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Abstract
Aims/hypothesis  The aim of this study was to quantify the impact of childhood-onset type 1 diabetes on parental incomes 
in a Nordic welfare state.
Methods  In this register-based quasi-experimental study, we included the parents of 13,358 children diagnosed with type 
1 diabetes in Sweden from 1993 to 2014 together with 506,516 population-based matched control parents. A difference-in-
differences approach was used to compare income trajectories between exposed parents and control parents. Work-related 
and pension-qualifying incomes (including parental benefits) were assessed during the first 7 years after diagnosis. The 
long-term incomes of parents of children diagnosed with type 1 diabetes in 1993–2004 were also investigated.
Results  A sharp decline in work-related income was observed in both mothers and fathers of children diagnosed with type 
1 diabetes. In the year after diagnosis, the mean yearly income difference (expressed in €100) was –15.4 for mothers (95% 
CI –17.2, –13.6) and –6.0 for fathers (95% CI –8.9, –3.2), representing a relative decrease of 6.6% and 1.6%, respectively. 
The effects on income were similar across sociodemographic groups and calendar periods. The pension-qualifying income 
of mothers increased in the first year after diagnosis by 28.7 (95% CI 27.1, 30.3), attributable to the parental care allowance, 
but gradually decreased during long-term follow-up (–10.9, 95% CI –16.6, –5.1, after 17 years).
Conclusions/interpretation  This study highlights the enduring financial consequences for parents caring for a child with 
type 1 diabetes in Sweden. While parental benefits in Sweden mitigated the short-term loss of maternal income, the current 
welfare system does not adequately address long-term consequences.

Keywords  Children · Cohort · Parents · Quasi-experimental methods · Register-based research · Socioeconomic 
circumstances · Sweden · Type 1 diabetes
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Introduction

Parents of children with type 1 diabetes shoulder the main 
responsibility for childcare and disease management, includ-
ing mainstay insulin administration and continuous monitor-
ing of glucose levels [1]. Parents must also manage acute 
hypoglycaemic and hyperglycaemic events, uphold health-
care contacts, ensure adequate diabetes care in preschool and 
school settings and encourage self-efficacy in older children. 
Taken together, caring for a child with type 1 diabetes may 
impair parental labour-force participation, thereby reducing 
parental incomes and adding a financial strain to the burden 
of the disease. Elucidating such financial consequences may 
help strengthen future parental support strategies.

A questionnaire-based German study on the impact of 
parenting a child with type 1 diabetes reported that nearly 
half of the families suffered moderate to severe finan-
cial losses during the first year after diagnosis, primar-
ily reflecting reduced working hours among mothers [2]. 
Similarly, a Danish quasi-experimental study found that 
in the years following a type 1 diabetes diagnosis, moth-
ers tended to switch from full-time to part-time employ-
ment and reduced their total incomes, with no correspond-
ing patterns identified in fathers [3]. A Swedish study of 
parental outcomes during early childhood of children with 
chronic conditions, mainly neurodevelopmental disorders, 
found that mothers had lower incomes and a subsequent 
greater increase in risk of early retirement due to sickness 
or disability than fathers [4].

The incidence rate of childhood-onset type 1 diabetes 
in Sweden has increased considerably over the past few 

decades, reaching 41.4 cases per 100,000 person-years 
in 2021 (the second highest rate across the globe) [5]. 
Sweden is further recognised as a strong welfare state 
with universal healthcare, a social security system that 
includes parental care benefits and one of the world’s high-
est maternal employment rates [6]. However, the short- 
and long-term effects of childhood-onset type 1 diabetes 
on maternal and paternal incomes in this setting, and the 
extent to which social security benefits compensate for any 
loss of work-related income, have not been elucidated. In 
this study, we assessed work-related and pension-qualify-
ing income trajectories of mothers and fathers of children 
with type 1 diabetes in comparison with population-based 
matched controls. We leveraged prospectively collected 
data from the national population and health registers in 
Sweden, using a difference-in-differences (DiD) approach 
and applying recent methodological advances [7, 8] to 
control for time-invariant unobserved confounding and to 
estimate the effects on income relative to the year before 
the child’s type 1 diabetes diagnosis.

Methods

Study population, exposure and population‑based 
controls

Detailed information on the study population has been pub-
lished [9]. The source population comprised parents in Swe-
den with biological children born between 1987 and 2020. The 
analytical dataset was constructed by linkages across national 
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population registers held by Statistics Sweden, national health 
registers held by the National Board of Health and Welfare, and 
the National Child Diabetes Register (Swediabkids). This study 
was approved by the Swedish Ethical Review Authority (DNR 
2020-02206 with addenda 2020-04497 and 2021-01956).

Exposure was defined as having a biological child diagnosed 
with type 1 diabetes. All children born between 1987 and 2014 
who were diagnosed with type 1 diabetes (at <18 years of age) 
from 1993 to 2014 in Sweden were included. Child type 1 
diabetes was defined as an inpatient diagnosis in the National 
Patient Register (NPR; ICD-9 code 250 or ICD-10 code E10), a 
prescription of insulin in the Swedish Prescribed Drug Register 
(SPDR; Anatomical Therapeutic Chemical code A10A), or a 
diagnosis of type 1 diabetes in Swediabkids (additional details 
available in the Electronic Supplementary Material [ESM] 
Methods: Type 1 diabetes across registers).

The date of diagnosis (the index date) was defined as the 
date of the first diagnosis in any of these registers. The bio-
logical parents of the children were identified through the 
Multi-Generation Register.

Twenty control parents for each exposed parent, selected 
from the Swedish Total Population Register, were matched 
on the registered sex and year of birth of the parents and the 
year of birth of the child. This approach allowed the study 
population to be considered representative of the Swedish 
parent population during the study period. After exclusions 
[9], the study population comprised 26,088 exposed parents 
and 506,516 control parents.

Outcomes

Data on the annual gross incomes of each parent in Swed-
ish krona (SEK; €100=1160 SEK [10]) were obtained from 
annual excerpts from the Longitudinal Integrated Database for 
Health Insurance and Labor Market Studies (LISA), available 
from 1990 onwards [11]. LISA retrieves information from 
the Swedish Tax Agency, which collects mandatory income 
reports from all companies and employers in Sweden, and 
from the Swedish Social Insurance Agency. LISA includes 
complete income information on all adult residents of Swe-
den. We used data from 1990 to 2021. All incomes were 
adjusted for annual inflation using the Consumer Price Index, 
the standard measure of inflation calculation in Sweden [12], 
and were converted to 2024 price levels.

Work‑related income  The first main outcome was work-
related income. This variable summarises taxed income 
from employment and self-employment and reflects an indi-
vidual’s monthly or hourly salary multiplied by the extent of 
the employment (full-time or part-time).

Pension‑qualifying income  The second main outcome 
was pension-qualifying income. In Sweden, work-related 

incomes, parental benefits, sick-leave benefits, disability 
allowances and unemployment benefits constitute pension-
qualifying income on which future old-age pensions are 
based [13]. Incomes from old-age pension, social welfare 
or capital gains from stocks, bonds or property sales are 
non-pension-qualifying.

Parental benefits, available for both mothers and fathers 
in Sweden, include parental leave, temporary care for a sick 
child, parental care allowance and municipality care allow-
ance. The level of compensation from all parental benefits 
(except the municipality care allowance) depends on paren-
tal work-related income. Parental leave currently comprises 
480 days, which can be used by either parent from around 
the birth of a child until age 12 years (8 years for children 
born before 2014). Temporary care for a sick child is a com-
pensatory parental benefit for parents who temporarily miss 
work or refrain from seeking unemployment benefits to care 
for a sick child. This benefit mainly applies to parents of 
children from the age of 8 months up to and including the 
day the child turns 12 years but may also apply to parents of 
children aged ≥12 but <16 years who have a severe medi-
cal condition or a chronic disease, including type 1 diabe-
tes. The maximum number of days for temporary care for a 
sick child is 120 per child per calendar year, which the par-
ents can split. Parental care allowance is a monthly benefit 
applicable to parents of a child with certain specific chronic 
conditions or special needs that are expected to require a 
high and continuous level of parental care or supervision, 
including type 1 diabetes. Parents of younger children gen-
erally receive higher parental care allowance compensation 
than parents of older children. Municipality care allowance, 
available from 2008 to 2016, was a low-level compensation 
available in fewer than half of the Swedish municipalities 
to parents of children aged 1–2 years who did not attend 
preschool, regardless of child health conditions.

Sick-leave benefits include sick pay, compensation for 
work-related illness and rehabilitation compensation. Sick-
leave pay and other sickness benefits for leave episodes 
>14 days are administered by the Swedish Social Insurance 
Agency. Disability allowance compensates for part-time 
or full-time early retirement due to sickness or disability. 
Unemployment benefits are available for individuals who 
have previously worked or been self-employed.

Parental baseline characteristics

Parental sociodemographic variables, extracted from the 
Total Population Register and LISA, included country of 
birth (categorised as Sweden, other European countries and 
non-European countries), highest education level (com-
pulsory, secondary or university) and marital status (sin-
gle, married or cohabitating with joint children). Baseline 
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characteristics were assessed on 31 December of the calen-
dar year preceding the index year.

Parental type 1 diabetes was defined as a diagnosis of 
type 1 diabetes (main or secondary inpatient diagnosis or 
main outpatient diagnosis) in the NPR and/or a diagnosis 
of type 1 diabetes in Swediabkids at <18 years of age, at 
index date.

Statistical analysis

All analyses were done with R software (version 4.2.3, 
March 2023) [14]. To investigate the impact of having a 
child diagnosed with type 1 diabetes on parental incomes, 
we used a DiD approach. This quasi-experimental event 
study method can be used to estimate the impact of inter-
ventions (natural or experimental) [15, 16]. Here, the natu-
ral intervention was the diagnosis of a child with type 1 
diabetes. The year of diagnosis constituted the index year 
(t = 0) for the parents of children with type 1 diabetes and 
the matched control parents. Fixed-effects linear regres-
sion, including an interaction with index year, was applied 
to avoid potential bias from variation in exposure timing 
and effect heterogeneity [8]. Separate regression models 
were fitted for mothers and fathers, and effect estimates 
for each follow-up year are reported. Follow-up ended at 
parental death, and the incomes of emigrated parents were 
set to missing. In addition, the average post-exposure effect 
on maternal and paternal incomes was compared by fitting 
a model that included a multiplicative interaction between 
parents’ sex and exposure. SEs were clustered at the indi-
vidual level in all models to account for within-individual 
dependence over time, as detailed in the ESM Methods. The 
output was the mean effect of the intervention per €100 pre-
sented with 95% CIs.

A critical assumption of the DiD method is that the 
groups would have had parallel outcome trends without the 
intervention. In practice, this is often assessed by inspect-
ing whether the trends in the period before the interven-
tion are parallel. Our analyses therefore included parental 
income data from 3 years before and 7 years after the index 
year. Since the DiD builds on investigating the difference 
between groups after the event compared with the differ-
ence between the groups before the event, the groups are 
not assumed to be similar in time-invariant covariates or in 
factors that change equivalently in both groups over time. 
Thus, no additional adjustments were required, for exam-
ple, for parental type 1 diabetes status or country of birth. 
If a parent had more than one child diagnosed with type 1 
diabetes, the year of diagnosis of the first child was used 
as the index year. We also conducted two sensitivity analy-
ses. In the first, we excluded all parents diagnosed with 
type 1 diabetes before the index date and in the second, 

we censored parents if they had a second child diagnosed 
with type 1 diabetes.

In six subgroup analyses, we determined whether parental 
work-related income patterns differed by the sex or age of 
the child at the index year, the index year calendar period 
(1993–2000, 2001–2007, 2008–2014) or the country of 
birth, education level or marital status of the parent. Esti-
mates are presented for each year of follow-up but a sim-
plified model that only compares the post-exposure mean 
effect was used to test for differences between subgroups. 
We added one multiplicative interaction at a time to the 
model, applied the Wald test and considered a p value of 
<0.05 statistically significant. Participants with missing val-
ues for sociodemographic variables were excluded from the 
respective subgroup analyses.

We conducted two post hoc analyses on work-related 
income. In the first, we examined whether the impact on 
maternal work-related income varied depending on the 
maternal contribution to the household’s total disposable 
income. We calculated the maternal share of the household’s 
total income using the LISA variables disposable individual 
income and disposable familial income, the latter reflect-
ing the combined disposable income of all adults in the 
household. Disposable income is defined as total income 
after taxes. It includes pension-qualifying incomes together 
with incomes from other sources such as old-age pensions, 
social welfare benefits and capital gains from stocks, bonds 
or property sales. This analysis included mothers who were 
married or cohabiting with joint children in the year before 
the index year. Of the 216,278 married or cohabiting moth-
ers, 550 were excluded due to negative disposable household 
income, typically resulting from capital losses. We catego-
rised mothers by their contribution to the family disposable 
income the year preceding the index year (<50% and ≥50%; 
77% and 23% of mothers, respectively). In the second post 
hoc analysis, we assessed whether the estimates of work-
related income in mothers and fathers differed by the number 
of children registered in the household the year preceding 
the index year (≤1 or ≥2).

To investigate the potential long-term effects on work-
related income, we analysed a subcohort of parents with an 
index year from 1993–2004, which enabled a follow-up of 
up to 17 years.

To assess the impact on the pension-qualifying income, 
we applied the same regression models used for work-related 
income to the full study population and the subcohort with 
an index year in 1993–2004. Since we detected a notable 
increase in pension-qualifying income in mothers, we per-
formed post hoc analyses of pension-qualifying income 
excluding the parental care allowance.

Lastly, to assess the pre-parallel trend assumption for a 
longer 7 year pre-period, we performed a sensitivity analysis 
restricted to parents with an index date in 1997–2014.
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Results

Baseline characteristics for parents of children with type 1 
diabetes and the population-based matched control parents 
are presented in ESM Table 1. The median age at the index 
date was 38 years in mothers and 41 years in fathers. Type 1 
diabetes was more than five times more prevalent in exposed 
parents than in control parents (3.5% vs 0.6% of mothers and 
5.2% vs 0.9% of fathers). Further, parents of children with 
type 1 diabetes were more often born in Sweden. Residential 
characteristics were similar across the exposure groups.

The median age of type 1 diabetes diagnosis in children 
was 9.0 years (IQR 5.4–12.4; ESM Table 2). Children diag-
nosed with type 1 diabetes (n=13,358) were more often 
boys and more often born in Sweden than the children of 
the control parents.

In the year before the index year, the absolute work-
related incomes of mothers were markedly lower than those 
of fathers, regardless of exposure status, with mothers earn-
ing less than three-fifths of the fathers’ income. The yearly 
mean work-related incomes (in €100) of later-exposed par-
ents were slightly higher than those of the control parents 
(202 vs 196 for mothers and 349 vs 341 for fathers). Simi-
larly, the absolute pension-qualifying incomes of mothers 
were lower than those of fathers, regardless of exposure sta-
tus, in the year before the index year. The yearly mean pen-
sion-qualifying incomes of later-exposed parents were again 
somewhat higher than those of the controls (244 vs 235 for 
mothers and 372 vs 364 for fathers) in the year before the 
index year. We noted parallel pre-trends before index for 
both types of incomes.

Work‑related incomes

In the main DiD analysis, we observed a drop in work-
related incomes of both mothers and fathers of a child diag-
nosed with type 1 diabetes, as compared with the year before 
the index year (Fig. 1 and ESM Table 3). The reduction was 
larger (pint<0.001, ESM Table 4a) and more persistent in 
exposed mothers than in exposed fathers. In the first year 
after the index year, the mean difference was (in €100) −15.4 
(95% CI −17.2, −13.6) in mothers and −6.0 (95% CI −8.9, 
−3.2) in fathers, representing a relative decrease of 6.6% and 
1.6%, respectively. After 7 years, the respective estimates 
were −12.3 (95% CI −15.3, −9.4) and −4.1 (95% CI −8.7, 
0.5), or relative decreases of 3.9% and 0.9%. The sensitiv-
ity analysis excluding parents with type 1 diabetes at index 
yielded similar estimates (ESM Table 5). Overall, 508 of 
the 13,182 exposed mothers and 497 of the 12,906 exposed 
fathers had a second child diagnosed with type 1 diabetes 
during the study period. The estimates of a sensitivity analy-
sis censoring these parents at the second child’s diagnosis 
also closely resembled the main results (ESM Table 6).

In subgroup analyses, the estimated average effects on 
work-related income among both mothers and fathers dif-
fered by age of child at index (pint < 0.001 and pint = 0.005, 
respectively; ESM Table 4b). For mothers, a diagnosis of a 
child with type 1 diabetes at age 13–17 years had little effect 
on work-related income except for in the first few years after 
diagnosis (Fig. 2a, b and ESM Table 7). However, we noted 
lasting decreases in income of mothers of children diagnosed 
at age 7–12 years, with an even more prominent impact in 
mothers of children diagnosed at age ≤6 years. A similar 
but less pronounced pattern was found in fathers across the 
age groups. When examining the baseline characteristics of 
parents by child age groups (ESM Table 8), we observed that 
the age of the child at index was positively associated with 
parental age. We could detect no differences in the effect 
on work-related income due to the sex of the child, index 
year period, education level or country of birth (Figs 2, 3 
and ESM Tables 7, 9). Overall heterogeneity was observed 
in maternal marital status (p=0.01) but the estimates had 
overlapping CIs.

In post hoc analyses, we observed somewhat larger effect 
estimates in mothers who contributed with ≥50% of the fam-
ily disposable income before index, compared with mothers 
who contributed with <50% (ESM Table 10). However, the 
relative income drops were similar (6.3% and 7.0%, respec-
tively, in the first year after index). We further noted slightly 
larger effect estimates in mothers with two or more children 
registered in the household the year before the index year, 
than in mothers with fewer children at home (pint = 0.04; 
ESM Table 11, ESM Fig. 1). No such pattern was detected 
in fathers (pint = 0.15).
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To explore the effects on work-related income beyond 7 
years, we analysed parents with an index date in 1993–2004 
(baseline characteristics of parents and children are shown in 
ESM Tables 12 and 13, respectively) with a longer follow-up 
period. Because the sample size was smaller, this analysis 
rendered less precise estimates. However, the larger impact 

on maternal work-related income persisted across the longer 
follow-up, with a mean difference (in €100) after 17 years of 
−10.3 (95% CI −16.6, −4.1; relative decrease 3.1%; Fig. 4a 
and ESM Table 14). The overall smaller negative estimates in 
fathers also lingered over time but with large CIs, with a mean 
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difference after 17 years of −9.1 (95% CI −19.9, 1.7; relative 
decrease 2.2%; Fig. 4b and ESM Table 14).

Pension‑qualifying incomes

We investigated pension-qualifying incomes to elucidate any 
compensatory effects of social security and parental care 

benefits. In contrast to our findings on work-related incomes, 
our DiD analysis showed elevated levels of pension-qual-
ifying incomes in exposed mothers across the 7 years of 
follow-up, with the highest mean differences (in €100) noted 
the year after index (28.7, 95% CI 27.1, 30.3; ESM Fig. 2, 
ESM Table 15). No such pattern was noted for fathers, and 
the post-exposure average effect was larger for mothers than 
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for fathers (pint < 0.001, ESM Table 4a). Analysis of long-
term effects (index years 1993–2004) revealed an analogous 
maternal pattern until 8 years after the index year (Fig. 4c 
and ESM Table 16), when the maternal pension-qualifying 
incomes started to decrease, and at the end of the 17-year 
follow-up they were lower than in the unexposed mothers 
(−10.9, 95% CI −16.6, −5.1). The lower paternal pension-
qualifying estimates also persisted over time but with larger 
CIs (after 17 years: −9.5, 95% CI −20.1, 1.1; Fig. 4d and 
ESM Table 16).

In a post hoc analysis, in which we excluded the parental 
care allowance from the pension-qualifying incomes, we 
observed overall negative estimates for the pension-qual-
ifying incomes in mothers, similar to the lower estimates 
of work-related income (Fig. 4c, d and ESM Fig. 2, ESM 
Tables 17, 18).

Lastly, the sensitivity analysis restricted to parents with 
an index date in 1997–2014 indicated parallel pre-trends 
up to 7 years before the index year for all types of incomes 
(work-related incomes, pension-qualifying incomes and 
pension-qualifying incomes excluding the parental care 
allowance [ESM Fig. 3]).

Discussion

In this population-based study, parenting a child diagnosed 
with type 1 diabetes was linked to a sharp decline in work-
related income. The decrease was more persistent in moth-
ers and represented a larger proportion of their earnings 
than for fathers. In contrast, maternal pension-qualifying 
incomes increased after a child’s diabetes diagnosis, attrib-
utable to the parental care allowance. However, during 
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Fig. 4   (a, b) Yearly effect estimates from the DiD analysis (mean 
differences and 95% CIs) of work-related incomes in mothers (a) 
and fathers (b) of children with type 1 diabetes. (c, d) Yearly effect 
estimates from the DiD analysis (mean differences and 95% CIs) of 

pension-qualifying incomes in mothers (c) and fathers (d) of children 
with type 1 diabetes, with and without parental care allowance. Index 
years 1993–2004. Incomes are reported in €100



2176	 Diabetologia (2025) 68:2168–2178

the second half of the 17 year follow-up period, maternal 
pension-qualifying incomes gradually decreased and had 
not recovered by the end of the study period.

Strengths and limitations

The strengths of this study include the population-based 
design, the prospectively collected high-quality health data 
and complete income register data, and the ability of the 
DiD design to account for both observable and unobservable 
time-invariant confounders such as parental country of birth 
or genetic predisposition to develop autoimmune conditions. 
Our study had several limitations. First, we could not fully 
ascertain the parents’ employment type, weekly workload 
or other occupational circumstances. We detected no differ-
ences across education levels but our register data did not 
enable us to investigate, for example, whether work flex-
ibility could modify the impact on work-related incomes. 
Second, during the study period, child healthcare, insulin 
and diabetes devices were heavily subsidised or provided 
free of charge in Sweden. The baseline maternal employ-
ment rates in Sweden are high and mothers and fathers are 
equally eligible for parental benefits. Thus, our findings may 
be relevant only to other welfare states with similar social 
security system characteristics. Third, although DiD analysis 
controls for time-invariant confounders, our estimates may 
be biased by non-parallel counterfactual trends, which can-
not be tested after the intervention. However, our pre-trend 
assessments showed limited cause for concern, even in the 
sensitivity analysis with an extended pre-time period of 7 
years.

Comparisons with previous studies

While our findings largely aligned with previous studies on 
the impact of incomes on parents of children with type 1 dia-
betes, some differences should be emphasised. In a German 
study of 1144 families that showed reduced maternal labour-
force participation after a child’s type 1 diabetes diagnosis, 
91% of fathers but only 23% of mothers worked full-time in 
the year before diagnosis [2], reflecting a larger underlying 
gender inequality gap in Germany than in Sweden [17]. A 
Danish study of parents of 5838 children diagnosed with 
type 1 diabetes in 1990–2007, which also used a DiD design, 
reported a 4–5% maternal decrease in work-related income 
during the end of the 10 year follow-up, similar to our rela-
tive results in mothers [3]. However, that study detected no 
impact on paternal incomes except for 2–4 years after diag-
nosis, although this may partly be due to lower statistical 
power. In our study, the work-related income of exposed 
fathers was reduced over a longer period.

Parenting a child diagnosed at preschool age had a greater 
impact on parental work-related incomes than having a child 

diagnosed later in childhood. Overall, mothers of younger 
children in Sweden account for the majority of parental leave 
and temporary care of a sick child, and they are more likely 
to work part-time [18, 19]. Our findings suggest that this 
gender imbalance is magnified in parents of children with 
type 1 diabetes. In Sweden, all children aged >12 months 
are entitled to publicly funded preschool [20, 21]. Preschool 
is heavily subsidised and has, since 2001, had capped fees to 
promote enrolment. There are no additional costs for chil-
dren requiring special needs support or medical supervision. 
The only targeted compensation to parents of children not 
attending preschool during our study period was the munici-
pality care allowance. This was available in fewer than half 
of the Swedish municipalities between 2008 and 2016 to 
parents of children aged 1–2 years who did not attend pre-
school, and uptake was low [22]. It is thus unlikely that pre-
school fees or other targeted benefits to stay-at-home parents 
constituted major incentives for mothers of children with 
type 1 diabetes to reduce their working hours.

We also examined pension-qualifying incomes, which 
reflect the incomes that determine future old-age pensions 
and include the societal targeted support for parents of chil-
dren with chronic illnesses. We found that maternal pension-
qualifying incomes rose in the years after the index year, 
attributable to mothers receiving the parental care allowance. 
The parental care allowance is intended to compensate for 
the loss of work-related income and to contribute toward 
disease-specific costs. Our findings suggest that the parental 
care allowance more than compensated for the short-term loss 
of maternal work-related income, although we cannot discern 
the proportion of the allowance used to cover costs associ-
ated with type 1 diabetes. Nevertheless, maternal work-related 
and pension-qualifying incomes were markedly reduced in 
the longer follow-up, suggesting a lasting effect on maternal 
income trajectories even after the child reached adulthood. A 
similar but less pronounced and precise pattern of pension-
qualifying incomes emerged for fathers in the main analysis 
and the longer follow-up. Our results suggest that parenting a 
child diagnosed with a chronic disease mid-career slows the 
accumulation of human capital, possibly more so if the parent 
and the child are younger when the child is diagnosed.

Eligibility for the parental care allowance evolved during 
our study period. Starting in 2019, both parents could apply 
for the allowance, whereas before that year, only one parent 
could apply. However, the vast majority of the recipients of 
the parental care allowance were mothers, both before and 
after 2019 [23], suggesting that the gender differences in 
pension-qualifying incomes we observed remain relevant. 
We have previously reported that mothers of children with 
type 1 diabetes may be at higher risk of early development of 
ischaemic heart disease [9], and long-term effects on income 
could be partly mediated or exacerbated by adverse somatic 
health outcomes associated with parenting stress.
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Overall, our results emphasise the financial impact of car-
ing for a child diagnosed with type 1 diabetes. However, the 
parenting stress and the effects on parental labour-force par-
ticipation may be similar across a range of childhood-onset 
chronic conditions and we propose that our findings could 
serve as a model to elucidate the financial consequences for 
parents caring for a child with chronic disease in a Nordic 
welfare state.

In conclusion, in this large population-based study, we 
found that parenting a child diagnosed with type 1 diabetes 
yielded long-term negative effects on parental work-related 
incomes. Parental benefits mitigated the short-term loss 
of maternal income but the current welfare system did not 
offset the adverse long-term income consequences. These 
findings underscore the need for sustained societal efforts 
to promote gender equity in both the labour market and in 
the care of children, as we believe that it is the underlying 
gender norms that may be amplified in parents of children 
with type 1 diabetes. Future policy initiatives should further 
consider targeted support to parents of children with severe 
chronic disease to alleviate the lasting gender imbalances in 
incomes, which may promote the economic stability and the 
health of mothers and their children.

Supplementary Information  The online version contains peer-reviewed 
but unedited supplementary material available at https://​doi.​org/​10.​
1007/​s00125-​025-​06492-6.

Acknowledgements  We thank the parents who participated in a paren-
tal focus group to share their experiences of the financial impact of 
parenting children with type 1 diabetes, thereby contributing to the 
rationale for our project. Preliminary findings from the current study 
were presented to the group, and the parents had the opportunity to 
reflect on the results. The group did not participate in the interpreta-
tion of the results or the writing of the manuscript. Our findings were 
presented at the Swedish ‘Endodiabetes’ conference, held in Linköping, 
Sweden, in March 2025. No preprint has been published.

Data availability  Restrictions apply to the availability of the data, 
which were used under license and ethical approval and are not pub-
licly available. However, data are available from the corresponding 
author upon reasonable request and with written permission of the 
Swedish Ethical Review Authority, subject to legal contracts regarding 
the General Data Protection Regulation (GDPR) and Personal Data 
Processing Agreements between Uppsala University and the receiving 
research entity.

Funding  Open access funding provided by Uppsala University. This 
research was partly funded by Forte, the Swedish Research Council 
for Health, Working Life and Welfare (2020-00372), through a grant 
awarded to TF, and by the Swedish Diabetes Foundation, the Swed-
ish Child Diabetes Foundation, and the Family Ernfors Fund through 
grants awarded to BK. BK was further supported by a Gullstrand 
Research Fellow grant from Uppsala University Hospital. The funders 
had no role in the study design, data collection, analysis, interpretation, 
manuscript writing or the decision to submit the article for publication.

Authors’ relationships and activities  TF is a member of the editorial 
board of Diabetologia. The authors declare that there are no other 

relationships or activities that might bias, or be perceived to bias, their 
work.

Contribution statement  The study was designed by BK, M-LW, SL, 
CB, LB, EG and TF. TF and BK obtained the funding, BK acquired 
the data, M-LW performed the statistical analysis and BK wrote the 
first draft. All authors contributed with invaluable support for data 
analyses, interpretation of findings and critical revision of the article, 
and have approved the final version for publication. BK is the guarantor 
of this work and affirms that this manuscript is an honest, accurate and 
transparent account of the study.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/. 

References

	 1.	 National Institute for Health and Care Excellence (NICE) (2023) 
Diabetes (type 1 and type 2) in children and young people: diag-
nosis and management. NICE, London

	 2.	 Dehn-Hindenberg A, Sassmann H, Berndt V et al (2021) Long-
term occupational consequences for families of children with 
type 1 diabetes: the mothers take the burden. Diabetes Care 
44(12):2656–2663. https://​doi.​org/​10.​2337/​dc21-​0740

	 3.	 Eriksen TLM, Gaulke A, Skipper N, Svensson J (2021) The 
impact of childhood health shocks on parental labor supply. J 
Health Econ 78:102486. https://​doi.​org/​10.​1016/j.​jheal​eco.​2021.​
102486

	 4.	 Hallberg D (2014) Långsiktiga ekonomiska konsekvenser av att 
få barn med särskilda behov. Ekonomisk Debatt 42:8 [article in 
Swedish]

	 5.	 Ogle GD, James S, Dabelea D et al (2022) Global estimates of 
incidence of type 1 diabetes in children and adolescents: results 
from the International Diabetes Federation Atlas, 10th edition. 
Diabetes Res Clin Pract 183:109083. https://​doi.​org/​10.​1016/j.​
diabr​es.​2021.​109083

	 6.	 OECD (2023) OECD family database: maternal employment. 
Available from https://​www2.​oecd.​org/​els/​family/​datab​ase.​htm. 
Accessed 1 Nov 2024

	 7.	 Roth J, Sant’Anna PHC, Bilinski A, Poe J (2023) What’s trending 
in difference-in-differences? A synthesis of the recent economet-
rics literature. J Econometrics 235(2):2218–2244. https://​doi.​org/​
10.​1016/j.​jecon​om.​2023.​03.​008

	 8.	 Sun LY, Abraham S (2021) Estimating dynamic treatment effects in 
event studies with heterogeneous treatment effects. J Econometrics 
225(2):175–199. https://​doi.​org/​10.​1016/j.​jecon​om.​2020.​09.​006

	 9.	 Kennedy B, Wernroth ML, Batra G et al (2024) Major cardiovas-
cular events and death in parents of children with type 1 diabetes: 
a register-based matched cohort study in Sweden. Diabetologia 
67:1828–1837. https://​doi.​org/​10.​1007/​s00125-​024-​06200-w

	10.	 European Central Bank: Statistics (2024) Swedish krona (SEK): 
conversion rate. Available from https://​www.​ecb.​europa.​eu/​stats/​

https://doi.org/10.1007/s00125-025-06492-6
https://doi.org/10.1007/s00125-025-06492-6
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.2337/dc21-0740
https://doi.org/10.1016/j.jhealeco.2021.102486
https://doi.org/10.1016/j.jhealeco.2021.102486
https://doi.org/10.1016/j.diabres.2021.109083
https://doi.org/10.1016/j.diabres.2021.109083
https://www2.oecd.org/els/family/database.htm
https://doi.org/10.1016/j.jeconom.2023.03.008
https://doi.org/10.1016/j.jeconom.2023.03.008
https://doi.org/10.1016/j.jeconom.2020.09.006
https://doi.org/10.1007/s00125-024-06200-w
https://www.ecb.europa.eu/stats/policy_and_exchange_rates/euro_reference_exchange_rates/html/eurofxref-graph-sek.en.html


2178	 Diabetologia (2025) 68:2168–2178

policy_​and_​excha​nge_​rates/​euro_​refer​ence_​excha​nge_​rates/​html/​
eurof​xref-​graph-​sek.​en.​html. Accessed 10 May 2024

	11.	 Ludvigsson JF, Svedberg P, Olen O, Bruze G, Neovius M 
(2019) The longitudinal integrated database for health insur-
ance and labour market studies (LISA) and its use in medical 
research. Eur J Epidemiol 34(4):423–437. https://​doi.​org/​10.​1007/​
s10654-​019-​00511-8

	12.	 Statistics Sweden (2024) Consumer Price Index (CPI). Available 
from https://​www.​scb.​se/​pr0101-​en. Accessed 12 Mar 2024

	13.	 The Swedish Tax Agency (2024) Pensionable income (Pensions-
grundande inkomst [PGI]). Available from https://​www.​skatt​everk​
et.​se/​privat/​skatt​er/​arbet​eochi​nkomst/​pensi​onsgr​undan​deink​omstp​
gi.4.​4f3d0​0a710​cc9ae​1c9c8​00083​00.​html. Accessed 4 Apr 2024

	14.	 R Core Team (2021) R: A language and environment for statisti-
cal computing. R Foundation for Statistical Computing. Vienna, 
Austria

	15.	 Dimick JB, Ryan AM (2014) Methods for evaluating changes in 
health care policy: the difference-in-differences approach. JAMA 
312(22):2401–2402. https://​doi.​org/​10.​1001/​jama.​2014.​16153

	16.	 Angrist JD, Pischke JS (2010) The credibility revolution in empirical 
economics: how better research design is taking the con out of econo-
metrics. J Econ Perspect 24(2):3–30. https://​doi.​org/​10.​1257/​jep.​24.2.3

	17.	 Kleven H, Landais C, Posch J, Steinhauer A, Zweimüller J (2019) 
Child penalties across countries: evidence and explanations. Aea 
Pap P 109:122–126. https://​doi.​org/​10.​1257/​pandp.​20191​078

	18.	 Boye K (2014) Can you stay at home today? The relationship 
between economic dependence, parents’ occupation and care leave 
for sick children. IFAU 2014:4

	19.	 Angelov N, Johansson P, Lindahl E (2016) Parenthood and the 
Gender Gap in Pay. J Labor Econ 34(3):545–579. https://​doi.​org/​
10.​1086/​684851

	20.	 The Swedish National Agency for Education (2025) Rätt till för-
skola. Available from https://​www.​skolv​erket.​se/​regler-​och-​ans-
var/​ansvar-​i-​skolf​ragor/​ratt-​till-​forsk​ola. Accessed 5 May 2025

	21.	 The Swedish National Agency for Education (2022) Barn och 
personal i förskola: Hösten 2021. Sveriges officiella statistik Dia-
rienummer 2022:379 [article in Swedish]

	22.	 Government Offices of Sweden: The Ministry of Health and 
Social Affairs (2015) Det kommunala vårdnadsbidraget avs-
kaffas. In. Vol Ds 2015:19. Government Offices of Sweden, 
Stockholm [in Swedish]

	23.	 The Swedish Social Insurance Inspectorate (Inspektionen för 
socialförsäkringen) (2021) Från vårdbidrag till omvårdnads-
bidrag: En granskning av de reformerade stöden till personer 
med funktionsnedsättning (2021:10). ISF, https://​isf.​se/, Göte-
borg [in Swedish]

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://www.ecb.europa.eu/stats/policy_and_exchange_rates/euro_reference_exchange_rates/html/eurofxref-graph-sek.en.html
https://www.ecb.europa.eu/stats/policy_and_exchange_rates/euro_reference_exchange_rates/html/eurofxref-graph-sek.en.html
https://doi.org/10.1007/s10654-019-00511-8
https://doi.org/10.1007/s10654-019-00511-8
https://www.scb.se/pr0101-en
https://www.skatteverket.se/privat/skatter/arbeteochinkomst/pensionsgrundandeinkomstpgi.4.4f3d00a710cc9ae1c9c80008300.html
https://www.skatteverket.se/privat/skatter/arbeteochinkomst/pensionsgrundandeinkomstpgi.4.4f3d00a710cc9ae1c9c80008300.html
https://www.skatteverket.se/privat/skatter/arbeteochinkomst/pensionsgrundandeinkomstpgi.4.4f3d00a710cc9ae1c9c80008300.html
https://doi.org/10.1001/jama.2014.16153
https://doi.org/10.1257/jep.24.2.3
https://doi.org/10.1257/pandp.20191078
https://doi.org/10.1086/684851
https://doi.org/10.1086/684851
https://www.skolverket.se/regler-och-ansvar/ansvar-i-skolfragor/ratt-till-forskola
https://www.skolverket.se/regler-och-ansvar/ansvar-i-skolfragor/ratt-till-forskola
https://isf.se/

	The impact of child type 1 diabetes on parental incomes in a welfare state context: quasi-experimental evidence from Swedish national registers
	Abstract
	Aimshypothesis 
	Methods 
	Results 
	Conclusionsinterpretation 

	Introduction
	Methods
	Study population, exposure and population-based controls
	Outcomes
	Parental baseline characteristics
	Statistical analysis

	Results
	Work-related incomes
	Pension-qualifying incomes

	Discussion
	Strengths and limitations
	Comparisons with previous studies

	References


