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Abstract: The association between gestational diabetes mellitus (GDM) and breast cancer (BC) risk
is complex. We aimed to examine this association in a systematic review of the literature. This
review was done using the PubMed/Medline and Web of Science databases, in accordance with the
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines. The
Newcastle–Ottawa Scale was used for the assessment of bias and quality of studies. Only English-
language articles published before 1 June 2021, were included. Fourteen studies were included in
this systematic review. Among them, eight did not find statistically significant results. Three studies
showed a statistically significant increased risk of BC after GDM, and they explained this potential
increased risk by hyperinsulinemia, hyperglycemia, and low-grade inflammation. However, three
studies showed a statistically significant decreased risk of BC after GDM, suggesting a possible
protective effect of hormonal changes induced by GDM during pregnancy. These controversial
results should be interpreted with caution due to both quantitative and qualitative methodological
shortcomings. Further investigations are thus needed in order to gain a better understanding of the
associations between GDM and BC, and their underlying mechanisms.

Keywords: systematic review; gestational diabetes mellitus; breast cancer; risk factor; qualitative
analysis

1. Introduction

Breast cancer (BC) is the most common cancer, accounting for about one fourth of all
cancer cases in women in Europe and worldwide [1].

Women with diabetes have a 15–20% increased risk of BC compared to women with-
out diabetes [2–8]. Underlying mechanisms include the effects of hyperinsulinemia on
sex steroid availability [9,10] and IGF-1 production [11,12]. Hormone-independent mecha-
nisms, including chronic inflammation with elevated levels of pro-inflammatory cytokines,
infiltration of fat deposits by pro-inflammatory macrophages, and associated oxidative
stress, have also been suggested [13].

Women with gestational diabetes mellitus (GDM) have an increased risk of diabetes,
even in the first few years following delivery [14–16]. In addition, GDM shares underlying
mechanisms with type 2 diabetes, including hyperglycemia due to pancreatic β-cell dys-
function coupled with insulin resistance and hyperinsulinemia. It is therefore possible that
GDM may be associated with an increased risk of cancer [17–25], including BC.

Several studies have explored the association between GDM and cancer. This asso-
ciation was quantitatively analyzed in a meta-analysis by Wang et al. in 2020 [26]. This
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meta-analysis was not focused exclusively on BC and gave us few explanations for the
discrepancies between the studies. Indeed, studies on this topic show divergent results.
Wang et al. reported an odds ratio (OR) of 0.88 (95% CI 0.69; 1.12) for case-control studies
and a relative risk (RR) of 1.08 (95% CI 0.89; 1.32) for cohort studies. They found three
studies showing a statistically significant increased risk of BC after GDM, two studies
showing a statistically significant protective effect, and ten studies showing non-significant
results. Similarly, the most recent meta-analysis focusing exclusively on GDM and risk of
BC found no significant association between GDM and BC in case-control studies (pooled
OR = 0.85, 95% CI 0.65; 1.10) or in cohort studies (pooled RR = 1.00, 95% CI 0.80; 1.25) [27].
These studies demonstrate that the relationship between GDM and BC may be complex.

Therefore, the objective of this literature review was to compile the hypotheses studied
and the methods employed in the literature that may explain this complex relationship and
to encourage future studies on this subject.

2. Materials and Methods

We performed this review using the PubMed/Medline and Web Of Science databases
using the following search terms: (gestational diabetes* OR gestational diabetes mellitus
OR GDM) AND (breast cancer OR breast tumour OR breast neoplasm*), in accordance
with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines (http://prisma-statement.org/prismastatement/Checklist.aspx 22 July 2021).
The reference lists of previous reviews of the subject and of studies included in the analysis
were also searched for any further relevant studies. All data extraction was performed by
one researcher.

Only English-language articles published before 1 June 2021, were included. We
included all types of clinical studies reporting the association between GDM and BC with
statistics available for adjusted odds ratio (OR) or relative risk (RR) and 95% confidence
intervals (CI). Studies without original data, including reviews, comments, editorials, and
meta-analyses were not included in the results but were used in the discussion to provide
an additional perspective. Figure 1 shows the study selection process.

Data extracted included first author, publication year, country, specificities of the
study population, sample size, duration of follow-up, criteria for GDM diagnosis, GDM
rate, criteria for BC diagnosis, age or menopausal status at BC diagnosis, BC rate, adjusted
variables, main results and sensitivity or additional analyses. These elements allowed us
to qualitatively assess each study and to compare the results in view of the biases and
strengths of each study. The risk of potential bias and the quality of each of the included
studies was assessed using the Newcastle-Ottawa Scale (NOS), which is a standardized
scale for assessing the bias and quality of non-randomized studies. (http://www.ohri.ca/
programs/clinical_epidemiology/oxford.asp, 1 September 2021).

http://prisma-statement.org/prismastatement/Checklist.aspx
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
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Figure 1. Flow diagram of the article selection process. GDM: gestational diabetes mellitus; BC: breast cancer.

3. Results
3.1. Literature Search

A total of 732 articles were reviewed by title and abstract for this literature review.
Among them, 25 were included for full-text review. Finally, 14 studies that met the inclusion
criteria were included in the analysis—ten had a cohort design [19–24,28–31] and four had
case-control designs [32–35]. One case-control study, Ardalan et al. [35], was added after a
review of reference lists because it met the inclusion criteria; it investigated the relationship
between gestational age and BC risk but also reported a measure of the association between
GDM and BC.

3.2. Characteristics of Included Studies

Table 1 shows the detailed characteristics of the ten cohort studies and Table 2 shows
the detailed characteristics of the four case-control studies. The studies are listed by year of
publication in ascending order.
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Table 1. Characteristics of the cohort studies.

First
Author

Publication
Year Country Specificities of the

Study Population Sample Size Duration of
Follow-Up

Criteria for
GDM

Diagnosis

GDM
Rate

Criteria for
BC

Diagnosis

BC
Rate

Adjusted
Variables

RR
[CI 95%]

Sensitivity or
Additional
Analyses

Perrin [28] 2007 Israel Deliveries between
1964 to 1976 37,980 Until 2015 Medical

records 1% Cancer
registry 4.3%

Age, parity, social
class, ethnic origin,

education,
immigration status

1.5 [1.0;
2.1]

P = 0.03

Age at diagnosis
of BC: <50 years

old RR = 1
[0.5; 2.1]

≥50 years old RR
= 1.7 [1.1; 2.5]

Sella [19] 2011 Israel

Aged between
15–50 years

Screened between
13 March 1995 and

27 May 2009

185,315
Until June 1st
2009 (mean 5

years)

Medical
records 6% Cancer

registry 0.3%

Age, socioeconomic
level, smoking,
BMI, gravidity,

number of general
practitioner visits

0.87 [0.63;
1.20] -

Bejaimal
[24] 2016 Canada

Aged between
20–50 years

Screened between 1
January 1995 and

July 4th 2008

149,049:
49,684 women

with GDM
matched on age

and year of
delivery in a ratio
of 1:2 to pregnant
women without

GDM

Until 31
December

2011

Medical
Records 4.6% Cancer

Registry - Number of
physician visits

0.86 [0.75;
0.98]

After adjustment
for future

diabetes, the
association

between GDM
and risk of breast
cancer remained
significant (HR
0.85 [0.74; 0.99])

Fuchs [22] 2017 Israel Deliveries between
1988 to 2013 104,715 Until 2013 Medical

records 9.4% Medical
records 0.5% Univariate results

only
1.8 [1.5;

2.1] /
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Table 1. Cont.

First
Author

Publication
Year Country Specificities of the

Study Population Sample Size Duration of
Follow-Up

Criteria for
GDM

Diagnosis

GDM
Rate

Criteria for
BC

Diagnosis

BC
Rate

Adjusted
Variables

RR
[CI 95%]

Sensitivity or
Additional
Analyses

Powe [29] 2017 US

Only nurses who
declared a delivery
at the beginning of
the cohort in 1989
or with incident
delivery through

2001

86,972 Until 2013

Self-reported,
94%

confirmed by
medical
records

6% Medical
records 2.7%

Age, BMI at 18
years old, weight
gain since age 18,
height, physical
activity, alcohol

intake, age at
menarche, birth

index,
breastfeeding,

hormone therapy
use, history of

breast cancer in
mother or sister,

history of benign
breast disease,

ethnicity,
mammography

within the past 2
years

0.72 [0.58;
0.89]

T2D only: HR =
0.69 [0.40; 1.18]

GDM + T2D:
HR = 0.26 [0.10;
0.68] GDM and

hormone receptor
positive BC: HR
0.65 [0.50–0.84],

GDM and
hormone receptor
negative BC: HR
0.96 [0.60–1.52]

Park [30] 2017 US

35–74 years old, all
breast-cancer-free

and sisters of
women with BC

between 2003 and
2009

39,198

Until 14
August 2015
(mean: 7.4

years)

Self-reported

4.2%
(0.9%
multi-

ple
GDM
preg-
nan-
cies)

Self-reported,
81%

confirmed by
medical
records

5.4%

Age, ethnicity,
education, age at
first birth, age at

menarche, weight
at age 10, BMI at
30–39 years old,

physical activity in
their childhood and

teens

1.10 [0.88;
1.36]

1 GDM
pregnancy: HR =
0.94 [0.73; 1.22],

more than 1
GDM

pregnancies HR =
1.68 [1.15; 2.44]

Han [21] 2018 South
Korea

1st pregnancy
between 2004 and

2005 and
participated in a

“National Health
Screening

examination” at
least 2 years before
their first delivery

102,900 Until 2015

Medico-
administrative

database
ICD 10 codes
O 24.4 and O

24.9

4.83%

Medico-
administrative

database
ICD 10 codes

0.7% Age, smoking, BMI
before pregnancy

1.15 [0.83;
1.58] -
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Table 1. Cont.

First
Author

Publication
Year Country Specificities of the

Study Population Sample Size Duration of
Follow-Up

Criteria for
GDM

Diagnosis

GDM
Rate

Criteria for
BC

Diagnosis

BC
Rate

Adjusted
Variables

RR
[CI 95%]

Sensitivity or
Additional
Analyses

Peng [23] 2019 Taiwan
All deliveries

between 2002 and
2012

990,572
Until 31

December
2013

Medico-
administrative

database
ICD 9 codes

648-250

4.8%

Medico-
administrative

database
ICD 9 codes

0.47%

Age, hypertension,
dyslipidemia, liver
disease, infertility

and kidney disease

1.23 [1.09;
1.39] -

Pace [20] 2020 Canada

34,294 randomly
selected deliveries

between April 1990
and 31 December

2007 with 2 or more
diagnostic codes
for GDM were
matched 1:1 to

34,294 deliveries
without GDM (by
year of delivery,

age, region)

68,588
Until 2012

(mean: 13.1
years)

2 or more
GDM codes -

Hospital
discharge
abstracts

using ICD
codes

1.1%

Gestational
hypertension,

preterm delivery,
infant size, parity,
prior comorbidity,

material
deprivation index,

ethnicity

0.93 [0.80;
1.09] -

Bertrand
[31] 2020 US

African American
parous women
between March
1995 and March

2017

41,767 Until March
2017 Self-reported 4.9%

Self-reported
and

confirmed in
cancer

registry
records or
medical
records

4%

Age, BMI at age 18,
recent BMI, parity,
menarche, age at

first birth, oral
contraceptive
duration, and

family history of
BC

0.98 [0.77;
1.25]

No significant
results after

adjustment on ER
status

GDM: gestational diabetes mellitus; BC: breast cancer; RR: relative risk; HR: hazard ratio; BMI: body mass index; T2D: type 2 diabetes; ICD: International Classification of Disease.
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Table 2. Characteristics of the case-control studies.

First
Author

Publication
Year Country

Specificities of
the Study

Population

Sample
Size

Criteria for
GDM

Diagnosis

GDM
Rate

Criteria for
BC

Diagnosis
Adjusted Variables OR

[CI 95%]
Sensitivity or Additional

Analyses

Troisi [32] 1998 US Age between 20
and 44 years 3174 Self-report 7.5% Medical

records

Age at menarche,
mammography,

alcohol, BMI, site,
race, combination

variables representing
parity and age at first

birth

1.1 [0.7;
1.4] -

Rollison
[33] 2008 US

Non-Hispanic
white, Hispanic,
and American
Indian women
(mean age: 56

years)

2523 Self-report 3.2% Cancer
registry

Age, study site,
menopausal status,

BMI, BMI at 15 years
old, parity, age at

menarche, physical
activity, family history
of BC, breastfeeding

history

0.71 [0.52;
0.98]

Stratification on age at onset of
GDM: 0.56 [0.38; 0.82] ≥ 35

years old
1.34 [0.72; 2.52] ≥ 35 years old
Stratification on age at onset of

GDM and ER/PR status:
<35 years old and ER + 0.52

[0.31; 0.85]
<35 years old and PR + 0.53

[0.32; 0.89]
≥35 years old and ER − 2.52

[1.07; 5.53]
≥35 years old and PR − 3.08

[1.45; 6.54]

Brasky [34] 2013 US Age between 35
and 79 years 2812 Self-report 3.3% Medical

records

Age, education,
history of benign

breast disease, family
history of BC, age at

first pregnancy,
number of

pregnancies,
menopausal status,
age at menopause

0.79 [0.48;
1.30] -
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Table 2. Cont.

First
Author

Publication
Year Country

Specificities of
the Study

Population

Sample
Size

Criteria for
GDM

Diagnosis

GDM
Rate

Criteria for
BC

Diagnosis
Adjusted Variables OR

[CI 95%]
Sensitivity or Additional

Analyses

Ardalan
[35] 2016 US

Women diagnosed
with

premenopausal
BC (age 21–49)

within the 5 years
after delivering a
live baby between

1 January 1994
and 31 December

2003

630 Recorded birth
certificates 1.4% Cancer

registry

Mother’s age at
delivery,

race/ethnicity, level
of education, birth

weight, parity,
gestational age,
weight gain in

pregnancy, smoking
habits, drinking

habits, induction of
labor, gestational

hypertension

1.62 [0.30;
8.68] -

GDM: gestational diabetes mellitus; BC: breast cancer; OR: odds ratio; BMI: body mass index; ER, estrogen receptor; PR, progesterone receptor.
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3.2.1. Cohort Studies

Of the ten cohort studies, five were conducted in North America, three in Israel,
and two in Asia. The first was published in 2008, and at least one study was published
each year between 2015 and 2020. The cohorts were rather large, from 37,980 subjects for
Perrin et al. (2008) [28] to 990,572 subjects for Peng et al. (2019) [23]. However, the vast
majority of these studies recruited their populations before the most recent diagnostic
criteria for GDM was published in 2010 [36]. The oldest cohorts were mostly prospective
cohorts based on medical records and cancer registry data, while the most recent cohorts
were mostly retrospective and based on self-reported or medico-administrative data.

It should also be noted that some studies had specific inclusion criteria, for example,
Powe et al. [29] included only nurses, Park et al. [30] included only sisters of women with
diagnosed BC, Han et al. [21] included only patients with a national screening examination
within two years of pregnancy, and Bertrand et al. [31] included only African-American
women. Follow-up was long in some studies, up to several decades in Perrin et al. [28]
(median follow-up of 34 years), but in other studies, follow-up lasted only a few weeks for
some of the cases (e.g., Bertrand et al. [31] and Fuchs et al. [22]). The rates of GDM and BC
differed between these four studies, ranging from 1% to 9.4% and 0.3% to 5.4%, respectively.
Only three cohort studies clearly stated if the BC was in situ or invasive [19,29,31], and two
cohort studies differentiated between hormone-dependent and non-hormone-dependent
cancers [29,31].

The results of these studies also likely differed due to the choice of adjustment vari-
ables. We found three studies showing a statistically significant increased risk of BC after
GDM, two studies showing a statistically significant protective effect, and five studies
showing non-significant results. Concerning the adjustment variables, it should be noted
that Fuchs et al. [22]. published only univariate results and found a statistically significant
protective effect [22]. However, Bejeimal et al. only took into account the number of visits to
the doctor and found a statistically significant increased risk [24]. The vast majority of the
other cohort studies adjusted for age, parity, ethnicity, or BMI. Four studies [19,20,28,30] in-
cluded socio-economic variables (e.g., education, social class) and five studies [19,21,29–31]
took into account lifestyle habits (smoking, alcohol, physical activity, contraception).

3.2.2. Case-Control Studies

The four case-control studies were conducted in the US. They were published between
1998 and 2016 and included between 630 and 3174 subjects. These studies were based on
self-reported data for the diagnosis of GDM, except for Ardalan et al. [35], which was based
on recorded birth certificates. The diagnosis of BC was based on medical records, except
for Rollison et al. [33], which was based on a cancer registry. Only one case-control study
clearly presented whether BC was in situ or invasive [33] and two case-control studies
specified hormone-dependent and non-hormone-dependent cancers [33,34].

In Troisi et al. [32] and Ardalan et al. [35], the subjects were younger than in the
other two studies and the GDM rate ranged from 1.4% to 7.5%. It should also be noted
that Rollison et al. [33] only included non-Hispanic whites, Hispanics, and American
Indian women.

Among the case-control studies, we found only one study showing a statistically
significant protective effect of GDM and three studies showing non-significant results.
Regarding adjustment variables, all case-control studies included age and parity, three
studies considered menopausal status and ethnicity, two took into account BMI, two
took into account family history of BC, education, and alcohol consumption. Finally, one
adjusted for physical activity and another for smoking habits.

3.3. Risk of Bias in the Included Studies

Tables 3 and 4 show, respectively, the risk of bias for cohort studies and case-control
studies, assessed via star rating according to the NOS.
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Table 3. Risk of bias and quality assessment of cohort studies.

Selection Comparability Outcome

First Author Publication
Year

Representativeness
of the Exposed

Cohort

Selection of
the

Non-Exposed
Cohort

Ascertainment
of Exposure

Demonstration
that Outcome

of Interest
Was Not

Present at
Start of Study

Controls for
the Most

Important
Factor

Controls for
any

Additional
Factor

Assessment
of Outcome

Was Follow
up Long

Enough for
Outcome to

Occur

Adequacy of
Follow up of

Cohorts
Total

Perrin [28] 2008 * * * * * * * * * 9

Sella [19] 2011 * * * * * * * * 8

Bejaimal [24] 2015 * * * * * * * * * 9

Fuchs [22] 2016 * * * * * * * 7

Powe [29] 2017 * * * * * * 6

Park [30] 2017 * * * * * * 6

Han [21] 2018 * * * * * * * * 8

Peng [23] 2019 * * * * * * * * * 9

Pace [20] 2020 * * * * * * * * 8

Bertrand [31] 2020 * * * * * 5

Note: Assessments are based on Newcastle–Ottawa Scale. ‘high’ quality choices are identified with a ‘*’.

Table 4. Risk of bias and quality assessment of case-control studies.

Selection Comparability Exposure

First Author Publication
Year

Is the Case
Definition
Adequate?

Representativeness
of the Cases

Selection of
Controls

Definition of
Controls

Controls for
the Most

Important
Factor

Controls for
Any

Additional
Factor

Ascertainment
of Exposure

Same method
of Ascertain-

ment for
Cases and
Controls

Non-
Response

Rate
Total

Troisi [32] 1998 * * * * * * 6

Rollison [33] 2008 * * * * * * 6

Brasky [34] 2013 * * * * * * * 7

Ardalan [35] 2016 * * * * * * 6

Note: Assessments are based on Newcastle–Ottawa Scale. ‘high’ quality choices are identified with a ‘*’.
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Among the ten cohort studies, three studies had nine stars, three studies had eight
stars, one study had seven stars, three studies had six stars, and another had five stars.
Two studies selected the group of users (nurses, participants in a screening) [21,29]. In
two studies, the diagnosis of GDM was self-reported [30,31]. In three studies, the outcome
of interest was not present at the start [20,29,31]. In two studies, the follow-up was not
long enough for outcomes to occur [22,31]. Five studies had a follow-up rate below 94%
and/or no description of patients who were lost to follow-up [19,22,29–31]. In the study by
Park et al. [30], the diagnosis of BC was self-reported and confirmed by medical records in
only 81% of the cases [30].

Among the four case-control studies, three studies had six stars and one study had
seven stars. Two studies did not have an adequate case definition, with record linkage
using registers [33,35]. Three studies did not describe their source for the definition of
controls and interviews were not blinded to case/control status [32–34]. In the study by
Troisi et al. [32], the response rate to the interview was lower for controls than for cases [32].
In Ardalan et al. [35], there were no controls for GDM, given that the main objective of this
study was to investigate the relationship between gestational age and BC [35].

4. Discussion

In this literature review, we found 14 studies investigating the relationship between
GDM and BC risk. Among the 10 cohorts, three studies showed a statistically significant
increased risk of BC after GDM, two studies showed a statistically significant protective
effect, and five studies reported non-significant results. Among the four case-control
studies, one study showed a statistically significant protective effect and three studies
reported non-significant results. The 14 studies were of varying quality and used different
methodologies. Using the NOS assessments, only 3 out of the 14 obtained all stars, which
could explain the diversity of the results.

The case-control studies were all conducted in the US. The cohort studies showing
either non-significant results or a statistically significant protective effect were also mostly
carried out in North America. All the studies showing a statistically significant increased
risk were carried out on the Asian continent (Israel, China). Regarding ethnicity and BC
risk, Perrin et al. [28] showed that women of West Asian and North African origin have
a significantly lower risk of developing BC. Therefore, a first hypothesis would be that
ethnicity, culture, and/or country of residence has an influence on the relationship between
GDM and BC.

A second hypothesis would be that the heterogeneity of the results may be partly
explained by the use of different definitions of exposure (i.e., the diagnosis of GDM), which
resulted in different rates of GDM. In the case-control studies, the history of GDM was
self-reported, except for the study Ardalan et al. [35], which used birth certificate records,
resulting in a GDM rate of 1.4%, but the exhaustiveness of the certificates is questionable.
In the study by Troisi et al. [32], the women were young (between 20 and 44 years old), so,
it can be assumed that the time between the diagnosis of GDM and the subjects’ responses
was rather short, and they found a higher GDM rate of 7.5%. In contrast, the other two
case-control studies had older populations, which may have led to recall bias, and the GDM
rate was lower at around 3.3%. It should also be taken into account that the diagnostic
criteria for GDM have evolved over the last 50 years, and earlier criteria detected only the
most severe forms of GDM [36]. For example, the study by Perrin et al. [28] on pregnancies
between 1964 and 1976 showed a GDM rate of 1%, whereas the more recent cohort studies
report a rate of between 4.5% and 6%.

There is also the question of the treatment and monitoring of GDM. If the pathophysi-
ological mechanism of an increased risk of BC is a combination of hyperglycemia coupled
with insulin resistance, and hyperinsulinemia is presumed, then GDM balanced by regular
follow-up and diet should not generate an excess risk compared with poorly followed or
unbalanced GDM. Indeed, in 2004, Dawson et al. showed that “after adjusting for age, BMI,
and smoking behavior, the risk of BC was found to be 1.2 to 5.1 times higher, respectively,
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in the highest quartile compared with the lowest quartile depending on the glucose indices
used” [37]. One hypothesis would be that insulin-treated GDM may increase the risk of BC
but not GDM balanced with diet.

We could go further by assuming that the protective effect of GDM found in several
studies could be explained by the improvement of lifestyle habits (physical activity, diet)
over time. However, in our literature review the one study that explored these elements
(Powe et al. [29]) reported that GDM had a protective effect, but there was no significant
differences in diet and physical activity between women with and without a history of
GDM. However, it should also be noted that Powe et al. [29] focused on nurses, who are
more likely to be conscious about their health, but who work at night, which is known as a
BC risk factor [38].

According to the literature, some pathophysiological mechanisms could explain the
protective effect, such as the altered hormonal milieu of a pregnancy complicated by GDM
conferring protection to breast tissue. Pregnancy is known to induce proliferation and
functional differentiation of breast lobules and ducts, which may explain the association
between pregnancy history and BC risk [39–41]. Differences in circulating growth factors
or hormones in GDM pregnancies may also have an impact on these processes and future
BC risk.

Similarly, the criteria for diagnosing BC differ between studies and may lead to
various classification biases. For instance, we can take the study by Park et al. [30] where
the diagnosis of BC was self-reported and was confirmed by medical records in only 81%
of cases. Cancer registries can also lead to a classification bias if they are not complete or up
to date. The same applies to the completeness of medico-administrative databases based
on hospital admissions, and the question arises for cancers that do not always require
hospitalization, such as BC. Furthermore, only four studies clearly presented whether the
cancer was in situ or invasive [19,29,31,33] and only four studies differentiated between
hormone-dependent and non-hormone-dependent cancers [29,31,33,34], even though these
cancers do not have the same pathophysiology and the same risk factors. Additionally,
it can be assumed that patients in the control group may have had undetected BC, thus
contributing to another classification bias.

The included studies also had very heterogeneous adjustment variables. Among
the six cohort studies that did not focus solely on BC, most did not adjust for several
known BC risk factors (e.g., oral contraceptive use, breastfeeding, alcohol consumption, or
family history of BC). Only Powe et al. [29] and Bertrand et al. [31] adjusted for these risk
factors, excluding alcohol consumption. Among the case-control studies, Troisi et al. [32]
and Ardalan et al. [35] adjusted for alcohol consumption, while Rollison et al. [33] and
Brasky et al. [34] adjusted for family history of BC; no case-control study adjusted for
oral contraceptive use. There are also two risk factors for BC that are also known risk
factors for GDM—obesity and physical inactivity. Therefore, it can be assumed that these
factors play a confounding role in the relationship between BC and GDM [42], as well
as type 2 diabetes. Thus, several studies have shown that GDM increased the risk of
type 2 diabetes [14,16], and type 2 diabetes is recognized as increasing the risk of BC [43].
Although the vast majority of studies adjusted for BMI, only three studies adjusted for
physical activity and none adjusted for type 2 diabetes in the main analyses. However,
in their secondary analysis, Bejaimal et al. [24] showed that after adjustment for type 2
diabetes, the association between GDM and risk of BC remained significant (HR = 0.85,
95% CI [0.74; 0.99]). After a stratification on type 2 diabetes, Powe et al. [29] showed that
GDM had a statistically significant protective effect on the risk of BC. In an additional
analysis in their population of nurses, they showed that those with a history of GDM and
type 2 diabetes had an even lower risk of BC (HR = 0.26, 95% CI [0.10; 0.68]).

Several studies have also shown that age is an important factor to take into account.
Firstly, regarding age at onset of GDM, Rollison et al. [33], who showed a statistically
significant protective effect of GDM on BC risk in their population, showed an even
more protective effect in women who were younger than 35 years at onset of GDM
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(OR = 0.56, 95% CI [0.38; 0.82]). Secondly, the age at diagnosis of BC or the menopausal
status of patients would influence the relationship between GDM and BC risk. For example,
Perrin et al. [28] showed that there is a significantly increased risk with a history of GDM
for BC diagnosed after age 50 (RR = 1.7 CI 95% [1.1; 2.5]).

Regarding BC subtypes, three studies adjusted or stratified on estrogen and/or pro-
gesterone receptor (ER/PR) status. No study worked on HER2 status. Bertrand et al. [31]
did not show a statistically significant association between GDM and BC by estrogen
receptor status. However, Rollison et al. [33] and Powe et al. [29], who had already found a
statistically significant protective effect of GDM on BC risk, found an even more protective
relationship for hormone-receptor-positive BC. However, this statistically significant re-
lationship in Rollison et al. [33] was only found in women with GDM diagnosed before
age 35. It would be interesting to further investigate this relationship between GDM and
the different subtypes of BC. Only one study considered the effect of a history of multiple
occurrences of GDM on the risk of BC. This study by Park et al. [30] was conducted in a
particular population of sisters of women who had both BC and history of more than one
occurrence of GDM. They studied the cumulative effect of the number of GDM occurrences
and showed a statistically significant increased risk of BC.

Genomic characteristics were not discussed by any of the studies included in our
literature review, even though genetic mutations could influence BC and GDM. We found
several studies showing an increased frequency of certain mutations in BC patients. The
most well-known germline mutations are BRCA1 and BRCA2, but others, such as PALB2
or TP53, may also be found [44–47]. Similarly, several hypotheses have been formulated
regarding the link between genome mutations, such as GCK, HLA antigens, INSR, IGF2,
HNF4A, INS-VNTR, HNF4a, CAPN10, MBL2, KCNJ11, ABCC8, ND1, TCF7L2, ADIPOQ,
and PAI-1, and the development of GDM [48–50]. Chen et al. also suggested that mito-
chondrial DNA mutations could promote the development of GDM in some patients [51].
In addition, there are genetic mutations that could have an impact on the development
of both GDM and BC, such as mutations in the ACE I/D gene [52,53]. The literature
provides several hypotheses about the link between GDM, genetic mutations, and cancer
risk. For example, Witczak et al. explained that: “gestational diabetes mellitus (GDM) is
defined as carbohydrate intolerance resulting in hyperglycemia first diagnosed during
pregnancy. It is associated with increased levels of oxidative stress due to overproduction
of reactive oxygen species (ROS). The overproduction of ROS induces protein oxidation,
lipid peroxidation and various types of DNA damage” [54]. However, it can be assumed
that the currently established follow-up and treatments for GDM reduce the consequences
on DNA. It would, therefore, be interesting in future studies to clarify the link between
genotypes and the influence that they may have on the risk of GDM and/or BC in order
to improve prevention and treatment. Regarding the length of follow-up required to
study the relationship between GDM and BC risk, the existing literature has not clearly
established the ideal length. If the follow-up is less than 15 years, as in the vast majority
of cohorts in this review, there is a risk of studying predominantly pre-menopausal BC. A
follow-up of more than 15 years would make it possible to evaluate the effects of GDM in
the longer term, particularly on menopausal BC. While studies suggest that type 2 diabetes
and obesity are not association with premenopausal BC or with a lower risk [19,28,55],
high BMI is positively associated with risk of postmenopausal BC [56]. A large sample size
is also required in this type of study since the BC rate is usually less than 1%.

Our literature review has several limitations. Firstly, it was conducted by a single
reviewer. However, we were able to rely on two recent meta-analyses [26,27] to ensure that
our review was exhaustive. Secondly, it was difficult to make a straightforward comparison
between studies. Indeed, the study populations were either too small, with respect to the
number of cases, to have sufficient power, or too unrepresentative (majority of studies
done in the US, with a particular ethnicity, with cohorts of nurses, based on participation
in a national health screening examination, or with a cohort of sisters of women with
BC). There were also potential selection biases, including incomplete follow-up in cohort
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studies and low response rates in case-control studies. Exposure misclassification is another
particular methodological issue and several studies included in this systematic review
used self-reported estimates instead of objective clinical diagnosis based on biochemical
testing [57]. The adjustment variables are also very heterogeneous and sometimes do not
correspond to known risk factors for GDM or BC.

5. Conclusions

To conclude, the results of studies addressing the link between GDM and BC seem
to be inconsistent and they should be interpreted with caution seeing as many present
quantitative or qualitative methodological issues. The link between GDM and BC, therefore,
warrants further investigation and a better understanding of the associations and the
underlying mechanisms is needed. It would be advisable for studies to be conducted not
only in North America and Asia, but also in the rest of the world, and for them to be
representative of their populations. They should have a clear and up-to-date definition
of GDM, as well as the different types of BC (menopausal or not, hormone-dependent
or not, invasive or not). It would be useful to know what measures or treatments were
put in place after the diagnosis of GDM and to study the cumulative effect of GDM. It
would also be interesting to adjust for known risk factors for BC and GDM, especially
obesity and/or physical inactivity, as well as type 2 diabetes, which could be considered as
potential confounders in this relationship.
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