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ABSTRACT

Aims: Women with pre-existing diabetes should plan for optimal care of the disease before,
during and after pregnancy. The aim of this study was to assess the quality of diabetes
mellitus monitoring and care before, during and after pregnancy in a large cohort of women.
Methods: 1913 diabetic women resident in the Lombardy Region (Italy) who experienced at
least a birth between 2011 and 2015 and exhibited signs of diabetes >2 years before delivery
were identified using the healthcare utilization database. Antidiabetic care was defined via
outpatient examinations (i.e., assessments of glycated haemoglobin, lipid profile, urine albu-
min excretion and serum creatinine, and dilated eye exams) and use of antidiabetic drugs. Dif-
ferences in adherence to recommendations before, during and after pregnancy were assessed
by the non-parametric McNemar’s test among the whole cohort and among the subgroup with
type 1 diabetes.

Results: Adherence to recommendations was very poor before pregnancy, ranging from 13% to
42% for dilated eye and serum creatinine exam, respectively. During pregnancy, a significant
portion of women increased adherence to all recommendations (e.g., glycated haemoglobin
from 20% to 47%, p-value < 0.001), with the exception of lipid profile control. After pregnancy,
adherence dropped to pre-pregnancy levels. A similar trend was observed in the use of antidi-
abetic drugs. Although women with type 1 diabetes showed better adherence across all peri-
ods, the same patterns emerged.

Conclusions: Besides an improvement in the indicators of clinical adherence during pregnancy,
the management of diabetes among pregnant women remains sub-optimal both before and

after the birth.
© 2019 Elsevier B.V. All rights reserved.
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1. Introduction

Globally, the prevalence of hyperglycaemia in pregnancy in
women aged 20-49 years is 17% [1]. In Italy, from 6% to 7%
of women are affected by diabetes during pregnancy [2,3],
making diabetes the most frequent gestational complication.
Maternal diabetes is classified in pregestational diabetes mel-
litus (type 1 diabetes or type 2 diabetes already diagnosed
before pregnancy), and gestational diabetes mellitus (high
blood glucose level during pregnancy without signs of pre-
existing diabetes) [4]. Although gestational diabetes mellitus
is still the more common form of diabetes during pregnancy
[5], both type 1 and type 2 diabetes are progressively increas-
ing in women of childbearing age [6,7], and, consequently,
among pregnant women.

Although evidence-based recommendations for managing
diabetes during gestation are currently available [8-11] and
several initiatives have been implemented for improving
pregnancy preparation among women with type 1 and type
2 diabetes [12,13], pregnancies complicated by pre-existing
diabetes still frequently generate adverse outcomes [14-18|
such as spontaneous abortions, pregnancy complications,
neonatal deaths and congenital malformations [19-22]. As
such, improved care for women with pregestational diabetes
mellitus presents a growing clinical challenge and priority
during pregnancy [23,24]. Ideally, pregnancies should be care-
fully planned and optimal glycaemic control should be
achieved prior to, during and after pregnancy among women
with pregestational diabetes mellitus.

The purpose of this population-based study is to investi-
gate the quality of diabetes mellitus monitoring and care
before, during and after pregnancy in a large cohort of women
with signs of diabetes who experienced childbirth in the Ital-
ian Region of Lombardy. To achieve this aim, we adopted a set
of indicators developed and validated by a working group of
the Italian Health Ministry to estimate the management of
diabetes [25].

2. Methods

2.1. Data source

The data used for the present study were retrieved from the
healthcare utilization databases of Lombardy, a Region of
Italy that accounts for about 16% (~10,000,000) of its popula-
tion. The Italian National Health System (NHS) provides uni-
healthcare, including inpatient (e.g, hospital
admissions for delivery etc.) and outpatient (e.g., antidiabetic
drugs, tests and examinations for diabetic monitoring, spe-
cialist visits etc.) services mainly covered by the NHS. Any
co-payments are waived for individuals with chronic disease,
including diabetes. In Lombardy, the NHS has been associated
since 1997 with an automated system of databases to collect a
variety of anonymized healthcare information. Details of
healthcare utilization databases of the Lombardy Region
and of their use in the field of diabetes and pregnancy are
reported elsewhere [26-29].

versal

2.2.  Study cohort

As shown in Fig. 1, all 653,416 NHS beneficiaries in Lombardy
from January 1st 2009 until December 31th 2012 with health-
care system utilization suggestive of diabetes were selected.
In particular, beneficiaries who during this period (i) had at
least two prescriptions of antidiabetic agents in two distinct
dates over 365 days, and/or (ii) experienced at least one hospi-
tal admission with primary or secondary diagnosis of dia-
betes, and/or (iii) took advantage of co-payment exemption
for diabetes, were considered suffering from diabetes [25].
Among the 50,053 diabetic women aged 18 to 55 years identi-
fied, 3299 women who experienced at least a birth from Jan-
uary 1st 2011 until December 31st 2015 were identified and
the first birth occurred during this period was considered
the index delivery. We began identifying eligible diabetic
women with first pregnancies two years into the data collec-
tion period to allow assessment of their clinical history in the
two years preceding the index pregnancy. We excluded
women who in the period between 3 years before and 2 years
after the date of the index delivery (i) were not NHS beneficia-
ries (to ensure the complete ascertainment of exposure along
the entire period of interest, see below) (ii) experienced
another pregnancy other than that index (to ensure complete
ascertainment of exposure in the pre- and post-pregnancy
time period and that exposure to antidiabetic care was not
affected by other pregnancies, see below). The final study
cohort, therefore, consisted of 1913 diabetic women.

2.3.  Exposure to recommendations and care

Antidiabetic care was identified in two ways. First, outpatient
examinations, including assessments of glycated haemoglo-
bin, lipid profile (total and HDL cholesterol and triglycerides),
urine albumin excretion, and serum creatinine and dilated
eye exams were evaluated. A woman was considered adher-
ent to recommendations if she had at least two glycated hae-
moglobin evaluations and at least one of the other
assessments annually [25]. Second, dispensations of antidia-
betic drugs, both insulin and oral hypoglycaemic agents, were
assessed. Both adherence to recommendations and prescrip-
tions for both types of antidiabetic drugs were independently
assessed during three one-year timeframes: (i) during preg-
nancy (i.e. the year before the date of index delivery), (ii)
before pregnancy (i.e. the year before the pregnancy period),
and (iii) after pregnancy (i.e. the year after the date of index
delivery).

2.4.  Data analyses

The null hypothesis that adherence to recommendations and
prescription of antidiabetic drugs did not change between
each possible pair of time-windows (i.e., before and during
pregnancy, during and after pregnancy, and before and after
pregnancy) was tested by means of the non-parametric
McNemar’s test with Bonferroni correction, performing a
within-woman (between-periods) comparison (Fig. S1, box
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NHS beneficiaries with
healthcare system utilization
suggestive of diabetes during

2009-2012
N=653,416

Women aged 18-55 years
N=50,053

Women who experienced at least
one live birth during 2011-2015
N=3,299
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Study cohort members
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Women who were not NHS
beneficiary 3 years prior and 2 years
after the date of the index delivery
(N=71)

Women who experienced another
delivery 3 years prior and/or 2 years
after the date of index delivery
(N=1,315)

Fig. 1 - Flow-chart of inclusion and exclusion criteria.

A). The same analyses were restricted to women younger
than 35 years who used insulin before the index pregnancy,
namely to women likely suffering from type 1 diabetes.

2.5.  Sensitivity analysis

To understand whether our results for pre-pregnancy period
reflect real-world care of childbearing age women in general,
a reference cohort of diabetic women who did not experience
a live birth during the considered period was created. The
46,754 women who did not experience any birth during
2011-2015 were subjected to the same exclusion criteria as
the 3299 women with births (Fig. 1) to form the eligible refer-
ence cohort. For each study cohort member, a reference
woman was matched for age at the index delivery and date

of first evidence of diabetes. Adherence to recommendations
and antidiabetic drug prescriptions during the one-year pre-
pregnancy period of the matched study cohort member were
measured for each member of the reference cohort. Again,
the null hypothesis that study and reference women did not
differ in adherence to recommendations and antidiabetic
drug prescriptions during the pre-pregnancy period was
tested by means of the non-parametric McNemar’s test with
Bonferroni correction (Fig. S1, box B).

3. Results

The mean age of the diabetic women included in the study
cohort was 35 years (interquartile range, 32-38). Four out of
five women were identified by co-payment exemption (82%),
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Table 1 - Adherence to recommendations and use of antidiabetic drugs of the 1913 study cohort mothers before, during and

after pregnancy. Italy, Lombardy region, 2011-2015.

Peri-pregnancy periods®

Between-period

comparisons”
Before pregnancy During pregnancy After pregnancy Avs. B Bvs.C
(&) (B) )
Recommended examinations
Glycated haemoglobin 390 (20.4%) 902 (47.2%) 375 (19.6%) <0.001  <0.001
Lipid profile 673 (35.2%) 523 (27.3%) 524 (27.4%) <0.001 0.962
Urine albumin excretion 365 (19.1%) 564 (29.5%) 363 (19%) <0.001 <0.001
Serum creatinine 803 (42%) 1157 (60.5%) 665 (34.8%) <0.001 <0.001
Dilated eye exam 251 (13.1%) 364 (19%) 219 (11.5%) <0.001 <0.001
Antidiabetic drug therapy
Insulin 382 (20.0%) 646 (33.8%) 442 (23.1%) <0.001  <0.001
Oral hypoglycaemic agents 212 (11.1%) 173 (9.0%) 137 (7.2%) <0.001 0.001

@ Before pregnancy: within the year before the 3 months prior the expected date of conception. During pregnancy: within the year before the
date of index delivery. After pregnancy: within the year after the date of index delivery.
b According to the non-parametric McNemar’s test with Bonferroni correction for multiple comparisons.

with 40% identified by antidiabetic drug dispensations and
24% by hospital admission with diagnosis of diabetes.

Before pregnancy, study cohort members showed poor
adherence to recommendations, with only a portion of them
ranging from 13% to 42% undergoing dilated eye and serum
creatinine exams respectively (Table 1). During or just before
pregnancy a significant portion of women increased adher-
ence to all recommendations, with the exception of lipid pro-
file control, which was less controlled during pregnancy.
Despite the gain, it should be noted that adherence continued
to be low during or just before pregnancy, as during this per-
iod only a portion of women ranging from 19% to 61% under-
went dilated eye and serum creatinine exams respectively.
After pregnancy, the prevalence of women adhering to con-
sidered recommendations dropped to pre-pregnancy levels,
or even lower for lipid profile and serum creatinine (Supple-
mentary Table S1). Use of antidiabetic drugs roughly followed
the same trends seen for recommended adherence. Less than
one woman in three received drug therapy before pregnancy,

with a significant increase of insulin during pregnancy and
return to pre-pregnancy levels afterwards (Table 1). A signifi-
cant reduction of oral hypoglycemic agents was seen across
the periods during and post- pregnancy.

As shown in Table 2, study cohort members likely
affected by type 1 diabetes showed better adherence to rec-
ommendations. With the exception of the dilated eye
exam, more than half of women with type 1 diabetes
adhered to treatment recommendations. Adherence further
increased during pregnancy in this sub-group, reaching
almost optimal levels for urine albumin excretion, serum
creatinine and above all glycated haemoglobin testing,
returning to pre-pregnancy levels afterwards (Supplemen-
tary Table S2).

Fig. 2 shows that in the one-year period coinciding with
the pre-pregnancy period of study cohort members, referent
women did not differ in adherence to recommendations
and antidiabetic drug prescriptions, with the exception of
the lipid profile exam.

Table 2 — Adherence to recommendations of the 253 study cohort mothers aged <35 years and in treatment with insulin

(before pregnancy) before, during and after pregnancy. Italy, Lombardy region, 2011-2015.

Peri-pregancy periods®

Between-period comparisons”

Before pregnancy During pregnancy After pregnancy Avs.B Bvs.C
(&) (B) ©)
Recommended examinations
Glycated haemoglobin 190 (75.1%) 244 (96.4%) 165 (65.2%) <0.001 <0.001
Lipid profile 174 (68.8%) 169 (66.8%) 166  (65.6%)  0.600 0.753
Urine albumin excretion 170 (67.2%) 222 (87.8%) 152 (60.1%) <0.001 <0.001
Serum creatinine 191 (75.5%) 227 (89.7%) 169 (66.8%) <0.001 <0.001
Dilated eye exam 106 (41.9%) 150 (59.3%) 72 (28.5%) <0.001 <0.001

& Before pregnancy: within the year before the 3 months prior the expected date of conception. During pregnancy: within the year before the
date of index delivery. After pregnancy: within the year after the date of index delivery.
® According to the non-parametric McNemar’s test with Bonferroni correction for multiple comparisons.
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Fig. 2 - Adherence to recommendations of the 1913 study cohort mothers and the corresponding 1913 matched study cohort

members during the one-year pre-pregnancy period.

4, Discussion

Planning for diabetes care during pregnancy and optimization
of metabolic control in the preconception period and during
pregnancy are recognized pillars of the health care of diabetic
women and their children. Our study, which was focused on
diabetic women with a birth during 2011-2015 in Lombardy
(Italy), aimed to establish in a retrospective fashion the adher-
ence to recommended clinical monitoring and prescription of
antidiabetic drugs in these women in the preconception per-
iod, during pregnancy and after birth. Our results clearly
demonstrate that, although the efforts of health care practi-
tioners improved the indicators of clinical adherence and pre-
scription of antidiabetic drugs during pregnancy, the pre-
pregnancy period was characterized by lack of a proper pre-
conception clinical monitoring and in a similar fashion the
after-birth period demonstrated a returned to pre-
conception poor adherence to treatment recommendations
and low rates of antidiabetic drug prescription. However,
much higher adherence to treatment recommendations was
observed among women likely affected by type 1 diabetes
(i.e., those aged less than 35years and on treatment with
insulin), probably because of the difficulty of management
of this condition.

The Italian Society of Diabetes recommends careful mon-
itoring during pregnancy including physical and laboratory
evaluations at least once every two months for women with
pre-existing diabetes [9]. Although we adopted looser criteria
(i.e., those validated from a working group of the Italian
Health Ministry for clinical examinations of diabetic patients
[25]), our results are disconcerting for several reasons. First,
adherence to recommendations was very low in all the con-
sidered periods, even if during pregnancy women appeared
to be more adherent to the clinical monitoring, especially in
the assessments of glycated haemoglobin and serum creati-
nine. Second, only a small proportion of women were on
treatment with oral antidiabetic drugs or insulin, although
the prevalence of insulin use increased during pregnancy.

We cannot however exclude that in women with pre-
gravidic type 2 diabetes, metabolic control could be achieved
by diet and physical activity alone [30,31].

To the best of our knowledge, this is the first study that
assesses the quality of diabetes care by means of these outpa-
tient examinations in pregnant women with pregestational
diabetes. Charlton et al. [32] evaluated antidiabetic medicine
prescribing to women before, during and after pregnancy.
Although the patterns were similar to ours (i.e., increase of
insulin prescriptions during pregnancy and return to pre-
pregnancy levels after pregnancy), the authors carried out
the investigation among all pregnant women rather than
those with pre-existing diabetes. Therefore, a comparison of
drug use between studies cannot be performed. However,
our results could be explained by the tendency to avoid drug
therapies other than insulin during pregnancy. Lower adher-
ence to oral hypoglycaemic agents during the post- pregnancy
period could be interpreted as poor care but also as the desire
for planning a second pregnancy relying on alternative mon-
itoring care of diabetes rather than drug-based care.

Pregestational diabetes mellitus can represent a danger for
the foetus. High blood sugar in the gestation period, particu-
larly during the first trimester, is in fact an established risk
factor for congenital anomalies, especially those of cardiovas-
cular and nervous systems [33-36]. Nonetheless, a diabetic
woman who receives careful diabetes care from the stage
before conception may reduce the risk of congenital anoma-
lies and neonatal events to the same risk levels of non-
diabetic women [37]. For this reason, it is important that dia-
betic women plan their pregnancy with optimal care of dia-
betes for at least six months before conception [38,39].
Despite these recommendations, the results of our study indi-
cate insufficient antidiabetic care in diabetic women before
and after pregnancy and, most importantly, document a lack
of sufficient improvement in diabetes care during pregnancy.

This study has several strengths. First, the investigation
was based on data from a large unselected population, which
was made possible by the fact that the publicly funded Italian
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healthcare system involves virtually all citizens. Second, the
drug prescription database provided highly accurate data
because pharmacists are required to report prescriptions in
detail to obtain reimbursement, and incorrect reports about
the dispensed drugs have legal consequences [40]. Three,
the results were not affected by the presence of a temporal
trend in recommendation adherence among the periods of
interest because the findings were replicated by matching
the cohort members to non-pregnant women of the same age.

However, our study also had some limitations. First, the
exclusion of miscarriages might have excluded less healthy
women from our study cohort. Second, information about
health service outpatient facilities supplied by private organi-
zations are not available from our databases. Therefore, a por-
tion of examinations might have been lost. However, an
Italian investigation showed that administrative data and
medical records had good concordance in detecting microal-
buminuria, glycated haemoglobin, lipid profile and creatinine
controls, while eye exams were often not captured [41]. Third,
as mentioned above, not all diabetic patients need drug ther-
apy since some of them achieve glycaemic control with diet
and exercise alone. Nevertheless, these two limitations do
not affect the main finding of our study, i.e., the increase of
adherence during pregnancy and the drop afterwards. Finally,
the lack of clinical information (above all, haemoglobin Alc
and folic acid intake) recorded in our database did not allow
complete ascertainment of the patients (i.e.,, determining
the glycaemic control and the whole care quality of the
women). In addition, the lack of socioeconomic and educa-
tional background of the mother did not allow to assess their
impact on the adherence to medical recommendations and
clinical evaluations, especially in the observed difference
between the type 1 and type 2 diabetes patients. Future
researches on this topic are needed.

In conclusion, the results of our study provide convincing
evidence for the need to improve education of all health care
professionals involved in diabetes care, and of diabetic
women of childbearing age, to improve management of the
disease and prevent the excess of spontaneous abortions,
fetal congenital anomalies and pregnancy complications
related to diabetes. These efforts would most likely also sub-
stantially reduce health care cost. Since this process takes
time from the preconception period but it also must last
after-birth, it is of paramount importance that a multidisci-
plinary team of health care professionals (general practi-
tioner, nurses, diabetologist, obstetrician/gynecologist)
develop specific community-based pre- and post-pregnancy
programmes of prevention and care in all women within ges-
tational age.
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