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Abstract

Objective: Breakfast skipping has been reported to be associated with type 2
diabetes (T2D), but the results are inconsistent. No meta-analyses have applied
quantitative techniques to compute summary risk estimates. The present study
aimed to conduct a meta-analysis of observational studies summarizing the
evidence on the association between breakfast skipping and the risk of T2D.
Design: Systematic review and meta-analysis.

Setting: Relevant studies were identified by a search of PubMed, Embase, Web of
Science, China National Knowledge Infrastructure (CNKD and SINOMED up to 9
August 2014. We also reviewed reference lists from retrieved articles. We included
studies that reported risk estimates (including relative risks, odds ratios and hazard
ratios) with 95% confidence intervals for the association between breakfast
skipping and the risk of T2D.

Subjects: Eight studies involving 106 935 participants and 7419 patients with T2D
were included in the meta-analysis.

Results: A pooled adjusted relative risk for the association between exposure to
breakfast skipping and T2D risk was 1-21 (95 % CI 1-12, 1-31; P=0-984; I* = 0-0 %)
in cohort studies and the pooled OR was 1-15 (95% CI, 1-05, 1-24; P=0-770;
I*=0-0%) in cross-sectional studies. Visual inspection of a funnel plot and Begg’s
test indicated no evidence of publication bias.

Conclusions: Breakfast skipping is associated with a significantly increased risk of
T2D. Regular breakfast consumption is potentially important for the prevention of T2D.
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Diabetes mellitus is considered one of the important public past decades®. It is highly prevalent in the USA and

health challenges in modem society, both in developed
and developing countries™”. Type 2 diabetes (T2D), which
composes more than 95% of diabetes in the world?, is
characterized by reduced insulin sensitivity and relative
insulin deficiency®. It is estimated that the world prevalence
of diabetes among adults will increase to 7-7 %, correspond-
ing to 439 million patients, by the year 2030”. Therefore, the
identification of modifiable risk factors for the primary pre-
vention of T2D is of considerable public health importance.

Breakfast is defined as the first meal of the day, within
2h of waking, typically eaten no later than 10.00 hours,
which provides between 20 and 35 % of total daily energy
needs™. Breakfast skipping is the behaviour that people
do not consume breakfast regularly. The prevalence of
breakfast skipping has increased progressively over the
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Europe (10 to 30%) and the prevalence varies among
different age and ethnic groups”. There is increasing
evidence that breakfast skipping is directly associated with
excess weight gain and other adverse health outcomes,
including insulin resistance and T2D“. However, the
associations between breakfast skipping and T2D risk
have not been summarized. Thus, we performed a meta-
analysis to systematically assess the association between
breakfast skipping and the risk of T2D based on obser-
vational studies.

Methods
The present review was conducted in accordance with the

Meta-analysis of Observational Studies in Epidemiology
(MOOSE) guidelines®.

© The Authors 2015
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Search strategy

We did a literature search of PubMed, Embase, Web of
Science, China National Knowledge Infrastructure (CNKI)
and SINOMED up to 9 August 2014 to identify observational
studies examining an association between breakfast skip-
ping and the risk of T2D. The search terms were ‘breakfast’
or ‘eating patterns’ or ‘meal frequency’ (MeSH) or ‘diabetes’
or ‘diabetes mellituss (MeSH) or ‘type 2 diabetes’ or
‘impaired glucose tolerance’ or ‘impaired fasting glucose’ or
‘insulin resistance’ or ‘metabolic syndrome’. Only articles
published in the English and Chinese languages were
included. In addition, additional literature was reviewed by
a manual search of the reference lists from original studies.

Inclusion criteria

Studies were included if they met the following criteria:
(D the study design was observational; (i) the exposure
of interest was breakfast skipping and the outcome of
interest was T2D; and (iii) the study reported risk estimates
of odds ratios or relative risks (RR) or hazard ratios (HR)
with 95 % confidence intervals for the association between
breakfast skipping and T2D risk, or provided sufficient
information to allow their calculation. We excluded
animal studies, clinical trials, reviews, letters, commentaries,
abstracts and unpublished studies. If multiple published
reports were from the same study cohort, only the most
recent or informative one was included. Two authors
(H.S.B. and Y.G.) independently screened the titles,
abstracts and full texts of initially identified studies to
determine eligibility. Disagreements were resolved through
consultation with the third reviewer (Y.W.C.).

Data extraction

We extracted the following information from studies inclu-
ded: (O name of the first author; (i) year of publication,
(ii) country of origin; (iv) characteristics of the study
population at baseline; (v) duration of follow-up (for cohort
studies); (vi) exposure assessment; (vii) outcome assess-
ment; (viii) number of participants; (ix) number of cases; (x)
risk estimates (including RR, OR and HR) and corresponding
95% CI;, and (xi) covariates adjusted for in the statistical
analysis. Data extraction was conducted independently by
two authors (H.S.B and Y.G). Inter-observer agreement was
assessed using Cohen’s kappa (k) and any disagreements
were resolved by discussion with the third author (Y.W.C)).

Quality assessment

Two reviewers (H.S.B. and Y.G.) independently performed
the quality assessment by applying the Newcastle-Ottawa
Scale® (for cohort and case—control studies), which is a
nine-point scale that allocates points based on the selection
process of cohorts (0—4 points), the comparability of cohorts
(0-2 points) and the identification of the exposure and
the outcomes of study participants (0-3 points). Studies
with scores of 0-3, 4-6 and 7-9 were considered as low,
moderate and high quality, respectively.
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Assessment involving the eleven items recommended by
the Agency for Healthcare Research and Quality was applied
for cross-sectional studies'”. The quality of the studies was
first evaluated according to the established questions, which
were scored by the following three values: () 1 point if the
item was considered in the study; (i) O point if the item was
not considered; and (i) 0 point if we were unable to deter-
mine that the item had been considered. Fach study was
rated independently by two authors (H.S.B. and Y.G.).

Statistical analyses

The RR/OR was considered as the common measure of the
association across studies, and HR were directly considered
as RRY. Heterogeneity across studies was assessed using
the Cochrane Q statistic (significance level at 2<0-10) and
the I? statistic'®. The heterogeneity was considered statis-
tically insignificant if 2 >0-10 and 7 <50 %, then the Man-
tel-Haenszel fixed-effect model was performed to calculate
pooled RR among studies. Otherwise, the DerSimonian and
Laird"® random-effect model was conducted to compute
the results. Sensitivity analysis was performed to investigate
the influence of various exclusion criteria on the pooled
result. Subgroup analyses were conducted to explore the
potential sources of heterogeneity across studies. Potential
publication bias was evaluated by using the Begg’s test
(significance level P<0-05)"*. All analyses were performed
with the STATA statistical software package version 11.0.

Results

Literature search

The results of the literature search and study selection
process are shown in Fig. 1. Among 939 articles selected
from all the databases, 838 articles were identified as
potentially relevant. After retrieving the full text for
detailed evaluation, eight studies examining the associa-
tion between breakfast skipping and T2DM risk were
identified. Inter-observer agreement between reviewers
for study inclusion was outstanding (k = 0-95).

Study characteristics

The characteristics of the eight studies included are
summarized in Table 1, including four prospective cohort
studies®> 7 one case—control study™® and three cross-
sectional  studies’” ", These studies were published
between 1998 and 2013. The study sample size ranged from
493 to 46289, with a total of 106935 participants, and the
follow-up durations ranged from 6 to 18 years for cohort
studies. The number of T2D cases ranged from sixty-one to
2423, with a total of 7419 reported T2D outcomes. With
regard to study location, three studies were conducted in the
USA(6’](”17), two in China®®* two in]apan(ls’m and one in
Russia’®. Six studies">"?" reported results for both men
and women; the RR of one study> was available only for
women; one study'® reported results for men only; and one
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Potential articles identified through

CNKI (n 315) and SINOMED (n 69)

PubMed (n 216), Embase (n221), Web of Science (n 118)

Duplicates (n 82)

Reviews, editorials, commentaries, news or
case reports (n 19)

Potential relevant studies identified (n 838)

Studies excluded based on the inclusion
criteria (n 830):
o Not observational studies

No breakfast skipping exposure

Full-text studies reviewed for more detail (n 8)

.
e No T2D outcomes
.

No assessment of the association between
breakfast skipping and T2D

Studies included in the meta-analysis (n 8):
4 cohort studies
1 case—control study
3 cross-sectional studies

Fig. 1 Flowchart of study selection (T2D, type 2 diabetes)

study™® reported results for women only. Multivariable

adjusted RR (HR/OR) were reported in all studies. The major
adjustment confounding factors included age, BMI, alcohol
intake, smoking status, energy intake, family history of dia-
betes and physical activity.

Association between breakfast skipping and

risk of type 2 diabetes

Figure 2 shows the results from the random-effects model
between breakfast skipping and the risk of T2D. Four
studies showed a significant positive relationship between
breakfast skipping and the risk of T2D, but the others did
not. The pooled RR of T2D risk for breakfast skipping was
1-21 (95% CI 1-12, 1-31; P=0-984; I*=0-0%) in cohort
studies and the pooled OR was 1-15 (95% CI 1-05, 1-24;
P=0-770; I* = 0-0%) in cross-sectional studies. There was
no heterogeneity across these studies (P=0-984, I*=0-0%
for cohort studies; P=0-770, I*=0-0 % for cross-sectional
studies).

Subgroup analyses

Table 2 presents the results of subgroup analysis with the
random-effects model according to the study location and
adjustment for important confounding factors including
BMI, smoking, drinking, cereal fibre intake, family history
of diabetes, hypertension, physical activity and energy
intake. For cohort studies, subgroup analysis by study
location showed that the pooled RR was 1-21 (95% CI
1-12, 1-31) in the USA and 275 (95% CI 1-04, 7-23) in
Japan. There was no evidence of a significant hetero-
geneity among US studies (I*=0-0%, P=0-984). The
subgroup analysis of study location in cross-sectional
studies showed that the pooled RR for participants from
Asia was 1-14 (95% CI 1-05, 1-24), but there was null
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statistically significant risk of T2D in European populations
(RR=1-34; 95% CI 0-73, 2-47). Given the influence
of energy intake on the association between breakfast
skipping and T2D, we also conducted subgroup analysis
by energy intake in cohort studies. The results remained
materially unchanged after adjusting for energy intake
(RR=1-21; 95% CI 1-12, 1-32; P=0-984).

Sensitivity analyses

Sensitivity analyses were used to find potential origins
of heterogeneity in the association between breakfast
skipping and T2D risk, to examine the influence of various
exclusions on the pooled RR/OR and to check the
robustness of all results above. For cohort studies, we
excluded each single study in turn and pooled the results
of the remaining included studies; this did not change the
overall combined RR, with a range from 1-21 (95 % CI 1-12,
1:31) to 125 (95% CI 1-06, 1-47), which indicated that
the pooled RR was not substantially influenced by any
individual study. The fixed-effects model was also used to
pool results, but we found no significant difference in the
pooled RR between the two (fixed-effects model: pooled
RR=1-21; 95% CI 1-12, 1-31, random-effects model:
pooled RR=1-21; 95% CI 1-12, 1-32). For cross-sectional
studies, the results of sensitivity analyses were influenced
by one study®” with a range from RR = 1-14 (95 % CI 1.05,
1-24) to RR = 1-38 (95 % CI 0-81, 2-37).

Publication bias

No significant evidence of publication bias was found in
the studies, as identified by Begg's test (P=0-149 for
the cohort studies and P=0-296 for the cross-sectional
studies).
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Table 1 Characteristics of studies included in the meta-analysis

Study design

Population (sampling
procedures)

No. of
cases

Exposure
assessment

Outcome assessment

Breakfast consumption
categories (lowest v.
highest)

Adjusted confounding factors

Quality
score

Study ID (time period) Country

Sugimori et al.  Cohort (follow-up Japan
(1998)"® at 16 years)

Zhi (2007)@° Cross-sectional China

Nishiyama et al. Cross-sectional Japan
(2009)@"

Xiao et al. Case—control China
(2010)"®

Voronova et al.  Cross-sectional Russia
(2012)"®)

Mekary et al. Cohort (follow-up at USA
(2012)® 14 years)

Mekary et al. Cohort (follow-up at  USA
(2013)1"® 6 years)

Odegaard et al.
(2013)""

Cohort (follow-up at USA
18 years)

2573 men and women
aged 18-69 years
(population-based)

21240 men and women
aged 14-74 years
(population-based)

493 men and women
aged 20-99 years
(population-based)

1205 men and women,
case mean
age =54-47 (sp 9-92)
years, control mean
age =53-99 (sp 10-28)
years (population-
based)

2331 men and women
aged 27-69 years
(convenience)

29206 men aged 40-75
years (population-
based)

46 289 females aged
30-55 years
(population-based)

3598 men and women
aged 18-30 years
(population-based)

296

2423

61

585

153

1944

1560

397

Questionnaire

Questionnaire

Questionnaire

Questionnaire

Questionnaire

FFQ

FFQ

Questionnaire

FBS of 110 mg/dl or higher

or the initiation of
diabetic therapy

Criterion published by WHO

and IDF in 1999: FPG
>7-0 mmol/l or 2hPG
>11-2mmol/l

Ever been diagnosed as

having DM or borderline
diabetes

Criterion published by WHO

and IDF in 1999: FPG
>7-0 mmol/l or 2hPG
>11-1 mmol/I

ADA criteria used to establish

definitions of diabetic:
FPG > 126 mg/dI or
2hOGTT >200 mg/dl

National Diabetes Data

Group criteria were used
to confirm a self-reported
diagnosis of T2D. For T2D
cases identified after 1998,
ADA criteria were applied

ADA criteria were used to

confirm self-reported
diagnosis of T2D

Use of diabetes medication,

fasting blood glucose level
>6-99 mmol/l (200 mg/dl),
2 h post-challenge glucose
>11-1 mmol/l (200 mg/dl)
and/or HbA4; >6-5%

(48 mmol/mol)

Never v. every day
or sometimes

4-6 v. 7 times/week

0-4 v. 5-7 times/week

0 v. 1-3 times/week

0—4 v. 5-7 times/week

Non-consumers v.
consumers

Irregular breakfast
consumers (0-6
times/week) v.
regular breakfast
consumers (7 times/
week)

0-3 v. 7 times/week

Age, BMI, smoking status, drinking habit, dairy intake,
hypertension, hypercholesterolaemia,
hyperuricaemia, family history of diabetes, FBS

Age, gender, education, occupation, income of family,
proportion of diet expenditure, per capita income

Age, gender, BMI, smoking

Unadjusted

Age, sex (men), current smoker, late dinner, infrequent
exercise, drinking alcohol, BMI, elevated BP, high
TAG, low HDL-C, high CRP

Age, BMI, family history of T2D, energy intake, alcohol
intake, cereal fibre intake, PA, smoking status,
prudent dietary pattern, Western dietary pattern

Age, BMI, family history of T2D, alcohol intake, PA,
menopausal status and hormone use, smoking
status, energy intake, cereal fibre intake, AHEI-2010

Age, BMI, study centre, race, gender, education,
cigarette smoking, PA, alcohol consumption, fast-
food restaurant use, dietary quality score, frequency
of lunch/dinner and morning/afternoon/evening
snacks, total energy intake

8

FBS, fasting blood sugar; IDF, International Diabetes Federation; FPG, fasting plasma glucose; 2hPG, 2 h postprandial blood glucose; DM, diabetes mellitus; 2hOGTT, 2 h post oral glucose tolerance test; T2D, type 2

diabetes; ADA, American Diabetes Association; HbA., glycated Hb; BP, blood pressure; HDL-C, HDL cholesterol; CRP, C-reactive protein; PA, physical activity; AHEI-2010, Alternative Healthy Eating Index 2010.
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Study ID

RR (95% Cl)

Weight (%)

Cohort

Sugimori et al. (1998)'%
Mekary et al. (2012)®

Mekary et al. (2013)1®
Odegaard et al. (2013)!""
Subtotal (/2 = 0-0%, P = 0-422)

Cross-sectional
Zhi (2007)0

2-75 (1-05, 7-24,

<>{H

t

Nishiyama et al. (2009)2"
Voronova et al. (2012)'®)
Subtotal (/2 = 0-0%, P = 0-770)

Case—control
Xiao et al. (2010)1®
Subtotal (12—; P, -)

Overall (/% = 50-0%, P = 0-051)

Note: Weights are from random-effects analysis
L

=

O

( )
1-21 (1:07, 1-35)
120 (1:07, 1-35)
1-23 (0-95, 1-59)

( )

1-21 (1412, 1-31

1-14 (1:05, 1-24
1-54 (0-49, 4-80
134 (0-73, 2-48

(

1-15 (1-05, 1-24,

0-83 (0-67, 1-03)
0-83 (0-67, 1-03)

115 (1:04, 1-27)

0-138

100
RR (95 % Cl)

7-24

1-02
22-82
22-82
10-26
56-92

26-93
0-74
2.44

30-11

12.97
12.97

100-00

3017

Fig. 2 Forest plot for the pooled relative risk (RR) of breakfast skipping and the risk of type 2 diabetes (T2D). The study-specific RR
and 95 % CI are represented by the grey square and horizontal line, respectively; the area of the grey square is proportional to the
study-specific weight in the overall meta-analysis. The centre of the diamond presents the pooled RR for T2M and its width

represents the pooled 95 % ClI

Table 2 Subgroup analyses on the association between breakfast skipping and the risk of type 2 diabetes (T2M)

Heterogeneity
Level No. of studies 12 (%) P value RR 95% ClI
Cohort studies
Total 4 0-0 0-422 1.21 112, 1.31
Location Japan 1 N/A 275 1.04, 7-23
USA 3 0-0 0-984 1.21 112, 1-31
Adjustment for confounding
Cereal fibre intake Yes 2 0-0 0-921 1-20 111, 1.31
No 2 59-9 0115 1-60 0-76, 3-35
Family history of T2DM Yes 3 285 0-247 1.22 1.09, 1-36
No 1 N/A 1.23 0-95, 1-59
Hypertension Yes 1 N/A 275 1.04, 7-23
No 3 0-0 0-984 1.21 112, 1-31
Energy intake Yes 3 0-0 0-984 1.21 112, 1-32
No 1 N/A 275 1.05, 7-22
Physical activity Yes 3 0-0 0-984 1.21 112, 1-32
No 1 N/A 275 1.05, 7-22
Cross-sectional studies
Total 3 0-0 0-770 115 1.05, 1-24
Location Asia 2 0-0 0-606 1-14 1.05, 1-24
Europe 1 N/A 1.34 073, 247
Adjustment for confounding
BMI Yes 2 0-0 0-833 1-38 0-81, 2:37
No 1 N/A 114 1.05, 1-.24
Smoking Yes 2 0-0 0-833 1-38 0-81, 2:37
No 1 N/A 114 1-05, 1-24
Drinking Yes 1 N/A 1.34 0-73, 2.47
No 2 0-0 0-606 114 1.05, 1-24
Hypertension Yes 1 N/A 1.34 0-73, 2.47
No 2 0-0 0-606 114 1.05, 1-24
Physical activity Yes 1 N/A 1.34 0-73, 2.47
No 2 0-0 0-606 114 1-05, 1-.24

N/A, not applicable.
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Discussion

The results of our meta-analysis confirmed the positive
association between breakfast skipping and T2D risk. Both
in cohort and cross-sectional studies, the pooled RR/OR
showed a significant increased risk on T2D for breakfast
skippers. Compared with individuals who consume
breakfast regularly, the risk of T2D was increased by 21 %
in cohort studies and 15% in cross-sectional studies for
breakfast skippers. Our subgroup analyses identified that
the significant positive association between breakfast
skipping and T2D risk was consistent in cohort studies
after adjusting for confounding factors.

Some potential mechanisms might be involved in
the effect of breakfast skipping on T2D risk. First, food
consumption in the morning has been shown to be
particularly satiating and associated with lower appetite
and better weight control®?. Breakfast is a unique meal
since it is the time that prolonged fasting ceases. It is
known that the longer the fasting time, the higher the
ghrelin concentrations and the lower the insulin con-
centrations, which could induce hunger and eating@, Asa
result of breakfast skipping, people could develop obesity
and chronic diseases, including T2D. Nowadays most
people have the idea that skipping breakfast could help
with weight control, which could be a mediating pathway
of obesity facilitating T2D risk, whereas some observa-
tional studies have shown that breakfast consumption is
associated with a risk of increased BMI***Y. What is
more, the pooled RR of cohort studies adjusting for BMI
(1-21; 95% CI 1-21, 1-32) in the present study suggested
that the observed association was not completely medi-
ated via weight control.

Besides, several studies have shown that the type of food
consumed at breakfast plays an important role in affecting
hormone release and activity, postprandial insulin secretion,
glucose and lipid metabolism. Breakfast consumption could
result in an elevated postprandial glycaemic response and
insulin sensitivity®> =%, especially when the foods con-
sumed are fibre-rich foods (i.e. whole grains, fruit and low-
fat dairy) rather than refined cereals. It could also reduce
fasting total and LDL cholesterol®**" and serum TAG con-
centrations®?, which could improve lipid metabolism. A
randomized crossover trial showed that men who regularly
consumed breakfast had better metabolic and endocrine
responses in response to foods consumed later during the
day, compared with those who skipped breakfast®?.
Finally, energy intake was shown to be a mediating pathway
which links breakfast consumption and T2D risk>. When
the breakfast did not result in a significant increase in energy
intake, favourable changes would be made in glycaemia and
insulinaemia®®. Thus, sufficient energy intake at breakfast
could reduce the risk of lipid-associated chronic diseases
such as CVD, obesity and T2D.

Breakfast skipping is very common in modern society(w) .
Many people have misunderstandings about skipping
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breakfast, thinking it could help with keeping slim or weight
loss. However, studies have suggested this behaviour may
not contribute to losing weight, but increase the risk of T2D.
Thus the selection of this topic is of great importance, which
is necessary to further expand and deepen the research on
breakfast skipping in relation to T2D risk.

To our knowledge, the current paper presents the first
meta-analysis of observational studies on breakfast skip-
ping and the risk of T2D. The results of the meta-analysis
suggested that breakfast skipping was associated with a
significantly increased risk of T2D. Subgroup analyses,
sensitivity analyses and publication bias tests suggested that
the overall result of this analysis was stable and robust.
Notably, the analysis was very specific about whether
people skipped breakfast or not, and the exposure of
breakfast skipping was easy to confirm. Thus, except for
difference in exposure dose, there was relatively less recall
bias in the included studies. Both in cohort studies and in
cross-sectional studies, the results showed great reliability
and stability in outcomes. Thus, we also combined results of
the cross-sectional studies and the prospective cohort stu-
dies in this meta-analysis. We suggest that more prospective
cohort studies with a longer follow-up period and larger
sample size are needed to replicate our results.

A few limitations of the meta-analysis should be
acknowledged. First, although all included studies controlled
for several established risk factors for T2D (including age,
sex, BMI, alcohol, physical activity, etc.), the possibility of
residual or unmeasured confounders attributable to other
dietary factors may still influence the observed association.
Second, most studies included in the meta-analysis were
conducted in the USA and Asia (Japan and China), which
could limit the generalizability of the findings to other
populations. Finally, the limited information provided in
the included studies precluded the possibility of a dose—
response analysis.

For future studies, based on our findings, we suggest
first that further research fully adjusting for dietary quality
or other dietary factors may make the observed effects
more accurate, which would more reliably attribute the
reported association to breakfast skipping alone. Second,
more observational and interventional studies are needed
to explore the underlying mechanisms that link breakfast
skipping and T2D risk. Finally, the dose-response rela-
tionship between them should be further investigated in
future studies.

Conclusion

In conclusion, the current meta-analysis suggests that
breakfast skipping is associated with a significantly increased
risk of T2D. Given the increasing prevalence of breakfast
skipping worldwide and the heavy economic burden of
T2D, the results of our study provide practical and valuable
clues for the prevention and aetiology of T2D.
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