across all three levels of SES.
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