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Background We conducted a systematic review and meta-analysis, the first to
our knowledge, summarizing and quantifying the published evi-
dence on associations between type 2 diabetes incidence and
socio-economic position (SEP) (measured by educational level, oc-
cupation and income) worldwide and when sub-divided into high-,
middle- and low-income countries.

Methods Relevant case—control and cohort studies published between 1966
and January 2010 were searched in PubMed and EMBASE using
the keywords: diabetes vs educational level, occupation or income.
All identified citations were screened by one author, and two au-
thors independently evaluated and extracted data from relevant
publications. Risk estimates from individual studies were pooled
using random-effects models quantifying the associations.

Results Out of 5120 citations, 23 studies, including 41 measures of associ-
ation, were found to be relevant. Compared with high educational
level, occupation and income, low levels of these determinants were
associated with an overall increased risk of type 2 diabetes; [relative
risk (RR)=1.41, 95% confidence interval (CI): 1.28-1.51],
(RR=1.31, 95% CI: 1.09-1.57) and (RR=1.40, 95% CI. 1.04-
1.88), respectively. The increased risks were independent of the
income levels of countries, although based on limited data in
middle- and low-income countries.

Conclusions The risk of getting type 2 diabetes was associated with low SEP in
high-, middle- and low-income countries and overall. The strength
of the associations was consistent in high-income countries, where-
as there is a strong need for further investigation in middle- and
low-income countries.

Keywords Type 2 diabetes incidence, socio-economic position, educational
level, occupation, income
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Introduction

Diabetes is a health-threatening concomitant dis-
ease all over the globe. The world prevalence of
diabetes has been estimated to rise from today’s 220
million to 300 million by the year 2025, resulting
in increasing number of subjects with severe compli-
cations in the cardiovascular system, kidneys, eyes
and peripheral nerves. As the prevalence rises there
is an urge to characterize determinants beyond trad-
itional risk factors, e.g. sedentary behaviour and
obesity.

Socio-economic position (SEP) is one example of
such a determinant. Although the causal pathways
between SEP and disease are not yet fully understood,
SEP may contribute to the development of type 2 dia-
betes through complex processes involving access to
health-care services and information, available
healthy foods and places to exercise, economic and
occupational opportunities as well as individual life-
style choices.” In high-income countries, type 2 dia-
betes is more prevalent in lower socio-economic
groups,*? whereas the opposite has been found in
studies from middle- and low-income countries.''™">
Sedentary behaviour and obesity are risk factors that
are suggested to be responsible for these various scen-
arios to a large extent.'® Hence, in high-income coun-
tries people in lower SEP groups are more sedentary
and obese,*'”'® whereas the reverse has been re-
ported in countries undergoing rapid economic devel-
opment.''™"?

For the prevention of type 2 diabetes, it is crucial to
investigate how the disease is patterned by SEP. A
first step is to summarize the nature and strength of
this association. To avoid problems with reverse caus-
ality and unequal survival, use of incidence data is a
prerequisite. To our knowledge, no systematic review
of type 2 diabetes incidence and SEP has been under-
taken previously. We therefore conducted a systematic
quantitative review to summarize the nature and
strength of the overall association between type 2 dia-
betes incidence and SEP (measured by educational
level, occupation and income) as well as by income
level of country.

Methods

Data sources

We followed recommended guidelines on how to con-
duct systematic reviews and meta-analysis.'”?° To
identify eligible articles published in English-speaking
peer-reviewed journals, we searched PubMed and
EMBASE (1966 to 11 January 2010), using the key
words ‘diabetes vs educational level’, ‘occupation or
income’. The reference lists of included articles and
relevant review articles were manually reviewed for
potential inclusion of additional studies.

Study selection

We included studies that (i) presented original data
using case—control or cohort study design; (ii) pro-
vided information on type 2 diabetes incidence as
an outcome; (iii) presented risk estimates with confi-
dence intervals (CIs) or sufficient information to cal-
culate these; and (iv) wused educational level,
occupation or income as individual measures of SEP.

All citations identified by the initial search (5120
articles) were systematically screened and evaluated
by one author (E.A.) to exclude publications clearly
irrelevant to the inclusion criteria. For publications
retrieved for detailed examination (94 articles), two
co-authors (E.A. and A.S.) independently filled in
standardized forms with predefined inclusion and ex-
clusion criteria. If there was any disagreement, a third
co-author (P.A.) independently filled in the form and
consensus was reached. In addition, all authors (E.A.,
P.A., JH, T.M. and A.S.) participated in a panel dis-
cussion regarding additional issues that came up
during the detailed examination. At this stage, agree-
ment was made to exclude studies that did not expli-
citly exclude subjects with prevalent type 2 diabetes at
baseline, used less than four cases in the exposed or
unexposed group,”' used parental- or area-level SEP,
measured SEP by means or used subgroups within
only one SEP group, for example subgroups within
white-collar workers, or military ranking as a measure
of SEP. To reduce overlapping, we included original
studies used in multiple publications only once, giving
preference to studies with largest sample size or most
recent publication.

Data extraction

Two authors (E.A. and A.S.) independently extracted
the following data from each publication: author,
publication year, years of data collection, ages, sex
(men, women or combined), country, ethnicity of
study population, study design (cohort or case—con-
trol), measure of exposure (educational level, occupa-
tion or income), type of SEP (own, husband’s or
household), total number of SEP categories reported
in the original studies, type of controls (population-
based or hospital-based), duration of follow-up,
sample size, risk estimate with CIs, variables con-
trolled for, participation rate and method of type 2
diabetes assessment.

Countries were classified according to geographical
areca (USA, Europe, Asia/Middle East, Latin America
or Africa) and income category according to the
World Bank definition (high-income, upper—-middle-
income or low-income country). We did not identify
any studies from lower-middle-income countries.
Nested case—control and case—cohort studies were
referred to as case—control studies since they all
used odds ratios as measure of association. The
method of assessing type 2 diabetes was either by
self-report, self-report verified (by for example inspec-
tion of drug packages, medical records and blood
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glucose), blood glucose by screening, medical records
or registers. We extracted estimates for men and
women separately when possible. If a study reported
risk estimates with more than one measure of SEP,
each estimate was treated as its own association.

Our main data set consisted of one risk estimate
from each study. When a study reported more than
one risk estimate we included the most adjusted es-
timate. Hence, the number of controlled variables
could vary from none to more than 10 in this data
set. For the purpose of sub-group and sensitivity ana-
lysis we also extracted information on both minimally
adjusted (crude or adjusted for sex, age and resi-
dence) and maximally adjusted (adjusted for
well-established outcome-related risk factors) risk es-
timates from each study when available. Information
on the included studies is shown in Table 1.

Statistical analysis

We used relative risks (RRs) as summary estimates
throughout the procedure to simplify reporting.??
The included studies used scales ranging from two
to five categories, when measuring SEP. To ease com-
parability between studies, we extracted the lowest vs
the highest SEP category from each study, using high
SEP as the reference group. If presented in a reverse
order, we back-calculated the point estimate and 95%
CIs. When articles did not present risk estimates, we
calculated them from the raw data presented in the
article. The log RRs from the individual studies and
corresponding standard error (SE; presented or calcu-
lated from the confidence limits) were used to per-
form the analysis. The pooled estimates were then
converted back to RRs and 95% CIs for presentation.
We quantified the relation between type 2 diabetes
incidence and SEP by using a random-effects model
of DerSimonian and Laird,”® which incorporates both
within- and between-study variability, based on the
initial assumptions of between-study heterogeneity.

Statistical heterogeneity among studies was evalu-
ated using both the Q-statistic and the I2-statistics.
The Q-statistic is the test which examines the null
hypothesis if differences between the study estimates
of RRs is due to chance, by a chi-square test with
degrees of freedom equal to the number of studies
minus one.?* For Q-statistic, we considered P < 0.1
as representative of statistically significant heterogen-
eity. The I? is the proportion of total variance in study
estimates explained by heterogeneity between study
variation rather than chance.?’

We performed a random-effect meta-regression ana-
lysis to address the issue of heterogeneity and to iden-
tify potential study-level factors contributing to
heterogeneity between studies. Study characteristics
such as sex, income category of countries, geograph-
ical area, minimally or maximally adjusted, publica-
tion year, study design, length of follow-up in cohort
studies, assessment of cases, number of SEP cate-
gories and personal, husband’s or household SEP

were used as explanatory variables and the natural
logarithm of RR was the dependent variable.”*® A
univariate meta-regression was performed for each
SEP indicator followed by a multivariate analysis for
which a backward stepwise approach was used to
select the significant variables to be included.

We then conducted subgroup analyses by stratifying
the original data sets by the above mentioned
study-level factors. We decided not to run subgroup
analyses on type of control (population-based vs
hospital-based), since only one study used hospital-
based controls.

In addition, we performed leave-one-out influence
analysis to assess the stability of the results.”’ In
this analysis, we estimated the potential influence of
one individual study on the overall pooled RR by
omitting one study at a time. Finally, we performed
sensitivity analysis by repeating our analysis pooling
the minimally adjusted estimates that were presented
in the original studies.

Publication bias was assessed by funnel plots and by
using Egger’s regression asymmetry test and the
Begg—Mazumdar®® adjusted rank correlation test.’!
All statistical analyses were performed using STATA
version 11 (StataCorp, College Station, TX, USA).
P-values < 0.05 were considered to be statistically sig-
nificant. All statistical tests were two-sided.

Results

Literature search

The article selection procedure is shown in Figure 1.
Briefly, after excluding 1422 articles due to overlap
between search categories, the initial search identified
5120 publications to be screened. References were
excluded after screening abstracts (7 =2468) due to:
mortality-survival or prevalence data, not reporting
original research or because it was not possible to
find the article. In addition, 2627 references were
excluded after detailed evaluation if type 2 diabetes
was not an outcome, or there was lack of socio-
economic data and/or no RRs and CIs or enough
data to calculate these. Among the 25 references
that fulfilled the inclusion criteria, five new references
were identified by hand search and seven references
were excluded due to overlaps between data sets. A
final number of 23 articles were included in the
meta-analysis.**™>*

Study characteristics

In the 23 included articles, a total of 41 estimates of
association were available (Table 2), which involved
approximately 21978 cases. The higher number of
risk estimates compared with number of articles was
due to the fact that some studies included more than
one measure of SEP and some presented risk esti-
mates on men and women separately. For educational
level, 23 risk estimates (from 20 studies) were avail-
able, for occupation 11 estimates (from 7 studies) and
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search in PubMed and EMBASE
1966 to 11 January 2010

5120? References initially identified by electronic

2652 Full text copies retrieved for
detailed evaluation

2468 References excluded after screening abstracts:
1836 Mortality, survival or prevalence data
v 626 Not reporting original research

6 Articles not possible to find

(reviews, commentaries, editorials, letters)

2627 References excluded after detailed evaluation:
2486 Type 2 diabetes not an outcome measure
141 No socio-economic data and/or no RR and CI

or enough data presented to calculate these

A

25 References that fulfilled the
inclusion criteria

5 References identified by hand search

7 References excluded due to overlaps in
data sets

A

23 References included in meta-analysis
41 Measures of association

Figure 1 Flow diagram of article selection procedure based on the quality of reports of meta-analyses of randomized
controlled trials (QUOROM) statement.'? ?6542 publications were identified in the primary electronic search; however, 1422
of these publications were overlaps between search categories and therefore excluded before screening of abstracts

finally for income 7 estimates (from 5 studies) were
included. Studies defined low and high educational
level differently in different studies. Low educational
level ranged from ‘no schooling or not having gradu-
ated from primary school” to ‘no university/academic
degree’ and high educational level ranged from
‘having graduated from primary school and above’
to ‘university/academic degree’. For occupation, the
definitions were not as diverse and categorization of
personal income varied according to income level of
country.

Fourteen studies presented risk estimates that con-
trolled for confounders other than age and sex, such
as for example body mass index and waist-to-hip ratio
and ethnicity. The majority of studies (19 studies
including 31 estimates) were from high-income coun-
tries such as the USA, Great Britain, Sweden, Finland,
Japan, Southern Taiwan, Germany and France,
whereas three studies (including nine estimates)
were from upper-middle-income countries, i.e.
Mauritius, Brazil and Lithuania, referred to as

middle-income, and only one was from a low-income
country, Tanzania.

In addition, there were 15 estimates of association
in men, 12 in women and 14 combined. Thirty esti-
mates derived from cohort studies, whereas 11 came
from case—control studies. In seven estimates, diagno-
sis of type 2 diabetes was assessed through
self-report, in seven studies by self-report verified, in
17 studies by blood glucose, in four by register and in
six by medical records.

Overall summary of low vs high SEP

In the overall summary, there was an increased risk
of type 2 diabetes in the lowest compared with the
highest SEP groups, measured by educational level
(RR=1.41, 95% CL 1.28-1.51),  occupation
(RR=1.31, 95% CI: 1.09-1.57) or income (RR=1.40,
95% CI: 1.04-1.88) (Figure 2). A moderate heterogen-
eity was observed for all three indicators, i.e. educa-
tional level (P<0.001, I*=65.5%), occupation
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Table 2 Continued

Pooled RR (95% CI), P-value for the heterogeneity Q test, I* statistics (%), number of estimates in included studies (7)

Occupation Income

Educational level

n

Number of SEP categories

Sub-group analysis

0.015, I*’=83.1

1.21 (0.62-2.38); P

2
2
1

2

1.01 (0.81-1.26); P <0.507, I>=0.0
1.26 (1.08-1.47); P <0.697, I>=0.0

2.00 (0.98-4.11); P<0.014, ’=83.6

3
6
2
0

0.047, ’=49.1

134 (1.12-1.60); P
11 1.31 (1.20-1.42); P

9

=0.253, =233

1.29 (0.95-1.74); P
1.18 (0.30-4.66)

0.065, ’=42.7

1.46 (0.43-4.93)
2 2.67 (1.26-5.65); P

1

0.592, ’=0.0

1.95 (1.36-2.79); P

0.013, ’=83.7

Type of SEP

0.682, I’=0.0

1.89 (1.33-2.67); P

3

0.016, I’=55.6

1.29 (1.06-1.56); P
1.63 (0.96-2.76)

10

1

22 1.45 (1.30-1.61); P<0.001, I’=65.8

Own

1.16 (1.04-1.29)

1

Husband

0.014, ’=71.9

1.22 (0.89-1.68); P

Household

TYPE 2 DIABETES RISK AND SOCIOECONOMIC POSITION 813

(P=0.020, I*’=52.8%) and
I=71.9%) (Table 2).

income (P=0.002,

Sub-group analysis

In the sub-group analysis by income level of coun-
tries, low educational level and low occupation was
associated with a 45% and a 31% increased risk of
type 2 diabetes in high-income countries, respectively.
In addition, low income was associated with an
increased risk of disease (RR=1.40, 95% CI: 0.81—
2.42) (Table 2). Also in middle-income countries,
the increased risks of type 2 diabetes remained for
low educational level, low occupation and low
income. Only one study from a low-income country
was included (Table 2).

When we performed sub-group analyses for minim-
ally and maximally adjusted estimates, the associ-
ations between type 2 diabetes incidence and low
educational level were (RR=1.50, 95% CIL: 1.27-
1.78) for minimally adjusted and (RR=1.28, 95%
CI: 1.17-1.40) for maximally adjusted. There was
also an increased risk in association with low occupa-
tion for both minimally adjusted (51%) and maximal-
ly adjusted (14%) estimates. Even low income was
associated with an increased risk for minimally ad-
justed (50%) estimates and a tendency for an increa-
sed risk of maximally adjusted estimates (RR=1.21,
95% CI: 0.62-2.38) was observed (Table 2).

When we investigated the relation between type 2
diabetes incidence and SEP by other sub-group ana-
lysis such as sex, geographical area, publication year,
study design, length of follow-up in cohort studies,
assessment of cases, number of SEP categories and
type of SEP the increased risk persisted in the major-
ity of analyses (Table 2). Moreover, a low or moderate
heterogeneity was present for the majority of
sub-group analyses (Table 2).

In random-effect regression analyses for studies
using educational level as SEP, both univariate and
multivariate analyses indicated a relation between
RR of type 2 diabetes and assessment of cases
(self-report verified, blood glucose, registers or records
combined vs self-reported) with P-values of 0.006 for
univariate and 0.007 for multivariate analyses. For
studies using occupation as a measure of SEP, only
geographical area (Europe, Asia/Middle East, Latin
America and Africa combined vs USA) was associated
with type 2 diabetes with P-value of 0.04 in the multi-
variate regression analyses. In the same groups of
studies, number of SEP categories (3, 4 and 5 cate-
gories combined vs 2 categories) was related to the
disease in univariate (P =0.04), but not in multivari-
ate meta-regression analysis. For studies based on
income, assessments of cases were the only variables
that revealed an association with outcome in univari-
ate regression analysis (P <0.001), and the associ-
ation was no longer apparent in multivariate
analysis. No other study-level characteristics for any
of the SEP indicators were found in relation to type 2
diabetes.
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References (sex) RR (95% CI)
Occupation
Medalie et al.*” * 1.17 (0.94—1.45)
Kumari et al.*3 (males) —— 1.52 (0.93-2.48)
Kumari et al.*° (females) > 1.01 (0.42-2.42)
Robbins et al.5% (males) * 1.41 (0.99-2.00)
Maty et al.#® (males) —_——— 1.19 (0.83-1.71)
Maty et al.*6 (females) —_— 0.86 (0.53-1.40)
Robbins et al.>2 (females) —_— 2.94 (1.84-4.69)
Cabrera et al. TS 1.63 (0.96-2.76)
Nagaya et al.*® —_—— 0.94 (0.66-1.33)
Gao et al.38 (females) 1.75 (0.83-3.69)
Gao et al.°® (males) -1 1.20 (0.88-1.63)
Summary estimate = 1.31 (1.09-1.57)
Educational level
Medalie et al.4” —_—— 1.66 (1.24-2.22)
Swai et al.® —— 1.27 (1.00-1.62)
Kaye et al.4! —— 1.43 (1.24-1.65)
Haffner et al.3° 1.96 (1.00-3.84)
Burchfiel et al.33 —_— 0.95 (0.72-1.26)
Gaillard et al.3” o 1.46 (0.43-4.93)
Bourdel-Marchasson et al.32 —_— 0.90 (0.55-1.48)
Mehta et al.48 —— 1.34 (1.16-1.55)
Heidemann et al.4° —_— 1.67 (1.15-2.43)
Maty et al.46 - 1.27 (0.93-1.74)
Robbins et al.52 (males) —_— 1.84 (1.24-2.73)
Robbins et al.52 (females) ———+——— 3.95 (2.50-6.25)
Costa et al.3° —_ 1.43 (0.82—2.48)
Ezeamama et al.3% * 2.60 (1.44—4.70)
Wang et al.>* T—— 1.25 (0.96-1.63)
Norberg et al.59 (females) - 1.70 (0.60—4.81)
Lidfeltdt et a4 —— 1.16 (1.04-1.29)
Norberg et al.%0 (males) * 1.40 (0.62-3.18)
Kouvonen et al.#2 — 1.39 (0.98-1.97)
Radzeviciene et a/.5! —_— 1.78 (1.18-2.68)
Maskarineg et al.*® - 1.20 (1.15-1.26)
Gao et al.38 (males) —_— 1.25 (0.81-1.93)
Gao et al.>° (females) —_— 1.82 (1.25-2.65)
Summary estimate < 1.41 (1.28-1.55)
Income
Gaillard et al.3” * 1.18 (0.30—4.66)
Robbins et al.3 (males) — 1.74 (1.01-3.00)
Robbins et al3 (females) —_— 2.12 (1.32-3.41)
Costa et al. e 1.80 (1.06-3.07)
Maty et al.*6 —— 0.90 (0.76-1.06)
Gao et al.38 (females) —_— 1.54 (1.02-2.33)
Gao et al.38 (males) —_—— 1.13 (0.81-1.58)
Summary estimate e 1.40 (1.04-1.88)

I I I I I

2 5 1 2 5

Relative risk (95% Cls)

Figure 2 Relative risks and 95% CIs of type 2 diabetes for the lowest vs highest level of educational level, occupation and

income

Publication bias, influence and sensitivity
analysis

Publication bias was observed when pooling studies
on educational level (Egger’s test for publication bias;
P=0.005) and for income (P =0.034). However, pub-
lication bias was not obvious for occupation
(P=0.373). The influence analysis showed that no
individual study significantly altered the overall esti-
mates based on the results from educational level
and occupation. For income, however, two stu-
dies,”®>? including four estimates, could influence
the pooled results if omitted. However, even if
decreasing the estimate to some extent (2-6%), the

increased risk of type 2 diabetes still persisted (data
not shown).

In the sensitivity analyses, 36 risk estimates (19 for
educational level, 11 for occupation and 6 for income)
from 18 studies originally reporting minimally ad-
justed RRs and 95% CIs were included. The results
were in line with pooled estimates found in
meta-analysis (data not shown).

Discussion

The results of our study suggest an overall increased
risk of type 2 diabetes in low socio-economic groups,
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TYPE 2 DIABETES RISK AND SOCIOECONOMIC POSITION 815

whether measured by educational level (41%), occu-
pation (31%) or income (40%). The socioeconomic
differential was consistent in high-income countries.
Although increased risks were observed with lower
SEP also in middle- and low-income countries, data
from these economies were very limited.

Type 2 diabetes has been reported to be more preva-
lent among those with high SEP in middle- and
low-income countries.''™"> Our systematic review
and meta-analysis of incident cases of type 2 diabetes
showed a reverse scenario. It is possible that including
prevalence data on type 2 diabetes and SEP from
these countries would have changed the picture. On
the other hand, even if few incidence studies were
identified, the results should not be neglected, al-
though further investigation is strongly needed to
clarify this issue. We found for example no publica-
tion from either China or India, countries that have
been going through rapid economic growth during the
previous decade, together with steadily increasing
numbers of diagnosed patients.'*!¢>>=>7

In our meta-analysis, we did not combine educa-
tional level, occupation and income. It was apparent
that educational level was the most commonly used
measure of SEP, and also most consistently associated
with increased risk of disease. Although it is evident
that education in general leads to occupations that
influence level of income, it has been argued that
these SEP measures cannot be used interchangeably
as they represent different causal processes and path-
ways.”® Education has been described as capturing the
transition from parental SEP to adult SEP, reflecting
factors such as material and intellectual resourses of
family origin. The skills and knowledge attained
through education may affect the receptiveness to
health information and appropriate communication
with health-care services.””

The mechanisms through which low SEP could
relate to type 2 diabetes are not clear. In most of
the included studies, unhealthy characteristics could
not fully explain socio-economic differences in type 2
diabetes incidence, indicating that other factors may
be involved. For example, few of the included studies
adjusted for psycho-social stress factors.*>°° A lower
socio-economic status is related to higher stress
levels®® and long-term stress affects the entire neu-
roendocrine system involving endocrine perturbations
which in turn may lead to type 2 diabetes.®’%? It
should be mentioned, however, that explaining
causes and underlying mechanisms is beyond the
scope of this study due to the observational nature
of studies included in our meta-analysis.

Socio-economic inequalities in type 2 diabetes inci-
dence were more pronounced in women than men.
This is in line with previous cross-sectional findings,®
and a possible explanation could be that women in
lower SEP groups are obese, physical inactive and ex-
perience psycho-social stress to a higher extent than
men in these groups.'®®® It has been suggested that

genetic susceptibility may be responsible for differ-
ences of type 2 diabetes in certain ethnic groups.®*®’
However, it has also been argued that a continuous
focus on ethnicity as a primary determinant may
divert effort from interventions improving social cir-
cumstances.®® We did not perform any separate ana-
lyses of ethnicity since there were too few studies
investigating this more than as a confounding factor.

There are limitations of this study. There may be
potential bias related to reverse causality. If those
with type 2 diabetes in the selected studies had
lower SEP due to their disease, the effects of the as-
sociation may be overestimated. However, we believe
that this scenario is less likely since formal education
is normally completed in young adulthood, and we
assume that many had started to work before their
diabetes diagnosis. Moreover, one of the strengths of
this study is that our quantitative assessment was
based on incident cases. Still, although prevalent
cases were excluded at baseline, income tends to fall
when someone gets chronically ill.”®

Educational level, occupation and income may have
been defined and classified differently across studies,
due to different meanings for different birth cohorts
and different geographical settings.”® For example,
educational level and income may vary significantly
between countries due to differences in country
economies and educational systems, while occupation
may be organized differently with regard to social
standing,’® physical and psychological work environ-
ment’® and also due to a changing structure and com-
position of workforce.>® In addition, in many studies
SEP was not the exposure of interest and hence
poorly explained. This may introduce difficulties
when combining data and making international com-
parisons. However, by dividing the SEP groups into
two extreme categories, high and low, we assume
that we have captured the sense of SEP, irrespective
of time and place.

The different ways of controlling for confounding
factors between studies may have influenced the re-
sults. To address the possible effect of this phenom-
enon, we performed a series of sub-group analyses of
minimally and maximally adjusted estimates as well
as sensitivity analysis. Although the increased risk
persisted, the effect was diluted when studies ad-
justed for outcome-related risk factors were pooled.
This raises the question whether the included vari-
ables should be considered as confounders or inter-
mediates in the causal pathway between type 2
diabetes incidence and SEP. However, a possible ad-
justment for intermediates rather than confounders
would lead to underestimation of the pooled RRs.

Type 2 diabetes is a chronic insidious disease that
develops gradually®” and many people are undiag-
nosed.®® Since health-care services have been found
to be less accessible to people with low SEP,’ it is also
possible that they are not diagnosed to the same
extent as those with high SEP. Exclusion of cases at
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baseline based on self-report could mean that more
cases with low SEP were diagnosed during follow-up
and hence the results may be overestimated.
Moreover, different studies used different ways of
diagnosing type 2 diabetes. Lack of uniformity in out-
come definition may contribute to the heterogeneity
that was indicated in the meta-regression analysis.

Publication bias is a significant concern to the val-
idity in meta-analysis,®® and can lead to overesti-
mation of the risk estimates. In addition, it was
shown that there was evidence of publication bias
for both educational level and income. Furthermore,
our meta-analysis was restricted to peer-reviewed
publications written in English, which may result in
lack of data from certain countries. The way this may
influence the results is however difficult to predict.

Recall bias may be a problem in case—control stu-
dies. However, it has been found that recall of SEP is
reliable regardless of SEP group’® and hence this
should not influence the findings.

In conclusion, this first systematic review and
meta-analysis suggest an association between type 2
diabetes incidence and low SEP. The strength of the
association measured by educational level and occu-
pation is consistent in high-income countries.
Although the risk among those with low SEP is

increased also in middle- and low-income countries,
available data are limited. It should be noted that we
carefully searched for and picked up all eligible pub-
lished raw data, also in studies not directly investigat-
ing the association between type 2 diabetes incidence
and SEP. Against the background of an epidemic in-
crease of type 2 diabetes, and for possible targeting of
prevention, it is important to pattern the disease in
different groups of society. Future well-designed re-
search is therefore necessary and greatly needed to
characterize the relationship between type 2 diabetes
incidence and SEP also in middle-and low-income
countries.
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KEY MESSAGES

e Type 2 diabetes incidence is associated with low SEP whether measured by educational level, occu-
pation or income, worldwide and when sub-divided into high-, middle- and low-income countries.

e The associations were consistent in high-income countries and although an increased risk was ap-
parent also in middle- and low-income countries, available data from these countries were limited.

e There is a pressing need for well-designed research characterizing the relationship between SEP and
type 2 diabetes incidence in middle- and low-income countries.
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