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What’s new?
•

Little is known about the simultaneous impact of maternal prepregnancy income and
educational attainment on the risk of gestational diabetes mellitus (GDM).

•

Both maternal prepregnancy annual taxable income and educational attainment show an
inverse relationship with the risk of GDM.

•

Women with low prepregnancy taxable income may need more support and guidance
before and during pregnancy to reduce the risk of GDM.

Abstract
Aims Findings concerning the impact of socio-economic status on the risk of gestational
diabetes mellitus (GDM) are inconclusive and little is known about the simultaneous impact of
income and educational attainment on the risk of GDM. This study aims to assess the impact of
maternal prepregnancy income in combination with traditional GDM risk factors on the
incidence of GDM in primiparous women.
Methods This is an observational cohort study including 5962 Finnish women aged ≥ 20 years
from the city of Vantaa, Finland, who delivered for the first time between 2009 and 2015,
excluding women with pre-existing diabetes mellitus. The Finnish Medical Birth Register,
Finnish Tax Administration, Statistics Finland, Social Insurance Institution of Finland and
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patient healthcare records provided data for the study. We divided the study population
according to five maternal income levels and four educational attainment levels.
Results Incidence of GDM decreased with increasing income level in primiparous women
(P < 0.001 for linearity, adjusted for smoking, age, BMI and cohabiting status). In an adjusted
two-way model, the relationship was significant for both income (P = 0.007) and education
(P = 0.039), but there was no interaction between income and education (P = 0.52).
Conclusions There was an inverse relationship between both maternal prepregnancy taxable
income and educational attainment, and the risk of GDM in primiparous Finnish women.

<H1>Introduction
Gestational diabetes mellitus (GDM) is a common pregnancy disorder associated with adverse
short- and long-term health implications for both the woman and her offspring [1–3]. The
incidence of GDM has been increasing during past decades [4–6], making GDM a serious global
health issue. Temporal increases in age and adiposity of pregnant women only partially explain
the increase in GDM incidence [5].
Both in the general population and in pregnant women, obesity is associated with socioeconomic disadvantages [7,8]. Further, the association of socio-economic deprivation, low
educational attainment and low income levels with an increased risk of Type 2 diabetes has
been observed in several studies, as reviewed by Agardh and colleagues in 2011 [9], and in
more recent publications [10,11]. When considering the relationship between socio-economic
factors and GDM, some studies have observed an inverse association between socio-economic
status [4,12–14], educational attainment [15,16] and the risk of GDM, although in other studies
no such association has been detected [17,18]. No previous study has assessed the importance
of personal maternal income, reported objectively as taxable income, simultaneously with
traditional risk factors on risk of GDM in primiparous European women.
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In 2016, we initiated the Vantaa birth cohort study 2009–2015, a follow-up cohort study in the
city of Vantaa, Finland, to assess the long-term consequences of gestational glucose intolerance
on the health of women and their offspring. This study aims to assess the influence of maternal
prepregnancy taxable income in addition to educational attainment and well-established
traditional GDM risk factors, like maternal age and BMI, on the incidence of GDM in primiparous
women.
<H1>Participants and methods
The study includes all 5962 Finnish women (born in Finland with Finnish or Swedish as native
language) aged ≥ 20 years, from the city of Vantaa, who delivered for the first time between 1
January 2009 and 31 December 2015, and had no history of previously diagnosed diabetes
mellitus.
Data on deliveries were collected from the Finnish Medical Birth Register (maintained by the
National Institute for Health and Welfare in Finland), which receives information on all live
births and stillbirths from 22 weeks or 500 g onwards from all Finnish maternity hospitals.
From this source, we obtained data on maternal age at delivery, GDM, prepregnancy height and
weight, number of previous pregnancies (miscarriages, induced abortions or ectopic
pregnancies), use of any infertility treatment, smoking during pregnancy, cohabitation status,
place of birth and native language [19]. Patient healthcare records were used to obtain complete
information on GDM, height and weight. Data on diabetes mellitus treated with medication and
diagnosed before pregnancy was obtained from the Finnish Social Insurance Institution which
maintains a nationwide register of the right to reimbursable medication (The Social Insurance
Institution of Finland; http://www.kela.fi/web/en/reimbursement-for-medicine-expences).
The diagnostic criteria used for diagnosis of GDM was one or more pathological glucose value in
a standard 75-g 2-h oral glucose tolerance test (OGTT) with the following thresholds: fasting
plasma glucose ≥ 5.3 mmol/l, 1-h glucose ≥ 10.0 mmol/l, and 2-h glucose ≥ 8.6 mmol/l [20].
Since 2008, the Finnish Current Care Guidelines for GDM have recommended screening for GDM
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using an OGTT between 24 and 28 weeks of gestation for all pregnant women during their first
pregnancy, except for those at low risk (i.e. nulliparous women aged ≤ 25 years, with a BMI < 25
kg/m2 and without a first-degree family history of diabetes) [20]. Women at high risk (i.e. with a
BMI ≥ 35 kg/m2, glucosuria during pregnancy, first- or second-degree family history of Type 2
diabetes, use of oral corticosteroids or with polycystic ovary syndrome) should be tested for the
first time at 12–16 weeks of gestation [20].
The Finnish Tax Administration provided data on maternal taxable income, including both
earned and capital income. For prepregnancy annual income, we used each participant’s mean
taxable income for the year of conception and the two preceding years. The annual incomes
were adjusted for the year 2017 value using a consumer price index (Statistics Finland;
http://www.stat.fi/til/index_en.html). We divided the participants into five income level
categories using centiles (levels I to V, and percentiles 12.5, 37.5, 62.5 and 87.5) corresponding
to grades containing 12.5, 25, 25, 25 and 12.5% of the total distribution, respectively. The
respective annual incomes (€) were: 0–11 120 for level I, > 11 120–22 855 for level II,
> 22 855–29 940 for level III, > 29 940–40,190 for level IV, and > 40 190 for level V. In 2016, the
mean annual taxable income in Finland among women was €24 764, and the at-risk-of-poverty
threshold

for

annual

income

per

one

adult

was

€14 430

(Statistics

Finland

https://www.stat.fi/tup/suoluk/suoluk_tulot_en.html).
Statistics Finland provided data about the level and number of years of education. We divided
education into the following four levels: basic education (level I) that comprises 9–10 years of
school; upper secondary education or post-secondary non-tertiary education (level II) that
comprises 11–14 years of school; bachelor’s or equivalent education (level III) that comprises
15–16 years of school; and master’s, doctoral or equivalent education (level IV) that comprises
≥ 17 years of school.
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<H2>Ethical aspects
The Ethics Committee of the Hospital District of Helsinki and Uusimaa (2 November 2015, Dnro
356/13/03/03/2015) and the health authority of the Vantaa city approved the study. National
Institute for Health and Welfare, Statistics Finland and the Finnish Tax Administration gave
their permission to use their register data in this study. According to the Ethics Committee of
the Hospital District of Helsinki and Uusimaa, and the health authority of the city of Vantaa, the
study participants do not need to provide the Statement of Informed Consent as this is an
observational register-based study and the study participants were not contacted.

<H2>Statistical analysis
Statistical significances for the unadjusted hypothesis of linearity across categories of income
level and characteristics of the study participants were evaluated by using the Cochran–
Armitage test [21], linear-by-linear association test and analysis of variance (ANOVA) with
appropriate contrast. To further investigate the association between income levels and the
incidence of GDM with 95% confidence intervals (CI), logistic regression models were applied
after adjusting for the following confounding factors: smoking, age, prepregnancy BMI and
cohabiting status. The relationship between age and income was evaluated by use of penalized
regression splines. Correlation coefficients with 95% CI were calculated by using the Spearman
method. The normality of the variables was tested by using the Shapiro–Wilk W test. The
Stata15.1 (StataCorp LP, College Station, TX, USA) statistical package was used for the analyses.
<H1>Results
The mean (SD) age of the primiparous women at the time of delivery was 28.9 (4.9) years. The
mean (SD) yearly taxable income was €26 864 (14 057) and the median (IQR) income was
€26 529 (18 270 to 34 047). Of the women, 13 (0.2%) had no prepregnancy income. Table 1
shows the characteristics of the study participants according to their annual taxable income.
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There was significant linearity between income level and the assessed prepregnancy
characteristics of the participants except for prepregnancy BMI, which did not differ between
women in different income level groups (Table 1).
The distribution of the yearly taxable income of the women and the relationship between age
and income are shown in Fig. 1. The Spearman correlation coefficient between age and income
was 0.59 (95% CI 0.58 to 0.61).
The incidence of GDM in the whole study population was 16.5% (n = 988), and it decreased with
increasing income, assessed both at different levels of income and on a continuous scale
(P < 0.001 for linearity, adjusted for smoking, age, prepregnancy BMI and cohabiting) (Fig. 2).
The odds ratio (OR) for GDM was 1.90 (95% CI 1.78 to 2.30) for each 1 SD increase in BMI, after
adjustment for age. Correspondingly, the OR for GDM for 1 SD increase in age was 1.35 (95% CI
1.26 to 1.45), after adjustment for BMI.
Figure 3 shows the relationship between incidence of GDM and annual taxable income level
according to four educational attainment levels, adjusted for smoking, age, BMI and cohabiting.
There was an inverse relationship between GDM and both income (P = 0.007) and education
(P = 0.039), with no interaction between income and education (P = 0.52) (Fig. 3).

<H1>Discussion
In this study cohort of primiparous women, the overall incidence of GDM was high at 16.5%.
The incidence of GDM showed an inverse association with both annual maternal prepregnancy
taxable income and educational attainment. Income correlated strongly with maternal age.
Furthermore, we observed a relationship between maternal prepregnancy taxable income level
and several other maternal characteristics including height, prepregnancy weight, educational
attainment, cohabiting and use of infertility treatments. The relationships between annual
taxable income level, smoking and rate of prepregnancy obesity were inverse. Interestingly,
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there was no difference between maternal prepregnancy BMI in the different income level
groups. This study is the first one to explore the association between objectively reported
maternal prepregnancy taxable income and risk of GDM – simultaneously taking into account
other more traditional risk factors for GDM in European primiparous women.
During the study period, between the years 2009 and 2015 in Finland, the nationwide incidence
of GDM, including both primiparous and multiparous women, increased from 9% to 16% [19].
Our study observation of a high GDM incidence is in line with nationwide data, as well as with
previous findings from the same study cohort [19,22]. The comprehensive screening for GDM
according to the Finnish Current Care Guidelines for GDM since 2008 probably explains our
high incidence of GDM in these primiparous Finnish women [20].
In line with our findings, studies focusing on the relationship between socio-economic factors
and risk of GDM have previously shown an association between socio-economic disadvantage
and increased risk of developing GDM. In a large cohort study from Australia, maternal socioeconomic position, assessed according to the postcode of residence, was an important correlate
for GDM [4]. Similarly, in a large Scottish cohort, the risk of GDM was highest among the socially
most deprived women assessed with the Scottish Index of Multiple Deprivation of the area of
residence [14]. Interestingly, however, in a cohort study from the United Kingdom, no
association between socio-economic deprivation, similarly assessed according to the postcode
of residence with a Townsend Material Deprivation Score, and rate of GDM was reported [17].
A Qatari study, including both primiparous and multiparous women, reported that a low
monthly income increased the odds for GDM, although no association between educational
attainment and GDM incidence was observed [13]. However, information on income in the
Qatari study was self-reported, whereas in our study the income data was reported objectively
as it was provided by the Tax Administrations register. Also, in a Canadian cohort study, women
that belonged to the lowest quintile of taxable family income groups had a rate ratio of 2.48 for
GDM compared with women in the highest family income group, after adjustments for
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confounders [12]. We found a similar trend to the findings from the Qatari and Canadian study
concerning the association of income and risk for GDM also in our Finnish cohort.
Partially in contrast to our findings, a Saudi Arabian [18] and a Chinese study showed no
association between self-reported household income and GDM, whereas educational attainment
in the latter study was inversely associated with the risk of GDM [16]. A Dutch study reported a
similar inverse association between educational attainment and the risk of GDM. The finding
was explained primarily by the higher rate of adiposity among women with lower educational
attainment [15]. In the current study population, we also observed a protective effect of
educational attainment on the development of GDM.
It is generally accepted that both an increase in maternal age and BMI are associated with an
elevated risk of developing GDM [14,23]. Our findings are in line with the literature. However,
the impact of increasing age on the risk of GDM seems to be modified by ethnicity; non-Hispanic
whites and Hispanics being more adversely affected compared with other ethnicities [24].
Most studies focusing upon socio-economic status and GDM have traditionally used area of
residence or educational attainment as indicators of socio-economic status [4,14,17]. We had
the unique possibility to explore the effects of individual socio-economic status on the risk for
developing GDM by using objective data on maternal annual taxable income as well as on
individual educational attainment, taking both age and degree of adiposity into account.
The relationships between socio-economic status and various health outcomes have received
large interest. Higher educational attainment has usually been associated with better health
outcomes [25], whereas income level is inversely associated with the prevalence of several
chronic non-communicable diseases, including diabetes [26]. The different socio-economic
status indicators probably associate differently with health outcomes in general and during
different phases of the life course [27]. Education is interpreted to reflect the knowledge-related
assets of an individual and is mostly completed in young adulthood. Educational attainment,
however, also partially determines future income. Income can be seen to have a direct effect on
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material resources, and hence facilitate health-promoting factors like living environment or
accessibility to health services [27]. It is challenging to assess, however, whether there is a
causal effect of educational attainment or income on health [28]. In other words, it might also be
possible that the association represents reverse causation between poor health and lower
educational attainment and earnings [28,29]. Additionally, higher income [26] or higher socioeconomic status [7,30] might reflect, at least to some extent, a healthier lifestyle in general.
Similar relationships could be expected to influence weight control, physical activity, physical
health and mental well-being during pregnancy and hence decrease the risk of GDM.
Our study has several strengths. The study cohort is comprehensive; during a period of 7 years,
all Finnish women aged ≥ 20 years from the city of Vantaa, the fourth biggest city in Finland,
without previously diagnosed diabetes mellitus, and who delivered for the first time, were
included in this study. The diagnosis of GDM is trustworthy because it is based on a standard
75-g 2-h OGTT and the diagnostic criteria for GDM remained the same during the whole study
period. Further, annual maternal taxable income and educational attainment were not selfreported but based on objectively reported data obtained from the Finnish Tax Administration
and Statistics Finland, respectively. We included only primiparous women to exclude the
confounding effects of previous GDM or parity on the risk of GDM.
Our study also has some limitations. Because this is an observational register-based cohort
study, we lacked data on some well-recognized risk factors for GDM such as family history of
diabetes and gestational weight gain. We also lacked data on lifestyle-related factors including
diet, physical activity and sleeping patterns. Possibly, some women have had undiagnosed
diabetes mellitus before pregnancy and have therefore been misclassified as having GDM.
Finally, the generalizability of our results globally might be limited, because the study
participants were all Finnish women, mainly of European ancestry.
In conclusion, in our cohort of primiparous Finnish women aged ≥ 20 years, the relationship
between the level of both maternal income and education, and the risk of GDM was inverse.
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FIGURE 1 Distribution of annual taxable income of all primiparous women and primiparous
women with gestational diabetes mellitus (GDM), calculated as a percentage of the total study
group. Dashed vertical lines indicate the cut-offs of five income level groups (I to V). The solid
line shows the relationship between age and annual income among all women, evaluated by use
of penalized regression splines with dashed lines representing 95% confidence intervals.
Figure 2 Incidence of gestational diabetes mellitus (GDM), according to both the annual taxable
income level and on a continuous scale (€1000), adjusted for smoking, age, BMI and cohabiting
with logistic regression models. Annual income (€) was: level I, 0–11 120; level II, > 11 120–
22 855; level III > 22 855–29 940; level IV, > 29 940–40 190; and level V, > 40 190. Whiskers
and shaded area represent 95% confidence intervals.
Figure 3 Relationship between incidence of gestational diabetes mellitus (GDM) and annual
taxable income level according to four educational attainment levels, adjusted for smoking, age,
BMI and cohabiting with a logistic regression model. Education was defined as: 9–10 years,
basic education; 11–14 years, upper secondary education or post-secondary non-tertiary
education; 15–16, bachelor’s or equivalent education; and ≥ 17 years, master’s, doctoral or
equivalent education. Annual income (€) was: level I, 0–11 120; level II, > 11 120–22 855; level
III > 22 855–29 940; level IV, > 29 940–40 190; and level V, > 40 190. Whiskers show 95%
confidence intervals.
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Table 1 Characteristics of 5692 Finnish primiparous women, aged 20 years or older, and without
previously diagnosed diabetes mellitus grouped according to annual taxable income level*
I
(N = 745)

II
(N = 149
1)

III
(N = 149
0)

IV
(N = 149
1)

V
(N = 745)

P-value†

Age (years), mean (SD)

24.4 (4.4)

26.6 (4.2)

29.0 (4.1)

31.2 (3.8)

33.2 (3.6)

< 0.001

Cohabiting, n (%)

516 (69)

1174
(79)

1210
(81)

1275
(86)

649 (87)

< 0.001

Smoker, n (%)

259 (35)

326 (22)

227 (15)

143 (10)

50 (7)

< 0.001

Years of schooling, mean
(SD)

11.7 (2.5)

12.9 (2.3)

13.5 (2.1)

14.7 (2.0)

15.7 (2.0)

< 0.001

Height, (cm), mean (SD)

165 (6)

165 (6)

166 (6)

166 (6)

167 (6)

< 0.001

Prepregnancy BMI (kg/m2),
mean (SD)

24.1 (5.4)

24.0 (4.8)

24.4 (4.5)

24.1 (4.1)

24.1 (4.1)

0.65

Prepregnancy obesity (BMI
≥ 30 kg/m2), n (%)

101 (14)

176 (12)

180 (12)

135 (9)

68 (9)

< 0.001

Previous pregnancies, n
(%)

0.003

None

584 (78)

1165
(78)

1207
(81)

1 215
(81)

603 (81)

1

98 (13)

225 (15)

205 (14)

210 (14)

97 (13)

≥2

63 (8)

101 (7)

78 (5)

66 (4)

45 (6)

Fertility treatment, n (%)

21 (3)

70 (5)

114 (8)

209 (14)

129 (17)

< 0.001

Number of fetuses ≥ 2

5 (1)

15 (1)

18 (1)

25 (2)

20 (3)

< 0.001

*Annual income (€) was: level I, 0–11 120; level II, > 11 120–22 855; level III > 22 855–29 940; level IV,
> 29 940–40 190; and level V, > 40 190.
†For linearity
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