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KEYWORDS Abstract Background and aims: Diagnosed and undiagnosed Type 2 Diabetes (T2D) remains a
Diabetes mellitus; challenge in high-income countries. In addition, the presence of T2D can cause further disease
Epidemiology; burden because of its high susceptibility to complications. Nevertheless, there is limited evidence
Health inequalities; of socio-economic gradients in undiagnosed T2D and its complications in a large population
Poverty; cohort. We investigated this using the Dutch Lifelines Cohort Study (Lifelines).

Public health Methods and results: Within Lifelines, baseline data of 102 163 adults aged 30 and above were

collected from 2007 to 2013. The associations of Socio-Economic Status (SES), indicated by
monthly household income, with the prevalence of T2D status and the number of T2D compli-
cations were assessed using multinomial Poisson and linear regressions with adjustments for age
and sex. The prevalence of diagnosed and undiagnosed T2D was, respectively, 3.0% and 3.0% in
the low SES group compared to 1.1% and 1.8% in the high SES group. Individuals with lower
SES were at higher risk of having undiagnosed T2D (relative risk ratio (rrr) [95% CI]: 1.63 [1.47
—1.81] for low SES and 1.16 [1.05—1.29] for middle SES) and diagnosed T2D, compared with those
with high SES. Lower SES was positively associated with the number of T2D complications (low
SES vs. high SES (ref); B [95% CI]: 0.15 [0.13—0.16]).

Conclusion: Complementing the known socio-economic gradients in diagnosed T2D, we docu-
ment socio-economic gradients in undiagnosed T2D and T2D complications in a single, large
general representative population. Furthermore, individuals with low SES with diagnosed or un-
diagnosed T2D were more susceptible to T2D complications.
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What is already known on this topic

While the socio-economic gradient in T2D is well estab-
lished for high-income countries, commensurately little is
known about the socio-economic gradients in either un-
diagnosed T2D or in T2D complications.

What this study adds

We document socio-economic gradients in undiagnosed
T2D as well as T2D complications using the same study
population.

How this study might affect research, practice or policy

Our results serve to inform health policy on the socio-
economic gradient in T2D and its complications and
highlight the need for focusing preventive and curative
policy on reducing the burden of complications stemming
from undiagnosed as well as diagnosed T2D, especially for
individuals with a low SES.

1. Introduction

Type 2 Diabetes (T2D) is often followed by several health
complications, such as cardiovascular disease (CVD), ne-
phropathy, and diabetic foot [1]. Amongst other implica-
tions, these complications reduce the quality of life over
and above the direct consequences of T2D [2] and addi-
tional healthcare costs [3].

While the socio-economic gradient in T2D in the
Netherlands and other high-income countries is well
documented, with lower socio-economic groups display-
ing a higher risks of prevalent and incident T2D [4,5], little
is known about the gradient of T2D complications. Despite
implementing public health interventions, no reduction in
health inequalities has been observed in high-income
countries, including the Netherlands [6]. We hypothesize
that this scenario could be partially explained by the socio-
economic gradient among the undiagnosed T2D group;
presumably, this group is more likely to develop worse
T2D complications if their T2D remains undetected and
untreated [7—9]. Nevertheless, there is limited evidence of
such a socio-economic gradient in undiagnosed T2D and
its complications, as undiagnosed T2D in combination
with its complications is typically not studied in a single
large population cohort in the Netherlands. The unique
data from the Lifelines Biobank and Cohort Study (Life-
lines) allow us to study this.

Considering the direct and indirect health and financial
consequences of T2D, identifying people with T2D at an
early stage is essential for effective and efficient care, as
early glucose control can prevent T2D complications [13].
However, for a variety of reasons, there is a group of people
who remain undiagnosed with T2D. In fact, undiagnosed
T2D remains a problem even in high-income countries
with wide access to healthcare, including Germany [11]

and the UK [12], where 2.9% and 2.0% of the study pop-
ulations had undiagnosed T2D, respectively. Presumably,
the Netherlands is not an exception in terms of undiag-
nosed T2D. Furthermore, T2D patients may already suffer
from T2D complications at the point of diagnosis [7,8].
Indeed, undiagnosed T2D is also a higher risk for CVD and
mortality compared with diagnosed T2D [9].

In this report, we investigated socio-economic in-
equalities in T2D status (diagnosed T2D, undiagnosed T2D,
and non-T2D) and its complications (CVD, hypertension,
stroke, dyslipidaemia, poor control of diabetes, need for
hospitalization, and nephropathy) in the baseline assess-
ment of Lifelines.

2. Methods

Lifelines is a large, population-based biobank and cohort
study based in the northern part of the Netherlands. The
Lifelines adult study population broadly represents the
adult population in the north of the Netherlands [14,15].
Participants visited one of the Lifelines research sites for a
physical examination, including extensive questionnaires
about their demographics, health status, and Socio-
Economic Status (SES). Blood samples were drawn at
baselines and subsequently stored at —80 °C to allow for
future measurements, including serum levels of glucose
and HbA1c. Before study entry, a signed informed consent
form was obtained from each participant. In total, 152,928
adults (age >18) were recruited at baseline from 2007 to
2013. Despite the slightly old baseline assessment, the
unique nature of the Lifelines cohort in combining diag-
nosed as well as undiagnosed T2D and its complications
should be highlighted. The Lifelines study was conducted
according to the principles of the Declaration of Helsinki
and approved by the Medical Ethics Committee of the
Institutional Review Board of the University Medical Cen-
ter Groningen, the Netherlands (2007/152).

Among the 152 928 adult participants recruited at
Lifelines baseline, participants aged 30 years and above
were selected because of their relatively stable SES. In
total, 102 163 were aged 30 and above and had valid data
on SES and T2D status (Figure S1). SES was defined ac-
cording to self-reported household net income [1]: low —
<2000 euro/month [2]; middle — 2000—-3000 euro/
month; and [3] high — >3000 euro/month. Detailed def-
initions of T2D status and T2D complications, as well as
SES, are contained in detail in Methods S1. The number of
T2D complications was calculated by scoring the presence
of each T2D complication as 1 and then summing up the
scores.

The prevalence of T2D complications were assessed
across T2D status and SES, and the prevalence of T2D
status and the number of its complications were presented
across SES. The associations of SES with T2D status and
single complications, as well as the total number of com-
plications, were assessed using multinomial Poisson
regression and linear regression, respectively, with
adjustment for age and sex. Relative risk ratios (rrr) [95%
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Table 1 Prevalence of Type 2 Type 2 Diabetes (T2D) complications across T2D status and Socio-Economic Status (SES) (a), and T2D status and the number of its complications across SES (b).

Need for hospitalization Nephropathy

Poor control of diabetes

311 (38.2%)
231 (39.3%)

Dyslipidaemia
687 (82.8%)
501 (83.5%)
350 (82.7%)

Stroke

Hypertension
584 (69.5%)
396 (65.5%)
269 (62.7%)

Cardiovascular disease

218 (26.0%)
131 (21.6%)
85 (19.8%)
434 (23.2%)
144 (16.7%)
80 (10.5%)
56 (8.4%)

43 (5.1%)
28 (4.6%)
17 (4.0%)
88 (4.7%)

22 (2.6%)
17 (2.2%)

18 (2.7%)

(15.7%)
(14.4%)

40 (14.4%)

83

26 (3.1%)
12 (2.0%)
12 (2.8%)

50 (2.7%)
15 (1.7%)

7 (0.9%)
6 (0.9%)
28 (1.2%)

Low SES (n = 840)

Diagnosed T2D

59

Middle SES (n = 605)

(Case/population:
1874/102,163)

162 (39.6%)
704 (38.8%)
93 (13.2%)
98 (15.8%)
66 (13.1%)

High SES (n = 429)

182 (14.9%)
71 (13.1%)
53 (10.5%)
28 (7.0%)

1538 (83.1%)
449 (61.7%)
393 (59.9%)
281 (53.3%)

1249 (66.7%)
324 (37.6%)
250 (32.7%)

Total (n = 1874)

Low SES (n = 861)

Undiagnosed T2D

Middle SES (n = 765)

(Case/population:
2293/102,163)

178 (26.7%)
752 (32.8%)

High SES (n = 667)

(2.5%)
313 (1.2%)
306 (0.9%)

57

152 (10.5%)
1772 (10.0%)
1995 (8.5%)
1891 (7.7%)

5658 (8.6%)

257 (14.0%)

/
/
/
/

1123 (58.8%)
9937 (37.2%)

280 (12.2%)

Total (n = 2293)

203 (0.8%)
177 (0.5%)
113 (0.3%)

5034 (18.8%)
5317 (15.5%)
4643 (12.6%)

1676 (6.3%)
1641 (4.8%)
1330 (3.6%)
4647 (4.7%)

Low SES (n = 26,732)

Non-T2D

11,964 (34.8%)
11,672 (31.7%)

Middle SES (n = 34,419)

(Case/population:

High SES (n = 36,845)
Total (n = 97,996)

97,996/102,163)

871 (

493 (0.5%) 33,573 (34.3%)

14 994 (15.3%)

The number of T2D complications®

T2D status

Non-T2D

94%

Undiagnosed T2D

3%

Diagnosed T2D

SES

7.1

13.4%
10.8%

8.9%

33.4%
34.5%
33.1%
33.7%

46%
50%

o
™

Low SES (n = 28,433)

4.7%
3.3%
4.9%

96.2%
97.1%
95.9%

2.1%

1.7%
1.1%

1.8%

Middle SES (n = 35,789)

54.7%
50.6%

1.8%
2.2%

High SES (n = 37,941)

10.8%

Total (n = 102,163)

2 The number of T2D complications was calculated by scoring the presence of each T2D complication as 1 and then summing up the scores.

CI] and unstandardized beta-coefficients (B) [95% CI] were
presented. All statistical analyzes were conducted using
Stata 13.1 (StataCorp, Texas, USA).

3. Results

Overall, the prevalence of diagnosed and undiagnosed T2D
was 1.8% and 2.2%, respectively, for the total sample pop-
ulation. Among individuals with lower SES, the prevalence
of diagnosed and undiagnosed T2D was, respectively, 3.0%
and 3.0%, compared to 1.1% and 1.8% among individuals
with high SES. 71% and 3.3% of the participants in,
respectively, low- and high-SES groups had three or more
T2D complications (Table 1). The prevalence of T2D com-
plications was elevated for the lower SES strata (Fig. 1 and
Table S1) and among individuals with diagnosed and un-
diagnosed T2D. Among the T2D group, individuals with
diagnosed T2D had the highest prevalence of complica-
tions (Table 1). Among diagnosed as well as undiagnosed
T2D groups, socio-economic gradients in T2D complica-
tions were also observed, with individuals with low SES
having a higher prevalence of T2D complications than in-
dividuals with middle or high SES. T2D complications were
more prevalent among individuals with low SES in either
the diagnosed or undiagnosed T2D groups compared to
those with low SES but without T2D (Table 1).

Compared to individuals with high SES, individuals
with lower SES were shown to have higher risks of diag-
nosed T2D (rrr [95% CI]: 2.03 [1.80—2.30], p < 0.001 for
low SES and 1.29 [1.13—1.46], p < 0.001 for middle SES)
and undiagnosed T2D (rrr [95% CI]: 1.63 [1.47-1.81],
p < 0.001 for low SES and 1.16 [1.05—1.29], p = 0.004 for
middle SES) (see Table 2). Furthermore, lower SES was also
positively associated with the number of T2D complica-
tions (B [95% CI]: 0.15 [0.13—0.16], p < 0.001 for low SES
and 0.06 [0.04—0.07], p < 0.001 for middle SES, with high
SES as the reference, Table 2).

4. Discussion
4.1. Key results

In this general Dutch population, individuals with low SES
were at higher risk of having diagnosed T2D and undiag-
nosed T2D compared to individuals with higher SES, which
is consistent with previous studies conducted in pop-
ulations from England [12] and Germany [11]. Com-
plementing the reported SES inequalities in T2D
complications in a systematic review [3], we found that
the prevalence of T2D complications was higher among
individuals with low SES and T2D (either diagnosed or
undiagnosed), compared to individuals with high SES and
without T2D.

4.2. Limitations

First, extra caution is needed when interpreting the
prevalence of undiagnosed T2D because the blood sample
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Figure 1 Relative prevalence of T2D complications across different Socio-Economic Status (SES) with high SES as the reference group.

collection and measurements were done over five
consecutive years. Therefore, undiagnosed T2D in this
study was partially interfered with incident T2D. Second,
the baseline assessment used in this study is nearly a
decade old, and investigations with more recent assess-
ments are needed to validate the results. Third, reporting
bias could occur as T2D complications were partially self-
reported. Fourth, selection bias should be acknowledged as
Lifelines is not a registration database, so the prevalence of
T2D and complications could be influenced by the
recruitment criteria. Finally, no causal inferences should be
drawn from our findings, given the cross-sectional nature
of our study.

4.3. Interpretation and generalization

While previously published studies on the associations
between SES and undiagnosed T2D are limited and not
consistent [10—12,16,17], our results highlight that SES
might be a risk factor not only for diagnosed T2D and

undiagnosed T2D but also for T2D complications. More
importantly, individuals with low SES with diagnosed or
undiagnosed T2D were found to be even more susceptible
to T2D complications. This might hint at a mechanism
whereby T2D only gets diagnosed once a complication has
arisen. If people with lower SES and undiagnosed T2D are
left undiagnosed and untreated, the double burden of low
SES and undiagnosed T2D will result in worse quality of
life as well as extra healthcare costs. Future research
should identify the individual and societal risk factors
associated with undiagnosed T2D compared to diagnosed
T2D across different SES groups. It is worth mentioning
that the multi-dimensional and multi-faceted nature of
SES could also affect the SES gradients in T2D status and
complications, as suggested by previous studies [4,18].
Thus, the interplay between different SES indicators needs
to be addressed to tackle the SES gradients in T2D and its
complications. Moreover, there is a need to dissect the role
of an individual’s lifestyle in these inequalities as lifestyle
intervention is often advocated to prevent and manage

Table 2 Association of Socio-Economic Status (SES) with Type 2 Diabetes (T2D) status and the number of T2D complications, respectively.®

T2D status Diagnosed T2D Undiagnosed T2D (Case/ Non-T2D The number of
(Case/population: 1874/ population: 2293/102,163) T2D
102,163) complications”
SES rrr (95% CI) p rrr (95% CI) p rrr (95% CI) p B (95% CI) p
Low SES 2.03 (1.80—2.30) <0.001 1.63 (1.47—-1.81) <0.001 0.15 (0.13—-0.16) <0.001
Middle SES 1.29 (1.13—-1.46) <0.001 1.16 (1.05—-1.29) 0.004 Ref 0.06 (0.04—0.07) <0.001
High SES Ref Ref

¢ Models were adjusted for age and sex. rrr: relative risk ratio; B: beta-coefficient; CI: confidence interval.
° The number of T2D complications was calculated by scoring the presence of each T2D complication as 1 and then summing up the scores. The

higher the score, the presence of more T2D complications.

Please cite this article as: Zhu Y et al., Socio-economic gradients in diagnosed and undiagnosed Type 2 diabetes and its related health
complications, Nutrition, Metabolism & Cardiovascular Diseases, https://doi.org/10.1016/j.numecd.2022.09.018




Socio-economic gradients in diagnosed and undiagnosed

T2D. While we have focused on the Netherlands, future
research should aim to understand whether the patterns
that we have documented also hold in other countries.
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