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Abstract
Aim Continuous use of antidiabetic medication, especially insulin, is crucial for diabetes management. In pregnancy, adherence
to medication is generally low and may also be associated with lower socioeconomic status. However, little is known about
discontinuation of insulin in pregnant women and the potential role of socioeconomic factors. Therefore, this study aims to
measure the associations between socioeconomic factors and insulin discontinuation during pregnancy in women using insulin
prior to the start of pregnancy in Sweden.
Subjects and methods This cohort study identified pregnancies recorded in the Swedish Medical Birth Register from 2006 to
2016 in women receiving insulin prior to the start of pregnancy (N = 6029). Discontinuation of insulin was defined as not
receiving a refill within 120 days from the previous refill. Associations between discontinuation and socioeconomic factors were
investigated via logistic regression. Sensitivity analyses were performed using different definitions of discontinuation.
Results Women discontinued insulin use in 34.2% of pregnancies. The odds ratios (ORs) of discontinuation of insulin were 1.17
[95% confidence interval (CI): 1.01–1.37] for women with lower household disposable incomes and 1.14 (95% CI: 1.01–1.29)
for women with lower educational levels. When testing a change in the maximum refill gap from 91 days to 180 days, women
with lower educational levels and those born in non-Nordic countries showed greater associations with discontinuation.
Conclusion The definition of discontinuation affects the level of association of socioeconomic factors with discontinuation.
Nevertheless, discontinuation of insulin is common in Sweden, especially in the lower socioeconomic groups. The socioeco-
nomic inequality in insulin use behavior is worth noting.
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Introduction

Pre-gestational diabetes mellitus is an increasingly common
condition among pregnant women (Bardenheier et al. 2015).
In clinical guidelines in Sweden and the US, preconception
counseling to optimize glucose control is recommended for
women with pre-gestational diabetes (American Diabetes
Association 2018; Swedish National Board of Health and

Welfare 2015), including recommendations such as diet and
lifestyle modification and antidiabetic medication (ADM).
Traditionally, guidelines recommend continuing insulin as
treatment for pre-gestational diabetes during pregnancy
(American Diabetes Association 2018; Swedish National
Board of Health and Welfare 2015, 2018). Prevalence of
ADM use in pregnancy has also increased in the last decade,
and, depending on the country, 2% to over 5% of pregnant
women use ADM. Oral hypoglycemic agents are increasingly
being used, though insulin remains the most common ADM
used in pregnancy (Cesta et al. 2019).

However, the majority of Swedish pregnant women per-
ceive using medication during pregnancy as harmful for the
infant, and many refrain from medication use (Wolgast et al.
2019). A number of studies have reported a lack of adherence
to medical advice, including prescribed medication, by preg-
nant women with chronic conditions (Lupattelli et al. 2014;
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Matsui 2012; Sawicki et al. 2011), and a Dutch study reported
that the prescription rate of most medications for chronic condi-
tions decreased during pregnancy (Bakker et al. 2006). In the
case of diabetes this is problematic, as womenwith uncontrolled
diabetes during pregnancy have higher rates of obstetrical com-
plications, perinatal death, and fetal abnormalities (Ludvigsson
et al. 2018; Tennant et al. 2014). Pregnancy is also a peculiar
time for drug effectiveness. For example, women become less
sensitive to insulin, and higher dosages of ADM are needed in
late pregnancy to maintain optimal target glucose levels.

Previous studies in non-pregnant populations have shown
that discontinuation of ADM was associated with age, ethnic-
ity, finances, medication costs, and tolerance as well as the
effectiveness and complexity of the treatment regimen
(Capoccia et al. 2016; Nam et al. 2011). A study from 2017
also showed that low socioeconomic status (SES) may lead to
poor disease control and consequently increase the risk of
developing end-stage renal disease among type 1 diabetes
patients in Sweden (Pazzagli et al. 2017). However, few to
no studies have investigated changes in insulin use behaviors
or the influence of SES on discontinuation of insulin in preg-
nant women. Therefore, this study aims to describe insulin use
and the associations between socioeconomic factors, as proxy
for SES, and discontinuation of insulin during pregnancy in
diabetic women who started treatment before pregnancy.

Methods

Data sources and setting

In this cohort study, data from the Swedish Prescribed Drug
Register (PDR), the Longitudinal Integration Database for
Health Insurance and Labor Market Studies (LISA by
Swedish acronym), the Swedish Medical Birth Register
(MBR), and the Swedish National Patient Register (NPR)
were linked using the unique individual identification number
provided to each resident upon birth or immigration.

Study population

The study population consisted of all singleton pregnancies
lasting longer than 22 weeks from women using insulin prior
to pregnancy and delivered from 2006 to 2016 in Sweden.
Insulin use was identified using insulin dispensation records
in the PDR by anatomical therapeutic chemical (ATC) codes
(see Table 3 of the Supplementary Material) from 90 days
before pregnancy to the end of the first trimester (i.e., day 97
after the date of the last menstrual period). Pregnancies from
women who received any other ADM were excluded.
Diagnoses of diabetes subtypes were obtained from the
MBR and NPR. A total of 6029 pregnancies in 4344 women
was identified.

Definition of discontinuation

For each pregnancy, the time intervals, or refill gaps, between
two consecutive dispensation records in the PDR were calcu-
lated. Discontinuation was defined as not refilling insulin
within a specified refill gap. According to the Swedish reim-
bursement system, the maximum amount of medication in one
dispensation is a 3-month supply, and therefore 120 days was
chosen as the maximum allowed refill gap (Perez-Nieves et al.
2016). To test the impact of the choice of the maximum
allowed refill gap on the definition of discontinuation, the
proportion of discontinuers was plotted over different maxi-
mum refill gaps ranging from 91 to 180 days.

Socioeconomic factors and other factors of interest

Household disposable income in the year of delivery was di-
chotomized in such a way that income below the first quintile
of the year was classified as low income. Education was cat-
egorized according to the number of years of completed edu-
cation, namely ≤ 9 years, 2 or 3 years of upper secondary
school, and university degree or other higher education.
Mother’s country of birth was categorized into Nordic and
non-Nordic. Maternal age was categorized into ≤ 24, from
25 to 34, and ≥ 35 years. Smoking, cohabitation with a part-
ner, and parity were categorized as binary variables. Body
mass index (BMI) was calculated based on maternal weight
and height at first antenatal care visit and categorized into
underweight or normal (< 25 kg/m2), overweight (25–
29.9 kg/m2), and obese (≥ 30 kg/m2), according to the
World Health Organization (WHO) classification (World
Health Organization 2000).

Diabetes subtype was determined based on a hierarchy of
diagnosis due to discrepancies between reporting in the NPR
and MBR, with women with at least one type 1 diabetes di-
agnosis being classified as having type 1 diabetes and women
with no type 1 diabetes diagnosis being classified as having
type 2 diabetes.

Statistical analysis

Descriptive statistics were generated to study the distribution
of characteristics in the study population overall and specifi-
cally within the insulin ‘discontinuers’ and ‘continuers’.
Logistic regression was used to investigate the association of
SES with discontinuation of insulin during pregnancy, includ-
ing household disposable income, educational level, cohabi-
tation with a partner, and mother’s country of birth as expo-
sures. Odds ratios (ORs) and 95% confidence intervals (CIs)
were estimated. Covariates including pre-pregnancy BMI cat-
egory, smoking, maternal age, parity, and diabetes subtype
were adjusted for in the model. To test how the definition of
discontinuation affected the associations, the same regression
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model was fitted using 91 days, 150 days, and 180 days as the
maximum refill gaps for defining discontinuation.

Missing values for each variable were categorized as such
in the analysis. Data analyses were conducted using RStudio
(version 1.1.463), and the dyplr and ggplot2 packages were
used for data management and plotting (RStudio Team 2016;
Wickham 2016; Wickham et al. 2019).

Results

From 2006 to 2016, there were 6029 pregnancies where the
mother was dispensed insulin, and no other ADM, in the
90 days before pregnancy. In 34.2% of the pregnancies, insu-
lin was discontinued, and the women were defined as
“discontinuers”. Table 1 shows the characteristics of the study
population. Compared to women who continued insulin
throughout pregnancy, women who discontinued had lower
parity, lower BMI, and lower income and more often had a
diagnosis of type 1 diabetes.

Table 2 lists the associations between the mothers’
socioeconomic factors and discontinuation of insulin
during pregnancy. After adjusting for maternal age,
BMI, parity, smoking, and diabetes subtype, the OR
was 1.14 (95% CI: 1.01–1.29) for women with 2 or
3 years of upper secondary school education compared
with women with university or other higher education,
while there were no increased odds for women with the
lowest level of education. The OR was 1.17 (95% CI:
1.01–1.37) for household disposable income below the
first quintile compared with household disposable in-
come above the first quintile. Non-Nordic-born women
had similar odds of discontinuation compared with
Nordic-born women. The OR was 1.17 (95% CI:
0.77–1.76) for women not cohabitating with respect to
women cohabitating.

Sensitivity analysis showed that the definition of dis-
continuation notably affects the proportion of insulin
discontinuers in our study population (Fig. 1) with the
proportion decreasing by approximately half with every
30-day increase in the maximum allowed gap. The per-
centages of discontinuers were 64.5%, 34.2%, 15.1%,
and 6.4% when the maximum refill gaps were set to
91, 120, 150, and 180 days, respectively.

As the maximum allowed refill gap when set to 150
and 180 days changed the proportion of discontinuers, the
strength of the associations between discontinuation and
level of education, maternal country of birth, and cohab-
itation increased (Fig. 2, Table 4 of the Supplementary
Material). However, the results for household disposable
income changed in a different direction, with discontinu-
ation and low household disposable income showing an
association when 91 days and 120 days were the

maximum allowed refill gaps, while there was no associ-
ation when the gap was set to 150 days and 180 days.

Discussion

In this population-based cohort study, we showed that
according to our definitions, up to approximately one-
third of women who used insulin before pregnancy
discontinued insulin use after the start of pregnancy.
Furthermore, discontinuation was associated with socio-
economic factors including lower education level and
lower household disposable income.

High proportion of discontinuation of insulin during
pregnancy

The definition of discontinuation assumes that insulin was
prescribed and dispensed following regulations within the
Swedish reimbursement system, where the maximum amount
of medication provided in one dispensation is a 3-month sup-
ply. Furthermore, medication can only be refilled after two-
thirds of the time covered by the previous dispensation has
passed (Swedish Parliament Administration 2002). This
means that women can refill insulin with 1 month of supply
left from the previous dispensation. In addition, insulin has a
short expiration time and can only be stored approximately
28 days from the first use (Moore 2018). Therefore, individ-
uals who are continuously using their medication are not like-
ly to postpone the next refill date for long. Hence, the defini-
tion of discontinuation was set to 120 days as the maximum
gap between refill dates. Based on this definition, results
showed a high proportion of discontinuers of insulin during
pregnancy, with more than one-third of pregnant women
discontinuing their insulin refills. In the sensitivity analysis,
15.1% and 6.4% of pregnant women were defined as
“discontinuers” when the maximum gap was prolonged to
150 and 180 days, respectively.

Even though the number of discontinuers decreased when
allowing for longer refill gaps of 150 and 180 days, it still
represents a substantial proportion of mothers and offspring
who are exposed to untreated diabetes during pregnancy, thus
posing a public health concern. Type 1 diabetes has a low
prevalence in the general population and makes up only
10% of all diabetes cases (Moore 2018). However, by identi-
fying the study population based on insulin use, women in
approximately 90% of the pregnancies in our study population
were diagnosed with type 1 diabetes. Counterintuitively,
women with a diagnosis of type 1 diabetes showed higher
odds of discontinuation of insulin compared with women with
type 2 diabetes when the maximum gap was set at 91 days and
120 days. Women with type 1 diabetes are reliant on insulin
treatment and risk severe outcomes with discontinuation, such
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as diabetic acidosis, while women with type 2 diabetes may
try to control their glucose levels with lifestyle modification or
other types of ADM. However, type 2 diabetes is less

common among reproductive aged women (Nolan et al.
2011), and the type 2 diabetes patients who use insulin iden-
tified in this study population likely represented women with a

Table 1 Descriptive statistics of the study population

Study population
n (%)

Continuers
n (%)

Discontinuers
n (%)

6029 (100.0) 3970 (65.8) 2059 (34.2)

Education level

≤ 9 years 671 (11.1) 456 (11.5) 215 (10.4)

2–3 years of upper secondary school 2345 (38.9) 1519 (38.3) 826 (40.1)

University or other higher education 2946 (48.9) 1954 (49.2) 992 (48.2)

Missing 67 (1.1) 41 (1.0) 26 (1.3)

Household disposable income§

Below first quintile 1208 (20.0) 771 (19.4) 437 (21.2)

Above first quintile 4817 (79.9) 3195 (80.5) 1622 (78.8)

Missing 4 (0.1) 4 (0.1) 0 (0.0)

Mother’s country of birth

Non-Nordic 775 (12.9) 529 (13.3) 246 (11.9)

Nordic 5252 (87.1) 3440 (86.6) 1812 (88.0)

Missing 2 (< 0.1) 1 (< 0.1) 1 (< 0.1)

Cohabiting

No 111 (1.8) 70 (1.8) 41 (2.0)

Yes 5417 (89.8) 3558 (89.6) 1859 (90.3)

Missing 501 (8.3) 342 (8.6) 159 (7.7)

Pre-pregnancy BMI

Underweight or normal (≤ 24.9 kg/m2) 2531 (42.0) 1500 (37.8) 1031 (50.1)

Overweight (25–29.9 kg/m2) 1925 (31.9) 1285 (32.4) 640 (31.1)

Obese (≥ 30 kg/m2) 1241 (20.6) 950 (23.9) 291 (14.1)

Missing 332 (5.5) 235 (5.9) 97 (4.7)

Smoking in early pregnancy

No 5384 (89.3) 3532 (89.0) 1852 (89.9)

Yes 437 (7.2) 286 (7.2) 151 (7.3)

Missing 208 (3.4) 152 (3.8) 56 (2.7)

Parity

1 2638 (43.8) 1716 (43.2) 922 (44.8)

2+ 3391 (56.2) 2254 (56.8) 1137 (55.2)

Maternal age

≤ 24 years 755 (12.5) 485 (12.2) 270 (13.1)

25–34 years 3814 (63.3) 2498 (62.9) 1316 (63.9)

≥ 35 years 1460 (24.2) 987 (24.9) 473 (23.0)

DM subtype

Type 1 diabetes 5381 (89.3) 3497 (88.1) 1884 (91.5)

Type 2 diabetes 648 (10.7) 473 (11.9) 175 (8.5)

BMI: mean (SD, number of missing values) 26.6 (5.1, 332) 27.2 (5.3, 235) 25.6 (4.5, 97)

Maternal age: mean (SD, number of missing values) 30.7 (5.3, 0) 30.8 (5.3,0) 30.6 (5.3, 0)

Family disposable income (in 1000 Swedish krona): mean (SD, number of missing values) 427.35 (249.56, 4) 422.2 (226.77, 4) 437.28 (288.23, 0)

BMI: body mass index, DM: diabetes mellitus, Missing: value not available, SD: standard deviation
§ Income increases over time and the first quintile of household disposable income was defined per year among women who gave birth in the same year.
Household disposable income of each woman was then compared against the first quintile of the corresponding year
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high severity of the disease, who consequently may have
higher propensity to follow treatment recommendations.

Socioeconomic factors and discontinuation

Results suggest that socioeconomic factors, including educa-
tion and household disposable income, were associated with
discontinuation of insulin. This indicates that health expendi-
tures and health literacy may be important factors in whether a
woman continues medication during pregnancy (Schillinger
et al. 2002; Shavers 2007). In Sweden, insulin and maternal
healthcare are free, and there is high-cost protection for

healthcare visits and prescribed drugs (Swedish Parliament
Administration 1989). However, the working-age household
poverty rate in Sweden varied between 13.9% and 17.9%
from 2004 to 2016 (OECD 2013), and several studies have
concluded that socioeconomic factors are still associated with
accessibility to healthcare in Sweden (Burström 2009; Ferro
and Kristiansson 2011). For example, some families can still
be sensitive to the health expenditures that are not covered,
such as the cost of travel to clinics for women with lower
income and living in geographically remote areas of the coun-
try. In general, poor availability of information and general
health literacy in pregnant women is problematic, with a re-
cent study reporting that the majority of pregnant women in
Sweden perceive medication use during pregnancy as harmful
(Wolgast et al. 2019). Although insulin is recommended for
pre-gestational diabetes during pregnancy in guidelines and
insulin is considered safe in pregnancy (American Diabetes
Association 2018; Swedish National Board of Health and
Welfare 2015, 2018), limited knowledge among pregnant
women about insulin safety may lead to discontinuation
(Donelle et al. 2008).

While no association was found between discontinuation
and maternal country of birth, being born outside of a Nordic
country may still influence a woman’s healthcare seeking cul-
ture, social support, the ability to communicate with clinical
staff related to language barriers, and knowledge about the
Swedish healthcare system.

Notably, the choice of maximum allowed refill gap influ-
enced the strength of the associations between discontinuation
and socioeconomic factors. The results for the socioeconomic
factors showed higher odds of discontinuation when a longer
maximum refill gap was used to define discontinuation. The
trend of increasing ORs was likely to be related to misclassi-
fication of the outcome. With a short maximum refill gap of
91 days, discontinuation is likely to be overestimated because
individuals may still have remaining insulin from the previous
dispensation, and it may take a longer time to refill the next
dispensation. Misclassification is likely to be non-differential
since the regulations on prescriptions are the same for all so-
cioeconomic groups. Non-differential misclassification of the
outcome would result in a dilution of the associations between
socioeconomic factors and discontinuation towards null, clos-
er to OR = 1. However, as the definition for discontinuation
was relaxed with longer maximum allowed refill gaps of
150 days or 180 days, the difference between high and low
SES increased. This trend of increased ORs supports the hy-
pothesis that socioeconomic factors and discontinuation of
insulin during pregnancy are associated.

Strength and limitations

This cohort study is based on data from nationwide population
registers where the data were recorded at the time of clinical

Table 2 Associations between socioeconomic factors and
discontinuation of insulin defined by maximum refill gap of 120 days

Adjusted OR§ 95% CI

Education level

≤ 9 years 1.00 0.81–1.22

2 or 3 years of upper secondary school 1.14 1.01–1.29

University or other higher education Reference

Household disposable income

Below first quintile 1.17 1.01–1.37

Above first quintile Reference

Mother’s country of birth

Non-Nordic 1.02 0.84–1.23

Nordic Reference

Cohabiting

Yes Reference

No 1.17 0.77–1.76

Pre-pregnancy BMI

Underweight or normal (≤ 24.9 kg/m2) Reference

Overweight (25–29.9 kg/m2) 0.72 0.63–0.81

Obese (≥ 30 kg/m2) 0.45 0.38–0.52

Smoking in early pregnancy

No Reference

Yes 0.97 0.78–1.20

Parity

1 Reference

2+ 1.01 0.90–1.13

Maternal age

≤ 24 years 0.97 0.81–1.16

25–34 years Reference

≥ 35 years 0.96 0.84–1.10

DM subtype

Type 1 diabetes Reference

Type 2 diabetes 0.84 0.68–1.02

BMI: body mass index, CI: confidence interval, DM: diabetes mellitus,
OR: odds ratio.
§ Regression model adjusted for pre-pregnancy BMI, smoking in early
pregnancy, parity, maternal age, and diabetes subtype.
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care, resulting in no recall bias or loss to follow-up.While it is
known that women who are pregnant often discontinue taking
their medication, this study is one of the few which specifical-
ly investigates the association between discontinuation of in-
sulin and socioeconomic factors during pregnancy.

However, the PDR contains only recorded dispensa-
tions, and the assumption made in this study is that the
dispensed medication was actually used by the women in

the study population. While the effort to continuously
refill a prescription may provide some assurance that the
medication is consumed, we could not formally study ad-
herence per se. This is a limitation of using observational
data for studying medication use and entails multiple
methodological challenges and assumptions which need
to be made by investigators (Pazzagli et al. 2018).
Additionally, the MBR only records pregnancies lasting

Fig. 2 ORs and 95% CIs for
associations between
socioeconomic factors and
discontinuation of insulin under
different definitions of
discontinuation

Fig. 1 Percentage of
discontinuers when
discontinuation was defined by
different maximum refill gaps.
Not refilling within the maximum
refill gap was categorized as
“discontinuer”
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longer than 22 weeks. Therefore, women who have a mis-
carriage due to uncontrolled glucose levels as a conse-
quence of discontinuation of insulin were not included
in the study population.

Another limitation is the potential for misclassification of
the diagnoses of diabetes subtypes. There were often discrep-
ancies between diabetes diagnoses recorded in the MBR and
the NPR. Therefore, a hierarchy of type 1 diabetes over type 2
diabetes was used when assigning the diagnoses to the study
population because of the clinical complexity of deriving a
type 1 diabetes diagnosis.

Conclusions

The maximum gap method is an appropriate approach for
measuring discontinuation of insulin during pregnancy.
However, the choice of the maximum allowed refill gap af-
fects the magnitude of results of the association between so-
cioeconomic factors and discontinuation. Nevertheless, dis-
continuation of insulin in pregnancy is common in Sweden,
and the socioeconomic inequality in medication use behaviors
is worth noting.
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