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Abstract

Background: The prevalence of diabetes and
gestational diabetes is rising worldwide. If poorly
managed, diabetes in pregnancy has a far-reaching
negative impact on the mother and newborn.

Objective: To determine the quality of glycemic
control and pregnancy outcomes among patients with
gestational diabetes in Kenyatta National Hospital,
Nairobi, Kenya.

Methods: A retrospective descriptive cohort study
design was employed. The study setting was Kenyatta
National Hospital, Nairobi, Kenya. The study
population was women with diabetes in pregnancy.
The study period was May 2011 to November 2019. A
sample size of 258 diabetic pregnant patients was
reached; 230 and 28 were in the exposed and
unexposed groups with the average third trimester
fasting blood sugar levels of >5.3mmol/L and
<5.3mmol/L, respectively. Data were analyzed using
the IBM statistical package for social sciences (SPSS)
version 23. A p-value of <o.05 was considered
statistically significant.

Results: The prevalence of poor glycemic control
(average third-trimester fasting blood sugar level
>5.3mmol/L) was 89.1%. There was a higher
incidence of macrosomia (25.7% vs. 21.4%; p-value
0.627), stillbirths (17.9% vs. 3.6%; p-value 0.058)
and preterm birth (43.9% vs. 21.4%; p-value 0.025)
among patients with gestational diabetes with poor
glycemic control compared to those with good
glycemic control. Among mothers with poor glycemic
control, the pre-existing diabetes patients experienced
significantly worse outcomes of stillbirths (20.9% vs.
0%; p-value 0.004) and preterm births (47.2% vs.
24.2%; p-value o.014) than the gestational diabetes
patients.

Conclusion: Poorly controlled diabetes in pregnancy
increases the risk of adverse pregnancy outcomes,
including macrosomia, stillbirths, and preterm
births, with the poorly controlled pre-existing diabetic
women experiencing significantly worse outcomes of
stillbirths and preterm births than the poorly
controlled gestational diabetes patients.

Keywords: gestational ~ diabetes, insulin,

macrosomia, stillbirths, preterm births

Introduction

Gestational diabetes mellitus is hyperglycemia
recognized for the first time during pregnancy, with

fasting blood sugar of 5.1-6.gmmol/L, 1-hour post
758 glucose load >1ommol/L, or 2-hour post 75g
glucose load 8.5-rxmmol/L (1). Overt or pre-existing
diabetes in pregnancy is hyperglycemia detected by
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testing at any time during pregnancy that meets the
criteria for diagnosis of diabetes in the nonpregnant
state, with fasting plasma glucose >7.ommol/L or 2-
diabetes (1). The prevalence of diabetes and
gestational diabetes is rising worldwide. According to
the International Diabetes Federation (IDF), the
global estimate of gestational diabetes prevalence in
2017 was 14% (18.4 million live births). Africa
contributed 9.5% of all cases (2).

Gestational diabetes mellitus occurs due to the
inadequate multiplication of the beta cells in response
to the increased demand for insulin due to the
elevated insulin-resistant somatolactogenic
hormones (prolactin, growth hormone, placental

lactogen, placental growth hormone). Hence,
maternal hyperglycemia occurs with increased
transplacental glucose transport. Transplacental

glucose transport is modulated by the corticotropin-
releasing hormone (3-5). Maternal hyperglycemia
leads to fetal hyperglycemia and hyperinsulinemia
once the fetal pancreas becomes functional in the
second trimester. Fetal hyperinsulinemia increases
central fat deposition in the abdominal and
interscapular areas, resulting in fetal macrosomia, a
significant indicator of fetal hyperglycemia (6). The
greater the maternal fasting blood sugar level, the
higher the risk of macrosomia and increased
probability of shoulder dystocia (7).

A fasting plasma glucose value >5.6mmol/L is
associated with a five-fold macrosomia risk than a
fasting blood sugar value <4.2mmol/L (8). Fetal
macrosomia heightens the risk of cesarean and
instrumental delivery, shoulder dystocia, perineal and
bladder trauma, and postpartum hemorrhage in the
mother. The risk of fresh stillbirths, nerve injuries,
bone fractures, fetal hypoxia is also increased. The
baby has a high likelihood of delayed motor
development, gaining weight early in life, and an
increased risk of getting type II diabetes later in life
(9,10). Treatment of gestational diabetes mellitus
reduces preeclampsia, perinatal death, shoulder
dystocia, birth weight, clavicular or humeral fracture,
nerve injury, newborn unit admissions, and labor
induction (11). The risk of fetal death around birth,
newborn hypoglycemia, birth injuries, preterm
deliveries, preeclampsia, cesarean delivery, and labor
induction is also significantly reduced (10). According
to the 2017 Kenya National Diabetes Guidelines,
when treating gestational diabetes mellitus, the aim is
to achieve a fasting blood sugar <5.ommol/L and
<5.3mmol/L for pre-existing diabetes patients (12).
Therefore, this study sought to determine the quality
of glycemic control and pregnancy outcomes among
patients with gestational diabetes in a national
referral hospital in Kenya.

Methods

hour 75g oral glucose tolerance test (OGTT)
>1i.tmmol/L, or random plasma glucose
>1r.1mmol/L associated with signs and symptoms of
Study design and setting

A retrospective descriptive cohort study design was
used. The study setting was Kenyatta National
Hospital (KNH), Kenya's largest referral, teaching,
and research hospital. It has an 1800 bed capacity and

handles approximately 12000-18000 deliveries
annually.
Study population

The study population was patients with gestational
diabetes mellitus attended at KNH. Patients with
gestational diabetes were identified by screening
pregnant women who attended antenatal clinics
(ANC) with fasting blood sugar levels and OGTT
results.

Data collection and management

Gestational diabetes mellitus was diagnosed with
fasting blood glucose 5.1-6.9gmmol/L, 1-hour post 75g
oral glucose load >1ommol/L, or 2-hour post 75g oral
glucose load 8.5-ttmmol/L. For the pre-existing
diabetes patients, the fasting blood glucose level was
<5.3mmol/L. An obstetric ultrasound for fetal
monitoring was done. Post-delivery, the blood sugar
of babies born to diabetic mothers was measured and
recorded in the mother’s file. Consecutive sampling
was done on patients based on an average of at least
two third trimester fasting blood sugar levels between
27 and 37 gestational weeks; the fasting blood sugar
in the exposed and unexposed patients was
<5.3mmol/L and >5.3mmol/L, respectively. Diabetic
mothers with multiple gestations and preterm birth
were excluded in this study. The endpoint of the study
was delivery and the study period was May 2011 to
November 2019.

Data analysis

A sample size of 258 was achieved; 230 and 28 in the
exposed and unexposed groups, respectively. Data
were analyzed using the IBM statistical package for
social sciences (SPSS) version 23. A p-value of <o0.05
was considered statistically significant. The results
were presented in figures and tables.

Ethical consideration

This study’s protocol was reviewed and approved by
the Kenyatta National Hospital/University of Nairobi
Ethics Research Committee (KNH/UoN ERC)
(registration number P470/06/2029). Compliance
with relevant research and human subjects’
regulations was observed.
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Results

The mean age of the study population was 32.2
(SD=0.3). The majority, 54.7%(n=141), were between
31-40 years. The mean age for the poor and good
glycemic control was 32.2 (SD=5.4) and 32.4
(SD=4.2), respectively (Table 1). A majority, 89.1%
(n=230) had poor glycemic control (Figure 1). The
average third trimester fasting blood sugar level was
8.27mmol/L (Figure 2). Gestational diabetes patients
with poor and good glycemic control were likely to
have of a history of macrosomia (24.3% vs. 32.1%, p-
value 0.37), a history of pregnancy loss (39.6% vs.
28.6%, p-value 0.259), a family history of diabetes
mellitus (23.1% vs. 32%, p-value 0.327), a body mass
index of >30 (55.8% vs. 70%, p-value o0.507). A
majority, (68.3% vs. 57.1%, p-value 0.237), were on
insulin, whereas, a minority (35.7% vs. 21.4%, p-
value 0.134) were on oral hypoglycemics (Table 1).

Gestational diabetes patients with poor and good
glycemic control were likely to have preterm birth
(43.9% vs. 21.4%, p-value o0.025), postpartum
hemorrhage (28.9% vs. 44.4%, p-value 0.098), and
perineal trauma (15.3% vs. 22.2%, p-value 0.403)
(Table 2).

Gestational diabetes patients with poor and good
glycemic control were likely to have macrosomia
(25.7% vs. 21.4%, p-value 0.627), stillbirths (17.9%
vs. 3.6%, p-value 0.058), and neonatal hypoglycemia
(27% vs 28.6%, p-value 0.876) (Table 3).

Among gestational diabetes patients with poor
glycemic control, the pre-existing and gestational
diabetes patients, 58.9% vs. 63.6% (p-value 0.703)
had a parity >2, a history of macrosomia (22.3% vs.
36.4%, p-value 0.082), a history of pregnancy loss
(38.1% vs. 48.5%, p-value 0.258), a history of
gestational diabetes (1% vs. 15.2%, p-value o.001), a
family history of diabetes mellitus (23% vs. 24%, p-
value 0.914), a body mass index >30 (51.6% vs.
76.9%, p-value 0.093), had a first antenatal visit <24
weeks gestation (46.6% vs. 63.6%, p-value 0.131),
and had more than four ANC visits (57.4% vs. 87.1%,
p-value 0.002). A majority, 69.5% vs. 60.6% (p-value
0.307) were on insulin, whereas, 32.5% vs. 54.5%, p-
value 0.014), were on oral hypoglycemics (Table 4).

Among patients with poorly controlled pre-existing
and gestational diabetes, the incidence of preterm
birth was 47.2% vs. 24.2%, p-value o.014),
postpartum hemorrhage (24% vs. 59.4%, p-value <
o0.001), perineal trauma (15.3% vs. 15.2%, p-value
0.982) (Table 5).

Among patients with poorly controlled pre-existing
and gestational diabetes, the incidence of
macrosomia was 24.9% vs. 30.3% (p-value 0.509),
stillbirths (20.9% vs. 0% p-value 0.004), neonatal

hypoglycemia (27.4% vs. 25%, p-value 0.795) (Table
6).

Discussion

A comparison of the sociodemographic data and
clinical characteristics of patients with gestational
diabetes with poor and good glycemic control was not
statistically significant. The prevalence of poor
glycaemic control was 89.1% in women with diabetes
in pregnancy, not in keeping with the 2018 Kenya
National Diabetes Guidelines (12). The incidence of
preterm birth was 43.9% and 21.4% in gestational
diabetes patients with poor and good glycemic
control, respectively. This could be attributed to the
higher probability of large gestational age babies in
the higher fasting blood glucose level, leading to high
preterm labor and birth incidences. The incidence of
stillbirths was 20.9% in the poorly controlled pre-
existing diabetes. This could be attributed to placental
insufficiency in the poorly controlled pre-existing
diabetes patients who also had a higher average third-
trimester fasting blood sugar level of 9.1 mmol/L. Low
maternal  hyperglycemia  stimulates  vascular
proliferation in response to a lower hypoxia level,
ensuring maternal and fetal exchange. However,
further increase in glycemic levels inhibits villous
angiogenesis, interfering with  maternal-fetal
exchange and increasing the risk of perinatal
mortality (13).

The incidence of postpartum hemorrhage was 24%
and 59.4% (p-value o.oo1) in the poorly controlled
pre-existing and gestational diabetes patients,
respectively. This could be due to the higher incidence
of fetal macrosomia among the gestational diabetes
patients, leading to overdistention of the uterus, with
a predisposition for uterine atony and postpartum
hemorrhage in the third stage of labor. The incidence
of preterm birth was 47.2% and 24.2% (p-value
0.014) in poorly controlled pre-existing and
gestational diabetes patients, respectively. This could
be due to the longer period of fetal exposure to
hyperglycemia in the pre-existing diabetes patients,
leading to larger for gestational age babies, with
distention of the uterus inducing preterm labor,
resulting in preterm birth. In a Saudi Arabian study,
the incidence of preterm birth was 33.3% in type 2
diabetes patients, 25% in type 1, and 21.1% in
gestational diabetes (14), similar to this study’s
findings.

The incidence of macrosomia was 25.7% and 21.4%
(p-value 0.627) in mothers with poor and good
glycemic control, respectively. This was not
consistent with the Hyperglycemia and Adverse
Pregnancy Outcome (HAPO) study, which found that
higher fasting plasma glucose values were related to a
greater risk of macrosomia (8). The incidence of
stillbirths was 17.9% and 3.6% (p-value 0.058) in

JOGECA | Vol. 33 | No. 4 | September 2021 | 144-151 | www.jogeca.com

146


http://www.jogeca.co.ke/

Noreh N et al.  Glycemic control and pregnancy outcomes in gestational diabetes patients ORIGINAL RESEARCH

poor and good glycemic, respectively. In Uganda, the and 3.4% in those with gestational diabetes
incidence of stillbirth was 4.1% (15). In another study ~ diagnosed at less than 12 weeks gestation (16). The
that examined gestational diabetes mellitus in early  incidence of neonatal hypoglycemia was 27% and
pregnancy with good glycemic control, the incidence  28.6% (p-value 0.876) in mothers with poor and good
of stillbirth was 1.8% in those with type 2 diabetes

Table 1: Clinical characteristics in pregnant women with poor versus good glycemic control in a
national referral hospital

Poor Good Total p-value
(25.3mmol/L) (<5.3mmol/L)
Age
Below 21 2(0.9) 0(0.0) 2(0.8)
21-30 92 (40) 10 (35.7) 102 (39.5)
31-40 124 (53.9) 17 (60.7) 141 (54.7)
>40 12 (5.2) 1(3.6) 13 (5.0)
Mean 32.2 32.4 32.2
Parity
<2 93 (40.4) 14 (50.0) 107 (41.5) 0.33
22 137 (59.6) 14 (50.0) 151 (58.5)
History of macrosomia
Yes 56 (24.3) 9(32.1) 65 (25.2) 0.37
No 174 (75.7) 19 (67.9) 193 (74.8)
History of pregnancy loss
Yes 91 (39.6) 8 (28.6) 99 (38.4) 0.26
No 139 (60.4) 20 (71.4) 159 (61.6)
History of Gestational DM
Yes 7 (3.0) 1(3.6) 8(3.1) 1
No 223 (97.0) 27 (96.4) 250 (96.9)
Family history of diabetes
Yes 50 (23.1) 8 (32.0) 58 (24.1) 0.33
No 166 (76.9) 17 (68.0) 183 (75.9)
Body Mass Index
Below 30 34 (44.2) 3 (30.0) 37 (42.5) 0.51
30 and above 43 (55.8) 7 (70.0) 50 (57.5)
Treatment Patient on
Insulin
Yes 157 (68.3) 16 (57.1) 173 (67.1) 0.24
No 73 (31.7) 12 (42.9) 85 (32.9)
Oral hypoglycemics
Yes 82 (35.7) 6 (21.4) 88 (34.1) 0.13
No 148 (64.3) 22 (78.6) 170 (65.9)

Prevalence of Poor Glycemic Control

d (<
mel/L); 28;
1%

Poor (=
5.3mmol/L);
230; 89%

Figure 1: Pie chart showing the prevalence of poor glycemic control
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Table 2: Maternal outcomes in pregnant women with poor versus good glycemic control in a national
referral hospital

Poor (25.3mmol/L) Good (<5.3mmol/L) Total p-value
Gestational age at delivery
<37 93 (43.9) 8(21.4) 101 (43.9) 0.03
>37 104 (52.8) 25 (75.8) 129(56.1)
Presence of PPH
Yes 47 (28.9) 19 (44.4) 66 (28.9) 0.1
No 149 (76) 13 (40.6) 162 (71.1)
Perineal trauma
Yes 30 (15.3) 5(22.2) 35 (15.3) 0.4
No 166 (84.7) 28 (84.8) 194 (84.7)

Table 3: Neonatal outcomes in patients with gestational diabetes with poor and good glycemic control
in a national referral hospital

Poor Good Total p-value
(25.3mmol/L) (<5.3mmol/L)
Birth weight
Less than 4kg 171 (74.3) 22 (78.6) 193 (74.8) 0.63
> 4kg 59 (25.7) 6(21.4) 65 (25.2)
Baby alive
Yes 188 (82.1) 27 (96.4) 215(83.7) 0.06
No 41 (17.9) 1(3.6) 42 (16.3)
Presence of neonatal
hypoglycemia
Yes 38 (27) 6 (28.6) 44 (27.2) 0.88
No 103 (73) 15 (71.4) 118 (72.8)
Mean = §.27
Std. Dev. = 3.497
M =253
G0 ]
=]
g .- |
g 40
L
o
// *3‘
20
o T —H T T I_!
.00 500 10.00 15.00 20.00 25.00 30.00

AVERAGE THIRD TRIMESTER FASTING BLOOD
SUGAR LEVEL BETWEEN 26 TO 38 WEEKS (mmollL)

Figure 2: Bar chart showing the distribution of the third-trimester fasting blood sugar levels

JOGECA|Vol.33 |No.4 [September2021][144-15T[www.jogeca.com

148


http://www.jogeca.co.ke/

Noreh N et al.  Glycemic control and pregnancy outcomes in gestational diabetes patients

Table 4: Clinical characteristics of mothers with poor glycemic control in a national referral hospital

Poorly Controlled
Pre-existing Diabetes Gestational Diabetes

Poorly Controlled

Total p-value

Parity

<2 81 (41.1) 12 (36.4) 93 (40.4) 0.7
22 116 (58.9) 21 (63.6) 137 (59.6)

History of macrosomia

Yes 44 (22.3) 12 (36.4) 56 (24.3) 0.08
No 153 (77.7) 21 (63.6) 174 (75.7)

History of pregnancy loss

Yes 75 (38.1) 16 (48.5) 91 (39.6) 0.26
No 122 (61.9) 17 (51.5) 139 (60.4)

History of Gestational DM in

an earlier pregnancy

Yes 2(1.0) 5(15.2) 7 (3.0) 0
No 195 (99.0) 28 (84.8) 223 (97.0)

Family history of diabetes

Yes 44 (23.0) 6 (24.0) 50 (23.1) 0.91
No 147 (77.0) 19 (76.0) 166 (76.9)

Body Mass Index

Below 30 31 (48.4) 3(23.1) 34 (44.2) 0.09
30 and above 33 (51.6) 10 (76.9) 43 (55.8)
Gestational age at first

antenatal visit (weeks)

<24 81 (46.6) 14 (63.6) 95 (48.5) 0.13
=24 93 (563.4) 8 (36.4) 101 (51.5)

Number of ANC visits

<4 81 (42.6) 4 (12.9) 85 (38.5) 0
24 109 (57.4) 27 (87.1) 136 (61.5)
Treatment Patient on

Insulin

Yes 137 (69.5) 20 (60.6) 157 (68.3) 0.31
No 60 (30.5) 13 (39.4) 73 (31.7)

Oral hypoglycemics

Yes 64 (32.5) 18 (54.5) 82 (35.7) 0.01
No 133 (67.5) 15 (45.5) 148 (64.3)

Table 5: Maternal outcomes in patients with poorly controlled pre-existing and gestational diabetes

Poorly Controlled
Pre-existing Diabetes Gestational Diabetes

Poorly Controlled

Total p-value

Gestational age at delivery

<37 93 (47.2) 8 (24.2) 101 (43.9) 0.01
237 104 (52.8) 25 (75.8) 129(56.1)

Presence of PPH

Yes 47 (24) 19 (59.4) 66 (28.9) <0.001
No 149 (76) 13 (40.6) 162 (71.1)

Perineal trauma

Yes 30 (15.3) 5(15.2) 35 (15.3) 0.98
No 166 (84.7) 28 (84.8) 194 (84.7)

Table 6: Neonatal outcomes in patients with poorly controlled pre-existing and gestational diabetes

Poorly Controlled
Pre-existing Diabetes Gestational Diabetes

Poorly Controlled

Total p-value

Birth weight

Less than 4kg 148 (75.1) 23 (69.7) 171 (74.3) 0.51
> 4kg 49 (24.9) 10 (30.3) 59 (25.7)

Baby alive

Yes 155 (79.1) 33 (100) 188 (82.1) 0
No 41 (20.9) 0(0.0) 41 (17.9)
Presence of neonatal

hypoglycemia

Yes 31(27.4) 7 (25.0) 38 (27.0) 0.8
No 82 (72.6) 21 (75.0) 103 (73.0)
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glycemic control, respectively. This differed in trend
from the findings of the HAPO study, which found a
linear relationship between maternal blood sugar
levels and neonatal hypoglycemia (8). The incidence
of postpartum hemorrhage was 28.9% and 44.4% (p-
value 0.098) in gestational diabetes patients with poor
and good glycemic control, respectively. This
compared unfavorably to a Cameroonian study that
reported an incidence of 3.2% (17). The incidence of
perineal trauma was 15.3% and 22.2% in mothers
with poor and good glycemic control, respectively (p-
value 0.403). Studies in Uganda and Cameroon
reported 53.1% and 13% of perineal trauma,
respectively (13,17). The incidence of neonatal
hypoglycemia was 27.4% and 25% (p-value 0.795) in
patients with poorly controlled pre-existing and
gestational diabetes, respectively. In Saudi Arabia, the
neonatal hypoglycemia incidence was 33.3% in type 2
diabetes, 41% in type 1, and 15.4% in gestational
diabetes (14), relatively similar to this study.

Study strengths and limitations

The inaccessibility of data due to poor storage of
patient diagnosis records and computer system
failure was a significant limitation in this study. Body
mass index is not routinely calculated and recorded at
patient visits in the study hospital. Thus, a high body
mass index was an important confounder in this
study.

Conclusion

There is a higher incidence of macrosomia, stillbirths,
and preterm birth among gestational diabetes
patients with poor than those with good glycemic
control. Among mothers with poor glycemic control,
those with pre-existing diabetes patients experienced
significantly worse outcomes of stillbirths and
preterm births than those with poorly controlled
gestational diabetes. Poorly controlled pregnancy
diabetes increases the risk of adverse pregnancy
outcomes such as macrosomia, stillbirths, and
preterm birth, with poorly controlled pre-existing
diabetes patients sometimes experiencing worse
outcomes than those with poorly controlled
gestational diabetes.

Recommendations

Health care workers and antenatal mothers should be
educated on risk factors for pregnancy diabetes, the
importance of early-onset and regular antenatal
follow-up, timing, screening for diabetes in
pregnancy, and symptoms to watch out for in diabetes
mellitus. The glycemic targets to aim for in the
control of diabetes mellitus should also be
disseminated to patients and health care providers
managing gestational diabetes patients. Early
diagnosis and management of diabetes in pregnancy

are essential to avoid adverse fetal and maternal
outcomes.
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