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Aim: To describe trends in modifiable and non-modifiable unfavorable factors affecting
pregnancy outcomes, over time (years 2004–2017), in women with diabetes of
childbearing age from an English primary care perspective.

Methods: We identified women with diabetes aged 16–45 years from the Royal College
of General Practitioners (RCGP) Research and Surveillance Centre (RSC) network, an
English primary care sentinel database. Repeated annual cross-sectional analyses (2004–
2017) assessed the prevalence of unfavorable factors for pregnancy, such as obesity,
poor glycaemic control, microalbuminuria, hypertension, use of medications for treating
diabetes, and associated comorbidities not recommended for pregnancy.

Results: We identified 3,218 women (61.5% with Type 2 diabetes) in 2004 and 6,657
(65.0% with Type 2 diabetes) in 2017. The proportion of women with ideal glycaemic
control for conception (HbA1c<6.5%) increased over time, in patients with Type 1
diabetes from 9.0% (7.1%–11.0%) to 19.1% (17.2%–21.1%), and in those with Type 2
diabetes from 27.2% (24.6%–29.9%) to 35.4% (33.6%–37.1%). The proportion of
women with Type 2 diabetes prescribed medications different from insulin and
metformin rose from 22.3% (20.5%–24.2%) to 27.3% (26.0%–28.6%).In 2017, 14.0%
(12.6%–15.4%) of women with Type 1 and 30.7% (29.3%–32.0%) with Type 2 diabetes
were prescribed angiotensin-modulating antihypertensives or statins. We captured at
least one unfavorable factor for pregnancy in 50.9% (48.8%–52.9%) of women with Type
1 diabetes and 70.7% (69.3%–72.0%) of women with Type 2 diabetes. Only one third of
women with Type 1 diabetes (32.2%, 30.3%–34.0%) and a quarter of those with Type 2
diabetes (23.1%, 21.9%–24.4%) were prescribed hormonal contraception.
Contraception was prescribed more frequently to women with unfavorable factors for
pregnancy compared to those without, however, the difference was significant only for
women with Type 1 diabetes.
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Conclusions: Despite significant improvements in general diabetes care, the majority of
women with Type 1 or Type 2 diabetes have unfavorable, although mostly modifiable,
factors for the start of pregnancy. Good diabetes care for women of childbearing age
should include taking into consideration a possible pregnancy.
Keywords: medical records system, computerized, diabetes mellitus, diabetes mellitus, type 1, diabetes mellitus,
type 2, pregnancy, high risk, general practice
INTRODUCTION

Effective pre-pregnancy care for women with Type 1 or Type 2
diabetes reduces adversepregnancyoutcomes (1, 2). Several studies,
including the National Pregnancy in Diabetes (NPID) Audit (3),
have unequivocally demonstrated that the risks of both obstetric
[pre-eclampsia, polyhydramnios, preterm delivery, shoulder
dystocia, and Caesarean section (4)] and foetal [congenital
malformation, macrosomia, and stillbirth (5)] complications can
be reduced by the optimization of several aspects of diabetes care,
actively considering the possibility of pregnancy.

In the United Kingdom, the 2015 National Institute for
Health and Care Excellence (NICE) guidelines on diabetes and
pregnancy setouthowpre-pregnancy care shouldbe integrated into
routine diabetes care from puberty onward. Conception should
ideally take placewhenHbA1c is below48mmol/mol (6.5%)andbe
discouraged if above 86mmol/mol (10%). Folic acid at the dose of 5
mg per day should be prescribed before conception. Several
medications commonly prescribed for the treatment of diabetes
[(e.g., sodium-glucose co-transporter-2 (SGLT2) inhibitors,
glucagon-like peptide-1 (GLP1) analogs, dipeptidyl peptidase 4
inhibitors (DPP4i)] and of comorbidities (e.g., statins and renin-
angiotensinmodulating antihypertensives) should be discontinued
before conceptionor replaced as soonaspregnancy is confirmed (6)
due to potential harm or unknown effects on the foetus. Women
with diabetes should primarily be counselled about contraception,
since in this population of women still the majority of pregnancies
are unplanned (7). The American Diabetes Association’s (ADA)
recommendations are consistent with NICE: “The risk of an
unplanned pregnancy outweighs the risk of any given
contraception” (8). The care of young women with diabetes,
especially those with Type 2 diabetes, is likely to take place more
andmore in a primary care setting, rather than in specialist centres.
Therefore, it is imperative that the importanceofa specific approach
to themanagement ofwomenof childbearing age is transferred also
within these care teams.

We carried out this study to estimate the prevalence over time
of factors that may affect pregnancy outcomes in women with
Type 1 or Type 2 diabetes.
SUBJECTS, MATERIAL, AND METHODS

Background About UK General Practice
as a Comprehensive Data Source
The UK general practice system is a registration-based system,
for every citizen who wishes to access the service is registered
n.org 2
with a single practice. Medical records have been computerized
since the 1990s with electronic transfer of records between
practices (9). Prescribing is almost universally done from
computerized medical record (CMR) systems, which also have
direct electronic links to clinical pathology to ensure capture of
laboratory results. Since 2004, a pay-for-performance (P4P)
scheme, [Quality and Outcome Framework (QOF)], has been
introduced for chronic diseases, including diabetes, ensuring at
least yearly monitoring of patients (10) and offering the
opportunity to analyse changes of care patterns overtime.

The Royal College of General Practitioners (RCGP) Research
and Surveillance Centre (RSC) is a long-established general
practice sentinel network (11, 12), which comprises CMR data
from general practices distributed across England. The network
is continuously recruiting new practices and its national
representativeness and suitability for research compared with
official national databases was demonstrated by Hinton W,
McGovern A, Coyle R, et al. (13).

Study Population
We included in our analysis women aged between 16 and 45
years with a diagnosis of either Type 1 or Type 2 diabetes
(Supplementary Table 1), registered within RCGP RSC
network. The RCGP RSC database contained data on 2,026,150
patients registered at the end of December 2017 of whom
316,461 where females aged between 16 and 45 years. The
dataset used for this study comprised yearly collected data
from 2004 to end of 2017, including demographics, coded
diagnostic, laboratory test, and prescription data for women in
our study age-band with diabetes (14). We excluded women who
were pregnant during the observation period for the duration of
pregnancy. Likewise, we excluded women with menopause,
either premature ovarian failure or surgical, from the date of
the documented menopause.

Variables of Interest
Diagnosis and type of diabetes were identified using coded data
from the CMR system, using a validated algorithm. Key data
were recorded using the Read terminology in UK primary care
and identified using an established ontological process (15, 16).

Demographic variables included in the study were age, ethnicity
(self-reported), and socio-economic status. Socioeconomic status
was derived from the English index of multiple deprivation (IMD)
and divided into quintiles, where 1 is the most and 5 the least
deprived quintile. We extracted the latest recorded glycated
haemoglobin value (HbA1c) in each year, reported as percent of
total haemoglobin according to Diabetes Control Complications
February 2021 | Volume 11 | Article 596633
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Trial (DCCT), but also stating the equivalent International
Federation of Clinical Chemists (IFCC) units. Glycaemic control
was categorized as follows: ideal HbA1c < 6.5% (48 mmol/mol);
good [6.5%–7.5% (48–58 mmol/mol)]; moderate [7.5%–8.5%
(58–69 mmol/mol); poor [≥8.5% (69 mmol/mol)]. We reported
the presence of microalbuminuria as a single measurement
of elevated Urine albumin to creatinine ratio (UACR). Evidence
of hypertension was defined as code for hypertension or SBP ≥ 140
mmHg or DBP ≥ 90 mmHg, regardless of whether prescribed
antihypertensive medication. Smoking status was categorized as
current smoker, ex-smoker and never smoked. BMI was reported
in kg/m2 and obesity was defined as unfavorable factor when
BMI ≥ 30.

We analyzed the use of medications for the treatment of
diabetes and associated comorbidities, which are not
recommended during pregnancy. For diabetes these included:
sulfonylureas, DPP4 inhibitors, meglitinide, SGLT-2 inhibitors,
GLP-1 receptor agonists, alpha-glucosidase inhibitors (acarbose),
and pioglitazone. We looked at the following medications for
comorbidities: ACE inhibitors, angiotensin receptor blockers
(ARBs) and statins. We analyzed the prescription of
contraception including oral combined and progesterone only
preparations, injectable, implantable, and intrauterine device,
i.e., all contraceptive methods requiring medical prescription.

Data Analysis
We carried out yearly repeated cross-sectional analyses from
2004 to 2017. Descriptive statistics were used to summarize the
clinical features of the study population (HbA1c, BMI,
medication use, etc.). We used Pearson’s Chi-square test to
compare proportions, comparisons with p values < 0.001 were
considered significant.

We computed a cumulative risk score of unfavorable factors
should a pregnancy occur. We included in this score each of the
followings: BMI ≥ 30 kg/m2; HbA1c ≥ 8.5% (69 mmol/mol);
presence of microalbuminuria; diagnosis of hypertension; use of
statins, ACE inhibitors or ARBs; use of at least one diabetes
medication other than metformin and insulin (for Type 2
diabetes patient only) (17).

All statistical analyses were performed using R 3.5.1
statistical software.

Ethical Approval
Data were pseudonymized at the point of extraction and no
clinically identifiable information was available to researchers.
The study was classified as clinical audit by the Heath Research
Authority (HRA)/Medical Research Council (MRC) “Is my
study research?” tool (http://www.hra-decisiontools.org.uk/
research/) (18). The study protocol was approved by the RCGP
RSC study approval committee on March 27th, 2018.
RESULTS

Demographic and Social Factors
There were 316,461 women of childbearing age registered
with RCGP RSC practices in 2004 and 465,898 in 2017
Frontiers in Endocrinology | www.frontiersin.org 3
(Supplementary Table 1). Of these women, 3,218 (1.0%) had
diabetes in 2004 and 6,657 (1.4%) in 2017. Most of the women
had Type 2 diabetes (61.5% in 2004 and 65.0% in 2017).

Women with Type 1 diabetes were younger than those with
Type 2 diabetes across the years under investigation [mean age:
2004: 30.8 years (SD 7.9) vs. 37.5 years (SD 6.1); 2017: 31.0 years
(SD 7.9) vs. 37.7 years (SD 6.3)]. Furthermore, women living in
the most deprived areas (IMD quintile 1) were more likely to
have Type 2 than Type 1 diabetes. The majority of women had
their smoking status recorded (in 2017 95.5% in Type 1 diabetes
and 97.1% Type 2 diabetes), with the prevalence of current
smokers reducing over time [Type 1 diabetes: 2004: 29.0%
(26.5%–31.6%), 2017: 17.6% (16.1%–19.2%); Type 2 diabetes:
2004: 27.0% (21.1%–29.0%), 2017: 19.5% (18.3%–20.7%), p <
0.001] (Table 1).

Diabetes Control
Between 2004 and 2017 in women with Type 1 diabetes, mean
HbA1c improved from 8.6% to 8.1% [70 mmol/mol (SD 18) to
65 mmol/mol (SD 19)], and for those with Type 2 diabetes from
7.8% to 7.4% [62 mmol/mol (SD 19) to 57 mmol/mol (SD 19)]
(Figures 1A, B). During the observation period, the proportion
of women with Type 1 diabetes with ideal glucose control in
terms of HbA1c increased from 9.0% (7.0%–11.0%) to 19.1%
(17.2%–21.1%), p < 0.001). By comparison, among women with
Type 2 diabetes the proportion with ideal glucose control
increased from 27.2% (24.6%–29.9%) to 35.4% (33.6%–37.1%)
(p < 0.001). The proportion of women with poor glucose control
decreased over time both in patients with Type 1 diabetes [from
50.0% (46.4%–53.6%) to 40.8% (38.4%–43.2%), p < 0.001)], and
patients with Type 2 diabetes [from 33.1% (30.3%–35.9%) to
24.7% (23.2%–26.2%), p < 0.001) (Figures 1C, D and Table 2).
Women with Type 1 diabetes having a record of
microalbuminuria decreased from 25.1% (22.7%–27.5%) to
23.7% (22.0%–25.4%) (p < 0.001), while among women with
Type 2 diabetes the proportion having a record of
microalbuminuria increased from 22.8% (20.9%–24.6%) to
30.1% (28.7%–3.5%) (p < 0.001).

Comorbidities and Medications
Compared to Type 1 diabetes, women with Type 2 diabetes were
more likely to be obese. The prevalence of obesity increased over
time for all women with diabetes [Type 1 diabetes: 2004: 19.8%
(17.0%–22.6%), 2017: 26.0% (23.7%–28.3%); Type 2 diabetes:
2004: 66.2% (63.6%–68.8%), 2017: 68.1% (66.3%–69.8%), p <
0.001]. The prevalence of women with evidence of hypertension
decreased significantly both in women with Type 1 or Type 2
diabetes, being higher in the latter group [Type 1 diabetes: 2004:
16.3% (14.3%–18.4%), 2017: 12.3% (11.0%–13.7%); Type 2
diabetes: 2004: 28.6% (26.6%–30.6%), 2017: 22.3% (21.1%–
23.6%), p < 0.001].

The use of medications for the treatment of Type 2 diabetes
other than metformin and insulin increased from 22.3% (20.5%–
24.2%) to 27.3% (26.0%–28.6%) (p < 0.001). Women using at
least one medication acting on the renin angiotensin system or
statins decreased from 21.3% (19.0%–23.6%) to 14.0% (12.6%–
15.4%) (p < 0.001) and from 34.6% (32.5%–36.7%) to 30.7%
February 2021 | Volume 11 | Article 596633
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(29.3%–32.0%) (p < 0.001) in women with Type 1 and Type 2
diabetes, respectively (Table 3).

Unfavorable Factors for Pregnancy
We compared proportions of women with unfavorable factors
for pregnancy in 2011 and 2017, according to diabetes type
(Figure 2). Overall, women with Type 2 diabetes had more
unfavorable factors when compared to those with Type 1
diabetes. The proportion of women with Type 1 diabetes who
had at least one unfavorable factor decreased by 18% [2011:
62.1% (59.8%–64.4%) vs. 2017: 50.9% (48.8%–52.9%) (p <
0.001)], while that of women with Type 2 diabetes remained
unchanged and accounted for approximately two thirds of the
cases [2011: 71.8% (70.2%–73.3%) vs. 2017: 70.7% (69.3%–
72.0%), (p = 0.29)].

Contraception
Prescribing of contraception was higher among women with
Type 1 diabetes than with Type 2 diabetes, with no changes
across all years under observation [Type 1 diabetes: 2004: 33.8%
(31.2%–36.5%), 2017: 32.2% (30.3%–34.0%), p = 0.323; Type 2
diabetes: 2004: 22.5% (20.7%–24.4%), 2017: 23.1% (21.9%–
24.4%), p < 0.571].

Women with Type 1 diabetes with at least one unfavorable
factor were prescribed contraception more frequently than those
without (2011: 37.2% vs. 29.1%, p = 0.001; 2017: 36.4% vs. 28.6%,
p < 0.001). Women with Type 2 with at least one unfavorable
factor were prescribed contraception more frequently than those
Frontiers in Endocrinology | www.frontiersin.org 4
without in 2017 (24.5% vs. 20.0%, p = 0.002) and in 2011 (26.7%
vs. 23.3%, p = 0.057), although not significantly (Table 4).
DISCUSSION

Main Findings
Over the 13-year study period, therewere significant improvements
in several aspects of diabetes care in women of childbearing age,
which might result from implementation of general guidelines,
availability of newer medications for treating Type 2 diabetes,
possibly driven by the pay-per performance scheme.

However, there is no evidence, from our data, that the
reproductive potential of women is taken into consideration
when making therapeutic choices for the management of their
diabetes or associated comorbidities. In facts, more than half of
the women with Type 1 diabetes and 70% of those with Type 2
diabetes have at least one unfavorable, although potentially
modifiable, factor in the case of an unplanned pregnancy.

The reduction of an unhealthy lifestyle factor, such as
smoking, reflects a proactive management by the health care
system and/or a change in the social attitude about smoking.
Nevertheless, one in five of the women with diabetes of
childbearing age were still smoking. We documented an
improvement in glucose control, hypertension management,
and microalbuminuria; however, the majority of women with
Type 1 diabetes were still not achieving an “ideal” HbA1c. The
beneficial effects on glucose control brought to women with
TABLE 1 | Characteristics of women with diabetes either Type 1 or Type 2 diabetes in 2004, 2011, and 2017.

Demographics Type 1 diabetes Type 2 diabetes

2004
N = 1,240

2011
N = 1,740

2017
N = 2,332

c2 test
p-value

2004
N = 1,978

2011
N = 3,261

2017
N = 4,325

c2 test
p-value

Age p = 0.106 p = 0.1
<20 126(10.2) 159(9.1) 218(9.3) 20(1.0) 39(1.2) 47(1.1)
20–24 179(14.4) 281(16.1) 334(14.3) 71(3.6) 89(2.7) 159(3.7)
25–29 221(17.8) 293(16.8) 441(18.9) 148(7.5) 250(7.7) 331(7.7)
30–34 270(21.8) 352(20.2) 485(20.8) 264(13.3) 448(13.7) 599(13.8)
35–39 244(19.7) 316(18.2) 472(20.2) 569(28.8) 827(25.4) 1104(25.5)
40–45 200(16.1) 339(19.5) 382(16.4) 906(45.8) 1608(49.3) 2085(48.2)

IMD Quintile p = 0.025 p = 0.041
1 (most deprived) 206(17.4) 291(17.7) 468(20.9) 487(25.5) 818(26.4) 1240(29.6)
2 204(17.2) 294(17.9) 436(19.4) 388(20.6) 647(20.9) 849(20.2)
3 234(19.3) 313(19.0) 385(17.2) 336(17.8) 567(18.3) 737(17.6)
4 266(22.5) 368(22.4) 441(19.7) 354(18.8) 571(18.4) 729(17.4)
5 (least deprived) 273(23.1) 379(23.0) 514(22.9) 328(17.4) 492(15.9) 638(15.2)

Ethnicity p < 0.001 p < 0.001
White 709(57.2) 1258(72.3) 1577(67.6) 1050(53.1) 1815(55.7) 2316(53.5)
Asian 20(1.6) 95(5.5) 181(7.8) 247(12.5) 583(17.9) 914(21.1)
Black 27(2.2) 37(2.1) 88(3.8) 97(4.9) 264(8.1) 356(8.2)
Mixed 6(0.5) 14(0.8) 34(1.5) 23(1.2) 45(1.4) 85(2.0)
Other 6(0.5) 13(0.7) 27(1.2) 13(0.7) 42(1.3) 70(1.6)

Smoking habit p < 0.001 p < 0.001
Never smoked 498(40.2) 761(43.7) 1123(48.2) 813(41.1) 1250(38.3) 1888(43.7)
Active smoker 360(29.0) 434(24.9) 411(17.6) 535(27.0) 906(27.8) 843(19.5)
Ex-smoker 275(22.2) 475(27.3) 692(29.7) 500(25.3) 1004(30.8) 1470(34.0)
Unknown smoking status 107(8.6) 70(4.0) 106(4.5) 130(6.6) 101(3.1) 124(2.9)
February 2021 |
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Type2 diabetes by the newer medications should be weighed
against their undetermined risk for the foetus in case of
a pregnancy.

Women with Type 2 diabetes were more likely to be obese and
have hypertension or an abnormal lipid profile. Accordingly, they
wereprescribedmoreoftendrugs for the treatmentof comorbidities
that are not recommended for use in pregnancy (ACE inhibitors,
ARBs, or statins) compared to women with Type 1; though we
documented a reduction in the prescription of these medications
between 2004 and 2017 in both types of diabetes. The high
prevalence of obesity, especially among women with type 2
diabetes, is of concern, since obesity itself, independently of
diabetes, is associated with negative pregnancy outcomes. The
Frontiers in Endocrinology | www.frontiersin.org 5
relatively high frequency of microalbuminuria in both patients
with either Type 1 or Type 2 diabetes may be, at least in part,
accounted for by the fact that we counted as having
microalbuminuria patients with a single measurement of elevated
UACR, rather than sustained elevated UACR, as recommended by
guidelines (i.e., repeatedUACRmeasurements).As for the high rate
of microalbuminuria observed in women with Type 2 diabetes, we
mayhypothesize that is associated to thehigher rateofhypertension
and/or to a longerdurationofdisease thandocumentedbecause of a
delay in diabetes diagnosis.

Only one third of the women with Type 1 diabetes and one
quarter of those with Type 2 diabetes were prescribed
contraception by their GPs. Women with Type 1 diabetes with
A B

DC

FIGURE 1 | Trends over time (years 2004–2017) of glucose control of women of childbearing age with diabetes. (A) Mean HbA1c (mmol/mol) women with Type 1
diabetes; (B) Mean HbA1c (mmol/mol) in women with Type 2 diabetes; (C) Proportions of women with Type 1 diabetes by HbA1c category (years 2004, 2011, and
2017); (D) Proportions of women with Type 2 diabetes by HbA1c category (years 2004, 2011, and 2017).
February 2021 | Volume 11 | Article 596633
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unfavorable factors were significantly more likely to be
prescribed contraception than those without. Although, the
same was also observed in 2017 among women with Type 2
diabetes, this was not significantly.

Comparison With the Literature
The majority of studies looking at the effects of pre-pregnancy
care for women with diabetes collected data at their presentation
to the antenatal clinic, i.e., when already pregnant. These studies
have highlighted a high proportion of unplanned pregnancies for
both women with Type 1 diabetes who usually attend secondary
care/specialist clinic, and women with Type 2 diabetes, usually
seen only in general practice (19). Compared to an Italian study
analyzing data from specialist clinics, attended by women with
both Type 1 and Type 2 diabetes, we reported a more frequent
use of medications not recommended for conception and
pregnancy, such as statins and ACE inhibitors/ARBs, as well as
a more aggressive management of their diabetes in terms of
prescribed medications (17). The 2015 NPID audit compared
with the 2002/2003 Confidential Enquiry into Maternal and
Child Health (CEMACH), performed in antenatal clinic,
reported an improvement in glucose control in women with
Frontiers in Endocrinology | www.frontiersin.org 6
Type 2 diabetes, but not in those with Type 1 diabetes (20). Other
authors reported the use of medications not recommended for
use in pregnancy in women with diabetes, finding no association
with the concomitant prescription of contraception (21).

Educational interventions aimed at healthcare professionals and
patients have shown improvements in pregnancy preparation, and
were found to be cost-effective in reducing adverse pregnancy
outcomes (22, 23). A recent study, showed that pre-pregnancy
educational interventions in primary care over a period of four
years, improved uptake of preconception folic acid and the
achievement of an ideal glycaemic target for conception (24).

Our results expand the relevance of those findings, describing
the patients who would benefit from these interventions with the
breath of a 13-year observation of a nationally representative
sample of patients (n = 6,657 in 2017) with diabetes attending
primary care practices in England.

Implication for Practice
In the general population, unplanned pregnancy is estimated to be
around 40% (25). Preconceptionmanagement of factors associated
with negative pregnancy outcomes are likely to be beneficial for
bothmother and baby.National statistics demonstrated a decline of
TABLE 3 | Clinical characteristics of women with diabetes either Type 1 or Type 2 diabetes in 2004, 2011, and 2017.

Clinical Characteristics Type 1 diabetes Type 2 diabetes

2004
N = 1,240

2011
N = 1,740

2017
N = 2,332

c2 test
p-value

2004
N = 1,978

2011
N = 3,261

2017
N = 4,325

c2 test
p-value

BMI* p < 0.001 p = 0.011
Underweight 19(2.4) 24(2.0) 40(2.9) 12(1.0) 11(0.5) 18(0.7)
Normal weight 366(46.2) 500(42.6) 578(41.3) 143(11.6) 222(10.2) 301(11.0)
Overweight 251(31.7) 359(30.6) 417(29.8) 261(21.2) 448(20.6) 552(20.2)
Obese 157(19.8) 292(24.9) 364(26.0) 816(66.2) 1495(68.7) 1858(68.1)

Hypertension 202(16.3) 248(14.3) 288(12.3) p < 0.001 566(28.6) 853(26.2) 966(22.3) p < 0.001
Microalbuminuria 311(25.1) 590(33.9) 552(23.7) p < 0.001 450(22.8) 1171(35.9) 1302(30.1) p < 0.001
Medications not recommended for the use in pregnancy 264(21.3) 346(19.9) 327(14.0) p < 0.001 684(34.6) 1227(37.6) 1326(30.7) p < 0.001
ACE inhibitors/ARBs 163(13.1) 185(10.6) 188(8.1) p < 0.001 428(21.6) 692(21.2) 723(16.7) p < 0.001
Statins 163(13.1) 263(15.1) 231(9.9) p < 0.001 494(25.0) 958(29.4) 969(22.4) p < 0.001
Diabetes medication other than metformin and insulin 0(0.0) 8(0.5) 8(0.3) p = 0.069 442(22.3) 730(22.4) 1180(27.3) p < 0.001
Women with at least one unfavorable factor for pregnancy 671(54.1) 1080(62.1) 1186(50.9) p < 0.001 1352(68.4) 2341(71.8) 3057(70.7) p = 0.29
Februa
ry 2021 | Volu
me 11 | Artic
Data are presented as n (%).
ARBs, Angiotensin Receptor Blockers.
*Missing data.
TABLE 2 | Women with either Type 1 or Type 2 diabetes by HbA1c category.

Type 1 diabetes Type 2 diabetes

2004
N = 788

2011
N = 1,177

2017
N = 1,579

c2 test
p-value

2004
N = 1,098

2011
N = 1,949

2017
N = 3,041

c2 test
p-value

HbA1c category P < 0.001 P < 0.001
<6.5% (ideal) 71

(9.0)
93
(7.9)

302
(19.1)

299
(27.2)

539
(27.7)

1075
(35.4)

6.5%–7.5% 129
(6.4)

218
(18.5)

271
(17.2)

236
(21.5)

509
(26.1)

797
(26.2)

7.5%–8.5% 194
(24.6)

303
(25.7)

362
(22.9)

200
(18.2)

335
(17.2)

418
(13.7)

≥8.5% (poor) 394
(50.0)

563
(47.8)

644
(40.8)

363
(33.1)

566
(29.0)

751
(24.7)
Data are presented as n (%).
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smokers in the last decades, as observed in this study (26), inwomen
with diabetes. The increasing obesity rate remains to be effectively
addressed also in women with a diagnosis of diabetes, especially in
their reproductive age (27).

The adoption of 2015 NICE guidelines for diabetes and
pregnancy increased the use of contraception in women with
more than one unfavorable factors, especially in those with Type
1 diabetes (6). However more effective strategies for the
improvement of pregnancy preparation in diabetes should
implement active engagement about pregnancy planning and
establish safe contraception where needed, as part of regular
diabetes reviews. However, where women have no conception
plans and/or are taking appropriate steps to avoid pregnancy,
they should not be denied therapy that might improve the
management of their diabetes and/or its complications. We
considered all women not prescribed contraception at risk for
unplanned pregnancy, similarly to the approach used in the
London Measure of Unplanned Pregnancy (LMUP) (28) which
Frontiers in Endocrinology | www.frontiersin.org 7
includes contraception as one of six indicators for the definition
of unintended pregnancy. There is no specific contraindication
to contraception for women with diabetes and prescription
guidance is the same as for healthy women, with the exception
of women with advanced cardiovascular disease (29).

Strengths and Limitations
The strength of our study lies in our real-world representative
sample of women of reproductive age with diabetes in England.
Data were collected from primary care centres and they reflect
the reality of diabetes management, thus including also patients
with milder forms of Type 2 diabetes who, nevertheless, do carry
an increased risk for adverse pregnancy outcomes.

Limitations of the study are related to missing data for some
variables of interest (e.g., BMI). Unfortunately, irregularities in
the frequency of GP appointments and the limited time allocated
to visit, may limit data collection and are beyond our control.
However, the imperfect available data that we report conforms to
TABLE 4 | Difference in contraception patterns of women with either Type 1 or Type 2 diabetes with at least one unfavorable factor in 2011 and 2017*.

Year Type 1 diabetes Type 2 diabetes

None unfavorable factor At least one c2 test
p-value

None unfavorable factor At least one c2 test
p-value

2011 N 536 1083 842 2219
Prescribed contraception (%) 156

(29.1)
403
(37.2)

0.001 196
(23.3)

593
(26.7)

0.057

2017 N 953 1216 1199 2898
Prescribed contraception (%) 273

(28.6)
443
(36.4)

<0.001 240
(20.0)

709
(24.5)

0.002
February 2021 | V
olume 11 | Article
Data are presented as n (%).
*Missing data.
A

B

FIGURE 2 | Cumulative score for factors considered to be unsafe in the case of pregnancy for women of childbearing age with (A) Type 1 diabetes and (B) Type 2
diabetes in 2011 and 2017.
596633

https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles


Gaudio et al. Diabetes In Childbearing Age
what we would expect based on studies on similar patients in the
UK (24).

Contraception may have been underestimated because the
CMR system does not capture the use of contraceptives available
without prescription.

Future Research
Further research should focus on tailored educational
interventions for both patients and healthcare professionals, as
well as feedback aimed at improving the quality of care. Early
data from MyPracticeDashboard, an innovative feedback
platform, reports and compares recording rates of diagnoses
and episodes for each practice of the RCGP RSC network (30).
This type of interventions could be used to target women of
childbearing age with diabetes from each practice, promoting
continuous assessments of factors which would negatively
influence pregnancy, not only glycaemic control, but also
review of medications and lifestyles (31).

Conclusions
From 2004 to 2017, several aspects of diabetes care improved for
women with diabetes of childbearing age. However, most of these
women have unfavorable factors for an unplanned pregnancy,
especially women with Type 2 diabetes where the management
involves the use of medications not recommended in the case of
pregnancy. Pre-pregnancy care including more active promotion
of family-planning, detailed medication review, and weight
management should be enhanced in routine diabetes care to
achieve safer pregnancy, wherever the care of these women
takes place.
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