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Abstract
Aims  To investigate whether the risk for post-partum cardiovascular diseases (CVD) is driven by gestational diabetes (GDM), 
by GDM-related risk factors and/or by pre-gestational (Pre-GD) or post-gestational diabetes (Post-GD).
Methods  Women delivering in Tuscany, Italy in years 2010–2012 (n = 74,720), were identified from certificates of care at 
delivery and further identified as affected with GDM, Pre-GD or Post-GD through regional administrative databases. Women 
with GDM, Pre-GD or Post-GD were retrospectively evaluated for risk of post-partum hospitalizations for CVD (myocardial 
infarction or stroke; n = 728) across years 2013–2021, comparing women with different forms of diabetes to those without 
diabetes. Risk of CVD was assessed as odds ratio (OR 95% CI), after logistic multivariate models, considering all recorded 
pre-gestational characteristics as covariates.
Results  The adjusted OR (aOR) for post-partum CVD hospitalizations was not significantly related to GDM itself (aOR: 
0.85; 0.64–1.12; p = ns), but increased in women with Pre-GD (aOR: 2.02; 1.09–3.71; p = 0.024) and Post-GD, associated 
or not to prior GDM (aOR; 4.21; 2.45–7.23 and respectively aOR: 3.80; 2.38–6.05; p < 0.0001 for both). In presence of 
pre-pregnancy maternal obesity (BMI ≥ 30 kg/m2) the aOR of CVD approximatively doubled (aOR: 1.90; 1.51–2.40); 
p < 0.0001, independently of GDM and of Post-GD. The adjusted risk of CVD was lower among employed women (aOR: 
0.83; 0.70–0.99); p = 0.04 and significantly higher in presence of poorer education levels (aOR: 1.32; 1.11–1.57); p < 0.0001.
Conclusion  In this population the risk of post-partum CVD was driven by Pre- and Post-GD, not by GDM alone. Pre-
gestational obesity represented a major independent risk factor for post-partum CVD.

Keywords  Post-partum cardiovascular diseases · Gestational diabetes · Pregnancies · Post-gestational diabetes ·  
Pre-gestational diabetes · Pre-gestational obesity · Risk factors

Introduction

Gestational diabetes (GDM) is significantly associated with 
increased risk of type 2 diabetes and of cardiovascular dis-
eases (CVD) after pregnancy [1–5]. Open, however, remains 
the question whether the augmented risk of CVD is driven 
directly by GDM itself, by GDM related risk factors or by 
incident post-gestational diabetes (Post-GD). As a matter 
of fact, the overall risk of Post-GD as well as of CVD after 
GDM appear to be influenced by several factors such as 
length of post-partum follow up, maternal history of CVD, 
pre-gestational obesity, parity, and ethnicity/race of mothers. 
[1]. A recent meta-analysis and a recent population cohort 
study based on a large Danish registry found a significant, 
albeit small, independent increase in risk (by about 10%) 
exerted by GDM alone, on the incidence of post-partum 
CVD, after eliminating the possible confounding effect of 
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newly diagnosed Post-GD [4, 5]. The heterogeneity of prior 
studies, however, leaves open some questions especially 
about the eventual independent contribution on the inci-
dence of post-partum CVD by pre-gestational risk factors 
for GDM.

Taking advantage of a regional database containing 
pregnancies occurred in Tuscany, Italy in years 2010–2012 
and followed up over a long enough period (2013 to 2021) 
the aim of this study was to evaluate whether and to what 
extent the overall risk for incident CVD after a pregnancy 
with GDM was influenced by Post-GD and/or by the 
independent contribution of GDM-related risk factors. In 
addition, we also analyzed an aspect so far scarcely evaluated 
namely the possible contribution of pre-gestational diabetes 
(Pre-GD) on the risk of post-partum cardiovascular diseases.

Methods

Population under study

Live births that occurred in Tuscany, in years 2010–2012, 
from women present in the Regional Health System registry 
were identified in the regional database of certificates of care 
at delivery (CAP: Certificato di Assistenza al Parto (Delivery 
Assistance Certificates) [6]. If, during this three-year period, 
there were two pregnancies from the same woman, one of 
them was randomly identified as index pregnancy. CAP 
certificates include information about mothers and newborns 
such as age of mothers at delivery, pre-gestational BMI, 
parity (parous vs. nulliparous), mothers’ education degree 
stratified as low/none vs. higher degree or graduation, as well 
as employment status (employed vs. unemployed). Further 
information regards women’ countries of origin. whether 
from Italy/western countries or from high migration pressure 
countries (HMPC), mainly including Africa, Asia, Central-
South America or Eastern Europe [7]. The completion of 
these certificates by midwives is mandatory for all deliveries 
taking place everywhere in Tuscany, thus covering almost 
the total number of pregnancies occurring in Tuscany.

Diagnosis of diabetes

From index pregnancies we identified mothers, classifying 
them into 5 categories according to their glucose tolerance 
before, during or after index pregnancy: 1. with GDM, 2. 
with Post-GD after prior gestational diabetes [Post-GD 
(prior GDM)], 3. with Post-GD without prior gestational 
diabetes: Post-GD (no GDM), 4. with Pre-GD or 5. with 
no diabetes after pregnancy. GDM was currently diagnosed 
in our region by IADSPG criteria [8], and for the purpose 
of this study, it was identified by an algorithm including 
at least one of the following conditions: a) women without 

previous anti-diabetic therapy who, during the pregnancy, 
were prescribed insulin—the only glucose-lowering drug 
recommended by Italian guidelines in case of GDM—and 
stopped after delivery, b) women who received at least one 
specialistic visit by a diabetologist during pregnancy or were 
included into an educational program for patients with dia-
betes before the delivery, c) those who received an OGTT 
within six months after delivery. This algorithm has been 
previously validated in our population, pairing data obtained 
with this algorithm to those obtained after administering 
a 75g-OGTT and evaluated by IADSPG criteria [8], giv-
ing acceptable parameters for sensitivity (0.91) as well as 
for specificity (0.81) [9]. Pre-GD was identified from the 
regional registry of people with diabetes including prescrip-
tion claims for glucose lowering drugs, diabetes-related con-
sumables, clinical chemistry examinations, prescriptions for 
specialists’ consultations, legal certifications concerning dia-
betic status and previous hospitalization records containing 
a diagnosis of diabetes (ICD-9 code: 250.xx). This regional 
registry has been demonstrated to cover about the 80% of 
the regional population with diabetes [10]. Finally, Post-GD 
has been identified from this same registry, by retrieval of 
newly registered cases of diabetes across years 2013–2021 
and identified as whether Post-GD (prior GDM) or Post-GD 
(no GDM).

Cardiovascular diseases

Women with at least one hospitalization for CVD after index 
pregnancy were identified by ICD-9 codes 410.xx, 36.01, 
36.02, 36.05, 36.06, 36.1 for myocardial infarction, or by 
ICD-9 codes 430.xx, 431.xx, 432.xx, 434.xx or 436.xx for 
acute stroke. In the light of the expected low rate of events, 
myocardial infarction and/or stroke were incorporated into 
a unique composite cardiovascular outcome.

Statistics

Descriptive analysis of data used Chi-square method 
for categorical and ANOVA for continuous variables. 
The contribution given by each considered maternal 
characteristic (pre-gestational obesity, parity, ethnicity from 
HMPC countries, education, occupation) on each considered 
glucose tolerance stratum, expressed as relative risks, was 
assessed using Chi-square analysis. The effects of GDM as 
well as of other types of diabetes were expressed as odds 
ratios: (OR; 95% Confidence Intervals) for hospitalizations 
for CVD, across the entire period 2013–2021 by utilizing 
logistic regression analysis models. In these models post-
partum CVD was the dependent variable, and GDM or other 
types of diabetes, age, parity (nulliparous vs. multiparous), 
pre-gestational obesity (BMI ≥ 30 Kg/m2), country of origin 
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whether or not from HMPC countries, employment status 
and education (low-none vs. higher degrees or graduation) 
were considered as independent variables. We preferred to 
evaluate the OR of hospitalizations for CVD after stratifying 
cases by diabetes, utilizing a case-control methodologic 
approach rather than a time-course analysis, in order to 
better highlight the role by each form of glucose intolerance 
associated with pregnancy on the final prevalence of post-
partum CVD. In a sensitivity analysis, additionally, we 
included in the model only the group of women present at 
the end of the study (December 31st, 2021).

Each certificate record contains a unique regional 
identifier number which represents the access key to all 
regional databases and does not allow disclosing the identity 
of women as well as of any other sensitive information. For 
this reason, no informed consent or any approval by the 
Ethics Committee was required according to current regional 
and national laws.

All statistical analyses were performed using SAS ver. 
9.3, SAS Institute Inc., Cary, NC, USA. and of STATA 
14th Rel., College Station, TX, USA. A p level < 0.05 was 
considered as significant.

Results

The flowchart concerning the population under study is 
shown in Fig. 1. The total number of live births across years 
2010 to 2012 was 77,304 from 74,720 women with at least 

one pregnancy. Of them 48,568 (65%) were present in the 
database of the Regional Health service on December 31st, 
2021. Women affected with GDM were 6637 (8.88%), 752 
(1.01%) had developed Post-GD, of whom 290 (0.39%) with 
Post-GD (prior GDM) and 462 (0.62%) with Post-GD (no 
GDM), 495 (0.66%) had Pre-GD and 66,836 (89.45%) had 
no diabetes across the entire follow up period 2013–2021.

The main characteristics of women are reported in 
Table 1. Women with Post-GD (prior GDM) and those with 
Pre-GD were older than those with other types of diabetes 
in pregnancy, with women without diabetes representing 
the youngest group (p < 0.05 after Duncan’s test, in one-
way ANOVA). All considered maternal characteristics as 
well as the prevalence rate of women with post-gestational 
hospitalizations for CVD (n = 728) were unevenly 
distributed across different types of diabetes, being post-
partum CVD prevalence several times higher among women 
with Pre- or Post-GD.

The univariate contribution by each maternal character-
istic (pre-gestational obesity, parity, country of origin, edu-
cation, and employment status) on the relative risk for each 
single type of diabetes is reported in Table 2. Compared to 
women without diabetes, pre-gestational obesity was related 
with a marked increase in risk of GDM as well as of Pre- or 
Post-GD. Nulliparous women had a lower risk for Post-GD, 
being however associated with a higher risk for Pre-GD, 
while those coming from HMPC countries had a greater risk 
for GDM as well as for Post-GD. A poorer education as well 

Fig. 1   Flowchart of participants in the study
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as mothers’ unemployment status were related with a greater 
risk for Post-GD (Table 2).

After a multivariate logistic analysis, adjusted for 
GDM, age, obesity, parity, country of origin, mothers’ 
education, employment status and with further pregnan-
cies. the OR for Post-GD was significantly higher among 
women with GDM, pre-gestational obesity and originating 
from HMPC countries (Table 3).

Post‑gestational cardiovascular events

The risk of incident hospitalizations for CVD after preg-
nancy (a composite outcome including acute myocardial 
infarction or stroke) associated with each form of diabetes, 
was evaluated by univariate and multivariate logistic mod-
els, including as covariates GDM, Pre-GD, Post-GD (prior 
GDM), Post-GD (no GDM), age, obesity, parity, country of 

Table 1   Characteristics of women under study stratified by GDM, Pre- and Post-GD

Post-GD post gestational diabetes; Pre-GD pre-gestational diabetes
* Duncan test after one-way ANOVA

GDM Post-GD (prior GDM) Post-GD (no GDM) Pre-GD No diabetes p

No. (%) 6637 (8.88) 290 (0.39) 462 (0.62) 495 (0.66) 66,836 (89.45)
Age (yr) 33.1 ± 5.0a 33.3 ± 4.9b 32.6 ± 5.3a 33.3 ± 4.7b 31.8 ± 5.3c a versus b; c 

versus b, a 
p < 0.05*

Pre-gestational obesity no. (%) 756 (11.4) 107 (36.9) 131 (28.3) 138 (27.9) 3431 (5.1) 0.0001
Nulliparous no. (%) 3368 (52.5) 121 (43.1) 210 (46.8) 278 (59.4) 35,109 (53.7) 0.0001
Ethnicity from HMPC no. (%) 1328 (20.2) 101 (35.2) 113 (24.5) 63 (12.9) 12,030 (18.2) 0.0001
Education (low/none) no. (%) 1726 (26.1) 111 (38.3) 155 (33.6) 138 (28.0) 16,512 (24.8) 0.0001
Employed no. (%) 4744 (71.5) 163 (56.2) 277 (60.0) 340 (68.7) 47,284 (70.8) 0.0001
Incident cardiovascular events no. 

(%)
60 (0.9) 15 (5.2) 21 (4.5) 12 (2.4) 620 (0.9) 0.0001

Table 2   Relative risk for GDM and Pre- or Post-GD by mothers’ characteristics at index pregnancy

Post-GD post gestational diabetes; Pre-GD pregestational diabetes
* Relative Risk diabetes vs. no diabetes (Ref.); in bold characters significant results, with p < 0.05
** HMPC high migration pressure countries

GDM Post-GD Pre-GD No diabetes

Prior GDM No GDM

R-R (95% CI) * R-R (95% CI) R-R (95% CI) R-R (95% CI) 1 (Ref.)
Pre-gestational obesity 2.21 (2.06–2.39) 7.18 (6.16–8.38) 5.52 (4.76–6.41) 5.43 (4.69–6.28) 1 (Ref.)
Nulliparous 0.98 (0.95–1.00) 0.80 (0.70–0.92) 0.87 (0.79–0.96) 1.10 (1.02–1.19) 1 (Ref.)
Mothers’ ethnicity from HMPC** 1.08 (1.05–1.16) 1.93 (1.65–2.26) 1.34 (1.44–1.58) 0.70 (0.56–0.89) 1 (Ref.)
Mothers’ education (low/none) 1.05 (1.00–1.09) 1.54 (1.33–1.78) 1.35 (1.19–1.54) 1.13 (0.98–1.30) 1 (Ref.)
Employed 1.03 (0.99–1.03) 0.79 (0.71–0.88) 0.85 (0.79–0.91) 0.97 (0.91–1.03) 1 (Ref.)

Table 3   Odds ratio for 
post-GD by GDM and 
maternal characteristics, after 
multivariate logistic analysis

Odds ratio (OR) 95% Confidence intervals p

GDM 4.761 4.066 5.573  < 0.0001
Age 1.05 1.03 1.06  < 0.0001
Parity 1.02 0.87 1.20 NS
Further pregnancies at follow up 1.54 1.07 2.22 0.0201
Ethnicity (from HMPC) 1.71 1.42 2.07  < 0.0001
Pre-gestational obesity 5.66 4.79 6.68  < 0.0001
Nulliparous 1.01 0.86 1.19 NS
Education (low/none) 1.20 1.01 1.42 0.0322
Employed 0.70 0.59 0.83  < 0.0001
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origin, education, employment status and having had fur-
ther pregnancies. After the univariate analysis, comparing 
women with or without diabetes, GDM had no significant 
correlation with the risk of post-partum CVD, while women 
with Post-GD (prior GDM) or Post-GD (no GDM), were up 
to five times more likely of being affected with post-partum 
CVD. In addition, women with Pre-GD had a about three-
fold higher risk for post-partum CVD (Table 4, a). After 
a multivariate logistic analysis, GDM was not associated 
with a significant risk of CVD which was instead about four-
fold higher among women with Post-GD and about two-fold 
higher in those with Pre-GD (Table 4, b). Among covariates 
pre-gestational obesity was significantly and independently 
related to the risk of post-partum CVD hospitalizations OR: 
1.90; 1.51–2.40; p < 0.0001 (Table 4, b). In addition, there 
was a 5% increase in the risk for CVD for each BMI unit: 
OR: 1.05;  1.050 1.03–1.07; p < 0.0001 (data not shown). 
GDM was associated with an about five-fold increase in risk 
for Post-GD, and obesity with an about six-fold increase 
(Table 3). Pre-gestational obesity, however, had no inde-
pendent additive effect when associated with GDM on the 
overall risk of Post-GD as evidenced by introducing into the 
model the interaction term Post-gestational obesity x GDM 
(p = 0.183). Having further pregnancies after the index ones. 
(n = 1936) was associated with a significant increase in the 

risk of Post-GD: OR: 1.54; 1.07–2.22; p = 0.0201. Further 
covariates associated with a higher risk of post-gestational 
CVD were low degrees of education and unemployment sta-
tus. Finally, a sensitivity analysis including only women who 
were present in the regional database on December 31st, 
2021, led to not dissimilar results (data not shown).

Discussion

This study reaffirms that GDM highly increases the risk 
of diabetes in the post-partum, in agreement with what 
observed by most prior studies [1–3]. The overall risk of 
post-partum cardiovascular diseases, however, does not 
seem to be associated with GDM itself, but rather medi-
ated by Pre- or Post-GD. In this regard, however, conflict-
ing results emerge from previously published studies. A 
former Swedish case-control study based on 2639 women 
with prior GDM compared to 13,310 controls suggested that 
GDM had an independent role in predicting a higher risk of 
post-partum CVD, even after adjusting for incident diabetes 
[11]. Interestingly, from this study further variables signifi-
cantly associated with an increased risk of post-partum CVD 
were pre-gestational obesity, as well as a lower education 
level, in agreement with what found by the present study. 

Table 4   Odds ratios for post-partum CVD after GDM, Pre- and Post-GD by univariate analysis models (a) as well as after a multivariate logistic 
model (b)

Post-GD post-gestational diabetes; Pre-GD pre-gestational diabetes

a

Odds ratio (OR) 95% Confidence intervals p

No diabetes Ref. 1 – – –
GDM 0.97 0.75 1.27 NS
Post-GD (prior GDM) 5.82 3.44 9.85  < 0.0001
Post-GD (no GDM) 5.08 3.26 7.93  < 0.0001
Pre-GD 2.65 1.49 4.73 0.0009

b

Odds ratio (OR) 95% Confidence intervals p

No diabetes Ref. 1 – – –
GDM 0.85 0.64 1.12 NS
Post-GD (prior GDM) 4.21 2.45 7.23  < 0.0001
Post-GD (no GDM) 3.80 2.38 6.05  < 0.0001
Pre-GD 2.02 1.09 3.71 0.0244
Age 1.05 1.03 1.07  < 0.0001
Ethnicity (from HMPC) 0.91 0.72 1.13 NS
Pre-gestational obesity 1.90 1.51 2.40  < 0.0001
Nulliparous 1.08 0.93 1.27 NS
Further pregnancies at follow up 0.95 0.61 1.49 NS
Education (low/none) 1.32 1.11 1.57  < 0.0001
Employed 0.83 0.70 0.99 0.04
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Similarly, in a large cohort study of 1,515,079 Canadian 
women, those with GDM, regardless of the development 
of Post-GD, had an increased risk of CVD after pregnancy, 
being, however, such a risk doubled in presence of post-
gestational diabetes [12]. A previous retrospective large 
cohort study of 1,070,667 women who had delivered infants 
in hospitals within Quebec, Canada and were followed up for 
a maximum of 25.2 years, showed that GDM was a signifi-
cant predictor for CVD after pregnancy, even if no details 
were given whether associated or not with Post-GD [13]. 
A French study concerning 1,518,990 deliveries, method-
ologically like to ours since based on administrative data 
sources, evidenced that history of GDM was a risk factor for 
post-partum CVD, especially for coronary vascular diseases, 
within 7 years after index pregnancy [14]. From a retrospec-
tive analysis involving a large cohort of 1,002,486 women 
who gave birth in Denmark during the period 1978–2016 the 
overall risk of incident CVD events after GDM was equal 
to 40% with a Hazard Ratio (HR) of 1.40; 1.35–1.45; p < 
0.0001. Interestingly, however, after excluding the effect of 
Post-GD, this value dropped to 1.07; 1.05–1.10 [5]. That 
the exclusion of Post-GD largely reduces the independent 
effect of GDM on the risk of post-partum CVD is moreover, 
reiterated by a recent metanalysis [4], according to which 
the risk associated with GDM alone is reduced to less than 
10% with HR: 1.09; 1.06–1.13; p < 0.05. According to 
other studies, however, prior GDM was not an independent 
risk factor for CVD. According to an observational cohort 
study of 89,479 US nurses, followed for more than 20 years, 
prior GDM was associated with a subsequent rise in risk 
for post-partum CVD (HR: 1.43; 1.12–1.81; p = 0.004), 
but this excess risk completely disappeared after excluding 
progressors to diabetes [15]. Comparable results emerged 
from a recent large Korean population-based retrospective 
cohort study concerning 1,500,168 parous women followed 
for more than 10 years [16]. From this study GDM alone was 
not associated with a significant risk of post-partum CVD 
(HR: 1.06; 1.00–1.12), becoming the risk significant after 
progression to diabetes: (HR: 1.74; 1.40–2.15; p < 0.05). 
In conclusion, from published literature the effect of GDM 
alone on post-partum risk of CVD, when present is mod-
est, while Post-GD significantly magnifies such a risk. The 
neutral effect of GDM on post-partum CVD risk, as shown 
by our study: OR: 0.97; 0.75–1.27, may be due to some 
peculiar aspects of our study. First, we considered the fol-
low up after only one index pregnancy with GDM, exclud-
ing the possible incremental effect on CVD risk by further 
pregnancies with GDM, a point not taken into consideration 
by most previously published studies. In our case having 
further pregnancies at follow up increased by about the 50% 
the risk of Post-GD, without any effect, however, on the risk 
of post-partum CVD. In this regard, even whether multipar-
ity is able to progressively increase the insulin resistance 

eventually leading to GDM remains controversial [17, 18]. 
There is to remember that, according to a recent Italian 
study, GDM shows a high recurrence rate (83.2%) [19]. 
Multiple pregnancies with recurrent GDM are expected to 
further magnify the risk of diabetes after pregnancy, while 
open remains the question whether they similarly increase 
the risk of post-partum CVD, as priorly suggested [20]. In 
our study, moreover, we observed a higher number of Post-
GD in women without prior GDM (n = 462) compared to 
those with GDM (n = 290). According to the Korean study 
[16], type 2 diabetes after pregnancy either with or without 
prior GDM had a similar increasing effect on post-partum 
CVD risk. Contrarily, Ratnakaran et al. [12] found that Post-
GD (prior GDM), compared to Post-GD (no GDM) had a 
greater impact on post-partum CVD risk, suggesting that 
GDM could anticipate the onset of Post-GD consequently 
anticipating the risk of post-partum cardiovascular diseases. 
A further aspect to consider is that the different length of fol-
low up among studies, may expectedly modify the impact of 
GDM on the risk for post-partum diabetes [21] and, accord-
ingly on the incidence of post-partum CVD. The key find-
ing of our study, however, is that pre-gestational obesity, 
besides being strongly associated with all types of Post-GD, 
independently doubles the risk of CVD. It has been demon-
strated that obesity increases the incidence of CVD at an 
earlier age in both genders [22–24], and the link between 
pre-gestational obesity and the risk of early CVD has also 
been highlighted by a previous retrospective epidemiologi-
cal study from the Swedish Medical Birth Registry [25]. In 
addition, according to the study about the Danish national 
patient registry maternal obesity was associated with an even 
higher risk of CVD than the only history of prior GDM: HR: 
1.49; 95% CI 1.44–1.54 versus 1.43; 95% CI:1.38–1.49 [5].

Limitations and strengths of the study

This study has several limitations. First, data is retrieved 
by administrative datasets and are therefore lacking 
in many important details such as for instance the 
glucometabolic status in women with GDM or diabetes, 
impossible, moreover, to be identified as type 1 or type 
2. Further, some clinical characteristics of women during 
the pregnancy as well as at follow up are not recorded 
or considered in the analysis. In addition, due to the low 
number of CVD cases it was necessary to build a unique 
group of events including both myocardial infarctions and 
strokes. Moreover, these findings, originating in a peculiar 
geographic condition cannot automatically be extended 
to other populations. The population-based design with 
a large regional cohort of women was the major strength 
of this study.
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Conclusions

After reaffirming the significant link between GDM and 
Post-GD, this observational retrospective study suggests 
that the risk of post-partum CVD (acute myocardial 
infarction or stroke) was not related to previous GDM 
diagnosis, but rather mediated by Pre- or Post-GD. 
Furthermore, pre-gestational obesity was highly associated 
with a significant increase in the risk of post-partum CVD, 
independently of diabetes. The present study, therefore, 
highlights that pre-gestational obesity represents an 
important direct and independent risk factor not only for 
GDM or Post-GD but also for post-partum cardiovascular 
diseases, further reinforcing the recommendation for early 
prevention initiatives against obesity in young women.
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included in the study.
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