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Background. Women with type 1 diabetes mellitus (T1DM) are at high risk of maternal, pregnancy and neonatal complications. Limited
data on this topic are available in Africa.

Objective. To describe characteristics of patients in South Africa with T1IDM in pregnancy, and associated outcomes.

Methods. Clinical and biochemical data were collected on 273 women with T1DM: maternal clinical characteristics, glycated haemoglobin
(HbA1c) and maternal and neonatal complications and outcomes.

Results. There was a statistically significant decline in HbA1lc from first presentation to delivery (8.7% (standard deviation (SD) 2.2) v. 6.4%
(SD 2.4)), respectively; p<0.00001). The perinatal mortality rate was 7.2%. In this cohort, 31.9% of patients experienced hypoglycaemia.
Patients with hypoglycaemia had a significantly longer duration of diabetes, and higher HbA1C than those without hypoglycaemia (7.5 (SD
5.7) v. 6.1 (SD 4.5) years, p=0.002; 9.0% (SD 1.9) v. 8.5% (SD 2.3), p=0.04, respectively)).

Conclusion. This cohort showed a high perinatal mortality rate and a high prevalence of hypoglycaemia and caesarean section.
Intensification in glycaemic control is important to improve outcomes, but comes with challenges. A significant HbA1C reduction can be
achieved with regular follow-up and management with a multidisciplinary team. Despite poor baseline glycaemic control, the prevalence of

congenital abnormalities and macrosomia was low.
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The prevalence of diabetes in pregnancy ranges between 13% and
26% globally, depending on geographical location.!") Within Africa,
the prevalence is 13%, with >450 000 live births affected by diabetes
prior to pregnancy in 2021.>% In 2021, South Africa (SA) recorded
>105 000 births affected by diabetes prior to pregnancy.!"! Only a
minority of these cases are due to type 1 diabetes mellitus (T1DM)."?!

In SA, the peak age of onset of TIDM is ~23 years.®! Globally,
pregnancies complicated by TIDM have increased by up to 44% over
the last 15 years. However, there are no data on the prevalence of
T1DM in SA during pregnancy.

Diabetes in pregnancy is associated with prenatal, intranatal
and postnatal complications, with greater risk in patients with pre-
gestational diabetes.*® Additionally, the complications associated
with diabetes, such as diabetic nephropathy, may increase the
risk of adverse pregnancy outcomes, particularly in women with
hypertension and proteinuria.!®

Furthermore, compared with women with gestational diabetes
(GDM), patients with TIDM are more insulin sensitive, and therefore
at greater risk of hypoglycaemia.”® Neonatal morbidity, especially
hypoglycaemia, is also higher in TIDM.! A study by Huddle® in
2002 demonstrated that maternal hypoglycaemia occurred in 14%
of patients with pre-gestational TIDM, compared with 7% and 0.9%
of patients with pre-gestational type 2 DM and GDM, respectively.

Chris Hani Baragwanath Academic Hospital (CHBAH), located
in Soweto, is the largest public hospital in SA. Approximately 60 000

patients per year are treated in the obstetrics department."” Patients
are managed by a multidisciplinary team including endocrinologists,
obstetricians, a diabetic nurse educator and allied health professionals.
The aim of this study was, therefore, to describe the characteristics and
associated maternal and neonatal outcomes of patients with T1IDM
in pregnancy seen at CHBAH from January 2012 to December 2021.

Methods

Clinical and biochemical data were collected on 273 T1DM patients
seen at the gestational endocrine clinic at CHBAH from January
2012 to December 2021. Patients are managed by endocrinologists
and obstetricians with multiple daily injections of insulin and self-
monitored blood glucose with 6-point profiles. Patients are referred
to the clinic after the diagnosis of diabetes is made, and therefore
no specific pre-conception counselling is given. The inclusion
criterion was attending the gestational endocrine clinic with known
T1DM. TIDM was diagnosed on clinical grounds, based on patient
age, previous diagnosis of T1IDM and the opinion of the treating
physician. Measurements of islet cell autoantibodies and C-peptide
levels were not possible owing to limited resources.

The exclusion criteria were patients with other forms of diabetes,
or with hyperglycaemia first detected in pregnancy. A retrospective
medical record review was performed on existing medical records
collected and stored at the combined gestational diabetes clinic on
the hospital premises. The following data were collected: maternal
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clinical characteristics, glycated haemoglobin (HbAlc) and maternal
and neonatal complications and outcomes.

Ethnicity was not documented; however, the demographics of the
hospital drainage area, within Soweto and surrounding areas, suggest
that the patient population was predominantly black African.

Retinopathy was defined as a documented history of retinopathy
or retinopathy diagnosed on screening fundoscopy at baseline
performed by a specialist endocrinologist. Nephropathy is
defined as a documented history of renal dysfunction, presence of
microalbuminuria at initial presentation, measured by microalbumin
to creatinine ratio, or serum creatinine >87 umol/L."") Hypoglycaemia
was defined by a finger-prick glucose level of <3.5 mol/L,1
recurrent hypoglycaemia as episodes of
hypoglycaemia during the course of the pregnancy and severe
hypoglycaemia as an event requiring the assistance of another
person to actively administer carbohydrates or glucagon, or take
other corrective actions."!

>2 documented

Neonatal outcomes were defined as follows: prematurity/preterm
birth: delivery at <37 completed weeks gestational age; miscarriage:
loss in pregnancy occurring at <28 completed weeks gestational age;
stillbirth: loss in pregnancy occurring at 229 weeks gestational age;
early neonatal death: neonatal death occurring in the first week.
Intrauterine growth restriction (IUGR) was defined as estimated
fetal weight <10th percentile, as documented on routine obstetric
ultrasound done as part of routine care at the clinic. Macrosomia was
defined as birthweight >4 kg, and large for gestational age (LGA) was
defined as birthweight >90th percentile for age."* No identifiers were
collected, and therefore informed consent was waived.

Permission was obtained from the Medical Advisory Committee
for CHBAH as well as heads of the Department of Internal Medicine,
the Division of Endocrinology and Metabolism and the Obstetrics
and Gynaecology department.

Ethical approval
Ethical approval for this study was obtained from the University of
the Witwatersrand Human Research Ethics Committee (medical)
(ref. no. M220804).

Results

The characteristics of the study cohort are described in Table 1.
The mean (standard deviation (SD)) age and weight of patients
was 27.5 (5.6) years and 72.4 (17.7) kg, respectively. Most
patients presented within the second trimester of pregnancy. The
prevalence of HIV in the population was 10.3%. The prevalence
of hypertension was 16.9%. The mean (SD) duration of diabetes
at baseline was 6.7 (5.2) years. There was a statistically significant
decline in HbAlc from first presentation to delivery (8.7% (2.2)
V. 6.4% (2.4), respectively (p<0.00001)). In this cohort, 31.9% of
patients experienced hypoglycaemia. There was no significant
difference in mean insulin dose between patients with and without
hypoglycaemia.

Patients who experienced hypoglycaemia had a significantly longer
duration of diabetes, higher HbA1C and lower weight at presentation
(7.5 (5.7) v. 6.1 (4.5) years, p=0.002; 9.0% (1.9) v. 8.5% (2.3), p=0.04;
65.5 (15.4) kg v. 75.7 (18.0) kg, p<0.001, respectively) than those
without hypoglycaemia (Table 2). Diabetic retinopathy was observed
in 7.4% of all patients, with a higher frequency seen in patients with
hypoglycaemia (13.8% v. 4.3%, p=0.006). Although not statistically
significant, more patients with hypoglycaemia underwent caesarean
section than those without hypoglycaemia (74.7% v. 64%, p=0.07).
The reasons for caesarean section were not routinely indicated.
One maternal death from hypoglycaemia was reported. Logistic

regression analysis showed that lower weight at presentation, and
longer duration of T1DM were risk factors for hypoglycaemia (odds
ratio (OR) 2.6; 95% confidence interval (CI) 2.5 - 2.7, p<0.001; OR
2.9, 95% CI (2.7 - 3.0), p<0.001). There were 41 perinatal deaths (23
miscarriages, 14 stillbirths and 4 neonatal deaths), with a perinatal
mortality rate of 7.2% (14 stillbirths + 4 neonatal deaths from 250
live births) (Table 2).

Six patients (2.2%) were admitted with diabetic ketoacidosis.
Of the 87 patients who experienced hypoglycaemia, 31 (35.6%)
experienced severe hypoglycaemia, 68 (78.2%) had recurrent
hypoglycaemia and 16 (18.4) had recurrent severe hypoglycaemia.
There were no statistically significant differences between the
groups for the development of microvascular complications.
The prevalences of adverse outcomes (preterm delivery, low
birthweight, IUGR and macrosomia) were 43.2%, 23.5%, 1.2%
and 5.0%, respectively (Fig. 1). Patients with adverse outcomes
had a significantly higher HbAlc at presentation than those
without adverse outcomes (9.0% (2.3) v. 8.3% (2%), p=0.01). No
congenital malformations were reported. Macrosomia was observed
in 5% of live births. There was a significantly higher prevalence of
macrosomia in patients with hypoglycaemia (8.0 v. 2.7%, p=0.05).
There was a higher prevalence of miscarriage in patients without
hypoglycaemia (Fig. 2).

The prevalence of HIV in the population was 10.3% (n=28)
(Table 3). There were significant differences in the incidence of IUGR
and abruptio placentae comparing HIV-positive and negative patients
(39.3% v. 1.6%, p<0.0001 and 25% v. 1.2%, p<0.0001, respectively).
No comorbid hypertension was noted; however, the total numbers
were small, and this likely needs further investigation. There were
no other significant differences in outcome when comparing these
two groups. All HIV-positive patients were initated on antiretroviral
therapy according to prevention of mother-to-child transmisson
guidelines; however, compliance data were not included.

Table 1. Baseline characteristics of type 1 diabetes mellitus
patients in pregnancy (N=273)

Characteristic Mean (SD)*
Age, years 27.5 (5.6)
Gestational age at presentation, weeks 16.6 (7.9)
Presentation <12 weeks, 7 (%) 86 (31.5)
Presentation 12 - 24 weeks, n (%) 143 (52.4)
Presentation >24 weeks, 1 (%) 44 (16.1)
Weight at presentation, kg 72.4 (17.7)
HIV positive, n (%) 28 (10.3)
Duration T1DM, years 6.7 (5.2)
Chronic hypertension, 7 (%) 28 (10.3)
Gestational hypertension, 7 (%) 18 (6.6)
Diabetic retinopathy, # (%) 20 (7.4)
Renal dysfunction, 7 (%) 39 (14.3)
Hypoglycaemia, 1 (%) 87 (31.9)
HbA1C at presentation (%) 8.7 (2.2)
Patients with HbA1C <7% at presentation, n (%) 10 (3.7)
HbA1C prior to delivery, % 6.4 (2.4)
Change in HbA1C 2.3 (3.0)"
Mean daily insulin at presentation, units/kg 0.6 (0.4)
Mean daily insulin at delivery, units/kg 0.6 (0.2)

SD = standard deviation; TIDM = type 1 diabetes mellitus;
HbA1C = glycated haemoglobin.

*Unless otherwise indicated.

p<0.00001.
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Discussion

These results emphasise the complexities in managing T1DM
during pregnancy, and the importance of glycaemic control. In
this retrospective study we report on a cohort of 273 patients with
T1DM in pregnancy managed at a tertiary hospital. Despite having
known T1DM and being at high obstetric risk, patients in this
cohort presented to antenatal care in the second trimester. This
raises concerns about patients’ compliance and access to specialist
medical care, and the referral system of high-risk obstetric patients.
These challenges are due to a variety of social and socioeconomic
conditions within SA. They limit the quality of care and contribute
to complications, as the vital first-trimester period is bypassed.
The mean (SD) age of presentation was 27.5 (5.6) years, with mean
duration of TIDM being 6.7 (5.2) years. This implies that the
majority of patients were diagnosed in the late second to early third
decade of life, in keeping with the prevalence of TIDM in Africa.l*?
Patients had poor glycaemic control at presentation, evidenced by
a mean initial HbAlc of 8.6%. Only 10 patients in this cohort were
controlled prior to pregnancy, with a HbA1C <7% at presentation,
highlighting the need for preconception counselling and planning in
high-risk pregnancies.

Almost one-third (31.9%) of patients experienced hypoglycaemia,
with these patients having a longer duration of diabetes, lower
weight at presentation and higher prevalence of retinopathy than
those without hypoglycaemia. Hypoglycaemia is not uncommon
in patients with diabetes when therapy is intensified. However, in
this cohort, patients with and without hypoglycaemia experienced

a significant decline in HbAlc without a concomitant increase in
insulin dose. This may, in part, be explained by a greater compliance
with both dietary and lifestyle modification and medical therapy
during pregnancy. There was also a high prevalence of preterm
labour and caesarean section in this cohort, which may have been
influenced by the prevalence of additional complications such as
hypertension in pregnancy (16.9%) and microvascular disease
(retinopathy (7.4%) and renal dysfunction (14.3%)). There was a
higher prevalence of caesarean section in hypoglycaemic patients,
although this was not statistically significant. This may be due to
the overall increased caesarean section rate in high-risk patients,
and there likely would be a greater difference if compared with
non-diabetic patients. As expected, the perinatal mortality rate
was higher than in patients with GDM in SA (7.2% in this study v.
range from 2.5% to 4.9% in previous studies).*!>1¢) The perinatal
mortality rate was also higher than in first-world data among
T1DM pregnancies (7.2% v. 3.9% among patients in Sweden).!'”)
The prevalence of adverse outcomes also differs when compared
with first-world data: preterm delivery 43.2% v. 3.08%, stillbirths
5% v. 3.34% and macrosomia 5.0% v. 11.05%.07!

There was no significant difference in mean insulin dose between
patients with and without hypoglycaemia. This illustrates that the
intensification of treatment with insulin is not a risk factor for
hypoglycaemia, but rather that other factors play an important role,
such as weight and preceding duration of TIDM.

The prevalences of hypertension, renal dysfunction and retinopathy
were 16.9%, 14.7% and 7.4%, respectively. Despite poor glycaemic

Table 2. Comparison between patients with and without hypoglycaemia in pregnancy (N=273)

Characteristic, mean (SD)* Hypoglycaemia (n=87) No hypoglycaemia (n=186) p-value
Age, years 26.4 (5.2) 27 (5.7) 0.5
Weight at presentation, kg 65.5 (15.4) 75.7 (18) <0.0001
Duration of T1DM, years 7.5 (5.7) 6.1 (4.5) 0.002
HbAI1C at presentation 9.0 (1.9) 8.5 (2.3) 0.04
Change in HbAlc 2.3 (3.0) 2.2 (2.9) 0.2
Caesarean section, 7 (%) 65 (74.7) 119 (64) 0.07
Retinopathy, n (%) 12 (13.8) 8 (4.3) 0.006
Renal dysfunction, n (%) 12 (13.8) 27 (14.5) 0.8
Death, n (%) 1(1.1) 0

Units of insulin at presentation (u/kg) 0.7 (0.2) 0.6 (0.2) 0.2

SD = standard deviation; TIDM = type 1 diabetes mellitus; HbA1C = glycated haemoglobin.

*Unless otherwise indicated.

Table 3. Comparison between patients with and without HIV in pregnancy (N=273)

Characteristic, n (%)* HIV-positive (n=28) HIV-negative (n=245) p-value
NVD 5(17.9) 57 (23.3) 0.3

C/S 21 (75) 163 (66.5) 0.4

GA at delivery, weeks, median (IQR) 36.4 (35.6 - 37.4) 37 (35.2 - 38.8) 0.2

BW, g, mean (SD) 2957.5(182.2) 2625.9 (1 152) 0.63
LGA 0 10 (4.1) 0.5
Macrosomia 1(3.6) 7 (2.9) 0.8
IUGR 11 (39.3) 4 (1.6) <0.0001
Abruptio placentae 7 (25) 3(1.2) <0.0001
Preterm 1(3.6) 91 (37.1) 0.6
LBW 2(7.2) 57 (23.3) 0.06

NVD = normal vaginal delivery; C/S = caesarean section; GA = gestational age; IQR = interquartile range; BW = birthweight; SD = standard deviation; LGA = large for gestational age;

IUGR = intrauterine growth restriction; LBW = low birthweight.
*Unless otherwise indicated.

60 SAMJ December 2025/January 2026, Vol. 115, No. 11



Outcomes of live births

Preterm labour
n=102 (43.2%)

LGA
n=14(5.9%)
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n=12 (5%)
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N
85%

. Live births

. Stillborn
Miscarriage

. Neonatal death

40 —

35 333

p=0.05
8.0

2.7

28.7

21.0

p=0.04
11.9

6.9

E

3.4

Macrosomia Preterm

. Hypoglycaemia

Adverse outcome

LBW SB Miscarriage

. Non-hypoglycaemia

Fig. 2. Prevalence of adverse pregnancy outcomes in patients with type 1 diabetes (LBW = low

birthweight; SB = stillbirth.)
control, congenital abnormalities
were reported. However, there was a high
prevalence of miscarriage.

The prevalence of macrosomia in this
cohort was lower (5% v. 12.5%) than in
patients with GDM from the same hospital.
®1 Tt was significantly higher in patients
with hypoglycaemia. There was a higher

no

prevalence of miscarriage in patients without
hypoglycaemia, illustrating the pregnancy-
related risks associated with hyperglycaemia
in pregnancy.

Study limitations

The relative rarity of fatal maternal
complications in this which
was managed at a tertiary hospital by a
multidisciplinary team, may not be
applicable to all centres. Overall, there was a
low maternal mortality rate (0.4%).

cohort,

61

To our knowledge, this is the largest
study from Africa of patients with T1IDM
in pregnancy. Its limitations included its
retrospective study design and the fact that
T1DM was diagnosed on clinical grounds.
Owing to limited resources, the measurement
of autoantibodies and C-peptide levels was
not feasible. Therefore, a small number of
young patients with type 2 diabetes may have
been included in the study. Patients were
monitored with HbA1C in pregnancy despite
inconsistencies of HbA1C levels that vary
throughout pregnancy, and the inconsistency
of pregnancy-specific reference ranges for
HbA1C.'" Data on neonatal hypoglycaemia
recorded, because neonatal
records were not available. These missing
data may have further implications for the
interpretation of outcomes in these high-risk
pregnancies.

were not

Fig. 1. Pregnancy outcomes of all live births irrespective of glycaemic control. (LGA = large for gestational age; IUGR = intrauterine growth restriction.)

Conclusion

While similar studies exist internationally,
particularly in Europe and North America,
this study fills a critical gap by providing
local insights into pregnancy outcomes in
women with TIDM in SA, where resource
constraints pose additional challenges,
and contributes valuable data to a field
with limited regional studies. This study
highlights the fact that TIDM is associated
with multiple complications. Intensification
in glycaemic control is important to improve
outcomes, but is not without its challenges.
Despite poor baseline glycaemic control,
the prevalence of congenital abnormalities
and macrosomia was low. A significant
HbAIC reduction can be achieved with
regular follow-up and management by
a multidisciplinary team. Lower rates of
macrosomia and LGA can be achieved
with adequate control and regular follow-
up. The risk of hypoglycaemia may be
independent of insulin dose, and therefore
intensification of treatment should be
targeted to achieve control. A lack of pre-
conception counselling may contribute
to adverse outcomes, and is seen as one
possible solution to improve outcomes.This
study contributes to the data on T1DM in
pregnancy within SA, and highlights the
need to educate patients preconception to
ensure better baseline glycaemic control.
Further studies are required to evaluate
strategies to minimise hypoglycaemia in
these patients.
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