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Abstract

Background: Gestational diabetes mellitus is a medical condition that disappears after delivery if
early diagnosis and management are done. This study aimed to determine the prevalence of
hyperglycemia six weeks postpartum and pregnancy outcomes among women in Arusha City.
Methods: A longitudinal study was conducted between March and December 2018 as part of a large
study which involved 468 randomly selected pregnant women and excluded those who were
diagnosed with diabetes before pregnancy. Women were screened for hyperglycemia six weeks
postpartum where fasting and oral glucose tolerant tests were done by Gluco-Plus™ using World
Health Organization criteria. Body fat percentage, mid-upper arm circumference, height and weight
were measured using standard procedures. Postpartum information was collected using a structured
questionnaire and data was analyzed using the Statistical Package for Social Science version 20 to
obtain descriptive and inferential statistics.

Results: Among 468 women who participated in the study at baseline, 392 (83.7%) returned for
postpartum assessments. Postpartum hyperglycemia among women was 2.1% (n=8) and majority had
normal delivery (92.6%, n=363) while 7.4% (n=29) delivered through caesarean section. About 8.2%
(n=32) of the newborn were macrosomia and 4.1% (n=16) low birth weight. Miscarriages or abortions
were not identified while stillbirth was observed in 0.5% (n=2) and neonatal death (1.3%, n=5).
Postpartum hyperglycemia was significantly associated with body fat percentage (AOR 1.59, 95% Cl:
1.14-1.91), mid-upper arm circumference (AOR 1.62, 95% Cl: 1.023-1.99), macrosomia (AOR 2.43, 95% Cl:
2.2-10.31) and family history of type 2 diabetes (AOR 6.4, 95% Cl: 1.93-13.3).

Conclusion: Prevalence of postpartum hyperglycemia was generally low however; it was significantly
associated with macrosomia, increased body fat percentage, mid-upper circumference and family
history of type 2 diabetes. Also, a low prevalence of poor pregnancy outcomes was reported which
may be attributed to actions taken after being referred for further treatments and management
which need further exploration.
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Introduction

Gestational diabetes mellitus (GDM) is a form of hyperglycemia in pregnancy (HIP) with first
recognition during pregnancy. This occurs due to several physiological changes during pregnancy
(World Health Organization [WHO], 2013; Palani et al., 2014) whereby the body needs additional
insulin which forces the pancreas to increase the secretion. If the pancreas cannot cope with the
increased insulin demand during pregnancy, blood glucose levels rise too high, resulting in
gestational diabetes.
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This occurs as a result of increased maternal adiposity and the effects of placental hormones
produced by the placenta including Human chorionic somatomammotropin (HCS), cortisol, estrogen,
and progesterone. As pregnancy progresses and the placenta grows, the production of these
hormones increases thus leading to increased insulin resistance (Palani et al., 2014).

The estimations show that globally, 21.3 million or 16.2% of live births to women in 2017 had some
form of the HIP (International Diabetes Federation [IDF], 2017). About 86.4% of these cases were due
to GDM, 6.2% due to diabetes detected before pregnancy, and 7.4% due to other types of diabetes
(including type 1 and type 2 diabetes) first detected in pregnancy (IDF, 2017). Furthermore, the
majority (88%) of the HIP cases were in low- and middle-income countries with limited maternal care
(IDF, 2017). Likewise, Tanzania is one of the countries with limited maternal care and has a
prevalence of GDM ranging from 1% in rural to 32% in urban settings (Mwanri et al., 2014; Njete et al.,
2018; Msollo et al., 2019; Mghanga et al., 2020; Mdoe et al., 2021). Exceptionally, a higher prevalence
of 39% was reported in rural areas of North East Tanzania (Grunnet et al., 2020).

Gestational diabetes mellitus can be due to several predictors including a family history of
type 2 diabetes (T2DM), maternal overweight or obesity accompanied by high body fat deposition,
dietary factors, cigarette smoking, and extreme pregnancy weight gain (Jensen et al., 2005; Imoh et
al.,, 2016). It may also be due to a history of recurring stillbirth, preterm birth, and macrosomic
delivery which implies that the woman experiences high maternal glucose levels that are transferred
to the fetus (Jensen et al., 2005; Imoh et al., 2016).

Gestational diabetes mellitus normally disappears after delivery, but if no actions are taken
for early diagnosis and management, it may cause long-term health risks to the mother such as the
development of T2DM five to ten years postpartum. Evidence shows that a third of women who are
diagnosed with GDM continue to have diabetes or impaired glucose tolerance six to 12 weeks after
delivery which creates a need for postpartum testing (Palani et al., 2014). High glucose levels during
pregnancy may also lead to hypertension, miscarriages/abortions, stillbirth and preterm birth in
successive pregnancies (Wendland et al., 2012; IDF, 2017). Furthermore, unmanaged GDM may result
in @ newborn that is large for gestational age (macrosomia) which may increase birth trauma such as
shoulder dystocia (Wendland et al., 2012; Hartling et al., 2013). Macrosomic infants are at risk of
hypoglycemia soon after birth because their bodies continue producing extra insulin in response to
the mothers’ excess glucose (Plows et al., 2018). Newborns with excessive fat stores as a result of
high maternal sugar levels during pregnancy continue to be overweight in childhood and adulthood
which may increase the risk of developing non-communicable diseases (NCDs) such as diabetes later
in life (WHO, 2013; Palani et al., 2014).

Hence, postpartum evaluation of glucose status should be done to disclose persistent
alterations of glucose metabolism, by performing an oral glucose tolerance test (OGTT) and/or
fasting plasma glucose (American Diabetes Association [ADA], 2013). Women with a history of GDM
should be followed-up for at least 6 to 12 weeks after delivery to determine their glucose status
because 2.6% to 38% of women with GDM can develop T2DM within 12 weeks following delivery
(Carson et al., 2013). Although follow-up after GDM diagnosis and/or after delivery is emphasized to
prevent adverse health effects, it is not commonly practised in Tanzania. Therefore, timely screening
and management of GDM after diagnosis or post-delivery is very important for immediate actions to
prevent short and long-term adverse effects on the mother and her newborn. It is recommended
that postpartum glucose testing can be timed at 7 days to 6 weeks postpartum (“early” testing
window), 6-12 weeks postpartum (“ADA recommended” testing window) and after 12 weeks
through 6 months postpartum (“late” testing window) (American College of Obstetricians and
Gynecologists (ACOG), 2001). Hence, this study was done to assess the prevalence of postpartum
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hyperglycemia, and pregnancy outcomes to provide information to policymakers to include
postpartum diabetes testing and follow-up in antenatal care (ANC) to prevent adverse health effects.

Materials and methods

Study area, design and population

It was a longitudinal study that was carried out as part of a large study undertaken in urban areas of
Arusha City between March and December 2018 among pregnant women attending ANC at
Ngarenaro and Kaloleni Health Centers where data was collected during pregnancy, during delivery
and post-delivery. The district was selected purposively due to a known high prevalence of T2DM
(16.2%) especially in urban (22.9%) areas (Masaki et al., 2015), which may, in part, reflect undiagnosed
and unmanaged GDM.

The study involved women in their second and third trimesters without diabetes before
pregnancy and excluded women who were known to have diabetes and under managements
(Msollo et al., 2019). A sample size of 468 was obtained using the formula for prevalence studies
(Daniel, 1999) where the prevalence (i.e., p) was assumed to be 50% due to limited national data for
the prevalence of GDM whereby a non-response rate of 20% was assumed (Macfarlane, 1997). The
eligible women were randomly selected using a table of random numbers and resulting in 468
women being involved in the study at baseline of which 392 returned within 6 weeks for postpartum
assessments.

Maternal characteristics and pregnancy outcomes assessments

The delivery information was recorded by the birth attendants (nurses) and the researchers using a
short questionnaire which was attached to every participant’s ANC card at the baseline. Birth
outcomes information included; gestational age at delivery, miscarriages, abortions, birth modalities
(caesarian section or normal delivery), stillbirth, preterm and neonatal death, child’s weight at
delivery and fetal abnormalities.

Follow-up was done during and after delivery whereby reminder messages and phone calls
were made monthly and weekly as the expected date of delivery approached. In this case, women
were reminded of the date for post-delivery assessments and information on reasons for loss to
follow up was also collected in the same way.

Laboratory tests for blood glucose six weeks post delivery

Women were required to fast overnight before blood sample collection. Fasting blood glucose level
was measured by Gluco-Plus™ (Glucoplus Inc. 2323 Halpern, Ville St. Laurent, Quebec, Canada) and
thereafter any woman with a reading of <7mmol/L participated in an OGTT using anhydrous glucose
of 75 g dissolved in 300 ml of water. Women whose fasting blood glucose levels were > 7mmol/L
were requested to return the next day for another fasting glucose test. Hyperglycemic status was
classified based on the values for non-pregnancy whereby a reading of fasting glucose level
>7mmol/L and/or 11.1mmol/l for OGTT was defined as diabetes (WHO, 2006).

Anthropometric assessments among women during pregnancy, post-delivery and their newborns

Mid-upper arm circumference (MUAC) for the woman was measured using a non-stretchable tape
and overweight was classified as MUAC 228cm. Weight was measured with minimum clothing
without shoes using a digital bathroom weighing scale (SECA-Germany), placed on a flat surface and
recorded to the nearest 0.1 kg. The weight of the newborn was also measured by the care provider
using their normal baby weighing scale. The mother’s body fat percentage was determined using a
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bioelectric impedance analyzer (Tanita TBF 105 Fat Analyzer™) which was adjusted for age, weight
and height which was measured during baseline.

Data management

Data collected were analyzed using the Statistical Package for Social Science (SPSS™) version 20 and
descriptive statistics, such as frequency, mean and percentage were obtained. Also, a comparison of
continuous variables was done using a T-test. Furthermore, inferential statistics were done to obtain
associations among factors. Blood glucose values were dichotomized, for univariate and multiple
logistic regression analysis to be done to obtain both crude and adjusted odd ratios (Wynants et al.,
2017). Statistical inference was based on 95% confidence intervals (Cls) and significance at pp-value<
0.05.

Ethical Considerations

The aim, procedure, benefits and possible negative effects of the study were explained and all
women who agreed to participate and met the inclusion criteria were enrolled and signed informed
consent before the beginning of the study. The study was approved by the National Institute for
Medical Research with a reference number NIMR/HQ/R.8a/ VOL.IX/ 2694. Anonymity was ensured by
using specific numbers to represent the names of the women during data handling and
confidentiality by having a specific room where research activities were carried out.

Results

Maternal characteristics within six weeks post-delivery

A total of 468 women participated in the study at the baseline and 392 (83.7%) were able to
participate in the follow up which was scheduled for the sixth week after delivery. Majority of the
women delivered at the gestational age of >37 weeks, and all women (100%, n=385) whose babies
survived, practised breastfeeding (Table 1).

Table 1: Maternal characteristics within six weeks postpartum

Variables assessed Frequency Per cent Mean (SD)
Returned for post-delivery assessments
(n=468)
Yes 392 83.8
No 76 16.2
Gestational age at delivery (n=392)
>37 weeks 386 98.5
<37 weeks 6 1.5 38(SD +1.7)
Breastfeeding practice (n=385)
Yes 385 100.0
No 0 0.0

Note: The number of breastfed infants was 385 because 7 died before and/or after being born. SD means
standard deviation,

Hyperglycemia and factors that influenced postpartum follow up

A total of 392 women returned for post-delivery assessments (follow-up). All of the women who

returned for the post-delivery assessments completed the fasting glucose test (100%, n=392) and

39.8% (n=156) completed the OGTT procedure. The mean fasting blood glucose level was 4.7 (SD

+1.4) mmol/L and OGTT 7.7 (SD* 1.8) mmol/L after delivery. Generally, the prevalence of

hyperglycemia postpartum was 2.1% (95% Cl: 1.0-3.8) using WHO (2006) criteria for non-pregnancy.
4
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The majority of the women returned for postpartum assessments (83.7%, n=392) while 16.3% (n=76)
did not appear at all. The reasons for loss to follow up were the inconvenience of OGTT procedure
(29.5%, n= 23), taking care of their newborns and staying indoors for their better health recoveries
(50%, n=39), and 16.7% (n=13) were not allowed by their husbands to go for the test (Table 2).

Table 2: Glucose status and reasons for loss to postpartum follow up

Variables tested Frequency Per cent Mean (SD)
Returned for postpartum glucose testing

Yes 392 83.7

No 76 16.3

General Postpartum hyperglycemia (OGTT or
Fasting tests)

Yes 8 2.1

No 384 97-9
Completed OGTT

Yes 156 39.8

No 236 60.2
Mean fasting glucose level (mmol/L) 392 100.0 4.7 (SD%1.4)
Mean OGTT level (mmol/L) 156 39.8 7.7 (SD%1.8)
Reasons for loss to follow up

Inconveniences of OGTT 22 29.5

Taking care of the babies and staying indoors

for recovery 39 50-0

Husband refused 12 16.7

Death of the baby 3 3.8

Note: SD means standard deviation

Anthropometric parameter changes during pregnancy and after delivery

The results shown that women’s mean weight in kg (69 vs 62.5, P < 0.001), MUAC in cm (27.5 vs 26, P
< 0.001), and body fat percentage (33.8 vs 32.5, P < 0.001) during pregnancy and postpartum differed
significantly (Fig. 1).
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Figure 1: Anthropometric parameter changes during pregnancy and postpartum
Note: kg = kilogram, MUAC=mid-upper arm circumference and cm=centimeter

Pregnancy outcomes

Most of the women delivered through normal vaginal means (92.6%, n=363) and 7.4% (n=29) through
caesarean section. Multiple babies were observed in 0.8% (n=3) of the newborns. Miscarriages and
abortions were not observed in the study while stillbirth was observed in 0.5% (n=2) of the women,
neonatal death (1.3%, n=5), and 8.2% (n=32) had macrosomic babies (> 4kg) at birth. There were no
birth injuries, intensive care unit admission and fetal abnormalities identified in the study area (Table

3)-

Table 3: Birth outcomes

Variables assessed Frequency Percent Mean (SD)
Birth modality (n=392)
Caesarean section 29 7-4
Normal delivery 363 92.6
Miscarriages/abortions (n=392)
Yes (o] 0.0
No 392 100.0
Stillbirth (n=392)
Yes 2 0.5
No 390 99.5
Number of babies delivered n=390)
Single baby 387 99.2
Multiple babies 3 0.8
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Neonatal death (n=390)

Yes 5 1.3
No 385 98.7
Child’s weight at birth (n=385)
<2.5kg (Low weight) 16 4.1
2.5-3.9kg (Normal weight) 337 87. 3.3(SD *0.5)
24kg (macrosomic) 32 8.2
Intensive care unit admission (n=390)
Yes 0 0.0
No 390 100.0
Any injuries at birth (n=390)
Yes ) 0.0
No 390 100.0
Fetal abnormalities (n=390)
Yes 0 0.0
No 390 100.0

Note SD=Standard deviation.

Factors associated with postpartum hyperglycemia

The selected risk factors were analyzed using multiple logistic regression analysis with a stepwise
backward selection to find out their association with postpartum hyperglycemia. A significant
association was observed with increased body fat percentage (AOR 1.59, 95% Cl: 1.14-1.91), MUAC
(AOR 1.62, 95% Cl: 1.023-1.99), macrosomic delivery (AOR 2.43, 95% Cl: 2.2-10.31) and family history of
T2DM (AOR 6.4, 95% Cl: 1.93-13.3) even after adjusting for preterm and preterm death, maternal age
and blood pressure which were not significantly associated with postpartum hyperglycemia (Table

4)-
Table 4: Odd ratios for postpartum hyperglycemia
Risk factors Crude OR(95%Cl) P-value
Univariate analysis

Birth weight

<4kg 1

24kg 3.9(Cl: 3.5-8.24) <0.001%
Body fat percentage 1.59 (Cl:1.24-1.79) <0.001%*
MUAC

<28cm 1

>28cm 1.77 (Cl:1.12-1.98) 0.002%
Family history of T2DM

No 1

Yes 8.9(Cl:2.08-14.4) 0.003%

Multivariate analysis

Body fat percentage 1.49( Cl:1.14-1.91) 0.004*
MUAC

<28cm

>28cm 1.62(Cl: 1.023-1.89) 0.032%
Family history of T2DM

No 1

Yes 6.4, 95% Cl: 1.93-13.3) 0.005*
Birth weight

<4kg 1
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24kg 2.43(Cl:2.2-10.31) 0.003*

Note: The univariate analysis also included preterm and preterm death, stillbirth maternal age and
blood pressure with no significant association with postpartum hyperglycemia. The abbreviation AOR
means adjusted Odd Ratio and number 1 indicates reference in categorical variables, Cl= confidence
interval and *significance at p <0.05.

Discussion

The present study assessed the prevalence of postpartum hyperglycemia and pregnancy outcomes
among women in urban areas of Arusha to generate evidence for designing appropriate
interventions to prevent adverse pregnancy outcomes.

Generally, the prevalence of postpartum hyperglycemia (six weeks after delivery) was
observed to be as low as 2.1% in the current study. In Tanzania, there is limited information on the
prevalence of postpartum diabetes however; the study done in South Africa at 6-12 weeks
postpartum reported that among 78 participating women 27% had diabetes after delivery (Coetzee
et al., 2018). Another study done in Iran reported an overall incidence of early postpartum diabetes
at 6-12 weeks to be 4.5% (Nouhjah et al., 2017) which was also higher than the prevalence of
postpartum diabetes reported in the current study.

The reported low prevalence in the current study may be attributed to the method used for
glucose testing which was mainly a fasting test despite its insensitivity. The fasting glucose test was
the dominant test method because more than half of the women who returned for postpartum
assessments were not willing to perform the OGTT procedure. After all, it is time-consuming. This
was confirmed during the reminder messages and phone calls where most of the women were not
willing to participate in OGTT was going to be conducted. Hence, they were allowed to come for the
fasting test which may have attributed to the observed low prevalence. Evidence shows that the
fasting plasma glucose test lack sensitivity as a screening test in postpartum re-evaluation of GDM
compared to the use of OGTT (Bennet et al., 2009). A similar study conducted on 11,825 women with
GDM reported that the rate of fasting plasma glucose (FPG) or OGTT postpartum testing was 50.2%,
but 79.1% of these patients measured only FPG and 21% performed the OGTT (Lawrence et al., 2010).

In addition, the low prevalence of postpartum hyperglycemia in the current study may be

because GDM cleared within six weeks postpartum which may be attributed to the actions taken
after diagnosis whereby referrals were provided for a further checkup, counselling, and treatments
or management. Another study supports the current findings that GDM stops after delivery if
appropriate measures such as medication are used for treatment (Kitzmiller et al., 2007). On the
other hand, all women who complied with postpartum testing in the current study were
breastfeeding which may have contributed to the significant change in weight, body fat percentage
and MUAC hence, reducing their chances of being hyperglycemic which needs further exploration to
confirm the findings. Another similar study supports our findings that breastfeeding mothers lose
more weight than those who are not breastfeeding hence, they have a decreased risk of developing
T2DM (Liu et al., 2010).
Poor pregnancy outcomes were observed to be low in the study area whereby most of the women
delivered through normal vaginal means without miscarriages and abortion while stillbirth and
neonatal death were reported in very few women. In addition, macrosomic babies (> 4kg at birth)
occurred in 8.2% (n=32) of the children but there were no birth injuries, intensive care unit admission
and fetal abnormalities reported. The present study has a high rate of macrosomia as compared to
the national data where the rate of overweight was 2.8% including 0.5% of severe overweight among
0-59 children in Tanzania however, this survey did not specify the weight of infants at birth (Ministry
of Health, Community Development, Gender, Elderly and Children (MoHCDGEC) et al., 2018).

8
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The low rate of poor pregnancy outcomes in the present study may be attributed to
women’s understanding of their conditions as unawareness of once blood glucose status can
influence self-care practices. A study done by Msollo et al. (2021) insists that among 468 interviewed
pregnant women, only 11% were aware of the existence of GDM before the introduction of the study
which may negatively influence their health-seeking behaviour. Furthermore, the majority of the
pregnant women in Arusha were not aware of the risk factors for GDM, despite this knowledge is
very important for self-care as it can facilitate earlier self-identification for immediate actions to
prevent adverse pregnancy outcomes and long-life health effects (Msollo et al., 2021).

This implies that awareness obtained from the introduction of the study may have
contributed to the lower rate of poor pregnancy outcomes as a result of self-care and management.
Also, this low prevalence of poor pregnancy outcomes may be due to the referrals that enabled
women to have further checkups and treatments hence, reduced poor pregnancy outcomes. A
study done in Dar es Salaam, Tanzania supports these findings that treatment reduces the risk of
pregnancy complications hence; untreated hyperglycemic women may have an increased risk of
morbidities among women and their newborns (Darling et al., 2014).

In addition, the noted low prevalence of postpartum hyperglycemia may contribute
significantly to the low rate of poor pregnancy outcomes as postpartum hyperglycemia is reported
to be significantly associated with pregnancy outcomes including macrosomia. Another similar study
supports these findings by reporting that sometimes glucose levels may not be high enough to cause
congenital malformations in the studied population (Sugiyama et al., 2014).

Although the prevalence of postpartum hyperglycemia in the current study was low, it was
significantly associated with increased body fat percentage, MUAC >28cm, family history of T2DM,
and delivery to macrocosmic babies. Increased body fat percentage and MUAC may be reflective of
overweight and obesity which is associated with hyperglycemia postpartum. These parametric
indices may also affect the weight of the baby, causing macrosomic delivery which is associated with
hyperglycemia as well. Similar studies have reported that there is a significant correlation between
birth weight and maternal body weight and total body fat (TBF) before pregnancy (Butte et al., 2003;
Forsum et al., 2006). In addition, long-term sequelae in offspring with utero exposure to maternal
hyperglycemia may include higher risks for obesity and diabetes later in life (Hod et al., 2015). Other
similar studies reported that persistent hyperglycemia is associated with a positive family history of
diabetes (Weiner et al., 2014; Coetzee et al., 2018).

The rate of postpartum follow-up was found to be high in the current study which may be
attributed to efforts taken to make women understand the importance of knowing their pregnancy
glucose status. Moreover, the high rate of postpartum return may be attributed to allowing women
to be tested for glucose using fasting tests as the majority complained about the inconveniences and
long procedure for OGTT. This is because the procedure consumes much of their time for taking care
of the newborn and for their health recovery. It may also be due to reminder calls and messages
which were performed frequently as well as integration of the follow-up with other regular
postpartum services such as immunization. Another similar study reported that a follow-up program
linked to the infant’s vaccination and regular health check-up visits provides an opportunity for
continued engagement with the high-risk mother-child pair (Hod et al., 2015).

Loss to follow-up in the current study may also be attributed to a normal practice that,
women stay indoors for at least 12 weeks (3 months) postpartum without doing heavy activities to
take care of the newborn and for their health recovery. Hence, postpartum testing can be effective
after 12 weeks (3 months) when women have almost completed their maternity leave or it can be
integrated with regular postpartum services. Another study done in Kilimanjaro reported that it is a
normal practice for women to take a leave of a minimum of three months from household chores

9
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and any other heavy work after delivery to recover their health and become fat as a sign of care
(Msollo et al., 2016). Similarly, another study reported that a fasting plasma glucose test would be
more feasible and comfortable for the women, and increase return rates compared to OGTT which
requires women to stay in the ANC for more than 2 hours and need several blood samples at a time
(Weiner et al., 2014). The study by Nielsen et al. (2014), also reported that the low rate of return for
postpartum assessment may be influenced by patient subjective barriers, such as newborn care,
travel and socioeconomic difficulties, lack of family support, lack of understanding about the T2DM
risk factors, and test discomfort.

Limitations of the study

The blood glucose test for postpartum hyperglycemia was assessed using a fasting glucose test as
more than half of the women did not accept to conduct the OGTT procedure. However, the results
are useful in providing some highlights for better planning of future research and a convenient way
for follow-up of the women after delivery.

Conclusion and recommendations

Postpartum hyperglycemia was present in a small proportion of the women which may be influenced
by the type of test and time for the testing to be done after delivery, calling for future large
longitudinal studies to confirm the effects of timing and type of the test on postpartum
hyperglycemia. Furthermore, awareness creation on GDM should be given priority to enhance self-
care and develop a mechanism that can be used to increase compliance to postpartum follow-up. As
the postpartum period provides an important platform to initiate beneficial health practices for both
mother and child, to reduce the future burden of several NCDs, health stakeholders should support
postpartum follow-up of mothers and their children while insisting on the recommended tests to be
performed.
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