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Objective: To study childbirth and the risk of miscarriage and infertility among women who have received a diagnosis of type 2 dia-
betes before the start of their reproductive journey.
Design: Register-based cohort study using the Sk�ane Healthcare Register.
Setting: All healthcare visits for the whole population of the southernmost region in Sweden over the past 20 years.
Patient(s): All women who were aged 18–45 years between January 1, 1998 and December 31, 2019 and who received a clinical diag-
nosis of type 2 diabetes before their first childbirth, miscarriage, or infertility diagnosis (n ¼ 230) were compared with a healthcare-
seeking population of women without any type of diabetes, matched for calendar year and age (n ¼ 179,434).
Intervention(s): None.
Main Outcome Measure(s): Childbirth, miscarriage, and infertility diagnosis.
Result(s): The birthrate was lower among women with type 2 diabetes (62.6% vs. 83.8%), and they were less likely to give birth (crude
risk ratio [RR]¼ 0.73, 95% confidence interval [CI]: 0.66–0.81). They had a higher risk of experiencing amiscarriage (RR¼ 1.88, 95% CI:
1.50–2.36). The risk of infertility was increased (RR¼ 3.44, 95% CI: 2.88–4.10) as was the risk of having infertility and not giving birth
(RR ¼ 4.47, 95% CI: 3.44–5.82). All results remained the same after adjustment for polycystic ovary syndrome and obesity.
Conclusion(s): Women with type 2 diabetes with onset before their reproductive journey were more often childless compared with
women without diabetes and had a higher risk of experiencing both miscarriage and infertility. This patient group may be in need
of targeted information regarding potential fertility issues as part of their clinical treatment. (Fertil Steril� 2021;116:505-13. �2021
by American Society for Reproductive Medicine.)
El resumen está disponible en Español al final del artículo.
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T ype 2 diabetes has generally been
considered as a condition af-
fecting postmenopausal women

but figures show an increasing inci-
dence among reproductive-age women
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(1). Changes in lifestyle habits and an
accompanying rise in obesity rates
likely explain a large part of this devel-
opment, but research indicates that
obesity cannot account for all type 2
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diabetes with onset at younger
ages (2, 3).

The research on reproductive func-
tion in patients with type 2 diabetes is
scant, but there are indications that
these women are at similar, or perhaps
higher, risk for fertility issues as pa-
tients with type 1 diabetes, despite
comparatively shorter disease duration
(4–6). Studies report a high prevalence
of oligomenorrhea (7, 8), irregular
menses (9), and different biomarkers
of diminished ovarian reserve (10)
among women with type 2 diabetes.
Some of these findings are in part
explained by concomitant obesity (8,
9) and polycystic ovary syndrome
(PCOS) (7), although the extent to
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which this applies to general fertility in women with type 2
diabetes remains unknown (4, 10, 11).

Prior research has been hampered by difficulties in
enrolling a sufficient number of individuals, and there is
almost no research on reproductive function in terms of
achievement of pregnancy or live birth in women with type
2 diabetes, as noted in a recent review (4). Four studies report
longer time to pregnancy and reduced fecundability odds ra-
tios in women with diabetes (5, 12–14); however, the studies
either were small (5, 12), did not differentiate between type 1
and type 2 diabetes (12–14), could not rule out medical
intervention bias (13), or used a pregnancy-based design,
excluding the most subfecund or sterile women (5).

To our knowledge, no prior study has investigated birth-
rates or the risk of infertility among women receiving a diag-
nosis of type 2 diabetes before their first childbirth. Using
population-based healthcare visit data on the total population
in the southernmost region in Sweden, we aimed to describe
the chance of childbirth and the risks of miscarriage (defined
as spontaneous abortion, ectopic, or molar pregnancy) and
infertility among women who received a diagnosis of type 2
diabetes before any of the reproductive outcomes mentioned
above.

METHODS
Data Sources

The data for this studywere retrieved from the Swedish regional
Sk�ane Healthcare Register. This is an administrative register
containing individual-level data onmedical diagnoses andpro-
cedures fromall healthcare consultations in the region of Sk�ane
since 1998 (15). All healthcare consultations, in both public and
private sectors, at all care levels (primary and specialized outpa-
tient or inpatient) with all types of healthcare professionals
(physicians, nurses, physiotherapists, midwives, etc.) are
included in the register. Because the entries in the register
constitute the basis for financial reimbursement to the health-
care provider, the vast majority of provided care is assumed
to be present in the register (15). No anthropometric data or
data on health behavior by included patients are available in
this register.

For each healthcare visit in Sweden, it is mandatory to
register a main diagnosis in the medical journal. Diagnoses
are registered by the responsible caregiver according to the
Swedish version of the International Classification of Diseases
10th revision (ICD-10-SE), which are then electronically
transferred to the Sk�ane Healthcare Register. For this study,
we used data on pseudoanonymized personal identification
numbers, diagnostic codes, date and age at consultation
(age was calculated by subtracting the birth year in the per-
sonal identification number from the date of the healthcare
visit), type of care (primary, specialized outpatient or inpa-
tient), type of clinic, and the category of healthcare profes-
sional for each consultation. Ethical approval was granted
by the Swedish ethical review authority (DNR 2019-4632).
Study Population

Women with type 2 diabetes. The inclusion criteria were
women aged 18–45 years who received a diagnosis of type
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2 diabetes by a physician between January 1, 1998 and
December 31, 2019 (n ¼ 4,421). ICD-10-SE codes E11
(including all subcategories) were considered type 2 diabetes,
and the date on which the diagnosis was registered in the
Sk�ane Healthcare Register was considered as the date of dis-
ease onset.

The following exclusion criteria were applied: a diagnosis
of type 1 diabetes (E10, including all subcategories) registered
by a physician at any time (n ¼ 978); no healthcare visit for
delivery, miscarriage (spontaneous abortion, ectopic preg-
nancy, or molar pregnancy), elective abortion, or infertility
(n ¼ 1,728); type 2 diabetes with onset after delivery, miscar-
riage, elective abortion, or infertility (n ¼ 1,655); and a
concomitant registration of gestational diabetes (O24.4 and
O24.9) or a first diagnosis of type 2 diabetes registered <9
months before the birth of a child (n¼ 66) since these women
were considered to have gestational diabetes. With all the ex-
clusions above, the final cohort included 230 women with
type 2 diabetes before childbirth, miscarriage, or infertility
(Fig. 1).

Reference population. All women aged 18–45 years with at
least 1 healthcare visit during the study period were eligible to
be included in the reference population, provided they did not
have any type of diabetes registered at any time. Women were
chosen by their first healthcare visit in the register. The
matching was done as follows: for each calendar year, start-
ing from the beginning of the study period, patients receiving
a diagnosis of diabetes each year were identified as described.
Women of the same age as these patients were selected if they
had a healthcare visit during the same year. Because the refer-
ence women theoretically could have been matched several
times with different patients with diabetes, only the first
match was considered so that the group consisted of unique
individuals (Fig. 1). As with the diabetes group, reference
women without any visit for a reproductive outcome during
the study period were excluded. The final reference popula-
tion comprised 179,434 women who had never received a
diagnosis of any type of diabetes (Fig. 1).

Definitions of reproductive outcomes. The outcomes
included in this study were childbirth, defined as a regis-
tered delivery during the study period (ICD-10-SE:
O80–O84, including all subgroups) and the risk of any
infertility diagnosis or fertility treatment, defined as a
healthcare visit for female infertility (N97, including all
subgroups), premature ovarian failure (E28.3), ovarian
dysfunction (E28.9), fertility examination (Z31.4), ovula-
tion stimulation (Z31.8B), partner insemination (Z31.1B),
in vitro fertilization (Z31.2A), intraplasmatic sperm injec-
tion (Z31.2B), or embryo transfer (Z31.2C). For patients
with endometriosis (N80, including all subgroups) and
PCOS (E28.3), i.e., diagnoses that have other clinical
symptoms apart from infertility, a concomitant registra-
tion of an N97 diagnosis at the same healthcare visit
and registration of these diagnoses at a fertility clinic
or reproductive medicine center were included as fertility
problems. Childbirth and infertility were investigated in
the following combinations: childbirth without any infer-
tility; childbirth after infertility (i.e., registration of an
VOL. 116 NO. 2 / AUGUST 2021



FIGURE 1

Flowchart depicting the selection of women with type 2 diabetes and referents.
Mattsson. Fertility in women with type 2 diabetes. Fertil Steril 2021.
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infertility diagnosis before first delivery); and infertility
with no subsequent childbirth during the study period.

Additionally, the outcomes of miscarriage, defined as
spontaneous abortion (O02–O03), ectopic pregnancy (O00),
or molar pregnancy (O01), as well as elective abortion
(O04–O07), were investigated. Finally, ‘‘ever pregnant’’ was
defined as registration of a delivery, miscarriage, or elective
abortion, according to the codes above.

Patients with obesity were identified as E66 (registered by
any healthcare provider). Registrations of obesity as the main
diagnosis or as an auxiliary diagnosis were included.
Statistical Methods

To test differences between the populations according to dia-
betes status, the chi-square test and the Mann-Whitney U
(Wilcoxon) test were used. We calculated risk ratios (RRs)
with 95% confidence intervals (CIs) between women with
type 2 diabetes and reference women matched for calendar
year and age for the outcomes described above, using modi-
fied Poisson regression models. We examined the whole pop-
ulation in unadjusted models as well as in models adjusted for
obesity and PCOS. We also performed subgroup analyses
where all patients with obesity or PCOS were excluded, to
disentangle the contributions of the respective diagnoses.
As a further sensitivity analysis, we excluded all women
with social infertility (i.e., same-sex couples) or male factor
infertility. The analyses were performed with the statistical
analysis software SAS version 9.4 (copyright c 2013 by SAS
Institute, Inc., Cary, NC).

RESULTS
The frequencies of childbirth and other reproductive out-
comes among women with type 2 diabetes and women in
the reference population are shown in Table 1. The skewness
toward younger age at the onset of type 2 diabetes reflects the
fact that the women were selected for having received their
diabetes diagnosis before having any registered reproductive
outcome. The birthrate was lower in women with type 2 dia-
betes (62.6% vs. 86.8%) and they were older at childbirth.
Infertility was more common in women with type 2 diabetes,
and 35.2% of women with type 2 diabetes had at least 1 diag-
nosis compared with 10.2% of the reference population. The
miscarriage rate was higher in women with type 2 diabetes
whereas they were less likely to undergo elective abortions
(P value for all comparisons < .0001) (Table 1).

Unadjusted and adjusted RRs for different reproductive
outcomes are shown in Table 2. The chances of childbirth or
ever being pregnant during the study period were lower for
women with type 2 diabetes; after adjustment for obesity
and PCOS, adjusted RR ¼ 0.73 (95% CI: 0.66–0.81) for child-
birth and adjusted RR¼ 0.87 (95% CI: 0.82–0.93) for ever be-
ing pregnant. The risk of infertility was increased in women
with type 2 diabetes (adjusted RR ¼ 2.69 [95% CI: 2.22–
3.26]) as was the risk of having infertility that was not over-
come by subsequent childbirth (adjusted RR ¼ 3.40 [95% CI:
2.56–4.51]). The same patterns remained in stratified analyses
when women with obesity or PCOS were removed from the
models, both respectively as well as conjointly (Table 3).
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Removing women who were in same-sex couples or with
male infertility problems did not change the results (data
not shown).
DISCUSSION
In this large, population-based study, women with type 2 dia-
betes had approximately 25% lower chance of childbirth
compared with women without any type of diabetes. Obesity
and PCOS could not explain these findings. We found that
women with type 2 diabetes were more often diagnosed
with infertility-related conditions and that women with
type 2 diabetes and an infertility diagnosis had more than
threefold increased risk of not giving birth compared with
women without diabetes who were also suffering from infer-
tility. We also found that women with type 2 diabetes more
often miscarried or suffered from other abnormal or nonvi-
able outcomes of conception.

To our knowledge, this is the first study to report birth-
rates among women who developed type 2 diabetes before
any reproductive outcome. A Chinese study, comprising >2
million couples, reported a lower cumulative pregnancy rate
among women with increased fasting plasma glucose levels
than among women with normal fasting glucose levels after
12 months of follow-up (31.5% vs. 42.3%) (13). The women
had no prior childbirth at inclusion, but it should be noted
that no distinction was possible between type 1 and 2 diabetes
in this study. Moreover, the pregnancy rate in the study was
surprisingly low, perhaps due to couples being excluded
from the study if they became pregnant in the first menstrual
cycle (13). These findings were corroborated in a recent study
that found that increased preconception plasma glucose was
associated with reduced fecundability, even within the
normal range of glucose concentrations (14).

Two studies found longer time to pregnancy and lower fe-
cundability odds ratios among women with any type of dia-
betes compared with women without diabetes (5, 12). In the
pregnancy-based Norwegian Mother-Child Cohort, women
with type 2 diabetes (n ¼ 88) had fecundability odds ratios
that were reduced by 36% compared with nondiabetic
women, irrespective of menstrual cycle irregularities and
body mass index (BMI) (5). This study used a pregnancy-
based design that did not include women with diabetes who
did not achieve pregnancy. A study in the United States of
501 couples who were trying to conceive found a similar
nonsignificant association between diabetes and lower fecun-
dity, but only 4 women with diabetes completed the study
(12). The higher risk of miscarriage among women with
type 2 diabetes found in this study is in line with earlier
studies reporting higher odds of pregnancy losses among
women with either type 1 or type 2 diabetes (4, 16), including
a linear increase in the risk of spontaneous abortion with
increasing glucose levels (17).

When the birthrates in the present study were compared
with those of patients with type 1 diabetes, standardized
fertility rates for patients with type 1 diabetes were reported
to be approximately 20% lower compared with the general fe-
male population in Sweden in the 1960s (18). The rates
increased monotonically with each calendar year and were
VOL. 116 NO. 2 / AUGUST 2021
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indistinguishable from those in the reference population after
1984 (18). Similar findings were reported in a Finnish study
(19). Hence, there seems to have been an improvement in
reproductive function for women with type 1 diabetes,
including better results after assisted reproduction (6); this
has not been the case for women with type 2 diabetes. Indeed,
according to our study, fertility among women with type 2
TABLE 1

Fertility patterns among women aged 18–45 years old with a presumed c

Total (N [ 179,664)
No typ

1 diabetes

Age at healthcare visit or first diabetes diagnosis (y)
<25 23,69
25–29 45,02
30–34 35,20
35–39 54,59
40–45 20,92

Ever pregnant 173,40
Childbirth 150,32
Age at first childbirth (y)

<25 23,87
25–29 49,69
30–34 50,27
35–39 22,05
40–45 4,41

Year of delivery
1998–2004 52,86
2005–2009 34,70
2010–2014 35,11
2015–2019 27,64

Childbirth without infertility 139,79
Childbirth after infertility 10,10
Infertility and no childbirthc 7,85
Miscarriaged 23,21

Before childbirth 15,48
With no childbirth 7,73

Elective abortion 31,34
Before childbirth 14,02
With no childbirth 17,32

Infertility diagnosis or treatmente 18,38
Anovulation 1,16
Tube pathology 58
Myoma 7
Social or male factor infertility 2,80
Ovulatory dysfunction or failure 37
Unspecified 9,67
Unexplained after examination 2,06
Medically assisted reproductione 4,57
Hystero contrast sonography 28
Ovulation stimulation 28
Partner insemination 24
In vitro fertilization 1,09
Intraplasmatic sperm injection 1,82
Embryo transfer 84

Obesity 17,43
Endometriosis 3,48

With infertility 24
Polycystic ovary syndrome 3,34

With infertility 83
a The chi-square test was used unless otherwise stated.
b Mann-Whitney U test.
c Diabetes registered before last infertility visit in the case of no childbirth registered.
d Miscarriage, ectopic pregnancy, or molar pregnancy.
e Diagnosis or treatment or procedure registered at last visit for infertility.
f Due to small cell numbers, Fisher’s exact test was used.

Mattsson. Fertility in women with type 2 diabetes. Fertil Steril 2021.
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diabetes seemed on par with that of women suffering from
type 1 diabetes 40 years ago.

As expected, a large fractionof thewomenwith type 2 dia-
betes in our study also suffered fromobesity (60.4%) and PCOS
(13.0%). PCOS is an important cause of female reproductive
dysfunction and has been shown to confer a higher risk of
developing type 2 diabetes later in life (20). Conversely, studies
hild wish, residing in Sk�ane between 1998 and 2019.

e 2 or type
(n [ 179,434)

Type 2 diabetes before
delivery, miscarriage,
or infertility (n [ 230) P valuea

.42b

1 (13.2%) 47 (20.4%)
3 (25.1%) 44 (19.1%)
4 (19.6%) 44 (19.1%)
0 (30.4%) 64 (27.8%)
6 (11.7%) 31 (13.5%)
8 (96.6%) 192 (83.5%) < .0001
9 (83.8%) 144 (62.6%) < .0001

< .0001
4 (13.3%) 13 (5.7%)
6 (27.7%) 22 (9.6%)
7 (28.0%) 45 (19.6%)
6 (12.3%) 36 (15.7%)
9 (2.5%) 28 (12.2%)

< .0001
7 (29.5%) 17 (7.4%)
3 (19.3%) 27 (11.7%)
8 (19.6%) 47 (20.4%)
1 (15.4%) 53 (23.0%)
8 (77.9%) 113 (49.1%) < .0001
6 (5.6%) 31 (13.5%) < .0001
0 (4.4%) 45 (19.6%) < .0001
5 (12.9%) 56 (24.4%) < .0001
1 (8.6%) 27 (11.7%) 0.09
4 (4.3%) 29 (12.6%) < .0001
7 (17.5) 28 (12.2%) < .05
7 (7.8%) 7 (3.0%) < .0001
0 (9.7%) 21 (9.1%) 0.79
1 (10.2%) 81 (35.2%) < .0001
0 (0.6%) 8 (3.5%) < .0001
5 (0.3%) 3 (1.3%) < .05f

6 (0.0%) — —

0 (1.6%) 4 (1.7%) .79f

8 (0.2%) 3 (1.3%) < .05f

0 (5.4%) 50 (21.7%) < .0001
2 (1.1%) 5 (2.2%) .33f

3 (2.6%) 8 (0.1%) .37
1 (0.2%) 1 (0.4%)
7 (0.2%) —

8 (0.1%) —

6 (0.6%) 2 (0.9%)
1 (1.0%) 1 (0.4%)
0 (0.5%) 4 (1.7%)
7 (9.7%) 139 (60.4%) < .0001
3 (1.9%) 5 (2.2%) .80
5 (0.1%) 1 (0.4%)
7 (1.9%) 30 (13.0%) < .0001
9 (0.5%) 7 (3.0%)
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TABLE 2

Crude and adjusted risk ratios and confidence intervals of reproductive outcomes among women with any reproductive healthcare visit.

Women (N [ 179,664)

Chance of reproductive outcome

No type 2
diabetes

(n [ 179,434)
Type 2 diabetes

(n [ 230)
Crude RR
(95% CI) Adjusted RRa (95% CI)

Chance of birth 150,329 (83.8%) 144 (62.6%) 0.75 (0.68–0.83) 0.73 (0.66–0.81)
Any infertility diagnosis or treatment 18,381 (10.2%) 81 (35.2%) 3.44 (2.88–4.10) 2.69 (2.22–3.26)
Childbirth and no infertility 139,798 (77.9%) 113 (49.1%) 0.63 (0.55–0.72) 0.63 (0.55–0.72)
Childbirth after infertility 10,106 (5.6%) 31 (13.5%) 2.39 (1.72–3.32) 1.93 (1.38–2.70)
Infertility and no childbirth 7,850 (4.4%) 45 (19.6%) 4.47 (3.44–5.82) 3.40 (2.56–4.51)
Miscarriageb 23,215 (12.9%) 56 (24.4%) 1.88 (1.50–2.36) 1.78 (1.41–2.23)
Miscarriageb before childbirth 15,481 (8.6%) 27 (11.7%) 1.36 (0.95–1.94) 1.19 (0.84–1.70)
Miscarriageb and no childbirth 7,734 (4.3%) 29 (12.6%) 2.93 (2.08–4.11) 3.25 (2.30–4.58)
Elective abortion 31,347 (17.5) 28 (12.2%) 0.70 (0.49–0.99) 0.77 (0.54–1.09)
Elective abortion before childbirth 14,027 (7.8%) 7 (3.0%) 0.39 (0.19–0.81) 0.36 (0.17–0.75)
Elective abortion and no childbirth 17,320 (9.7%) 21 (9.1%) 0.95 (0.63–1.42) 1.24 (0.82–1.86)
Ever pregnant 173,408 (96.6%) 192 (83.5%) 0.86 (0.82–0.91) 0.87 (0.82–0.93)
Note: CI ¼ confidence interval; RR ¼ risk ratios.
a Adjusted for obesity and polycystic ovary syndrome diagnosis.
b Miscarriage, ectopic pregnancy, or molar pregnancy.

Mattsson. Fertility in women with type 2 diabetes. Fertil Steril 2021.
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report a high prevalence of PCOS in premenopausal women
with type 2 diabetes (7, 21), although this finding has been
disputed (22). Similarly, obesity has well-known detrimental
effects on fertility, and there is a need to disentangle the rela-
tive contributions of type 2 diabetes, PCOS, and obesity, as
well as to study the relationship between fertility and type 2
diabetes in the absence of obesity (2, 3, 5). In our study, obesity
and PCOS did not explain the findings; adjustments for these
diagnoses only slightly attenuated the estimates whereas
exclusion of women with obesity or PCOS from the models
strengthened the direction of most estimates. This is in accor-
dance with previous research where obesity could not account
for the associations between type 2 diabetes and reproductive
dysfunction (5–7, 9). However, it is possible that a part of the
association is mediated by a smaller degree of overweight
(not reaching the clinical obesity diagnosis) that we could
not capture in the registers. Since the most important factors
(age, PCOS, and clinical obesity) were included in the
analyses and given the strong associations found in this
study, any unmeasured confounder would have to be
associated with type 2 diabetes and infertility by a risk ratio
of 4.40 and 7.16 each to explain away the observed risk
ratios for infertility and the risk of no childbirth after
infertility, respectively (23).

Part of the explanation for these findings likely lies
beyond these comorbidities. Chronic inflammation may be
an important pathway since an imbalance in pro- and anti-
inflammatory mediators has been implicated in several as-
pects of reproductive dysfunction such as endometriosis
and ovarian dysfunction (24). Detrimental effects (including
early pregnancy loss) caused by hyperglycemia have been es-
tablished (4), but recent in vitro studies have indicated that in-
sulin itself may have toxic effects on early placental cells (25).
Morphologic changes such as villous immaturity, placental
infarctions, differences in vascularization, and thickness of
the trophoblastic basement membrane have also been
510
described in association with diabetes (26). Additionally, hy-
perinsulinemia interferes with the hypothalamic-pituitary-
ovarian axis causing changes in the levels of luteinizing hor-
mone and follicle-stimulating hormone, which in turn lead to
abnormal folliculogenesis and ovulatory dysfunction (4, 11).
Potential psychosexual factors should not be overlooked;
research has reported a high prevalence of sexual dysfunction
among women with type 2 diabetes (27), which might also
contribute to higher rates of childlessness.

Our study has several strengths. It uniquely investigated
birthrates among women with type 2 diabetes in a
population-based ‘‘real-life’’ sample, without the risk of dif-
ferential participation in the study, and it is the largest study
in which a satisfactory discrimination between type 1 and
type 2 diabetes was possible. Importantly, we were able to
include women seeking healthcare for fertility problems
who subsequently did not give birth, unlike earlier
pregnancy-based cohorts.

Healthcare in Sweden is predominantly publicly funded
and is free for all citizens, except for a small administrative
fee. This applies also to fertility treatments, up to a certain
number of started cycles. Because type 2 diabetes shows a so-
cioeconomic gradient, with a higher incidence in less affluent
groups (28), the true risk of infertility would be underesti-
mated in a context in which fertility care was limited to those
who could afford it.

Other key strengths of this study include the high validity
of diagnostic codes in the Sk�ane Healthcare Register and the
fact that we had access to all levels of care (15). It is of partic-
ular importance to have access to primary care because the
majority of patients with type 2 diabetes are diagnosed and
treated solely on this care level in Sweden. In our cohort,
50.3% of patients received their first diagnosis of diabetes
within primary care. A similar study using national health-
care data would not be feasible because those data lack pri-
mary care information.
VOL. 116 NO. 2 / AUGUST 2021



T
A
B
L
E
3

R
is
k
ra
ti
o
s
a
n
d
c
o
n
fi
d
e
n
c
e
in
te
rv
a
ls
fo
r
re
p
ro
d
u
c
ti
ve

o
u
tc
o
m
e
s
st
ra
ti
fi
e
d
b
y
o
b
e
si
ty

a
n
d
p
o
ly
c
ys
ti
c
o
va
ry

sy
n
d
ro
m
e
d
ia
g
n
o
si
s.

O
u
tc
o
m
e

N
o
o
b
e
si
ty

N
o
P
C
O
S

N
o
o
b
e
si
ty

o
r
P
C
O
S

N
o
d
ia
b
e
te
s

(n
[

1
6
1
,9
9
7
)

T
yp
e
2
d
ia
b
e
te
s

(n
[

9
1
)

R
e
la
ti
ve

ri
sk

(9
5
%

C
I)

N
o
d
ia
b
e
te
s

(n
[

1
7
6
,0
8
7
)

T
yp
e
2
d
ia
b
e
te
s

(n
[

2
0
0
)

R
e
la
ti
ve

ri
sk

(9
5
%

C
I)

N
o
d
ia
b
e
te
s

(n
[

1
5
9
,6
6
3
)

T
yp
e
2

d
ia
b
e
te
s

(n
[

8
9
)

R
e
la
ti
ve

ri
sk

(9
5
%

C
I)

C
ha

nc
e
of

bi
rt
h

13
5,
02

4
(8
3.
3%

)
56

(6
1.
5%

)
0.
74

(0
.6
3–

0.
87

)
14

7,
74

9
(8
3.
9%

)
12

3
(6
1.
5%

)
0.
73

(0
.6
6–

0.
82

)
13

3,
26

5
(8
3.
5%

)
55

(6
1.
8%

)
0.
74

(0
.6
3–

0.
87

)
A
ny

in
fe
rt
ili
ty

di
ag

no
si
s
or

tr
ea

tm
en

t
16

,2
83

(1
0.
1%

)
31

(3
4.
1%

)
3.
39

(2
.5
5–

4.
51

)
17

,3
73

(9
.9
%

)
71

(3
5.
5%

)
3.
60

(2
.9
8–

4.
34

)
15

,5
02

(9
.7
%

)
30

(3
3.
7%

)
3.
47

(2
.5
9–

4.
65

)
C
hi
ld
bi
rt
h
an

d
no

in
fe
rt
ili
ty

12
5,
73

3
(7
7.
6%

)
46

(5
0.
5%

)
0.
65

(0
.5
3–

0.
80

)
13

7,
67

1
(7
8.
2%

)
96

(4
8.
0%

)
0.
61

(0
.5
3–

0.
71

)
12

4,
33

5
(7
7.
9%

)
45

(5
0.
6%

)
0.
65

(0
.5
3–

0.
80

)
C
hi
ld
bi
rt
h
af
te
r
in
fe
rt
ili
ty

8,
92

3
(5
.5
%

)
10

(1
1.
0%

)
2.
00

(1
.1
1–

3.
58

)
9,
67

7
(5
.5
%

)
27

(1
3.
5%

)
2.
46

(1
.7
3–

3.
49

)
8,
58

0
(5
.4
%

)
10

(1
1.
2%

)
2.
09

(1
.1
7–

3.
75

)
In
fe
rt
ili
ty

an
d
no

ch
ild
bi
rt
h

6,
99

2
(4
.3
%
)

18
(1
9.
8%

)
4.
58

(3
.0
3–

6.
94

)
7,
29

5
(4
.1
%

)
39

(1
9.
5%

)
4.
71

(3
.5
5–

6.
24

)
6,
57

2
(4
.1
%

)
17

(1
9.
1%

)
4.
64

(3
.0
2–

7.
12

)
M
is
ca
rr
ia
ge

a
20

,8
10

(1
2.
8%

)
21

(2
3.
1%

)
1.
80

(1
.2
3–

2.
61

)
22

,6
75

(1
2.
9%

)
48

(2
4.
0%

)
1.
86

(1
.4
6–

2.
39

)
20

,4
36

(1
2.
8%

)
21

(2
3.
6%

)
1.
84

(1
.2
7–

2.
68

)
M
is
ca
rr
ia
ge

a
be

fo
re

ch
ild
bi
rt
h

13
,6
81

(8
.4
%
)

8
(8
.8
%
)

1.
04

(0
.5
4–

2.
02

)
15

,1
00

(8
.6
%

)
21

(1
0.
5%

)
1.
22

(0
.8
2–

1.
84

)
13

,4
20

(8
.4
%

)
8
(9
.0
%

)
1.
07

(0
.5
7–

2.
07

)
M
is
ca
rr
ia
ge

a
an

d
no

ch
ild
bi
rt
h

7,
12

9
(4
.4
%

)
13

(1
4.
3%

)
3.
25

(1
.9
6–

5.
37

)
7,
57

5
(4
.3
%

)
27

(1
3.
5%

)
3.
14

(2
.2
1–

4.
46

)
7,
01

6
(4
.4
%

)
13

(1
4.
6%

)
3.
32

(2
.0
1–

5.
50

)
El
ec
tiv
e
ab

or
tio

n
28

,7
19

(1
7.
7%

)
12

(1
3.
2%

)
0.
74

(0
.4
4–

1.
26

)
30

,9
11

(1
7.
6%

)
25

(1
2.
5%

)
0.
71

(0
.4
9–

1.
03

)
28

,4
07

(1
7.
8%

)
12

(1
3.
5%

)
0.
71

(0
.4
9–

1.
03

)
El
ec
tiv
e
ab

or
tio

n
be

fo
re

ch
ild
bi
rt
h

12
,4
38

(7
.7
%
)

3
(3
.3
%
)

0.
43

(0
.1
4–

1.
31

)
13

,7
82

(7
.8
%

)
6
(3
.0
%

)
0.
38

(0
.1
7–

0.
84

)
12

,2
72

(7
.7
%

)
3
(3
.4
%

)
0.
44

(0
.1
4–

1.
33

)
El
ec
tiv
e
ab

or
tio

n
an

d
no

ch
ild
bi
rt
h

16
,2
81

(1
0.
1%

)
9
(9
.9
%
)

0.
98

(0
.5
3–

1.
83

)
17

,1
29

(9
.7
%

)
19

(9
.5
%

)
0.
98

(0
.6
4–

1.
50

)
16

,1
35

(1
0.
1%

)
9
(1
0.
1%

)
1.
00

(0
.5
4–

1.
86

)
Ev
er

pr
eg

na
nt

15
6,
61

5
(9
6.
7%

)
76

(8
3.
5%

)
0.
86

(0
.7
9–

0.
95

)
17

0,
51

1
(9
6.
8%

)
16

7
(8
3.
5%

)
0.
86

(0
.8
1–

0.
92

)
15

4,
62

1
(9
6.
8%

)
75

(8
4.
3%

)
0.
87

(0
.8
0–

0.
95

)
N
ot
e:

C
I¼

co
nfi

de
nc
e
in
te
rv
al
;P

C
O
S
¼

po
ly
cy
st
ic
ov
ar
y
sy
nd

ro
m
e.

a
M
is
ca
rr
ia
ge

,e
ct
op

ic
pr
eg

na
nc
y,
or

m
ol
ar

pr
eg

na
nc
y.

M
at
ts
so
n.

Fe
rt
ili
ty

in
w
om

en
w
ith

ty
pe

2
di
ab

et
es
.F
er
til

St
er
il
20

21
.

VOL. 116 NO. 2 / AUGUST 2021

Fertility and Sterility®
The study has limitations that warrant further discussion.
First, the register is based on healthcare visits, i.e., there is a
risk of underestimating the prevalence of medical conditions.
Although not specifically concerning women in their repro-
ductive years, the rate of undiagnosed type 2 diabetes has
been shown to be very small in a Scandinavian context (29,
30). We also have little reason to believe that the inclination
to seek help for fertility issues would be different for women
with type 2 diabetes compared with those without type 2 dia-
betes. It would be problematic if women with type 2 diabetes,
when entering the healthcare system, automatically were
examined for fertility-related issues. There are, however, no
such recommendations in the regional clinical guidelines
regarding type 2 diabetes (31). The risk of underestimating
the prevalence of obesity is likely higher in the reference pop-
ulation compared with women with type 2 diabetes because
measuring body mass index and addressing potential over-
weight is included in standard care of type 2 diabetes in Swe-
den (31); however, the national prevalence of obesity among
women aged 30–44 years was fairly similar to the rates in our
reference population (10%–14% vs. 10.4%) (32).

When identifying women with fertility problems, we
included male and social factor infertility (i.e., same-sex cou-
ples) as well as women undergoing intraplasmatic sperm in-
jection to exclude that a different rate of male infertility, for
example, caused the lower birthrate for women with type 2
diabetes and to account for intraplasmatic sperm injection be-
ing used for other reasons than male infertility such as mixed
or unexplained causes of infertility or advanced age of the
couple (33). Although arguably less of a true reflection of fe-
male infertility, a sensitivity analysis without these women
did not change the estimates.

The data are left-truncated at register start; hence, for
some of the women during the early years of registration,
we cannot be sure that the first registered delivery was the
first-born child. Although this could have led to misclassifica-
tion regarding the true parity for some of the women, we hy-
pothesize that the potential physiologic effects of type 2
diabetes on reproductive function should largely be the same.

As with other population-based studies of fertility, preg-
nancy intention and other psychosexual aspects of fertility
cannot be taken into account. This might play an important
role as high levels of voluntary childlessness have been re-
ported among patients with other chronic conditions such
as inflammatory bowel disease (34). We cannot rule out that
women with type 2 diabetes are more likely to abstain from
having children, but the equal rates of elective abortions
and no childbirth in women with and without type 2 diabetes
could be considered an indication of comparable psychosex-
ual behavior.

Finally, generalizability should be considered. The Sk�ane
region has been shown to be representative of Sweden in
terms of demographic and public health aspects (32), and
even if there are slight variations in Sweden regarding access
to, for example, fertility treatments (such as waiting times and
limits regarding body mass index for initiating treatment), we
believe that the findings are likely to be also valid on a na-
tional level. Additionally, the rate of assisted reproduction
was small in our sample. We speculate that the findings of
511
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this study rather would be an underestimation of the extent of
the problem in an international context since the worldwide
prevalence of type 2 diabetes among young people is reported
to be higher compared with that in Sweden (1).

In conclusion, recent research suggests that childbearing
in a diabetic context is an emerging clinical reality for which
we need to prepare (1). The present study indicates that this pa-
tient group may be in need of tailored information regarding
potential fertility issues as part of their clinical treatment.
The findings need to be substantiated in future studies with
access to biologic and anthropometric data. Possible reasons
for the reduced birthrate, including the results of assisted
reproduction in this patient group, need to be investigated
more closely. Other factors that could elucidate the findings
further are the motivation, perceptions, and potential con-
cerns regarding reproduction and childbearing among women
with type 2 diabetes in their fertile years.
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Fertility and Sterility®
Resultados de fertilidad en mujeres con diabetes tipo 2 preexistente: un estudio de cohorte prospectivo.

Objetivo: Estudiar el parto y el riesgo de aborto espont�aneo e infertilidad entre mujeres que han sido diagnosticadas de diabetes tipo 2
antes del inicio de su viaje reproductivo.

Dise~no: Estudio de cohortes basado en registros utilizando el Skane Healthcare Register.

Lugar: Todas las visitas de atenci�on m�edica de toda la poblaci�on de la regi�on m�as al sur de Suecia durante los �ultimos 20 a~nos.

Paciente (s): Todas las mujeres que tenían entre 18 y 45 a~nos entre el 1 de enero de 1998 y el 31 de diciembre de 2019 y que recibieron
un diagn�ostico clínico de diabetes tipo 2 antes de su primer parto, aborto espont�aneo o el diagn�ostico de infertilidad (n ¼ 230) fueron
comparadas con una b�usqueda de atenci�on m�edica de poblaci�on de mujeres sin ning�un tipo de diabetes, emparejadas por a~no de cal-
endario y edad (n ¼ 179.434).

Intervenci�on (es): Ninguna.

Principales medidas de resultado: Partos, abortos y diagn�ostico de infertilidad.

Resultado (s): La tasa de natalidad fue m�as baja entre las mujeres con diabetes tipo 2 (62,6% frente a 83,8%) y era menos probable que
dieran a luz (datos brutos del cociente de riesgos [RR] ¼ 0,73, intervalo de confianza [IC] del 95%: 0,66-0,81). Ellas tuvieron un mayor
riesgo de sufrir un aborto espont�aneo (RR¼ 1,88, IC del 95%: 1,50-2,36). El riesgo de infertilidad aument�o (RR¼ 3,44, IC del 95%: 2,88 a
4,10) al igual que el riesgo de tener infertilidad y de no dar a luz (RR¼ 4,47; IC del 95%: 3,44-5,82). Todos los resultados permanecieron
iguales despu�es del ajuste para el síndrome de ovario poliquístico y la obesidad.

Conclusi�on (es): Las mujeres con diabetes tipo 2 con inicio antes de su viaje reproductivo tuvieron hijos con menor frecuencia en com-
paraci�on con mujeres sin diabetes y tenían un mayor riesgo de sufrir tanto abortos espont�aneos como infertilidad. Este grupo de pa-
cientes puede necesitar de informaci�on específica sobre posibles problemas de fertilidad como parte de su tratamiento clínico.
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