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ABSTRACT

Background: Gestational Diabetes Mellitus (GDM) is associated with a higher incidence of
maternal, perinatal, and neonatal morbidities. Publication around the world showed that
overweight and /obesity is a potential risk factor for gestational diabetes mellitus. Because of
late antenatal care booking in our country and self-report of pre-pregnancy body mass index
is not reliable, it’s difficult to get pre-pregnancy or early pregnancy body mass index to
measure overweight and obesity. Despite the increment in the incidence of overweight and
obesity in our country, there is limited study showing the association of overweight and
obesity with GDM in pregnant women and even the available studies lack consistency in
findings.

Objective: This study aims to assess the association of maternal overweight and obesity with
gestational diabetes mellitus in pregnant women in selected hospitals of Addis Ababa from
March 10 to July 30, 2020.

Methods: An unmatched case-control study was conducted on 159 pregnant women with
GDM (case) and 477 pregnant women without GDM (control) in selected hospitals in Addis
Ababa. Each hospital had been conducted screening of GDM for high-risk pregnant women
and diagnosis was made using the 2013 World Health Organization (WHO) criteria by a
physician. Overweight and obesity were measured using Mid-Upper Arm Circumference
(MUAC) and Calf Circumference (CC). Descriptive statistics used to present the socio-
demographic profile of the study participants. Binary and multiple logistic regression
analyses were done to measure the association of overweight and obesity with GDM. Finding
was reported using adjusted odds ratios with 95% confidence interval and statistical
difference was declared at P-value <0.05.

Result: GDM was associated with obesity (MUAC >33 and CC >39 cm) (AOR = 2.80; 95%
Cl: 1.58-4.90) but not with overweight (MUAC > 28 cm) (AOR = 1.51; 95% ClI: 0.71-3.21).
Previous history of caesarean section (AOR = 1.91; 95% CI: 1.14-3.21), having inadequate
minimum dietary diversification score (<5) (AOR = 3.55; 95% CI: 2.15-5.86), engaging in
low and moderate physical activity (AOR = 3.56; 95% CI: 1.49-8.48) and (AOR = 1.99; 95%
Cl 1.17-3.40) also associated with the development of GDM.

Conclusion and Recommendation: Obesity but not overweight have found to be
significantly associated with the development of GDM. Thus, screening for GDM is
recommended for obese pregnant women (having MUAC >33 and CC >39 cm). Policy
makers also should plan policies to decrease obesity among women of childbearing age
before and in between conception. Antenatal care providers should provide information for
women of childbearing age on maintaining a healthy body weight before and in between
pregnancies, the need for healthy diversified food and physical activity.

Keywords

Gestational Diabetes mellitus, obesity, overweight, MUAC, CC



1 INTRODUCTION

1.1. Background

Hyperglycaemia (high blood glucose level) that is first detected during pregnancy is
classified as either gestational diabetes mellitus (GDM) or diabetes mellitus in pregnancy
(DIP). Gestational diabetes mellitus is defined as glucose intolerance first detected during
pregnancy and usually diagnosed at 24-28 weeks of gestational age or at any time in
pregnancy if one or more of the following criteria are met: fasting plasma glucose 5.1-6.9
mmol/L (92-125 mg/dl), 1-hour plasma glucose 10.0 mmol/L (180 mg/dl) following a 75 g
oral glucose load and 2-hour plasma glucose 8.5-11.0 mmol/L (153-199 mg/dl) following a
75 g oral glucose load (1).

Diabetes mellitus in pregnancy (DIP) may either have been pre-existing diabetes (type 1 or
type 2) antedating pregnancy, or diabetes first diagnosed during pregnancy. When the level of
hyperglycemia first detected by testing at any time during pregnancy meets the criteria for the
diagnosis of diabetes in the non-pregnant state, the condition is called DIP. Compared with
gestational diabetes, DIP is more likely to be detected as early as the first trimester provided

appropriate testing is undertaken (2).

Global GDM prevalence rates showed wide variations due to ethnic heterogeneity among
populations tested, which are further exacerbated by the different screening and diagnostic
criteria used. GDM prevalence has been reported to vary between 1% —28% (3). It is
estimated by the International Diabetes Federation (IDF) that 21.3 million or 16.2% of live
births to women in 2017 had some form of hyperglycemia in pregnancy. About 86.4% of
those cases were because of gestational diabetes mellitus (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. The vast majority (88%) of cases of
hyperglycaemia in pregnancy were in low and middle-income countries, where access to

maternal care is often limited (4).

GDM prevalence in Africa is 13.61%. The prevalence was highest in Central Africa 20.4%,
and lowest in Northern Africa 7.57% sub-regions (5). In Ethiopia, the prevalence is different
in studies ranges from 4.2% in Gondar ,Southern Ethiopia to 12.8% in Wolaita, Northwest
Ethiopia (6,7).



Publications show that risk factors for GDM include ethnicity (8,9), maternal factors such as
older age (10-16), high parity (17,18), overweight and obesity (12,14,18-20), excessive
weight gain in the index pregnancy (14,21,22), physical inactivity before and during
pregnancy (7,12,23-25), polycystic ovarian syndrome (PCOS) (14), history of diabetes
mellitus in first-degree relatives (7,26-28) a history of poor pregnancy outcome (abortion,
foetal loss) (6,14,18), macrosomia in previous and/or index pregnancy (12), GDM in a
previous pregnancy (14,18), preeclampsia (29), vitamin D deficiency (14,30,31), Diet that is
high in saturated fats, refined sugars and red and processed meats (32,33).

Despite GDM usually exists as a transient disorder during pregnancy and resolves once the
pregnancy ends, it is associated with a higher incidence of maternal morbidity including
caesarean deliveries, birth trauma, hypertensive disorders of pregnancy (including
preeclampsia), higher risk of developing GDM in subsequent pregnancies and about half of
women with a history of GDM will develop type 2 diabetes within five to ten years after
delivery. Babies born to mothers with GDM also have a higher lifetime risk of obesity,

cardiovascular disease, and developing type2 diabetes (35-40).

Perinatal and neonatal morbidities also increase; the latter include macrosomia, shoulder

dystocia birth injury, hypoglycaemia, polycythaemia, and hyperbilirubinemia (41-51).

1.2.  Statement of the problem

Several studies in the world showed that overweight and or obesity is a potential risk factor
for gestational diabetes mellitus using pre-pregnancy BMI or BIM at early pregnancy to

measure overweight and obesity (53-58).

The body mass index (BMI) which is a person’s weight in kilograms divided by the square of
the height in meters (kg/m2) is currently widely used for measuring body fatness since is easy
to measure, inexpensive, and provides standardized cut-off points for obese status (59).
However, BMI is not sensitive to determining overweight and obesity in pregnancy due to its
additional weight gain from foetus and placenta as well as an increase in the size of maternal
organs, especially the breast and the uterus. (56) Rather, a pre-pregnancy BMI or BMI that is
calculated at the initial booking visit (by 10 weeks of gestation) is used for the diagnosis of

obesity in pregnancy (60).



In Ethiopia as a result of most of the pregnant women could not recall their weight before
conception and only 20% of pregnant women started ANC visit (booking) during the first
trimester, it is difficult to determine pre-pregnancy or early pregnancy BMI (61).

The 2016 EDHS report revealed that the proportion of women who are overweight or obese
in Ethiopia has increased from 3% in 2000 to 8% in 2016 (61).

Despite this increment in the incidence of overweight and obesity in our country, there is
limited study showing the association of overweight and obesity with GDM in pregnant
women. Even the available limited studies were either with controversy findings on the
association of overweight and obesity with GDM or had used insensitive measurements to
assess overweight and obesity.

Rational and significance of the study

An increasing number of women of reproductive age are overweight and obese in our country
(61), thus more women entering pregnancy are vulnerable to hyperglycaemia during

pregnancy.

Due to late booking into ANC in our country and self-report of pre-pregnancy BMI is not
reliable; it’s difficult to get pre-pregnancy or early pregnancy BMI of pregnant women to

assess obesity.

So, this study aimed at assessing the association of overweight and obesity with gestational
diabetes mellitus using MUAC and calf circumference to measure overweight and or obesity

in pregnant women.

These measures avoided the use of mathematical calculations, sophisticated equipment, and
regular equipment standardization, which are important considerations in under-resourced

settings.

Confirming that overweight /obesity has an association with gestational diabetes mellitus will
provide essential information regarding the need to prevent overweight and obesity before

conception and helpful to health policy and program planning in prevention strategies.



2 LITERATURE REVIEW

2.1.  Socio-demographic related factors for GDM

Studies done in the different parts of the world shared the finding that advanced maternal age
(>35 age) is a possible risk factor for GDM. A cross-sectional study to assess the prevalence of
gestational diabetes mellitus and its associations with social and behavioral factors, maternal body
mass index (BMI), anemia, and hypertension on 2345 pregnant women from 16 hospitals in China in
2017 revealed that Pregnant women aged 36-45 years old were 4.29 times more likely to have GDM
than women aged 18-25 years old (62). In line with this study another cross-sectional study to assess
the association between advanced maternal age and adverse pregnancy outcomes in Malaysia, data
from the registered births cards including 1415 pregnant women from 11 health clinics and 38
community clinics in Muar District showed that pregnant mothers aged > 35 are 2.32 times developed
GDM than women aged 20-34 (63). Systematic review and metaregression on prevalence and risk
factors of GDM in sub-Saharan Africa published in 2015 also showed maternal age>30 years is a risk
for the development of GDM (12).

Studies conducted to assess the prevalence and associated factors for GDM in Ethiopia
showed no significant association between maternal socio-demographic factors (age-,
residence-, ethnicity-, religion-, educational status of women-, occupational status-, monthly
income) and GDM (6,7). However, one unmatched case-control study conducted to assess
determinants of GDM among ANC attendants from referral hospitals of Amhara regions on
567 cases and 1690 controls in 2016 found that literate women had a 40% lower risk of

developing GDM than illiterate women (18).

2.2. Dietary and lifestyle related- factors for GDM

Physical activity during or before pregnancy and dietary factors was found to have a

significant association with GDM in several studies.

A meta-analysis of five prospective cohorts, two retrospective case-control studies, and two
cross-sectional studies aimed to systematically review and synthesize evidence on the relation
between physical activity and the development of GDM in 2011 found that pre-pregnancy
physically active pregnant women had a 55% lower risk of GDM, a pooled odds ratio and
Exercise in early pregnancy also 44% lower risk of GDM (24). Similarly, a prospective

cohort study to assess gestational diabetes mellitus risk with maternal recreational physical



activity before and during pregnancy on 909 pregnant women in Washington from 1996 to
2000 showed women who exercised physical activity > 4.2 hours per week during the year
before the index pregnancy experienced a 76% reduction in risk of GDM while women
taking part in physical activity for > 6.0 hours per week was associated with a 10% reduction
in risk of GDM (23).

Two studies in Ethiopia also revealed that adequate dietary diversification and regular
physical had negatively associated with the development of GDM. The previously mention
unmatched case-control study to assess the determinants of GDM used dietary diversification
score (DDS) recommended by (WHO) on 12 food items (If the women consume 0-2 foods,
categorized under poor, if the women consume 3-5 foods her DDS score was medium and if
she consumes more than six food items, her DDS score was high). It showed pregnant
women with a dietary diversification score of two/poor had 2.96 times higher risk of
developing GDM. This study also showed that regular physical exercise decreases the risk of
developing GDM by 97% (18).

The other recent cross-sectional study conducted among 1027 pregnant women to assess the
prevalence of gestational diabetes mellitus and associated factors among women attending
ANC at Gondar in 2018 including one tertiary Hospital and four health centers using Food
and Nutrition Technical Assistance (FANTA) 2016 version woman’s minimum dietary
diversity measurement tool. The MDDS of five and more was categorized as adequate dietary
diversity and showed that inadequate dietary diversity was 1.9 times higher among pregnant
mothers with GDM. The study also used International Physical Activity Questionnaire
(IPAQ) to assess the physical activities that women do as part of their everyday lives and
revealed that low physical activity increases the likelihood of developing GDM 3.36 times

compared to a high level of physical activity during pregnancy (7).

2.3.  Obstetric and medical related factors

Studies identified that high parity increases the risk of GDM. A 5-year prospective
observational study in Nigeria, from January 1, 2002, to December 31, 2006, to review the
antenatal complications and pregnancy outcomes among 1213 grand parous and 1213
multiparous women revealed that grand parous women 12.53 times having GDM than

multiparous women (17). The unmatched cross-sectional study previously mentioned also



found that Women with parity of three and above had 1.78 folds higher risk of developing
GDM (18).

History of poor pregnancy outcomes like still birth, abortion, and intrauterine foetal death
(IUFD) is a risk for GDM in studies conducted in Ethiopia. The unmatched case-control
study also showed the odds of GDM were five-folds higher in women with a history of
abortion and women with a history of IUFD had a 3.96 times higher risk of developing GDM
(18). Similarly, a cross-sectional study on the prevalence of gestational diabetes mellitus and
associated factors in Southern Ethiopia Wolaita Zone published in 2019 using 75-g OGTT for
universal screening of pregnant women 24-28 weeks of GA and updated WHO criteria
including 518 pregnant women showed GDM was 4.8 times higher in pregnant women with a
previous history of still birth and 4.2 times higher in pregnant women with a previous history

of spontaneous abortion (6).

Having a macrosomic baby in previous pregnancies and a history of caesarean Section
mentioned having an association with GDM. A cross—sectional study conducted in 2018 at
selected health facilities in Arusha Tanzania involving 468 pregnant women who were not
known to have diabetes before pregnancy using the 75 —g OGTT WHO at fasting and 2 hours
showed that GDM was 2.3 times higher among pregnant women with previous delivery of
babies >4 kg (64).

In Ethiopia previously mentioned 2 studies found that a previous history of caesarean
delivery increases the risk of GDM. In the unmatched case-control study, previous caesarean
section was 3.24 folds higher risk of developing GDM (18). Similarly, in the cross-sectional
study in Wolaita mentioned before, the risk of GDM in pregnant women with a previous

caesarean section is 7.5 times higher (6).

Family history of DM had been reported to have a significant association with GDM in all the
above mentioned 3 studies in Ethiopia (the 2 cross-sectional and an unmatched case-control
study) (6,7,18).

The previous history of GDM was showed significant association in studies conducted in
Ethiopia (the unmatched case-control study and cross-sectional study in Gondar) with 8.21

times increase risk and 5.82 increase risk respectively (7,18).



2.4.  Overweight and obesity with GDM

Overweight and or obesity had been identified as a risk factor for the development of GDM
in several studies. Most of them use pre-pregnancy BMI, Early pregnancy Waist to hip ratio

(WHR) to diagnose overweight and or obesity.

A prospective cohort study conducted on 2300 nulliparous pregnant women between 9-16
weeks to determine the risk of gestational diabetes (GDM) and insulin resistance (IR) in
obesity is defined by body mass index (BMI), waist-to-hip ratio (WHR), or both combined.
Gestational diabetes was diagnosed at 26 weeks, per the guidelines of each clinical center,
measurement categorized as the normal range (WHR <0.80, BMI <25 kg/m2); overweight
(WHR 0.80 — 0.84, BMI 25 — 29.9 kg/m2); and obese (WHR >0.85, BMI>30 kg/m2) based
on the WHO criteria. The finding was women who were overweight or obese by BMI
definition (BMI>25) regardless of their WHR had higher odds of GDM and IR compared to
normal. Those who were obese by BMI >30 4.75 times developing GDM and 5.9 times
developing IR. Those who were obese by WHR regardless of their BMI had increased odds
of GDM by 2.65 times and IR by 2.63 (58).

In line with this study, a retrospective study including 1688 nulliparous women who
developed GDM and 172 632 who did not to examine the individual association between
advancing maternal age, body mass index (BMI), and racial origin with the development of
gestational diabetes mellitus (GDM) and the interaction between these factors while BMI
was calculated at the first antenatal visit (before 16 weeks of gestation) revealed that the
GDM development was 1.77 times, 3.48 times 3.35 times and 7.7 times higher in Overweight
White European, Black African, Black Caribbean, and South Asians respectively. For Obese
groups also GDM development was 4.7 times,12.83 times,5.85 times, and 17.39 times higher
for (BMI >30) in White European, Black African, Black Caribbean, and South Asian
respectively (13).

In developing counties where pregnant mothers have late ANC visits and do not remember
their pre-pregnancy weight, MUAC measurement becoming a useful measurement for
diagnosing overweight and obesity in pregnancy. A cross-sectional study to assess the
prevalence of hyperglycaemia in pregnancy and influence of body fat percentage and other
determinants on developing hyperglycaemia in pregnancy among women in Arusha,
Tanzania conducted at selected health facilities in 2018 involving 468 pregnant women who

were not known to have diabetes before pregnancy using the WHO criteria at fasting and 2



hour 75-g OCTT revealed that pregnant women with MUAC > 28 cm developed GDM 1.2
times (64). Similarly, A cross-sectional study conducted from 2011 through 2012 to
determine prevalence of gestational diabetes mellitus in urban and rural Tanzania involving
609 urban and 301 rural pregnant women who were not previously known to have diabetes
using fasting and 2 hr 75 —g OCTT test and 1999 WHO criteria to diagnose GDM showed
that pregnant women with MUAC >28 cm developed GDM 1.9 times (28).

Studies conducted in our country also use MUAC to measure overweight or obesity during
pregnancy. The previously mentioned cross-sectional study in Gondar found that Women
with MUAC of >28 cm were 2 times more likely to develop GDM than women with MUAC
< 28 cm (7). However, the other cross-sectional study conducted in Wolaita showed no

significant association between pregnant women MUAC > 28 and GDM (6).

Even though BMI is not sensitive to determining overweight and obesity in pregnancy, a case
control study conducted to identify the determinant factors for GDM showed women with
BMI >25 had 2.96 folds higher risk of developing GDM than women with BMI <25 (18).

2.5.  Specificity and Sensitivity of MUAC and CC

Publications showed that MUAC as a reliable measure for quite stable during pregnancy and
highly correlated to the BMI before conception. Pregnant women with MUAC of >28 and >

33 cm were considered as having overweight and obesity, respectively (65-68).

A cross-sectional study conducted on 578 pregnant women receiving pre-natal care in 4
hospitals in Nigeria to measure anthropometric indices such as mid-upper arm circumference,
calf circumference, waist circumference, and waist to hip ratio, for identification of obesity in
pregnancy showed Sensitivity of 76%, Specificity 91%, Positive predictive value 76% and

Negative predictive value of 91% for MUAC to measure obesity in pregnancy (65).

Calf circumference is also used in measuring obesity during pregnancy, since it is also stable
through trimesters of pregnancy. CC value 39cm might be reliable to cut-off points for
diagnoses of obesity throughout pregnancy in the absence of leg oedema (65,67). The above-
mentioned cross-sectional study also showed a sensitivity of 78%, Specificity 85%, Positive
predictive value of 67%, and negative predictive value of 91% for CC to measure obesity in

pregnancy (65).



Similarly, another cross- sectional study conducted on 164 pregnant women attending ANC
in South Africa to assess the correlation between the MUAC and BMI in pregnant women
revealed that Sensitivity of 93.4%, Specificity 82.4%, Positive predictive value 90.9%, and
negative predictive value of 87% for MUAC to measure overweight in pregnancy. It also
showed a Sensitivity of 90.5%, Specificity 93.6%, Positive predictive value 87.2%, and
negative predictive value of 95.4% for MUAC to measure obesity in pregnancy (66).

Description of the conceptual framework

In some literature, the socio-demographic characteristics of participants like age and
educational status of the pregnant women are directly related to the development of GDM.
These factors are also known to be associated with the weight of pregnant women due to the
fact that as age increases, the weight of women may also increase for the reproductive-age
women. As well as the women’s educational status also determines being overweight since
educational status may increase a person’s health-seeking behavior. Similarly, it also
associates with women’s dietary and physical activities this, in turn, affect the weight of the

woman.

The past obstetrics and medical history related factors directly related to the development of
GDM. These factors may be affected by being overweight or obese, dietary habits of women,

physical activity, and the above-mentioned socio-demographic factors.

Dietary and lifestyle-related factors like dietary diversification score and physical activity
have directly related to the development of GDM. It also has a bi-directional association with

overweight and obesity.

Finally, the exposures (overweight and obesity) that we want to test their association have

also directly related to the development of GDM.
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2.6.

Conceptual framework

Socio demographic related factors

e Age (older)
e Educational status of
pregnant woman

Obstetric and medical related factors

Past history of poor pregnancy
outcomes (still birth, abortion,

|UFD)

History of macrosomic baby
History of caesarean section
Family history of DM
Previous history of GDM

N\

Overweight and/
or obesity

A

Dietary and life style related factors

e Dietary diversification score
e Physical activity

Figurel. A Conceptual framework for assessing the association of overweight and obesity
with GDM on selected hospitals in AA, 2020 developed after a review of the literature.
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2.7.  Hypothesis

The hypothesis of this research work is to show that there is an independent significant
association between overweight and obesity and gestational diabetes mellitus.
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3 OBJECTIVE

The major aim of this study is to determine the association of overweight and obesity with
gestational diabetes mellitus among pregnant women attending ANC in selected hospitals in
Addis Ababa.
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4 METHODS

4.1.  Study area and period

The study was conducted in selected hospitals which give maternal and child health service in
Addis Ababa Administrative city from March 10 to July 30, 2020. The city has 4
governmental and 8 maternal and child health provision hospitals. These hospitals primarily
give maternal and child health care. The two known specialized hospitals in the city; Tikur
Anbesa specialized hospital and Saint Paul’s Millennium Medical College have Michu ANC
clinic. The remaining hospitals are Zewditu memorial hospital, Ghandih memorial hospital,
Hemen maternity and child health speciality, Brass maternal and children hospital, Grace
maternal and child hospital, Anania maternal and children specialized medical center,
Betsegah hospital, Dinberua maternal and child hospital, BGM maternal and child health
hospital, Semah maternal and child health speciality center. Their service includes ANC,
perinatal care, delivery care, post-natal, and child health care. From these hospitals only 8 of
them perform screening for GDM using OGTT for all high-risk pregnant women that attend

ANC and give appropriate treatment.

4.2.  Study design

An unmatched case-control study design was used to assess the association of maternal
overweight and obesity using MUAC & Calf Circumference measurements with gestational
diabetes mellitus on selected hospitals in Addis Ababa Administrative city from March 10 to
July 30, 2020. Cases were pregnant women with a gestational age of greater than 24-weeks
with the diagnosis of GDM by OGTT and controls were pregnant women with a gestational

age of greater than 24-weeks without gestational diabetes mellitus.
4.3.  Source population

Pregnant women who attend antenatal care service in maternal and child health provision

hospitals in Addis Ababa during the survey period.

4.4.  Study population

The study population was pregnant women with a gestational age of greater than 24-weeks
who attend antenatal care service in the selected maternal and child health service provision

hospitals during the survey period.
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4.5.  Eligibility criteria

Inclusion criteria
Pregnant women with a gestational age of greater than 24-weeks that attend ANC in selected
maternal and child health service provision hospitals.

Exclusion criteria

Pregnant women having multiple pregnancies by ultra-sound diagnosis were excluded.
4.6.  Sample size determination and sampling technique
Sample size determination

The sample size was calculated using EPI Info software 7 Version, using sample size
determination for proportion in two populations for case-control design. The study assuming
the 95% confidence level (CL), power of 80%, with a 3:1 ratio between control to the case,
an odds ratio of 2.0, taking the proportion of exposure (Overweight and/or obesity) in
controls of 14.4% from the study done in Gondar, (7) and non-response rate of 10%, the
study need a total of 159 pregnant women with GDM (cases) and 477 pregnant women
without GDM (controls).

Sampling technique

Eight hospitals are purposively selected based on the availability of the OGTT test for
screening of GDM and number of pregnant women they serve. Namely: Zewditu hospital,
Tikur Anbesa specialized hospital, Saint Paul’s Hospital Millennium Medical College,
Dinberua Child and women hospital, and Besegah mother and child hospital, Grace maternity
and child hospital, Anania maternity and child hospital, Hemen maternity and child hospital.
Proportional allocation to population size was made to allocate the number of participants in
each hospital. The base for proportional allocation was the last 3 month record of GDM cases
in each hospital. Eligible pregnant women who were diagnosed as gestational diabetes
mellitus by the physician using a 75 or 100g OGTT test considered as cases. All cases
attending ANC during the data collection period were included in the study until the required
sample size was reached. Three consecutively found women, who are negative for gestational
diabetes mellitus, considered as controls. This procedure was continued until the required

sample size was optimized.
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Maternal health service
provision hospitals in Addis
Ababa
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Ghandi Hemen Grace Brass SPHM Zewditu Semah Dinberua Betsgah BGM
Hospital MCH MCH MCH MC Hospital MCH MCH MCH MCH MCH

|

Figure 2. Sampling procedure to assess the association of overweight and obesity with GDM
on selected hospitals in Addis Ababa, 2020.

4.7.  Data collection instrument and procedure
Data Collection instrument

Structure questionnaire was prepared after a review of different forms of literature. The
dietary and physical activity section of the questionnaire was adopted from Food and
Nutrition Technical Assistance (FANTA) 2016 version woman’s minimum dietary diversity
measurement tool and short-form the International Physical Activity Questionnaire (IPAQ)
respectively (67,68). While the outcome variable, GDM data was got from the pregnant
women ANC chart. The questionnaire was prepared in English and then translated to

Amharic (national language) and back-translated to English to observe consistency.
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Data Collection Process
Data was collected by data collectors who have a bachelor’s degree in nursing or midwifery
working in the ANC of selected hospitals. The training was given for data collectors on the
contents of questionnaires, how to fill the questionnaires, the way of communication with

research participants, and ethical issues were also discussed during the training period.

Pre-test was done two weeks before the actual data collection period on ~3% (16) of study

populations at Zewditu Memorial Hospital, TASH, SPHMMC, and Grace MCH.

A face-to-face interview was employed to fill the prepared structured questionnaires
regarding socio-demographic status, current, and previous obstetric history, personal and
family medical history.

The mid-upper arm circumference (MUAC) was measured on the left arm using a non-
stretchable measuring tape at the midway point between the olecranon process of the ulna and
the acromion process of the scapula. Calf circumference was also measured at the greatest
dimension of the calf (the maximum horizontal distance around the left calf) as the subject

stood upright.

Dietary diversity was assessed using a 24-h food recall method by the Food and Nutrition
Technical Assistance (FANTA) 2016 version woman’s minimum dietary diversity
measurement tool. It contained a list of 10 food groups (starchy staples, nuts and seeds,
pulses, dairy, meat, eggs, poultry and fish, dark green leafy vegetables, other vitamin-A rich
fruits and vegetables, other vegetables, and other fruits). The minimum dietary diversity score
(MDDS) was dichotomized based on whether women have consumed the list of defined food
groups the previous day or night. The MDDS of five and more categorized as adequate

dietary diversity(67).

The short-form the International Physical Activity Questionnaire (IPAQ) was used to assess
the physical activities that women do as part of their everyday lives. The IPAQ was suitable
for adults between 15 and 69 years of age and implemented in different countries. It assessed
specific types of activity such as walking, moderate and vigorous-intensity activities done at
work, as part of house and yard work, to get place to place, and in spare time for recreation,
exercise or sport. Participants will be asked to recall their activities of the last 7 days

preceding the interview. Data was reported as high, moderate, and low using the IPAQ
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scoring protocol to considered women into a high, moderate and low level of physical
activity categories (68,69).

4.8.  Operational definitions

Overweight in pregnancy: having MUAC measurement >28 is considered as overweight
(28,64).

Obesity in pregnancy: having MUAC measurement >33 and CC >39 (65).

High-risk pregnant women for GDM: having macrosomia (current or past pregnancy),
GDM in the past, unexplained stillbirth, T2DM in a first-degree relative, history of recurrent
abortion.

Presence of GDM: selected as high risk for GDM by physicians and tested using 75-g or
100-g OGTT and diagnosed as GDM by physicians according to WHO criteria 2013 on one
or more of the following results recorded by routine testing after 24 weeks of gestational age:

1. fasting plasma glucose 5.1-6.9 mmol/L (92-125 mg/dl)
2. 1-hour plasma glucose 10.0 mmol/L (180 mg/dl) following a 75 g oral glucose load
3. 2-hour plasma glucose 8.5-11.0 mmol/L (153-199 mg/dl) following a 75 g oral
glucose load (71)
DIP: known T1DM, Known T2DM, and diabetes first detected in pregnancy before 24 weeks

of gestational age from history and ANC follow-up card if available.

HIGH on the IPAQ engage in Vigorous-intensity activity on at least 3 days OR 7 or more
days of any combination of walking, moderate-intensity or vigorous-intensity activities.
MODERATE on the IPAQ engage in: 3 or more days of vigorous-intensity activity and/or
walking of at least 30 minutes per day OR 5 or more days of moderate-intensity activity
and/or walking of at least 30 minutes per day OR 5 or more days of any combination of
walking, moderate-intensity or vigorous-intensity activities.

LOW level of physical activity on the IPAQ: means that you are not meeting any of the
criteria for either MODERATE of HIGH levels of physical activity.

Adequate dietary diversity: If the pregnant women have consumed the list of defined food
groups on the previous day or night, she got a score of 1 and if not 0. The MDDS of five and

more was categorized as adequate dietary diversity.

18



4.9.  Study variables
Dependent variable:

Gestational diabetes mellitus status

Independent variable:
Overweight and Obesity

Covariates

1. Socio-demographic characteristics of participants: Age, Residence, educational
status of women, occupational status of women, Spouse’s educational status, Spouse’s
occupational status, marital status, monthly income of the women

2. Obstetrics and medical history: gravidity, parity, birth weight of the previous child,
previous stillbirth, previous abortion, previous caesarean section, previous history of
GDM, family history of T2DM

3. Dietary and lifestyle characteristics: Dietary diversification score, Physical activity

4.10. Data processing and analysis

The collected data were coded, entered, cleaned, and checked for missing, consistency, and
completeness up to the end of each data collection period Using Epi data manager 4.2 and
analyzed using SPSS 21. Descriptive statistics (frequency and percentage) used to present the
socio-demographic profile of the study participants. The primary method of analysis was
logistic regression/ non-conditional. In the meantime, descriptive, binary, and multiple
logistic regression analysis made to measure the association of overweight and obesity with
GDM. The bivariate analysis was used to assess the association between covariates and the
exposure variable, as well as the association between covariates and outcome variable.
Variables that were associated with both the exposure and outcome variable at a P-value of <
0.25 in the bivariate analysis were exported to the multivariate analysis to control for the
potential effect of confounders. Adjusted odds ratios with 95% confidence interval
calculated. Significant association between the dependent and independent variables accepted
at P-value < 0.05.
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4.11. Data quality assurance

To assure the quality of data, a properly designed data collection tool was prepared before
beginning the actual data collection, and close supervision was carried out by the principal
investigator, any problem faced in the time of data collection was discussed and corrective
measures made immediately. The training was given for data collectors who have a

bachelor’s degree in nursing or midwifery.

The Pre-test was done two weeks before the actual data collection period and some
modification was done on questions that affect the consistency of data. The questionnaire was
reviewed and checked for completeness, accuracy, and consistency by the supervisor and

investigator.

Standard measuring instruments of height, weight, MUAC, and CC were used for the

physical measurement of study participants.

Weight measuring scales were calibrated, checked, and adjusted at zero levels between each
measurement and it was measured to the nearest 0.5 kg with the subject standing on the
weight scale. Subjects were instructed to wear minimum outwear and without footwear.
Height, MUAC, and CC were measured to the nearest 0.5 cm with the subjects in an erect

position against a vertical surface following the standard steps.

4.12. Ethical considerations

Ethical approval was obtained from the research and ethical committee of the School of
Public Health, College of Health Sciences, Addis Ababa University. The chief executive
director of each hospital was informed about the aim of the study and written permission was
obtained before starting data collection. Written informed consent was got from each study
participant. The name of the participants was not written on the questionnaire, and the

confidentiality of the data was kept at each step.

4.13. Dissemination of findings

After the completion of the study, the finding after being defended at the School of Public
Health, College of Health Sciences, Addis Ababa University will be submitted to the School
of graduate studies of Addis Ababa University, principal and co-advisors of the thesis, for the

medical director office of each hospital in which the study held. The result will be
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disseminated through workshops, seminars and published in an international, professional
high impact journal.

5 Result
5.1.  Socio-demographic characteristics of participants

The study was done on 159 pregnant women with GDM (case) and 477 pregnant women
without GDM (control) with a response rate of 100%. The mean (xSD) age of respondents
was 31.91 (+4.84) years for cases and 29.54 (+4.83) years for controls. The majority of
study subjects in cases 157 (98.7%) and controls 468 (98.1%) lived in urban. A greater
number of study subjects are married in both cases 158 (99.4%) and controls 475 (99.6%).
One hundred nine (68.6%) of cases and two hundred ninety-six (62.1%) of controls have a
monthly income > 0f 4000 ET birr. (Table 1)

Table 1Socio-demographic characteristics of pregnant women participated in the study to
assess the association of overweight and obesity with GDM on selected hospitals in AA,
2020.

Variables Presence of GDM
Cases Controls Total X?
N (%) N (%) N (%) (p-value)
Age group in years
20-24 7 (4.4) 76 (15.9) 83 (13.1) 36.17 (< 0.01)
25-29 42 (26.4) 177 (37.1) 219 (34.4)
30-35 62 (39.0) 160 (33.5) 222 (34.9)
>36 48 (30.2) 64 (13.4) 112 (17.6)
Place of Residence
Urban 157 (98.7) 468 (98.1) 625 (98.3) 0.28 (0.60)
Rural 2(1.3) 9 (1.9) 11 (1.7)
Marital status
Single 0 (0) 1(0.2) 1(0.2) 1.01 (0.61)
Married 158 (99.4) 475 (99.6) 633 (99.5)
Divorced 1(0.6) 1(0.2) 2(0.3)
Educational status
Not read and write 15 (9.4) 3982  54(85) 2.73 (0.25)
Primary education 32(20.1) 127 (26.6) 159 (25.0)

Secondary education and above 112 (70.4) 311 (65.2) 423 (66.5)
Occupation status of the woman

Housewife 85(53.5) 246 (51.6) 331(52.0) 2.33 (0.67)
Farmer 0(0) 1(0.2) 1(0.2)
Gov’t organization 37(233)  95(19.9) 132(20.8)
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Private employee 33 (20.8) 120 (25.2) 153 (24.1)

NGO employee 4 (2.5) 13 (2.7) 17 (2.7)
Daily laborer 0(0) 2(0.4) 2 (0.3)
Monthly Income
<1500 8 (5.0) 37 (7.8) 45 (7.1) 2.70 (0.44)
1500 -2499 9 (5.7) 28 (5.9) 37 (5.8)
2500 — 3999 33(20.8) 116 (24.3) 149 (23.4)
>4000 109 (68.6) 296 (62.1) 405 (63.7)

5.2. Dietary and Lifestyle-Related Factors of Participants

Among the study participants, 95 (59.7%) of cases and 82 (17.2%) of control have inadequate
dietary diversification score (<5).
Assessment of physical activity showed that 70 (44%) of cases and 70 (14.7%) of controls

were involved in low physical activity. (Table 2)

5.3.  Obstetric and Medical-Related Factors of Participants

Of the total of 139 multi and grand gravida pregnant women with GDM, 42 (30%) had
macrocosmic babies, 50 (35.7%) history of abortion/ miscarriage 17 (12.1%) history of
stillbirth, 4 (2.9%) history of preterm delivery, 85 (60.7%) history of caesarean delivery, 20
(14.3%) have a history of previous GDM, only 1 (0.7%) history of delivering a baby with a
congenital abnormality,10 (7.1%) history of high blood pressure in the previous pregnancy,16
(10.1%) have confirmed hypertension. (Table 2)

Again, from the total pregnant women with GDM, 90 (56.6%) had a family history of
T2DM, 21 (13.2%) had first-degree relatives having GDM. (Figure 3)
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56.60%

13.20%

.00% M Cases(159)

Have Family Hx of T2DM  First-degree relative = Controls(477)
having GDM

Figure 3 Percentage of Family history of T2DM and First-degree relative having GDM of the
study to assess the association of overweight and obesity with GDM on selected hospitals in
AA, 2020.

5.4. Binary logistic regression

In this study, the results of binary logistic regression analysis showed that age group,
gravidity, history of delivering a macrosomic baby, history of caesarean delivery, history of
abortion/miscarriage, history of stillbirth, history of previous GDM, family history of T2DM,
first-degree relative having GDM, MDDS, Physical activity, overweight and obesity were
found to be associated with GDM at p-value less than 0.25. (Table 2)

Table 2Binary Logistic regression for factors associated with GDM of the study to assess the
association of overweight and obesity with GDM on selected hospitals in AA, 2020.

Presence of GDM
Variables Cases Controls COR (95% CI) P-value
Overweight
Yes 137 (86.2) 325(68.1) 2.91[1.78,4.75] <0.01
No 22 (13.8) 152 (31.9) 1
Obesity
Yes 106 (66.7) 102 (21.4)  7.35[4.95, 10.92] <0.01
No 53 (33.3) 375(78.6) 1
Age group
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20-24
25-29
30-35
>36
Gravidity
Primigravida
Multigravida
Grand multigravida
Parity
Nulliparous
Multiparous
Grand parous
History of macrosomic baby
Yes
No
History of caesarean delivery
Yes
No
History of abortion/miscarriage
Yes
No
History of stillbirth
Yes
No

History of previous GDM
Yes
No

Family history of T2DM
Yes
No

First-degree relative having GDM
Yes
No

Minimum Dietary Divers. score
Adequate (>5)
Inadequate (<5)

Levels of Physical activity
High
Moderate
Low

7 (4.4)
42 (26.4)
62 (39.0)
48 (30.2)

20 (12.6)
95 (59.7)
44 (27.7)

25 (15.7)
130 (81.8)
4 (2.5)

42 (30.0)
98 (70.0)

85 (60.7)
55 (39.3)

50 (35.7)
90 (64.3)

17 (12.1)
123 (87.9)

20 (14.3)
120 (85.7)

90 (56.6)
69 (43.4)

21 (13.2)
138 (86.8)

64 (40.3)
95 (59.7)

12 (7.5)
77 (48.4)
70 (44.0)

76 (15.9)
177 (37.1)
160 (33.5)
64 (13.4)

115 (24.1)
276 (57.9)
86 (18.0)

137 (28.7)
328 (68.8)
12 (2.5)

64 (17.6)
299 (82.4)

104 (28.7)
258 (71.3)

66 (18.2)
296 (81.8)

30 (8.3)
332 (91.7)

32 (8.8)
330 (91.2)

139 (29.1)
338 (70.9)

19 (4.0)
458 (96.0)

395 (82.8)
82 (17.2)

131 (27.5)
276 (57.9)
70 (14.7)

1
2.58 [1.11, 5.99]
4.21[1.84, 9.63]
8.14 [3.45, 19.24]

1
1.98 [1.16, 3.56]
2.94 [1.62, 5.35]

1
2.17 [1.35, 3.48]
1.83[0.54, 6.12]

2.00 [1.28, 3.14]
1

3.83 [2.55, 5.77]
1

2.49 [1.61, 3.86]
1

1.53 [0.82, 2.87]
1

1.72 [0.95, 3.12]
1

3.17 [2.19, 4.59]
1

3.67 [1.92, 7.02]
1

7.15 [4.81, 10.63]
1

1
3.05 [1.60, 5.79]
10.92 [5.54, 21.50]

0.03
<0.01
<0.01

0.01
<0.01

<0.01

0.33

<0.01

<0.01

<0.01

0.19

0.07

<0.01

<0.01

<0.01

<0.01
<0.01
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5.5. Multivariable logistic regression

On the multivariable analysis the Omnibus Tests of Model Coefficients is significant (chi-

square = 83.38, df = 1, p < 0.001), so our new model is significantly better. The model

summary also shows the Nagelkerke’s R? is 0.22, which suggests that the model explains

roughly 22% of the variation in the outcome.

After adjusting for possible confounders, the multivariable logistic regression shows presence

of GDM was 2.8 folds higher among obese pregnant women (MUAC >33 and CC >39 cm)
(AOR = 2.80; 95% CI: 1.58-4.90). The effect of overweight on GDM has disappeared when

adjusting for these confounders.

History of caesarean section in a previous delivery, engaging in low and moderate physical

activity, having inadequate minimum dietary diversification score (<5) also found to be

significantly associated with the development of GDM. (Table 3)

Table 3 Multivariable logistic regression for factors associated with GDM of the study to
assess the association of overweight and obesity with GDM on selected hospitals in AA.

Variables

Overweight **
Yes
No
Obesity *
Yes
No
Age group
20-24
25-29
30-35
>36
Gravidity
Primigravida
Multigravida
Grand multigravida
History of giving macrosomic baby
Yes
No
History of caesarean delivery
Yes
No
Family history of T2DM
Yes
No

Prevalence of GDM

COR (95% ClI)

2.91[1.78, 4.75]
1

7.35 [4.95, 10.92]
1

1
2.58 [1.11, 5.99]
4.21[1.84, 9.63]
8.14 [3.45, 19.24]

1
1.98 [1.16 — 3.56]
2.94 [1.62 — 5.35]

2.00 [1.28, 3.14]
1

3.83 [2.55, 5.77]
1

3.17 [2.19, 4.59]
1

AOR (95% ClI)

1.51[0.71, 3.21]
1

2.80 [1.58, 4.90]
1

1
1.06 [0.54, 2.05]
1.05 [0.48, 2.28]
1.45 [0.23, 8.90]

1
0.80 [0.41, 1.57]
0.0000

1.06 [0.59, 1.92]
1

1.91 [1.14, 3.21]
1

1.37 [0.79, 2.36]
1

P-value

0.28

<0.01

0.86
0.91
0.69

0.52

0.84

0.01

0.26
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Minimum Dietary Diversification score

Adequate (=5) 1 1 <0.01
Inadequate (<5) 7.15[4.81,10.63] 3.55[2.15, 5.86]

Levels of Physical activity
High 1 1 1
Moderate 3.05[1.60-5.79] 1.99[1.17, 3.40] 0.01
Low 10.92 [5.54,21.5] 3.56 [1.49,8.48]  0.001

AOR* After adjusted for covariates; Age group, Gravidity, Macrosomia, History of caesarean delivery, Family
history of T2DM, Minimum Dietary Diversification score, Levels of Physical activity
AOR** Adjusted for Overweight and the above variables without obesity included in the model

6 Discussion

The study found that odds of GDM were 2.8 five folds higher in obese pregnant women
(having MUAC>33 cm and CC>39 cm). On the other hand, the study revealed that
overweight (having MUAC>28) were not significantly associated with GDM. Contradictory
to these findings, studies from Ethiopia (AOR = 2.25; 95% CI: 1.18-4.26) and Tanzania (OR
1.9, 95% CI 1.1-3.3) showed that overweight and/obesity (MUAC>28) were significantly
associated with the development of GDM (7,28). The reason for these differences is maybe
because of the separate measurement of these variables, since these two studies measure
overweight and obesity together by using MUAC > 28 (7,28). Even though measurement
used to assess obesity was different, different studies in Tanzania, South Africa, Cameron,
USA, India, Malaysia, and China revealed that obesity has a significant association with the
development of GDM using pre-pregnancy BMI (14,71-76). In line with this finding,
systematic reviews and meta-analysis studies also showed there was a significant association
between obesity and GDM using pre-pregnancy BMI (56,77,78). This can be explained by
the fact that obesity leads to decreased insulin sensitivity and a higher degree of insulin

resistance and contributes to GDM development (79,80).

The study also revealed that GDM was higher in pregnant women with a history of caesarean
section delivery. This finding agrees with a case-control study and a cross-sectional study
conducted in Ethiopia (6,18). A retrospective cohort study in Canada also showed that GDM

is higher among pregnant women with a previous history of caesarean section (81).

The other finding of this study showed presence of GDM was higher among women with an
inadequate minimum dietary score. Similarly, two studies in Ethiopia revealed that

inadequate dietary diversity increases the risk of developing GDM  (7,18). A systematic
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review and Meta-Analysis also showed adherence to a diet with a high AHEI 2010
(Alternate Healthy Eating Index 2010) score was associated with a reduced risk of GDM by
83% (79), and a prospective observational study in Iceland showed adhering to a prudent
dietary pattern (with positive factor loadings for seafood; eggs; vegetables; fruits and berries;
vegetable oils; nuts and seeds; pasta; breakfast cereals; and coffee, tea, and cocoa powder,
and negative factor loadings for soft drinks and French fries) in pregnancy were associated
with a lower risk of GDM (80).

Low and moderate physical activity increases the risk of developing GDM when compared to
high physical activity. This finding is supported by two studies conducted in Ethiopia (7,18)
respectively. Similarly, the result agrees with finding from Vietnam, a Randomized trial from
China, two systematic review, and meta-analysis studies (25,81-84). This result is explained
by the fact that exercise increases insulin sensitivity, possibly by changing the adipokines
profile and by upregulating antioxidant defense mechanisms (85).

7 Strength and limitation of the study

Strength

This study chooses an exposure variable and tries to assess its association with the outcome variable
using case-control study design which fits goods for our outcome variable which is rare.The study
also uses two measurements MUAC and Calf circumference to strengthen the assessment of

obesity, which, therefore, minimizes the information bias.

Limitation
One limitation of the present study was only MUAC was used to measure overweight since
the cut-off value of calf circumference to measure overweight in pregnancy could not be

found.

8 Conclusions

GDM was high in obese pregnant women (having MUAC>33 ¢m and CC>39 cm), but not in
overweight. Moreover, pregnant women with a previous history of caesarean section, having
inadequate dietary diversification scores, and engaging in low and moderate physical activity

also have a higher risk of getting GDM.
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9 Recommendation

For Federal Ministry of Health of Ethiopia
The Ministry of the health of Ethiopia should develop obesity screening and prevention

guidelines for women of childbearing age before conception time.

The health education program should be planned in all health facilities for women of
childbearing age to encourage weight reduction programs, including dietary diversification
and physical activity before attempting the first pregnancy and between subsequent

pregnancies.

In our country where pregnant women usually start ANC follow-up lately, and self-report of
pre-pregnancy BMI is not reliable, simpler MUAC and CC measurement can be used to
assess overweight and obesity. By conducting more validation studies on the measurement
and assessing obesity using MUAC and CC, it can be added to the current criteria for
selective screening for GDM.

For health professionals (Especially work on ANC and Family planning services)
Provide information for women of childbearing age on maintaining a healthy body weight
before and in between pregnancies, the need for healthy diversified food and physical

activity.

For other researchers
Further follow-up studies needed to validate MUAC and CC measurements to determine
obesity in pregnant women and cut-off points for each measurement for the development of

GDM in our country can be seated.
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ANNEXES

Annex I: Consent form for participation in research
Greetings.

Dear participant!
Hello! My name is , | am here on behalf of Ms, Yeabsra Mesfin
Seifu MPH student at Addis Ababa university college of health science, School of
Public Health. She is conducting research for the partial fulfilment of a Master’s
degree in Epidemiology and biostatistics. This study obtained ethical approval
from the institutional review board of Addis Ababa University and also received
permission from the medical director's office of this Hospital.
You are being invited to participate in a research study on the association of overweight and
obesity with gestational diabetes mellitus.
Hyperglycaemia (high blood glucose level) that is first detected during pregnancy is
classified as either gestational diabetes mellitus (GDM) or diabetes mellitus in pregnancy.
Both mother and baby can experience health problems when women have GDM. Mothers
with GDM may have difficult labor due to a bigger baby and may need a caesarean section.
They also have a much higher chance of developing type 2 diabetes and heart disease later in
life. Babies born to mothers with GDM may suffer birth injuries, breathing problems,
jaundice and low blood sugar, which are very serious cases can cause brain damage.
Obesity is often defined simply as a condition of abnormal or excessive fat accumulation in
adipose tissue, to the extent that health may be impaired and its prevalence is increasing in
our country. Several studies in the world showed that overweight and obesity is a possible
risk factor for gestational diabetes mellitus.
Confirming that there is an association between overweight and obesity and gestational
diabetes mellitus provides an opportunity to improve pregnancy outcomes and women to
make changes in their lifestyle to help prevent obesity as well as the development of
gestational diabetes.
This research will require about 15-20 minutes of your time. During this time, you will be
interviewed about your socio-demographic status like (age, education, residence,), family,

medical and obstetric history. Your weight, height, MUAC and CC will be measured.
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You will not pay for participating in this study. However, you will get adequate information
about what is GDM, possible risk factors, complications, diagnosis and treatment access that
will help for your future pregnancy as well as to share for others.

Several steps will be taken to protect your anonymity and identity. The interviews will NOT
contain any mention of your name, and any identifying information from the interview will
be removed. The typed interviews will also be kept in a locked filing and only the main
researcher will have access to the interviews. All information will be destroyed after 5 years’
time.

Your participation in this research is completely voluntary. You can withdraw from the study
at any time for any reason.

The results from this study will be presented on academic thesis presentation and may
published in writing in journals read by health professionals. At no time, however, will your
name be used or any identifying information revealed. If you wish to receive a copy of the
results from this study, you may contact the researcher at the telephone number given below.
If you require any information about this study, or would like to speak to the researcher,
please call (Yeabsra Mesfin) at (0945618645).

If you have any other questions regarding your rights as a participant in this research, you
may also contact the Office of Research Services at Addis Ababa University.

| have read (or have been read) the above information regarding this research study, and
consent to participate in this study.

(Printed Name)

(Signature)

(Date)
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Annex I1: English Version structured Questionnaires

A questionnaire prepared to assess the association of overweight and obesity with gestational
diabetes mellitus in selected hospitals in Addis Ababa Ethiopia.

Date of interview:

Name of hospital:

Code of the pregnant woman:
Address of the pregnant woman:
Name of data collector:

Date of appointment for the next visit:
Section 1: Socio-demographic characteristics

No Questions Responses (alternative choices) Code
101 Age of the pregnant woman in years
years
102 What is your place of residence? 1. Urban 2. Rural
103 What is your current marital 1. Single
status?
2. Married
3. Divorced
4. Widowed
5. Separated
6. Other (specify)------------
104 What level of schooling have 1. Not read and write

you completed?
2. Read and write

3. Gradel-8
4. Grade 9-12
5. Certificate
6. Diploma

7. Degree and above
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105 What is your main 1. Housewife
occupation?
2. Farmer
3. Government Employee
4. Private employee
5. NGO employee
6. Daily labourer
7. Student

8. Other (Specify)------------
106 What level of schooling your 1. Not read and write

spouse has completed? » Read and write
3. Gradel-8
4. Grade 9-12
5. Certificate
6. Diploma
7. Degree and above
107 What is your spouse’s main 1. Government Employee
occupation? > Farmer
3. Private employee
4. NGO employee
5. Daily labourer
6. Student
7. Other (Specify)------------

108 What is the amount of your ~ ----------- Eth birr
monthly income?

Section 2: Current pregnancy and obstetric history

201 Including this pregnancy, for how
many times have you been -----------------
pregnant (gravida)

202 For how many times have you
been live birth (parity)

203 Gestational age (wks.) by 1. LMP------- GA----weeks+--
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Section 3: Prior pregnancy and obstetric history

If she is primigravida, skip this section

301

302

303

304

305

306

307

308

309

Birth weight of the newborn
(the most recent newborn)
Have you ever given birth to
a large size (macrosomic)
baby?

Have you ever given birth to
preterm?

Have you ever had a baby by
caesarean delivery?

Have you had abortions and/
miscarriages?

Have you had Still
birth?

Have you delivered a baby
with a congenital
abnormality?

Have you experienced
GDM in previous
pregnancies?

Have you experienced high
blood pressure during
previous pregnancies?

days
2. By ultrasound (if available)
GA----weeks+----days

1.

2.

. Yes

. No

. Yes

. No

. Yes

. No

. Yes

. No

. Yes

. No

. Yes

. No

Yes

No

Section 4: General medical (personal and family) history

401

402

403

Family history of T2DM

The first-degree relative having
gestational diabetes mellitus

Presence of confirmed chronic
hypertension

1.

2.
1.

2.

1.

2.

Yes

No
Yes

No

Yes

No

Who?,
mother,
sister....
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Section 5: Assessment of Minimum Dietary Diversity for Women (MDD-W)
The next question focuses on the ten women’s dietary diversity or varieties of foods from the lists of
food with one type or conjugates within 24 hours from yesterday 12:00 to today 12:00 o’clock.

No Food group Examples Consumed
Yes=1
No=0
501 Grains/cereals, roots & tubers Bread, pasta, rice, biscuit, cookies

or dried food made from oats,
maize, barley, wheat, millet,
sorghum, and others. Any food
made from teff (injera, pen cake,
porridge) cerifam, faffa  (pre-
processed baby foods) and other
packed baby foods: Potato,
boina/cassava,  buila,  kocho,
beetroot, and other roots

502 Pulses Bean, pea, lentil

503 Nuts and seeds Sesame, flax, sunflower, and nuts

504 Dairy Milk, cheese, yogurt or other milk
products

505 Meat, Poultry and fish Beef, lamb, goat, chicken, fish

506 Eggs Egg

507 Dark green leafy vegetables Kale/gomen,  spinach, Kkosta,
green pepper

508 Other vitamin A-rich vegetables Pumpkin, carrot, papaya, mango,

and fruits sweet potato

509 Other vegetables cucumber, tomato, Green pepper,
Mushroom, Zucchini, Onion

510 Other fruits Orange, banana, Apple, Avocado,

Guava, Lemon
Total score

Section 6: Assessment of physical activities

International Physical Activity Questionnaire

We are interested in finding out about the kind of physical activities that women do as part of their
everyday lives. The questions will ask you about the time you spent being physically active in the
last 7 days. Please answer each question, even if you do not consider yourself to be an active person.
Please think about the activities you do at work, as part of your house and yard work, to get place to
place, and in your spare time for recreation, exercise or sport. Now, | would like to ask you about

the physical activity in the past (1) week, including today.
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No. Questions Questions ReRespsese@lf{attanat\vhoicB®ip  Skip
choices)
Think about all the vigorous activities that you did in the last 7 days. Vigorous physical activities
refer to activities that take hard physical effort and make you breathe much harder than normal.
Think only about those physical activities that you did for at least 10 minutes at a time.

601 During the last 7 days, on how If No, Skip
many days did you do vigorous 1. days per week Q 603
physical activities like heavy 2. No vigorous physical activities
lifting, digging, aerobics, or fast
bicycling?

602 How much time did you usually 1. hours per day
spend doing vigorous physical 2. minutes per day
activities on one of those days? 3. Don’t know/Not sure

Think about all the moderate activities that you did in the last 7 days. Moderate activities refer to
activities that take moderate physical effort and make you breathe somewhat harder than normal.
Think only about those physical activities that you did for at least 10 minutes at a time.

603 During the last 7 days, on how 1. days per week If No, Skip
many days did you do moderate 2. No moderate physical activities Q 605
physical activities like carrying
light loads, bicycling at a regular
pace, or doubles tennis? Do not
include walking.

604 How much time did you usually 1. hours per day
spend doing moderate physical 2. minutes per day
activities on one of those days? 3. Don’t know/Not sure

Think about the time you spent walking in the last 7 days. This includes at work and at home,
walking to travel from place to place, and any other walking that you might do solely for recreation,
sport, exercise, or leisure.

605 During the last 7 days, on how 1. days per week If No, Skip
many days did you walk for at 2. No walking Q 607
least 10 minutes at a time?

606 How much time did you usually 1. hours per day
spend walking on one of those 2. minutes per day
days? 3. Don’t know/Not sure

The last question is about the time you spent sitting on weekdays during the last 7 days. Include
time spent at work, at home, while doing course work and during leisure time. This may include
time spent sitting at a desk, visiting friends, reading, or sitting or lying down to watch television

607 During the last 7 days, how much 1. hours per day
time did you spend sitting on a 2. minutes per day
weekday? 3. Don’t know/Not sure
608 Overall level of physical activity 1. High
2. Medium
3. Low
Section 7: Anthropometric and clinical assessments
701 Current weight (kg) === Kg
702 Height e Cm
703 MUAC e Cm
704 cc e Cm
705 Blood pressure (systolic SBP (mmHg)------------------
/diastolic) DBP (mmHg)------------------
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706 Presence of GDM 1. Yes

Comments:

Thank you for your participation!
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Annex I11: Amharic version consent form

mS LOTAT
@£ PHY TGT A3 4!
ael LOAA T NASN AN RLOCHE PmS AL hAE F AVNLFTAN MG
TUCT AEA (W TA7L008 AT NN¢0I-Eokad CUATE 876 tovd-d: 19146 P17
® / T PhNé ooQET (247 OnG ANV ATFAU-:: TP PUNTE 814PT Aavd.p9°
I°CI°C ALLLTT 10 2 QU TGT hhsh ANN RLNCAA ARTIP 79°171 OCL P74
°C 11w £ WP hHy POTHAI® Condes 8eentC &/ b 49%
W k% WA R
ACAY® hoom? (AL ANLT QA® ®LYI° hoom? MAL @GLT AS NACTHS ¢900M
PON.C NTZ oohp AAD- 77T AL 191410 TS T TG+ AL AT84 14 +INHPA
NACTHS @P T e7Lh0T ha+s P29° @0 T Pan.C oom? NACTHS ¢79.00M PONC NS
AS NACTHS o+ ?7.73-0F e0nC N3 +Nae (At +ooOA  1GAMC 0P
NACTHS 0700 PADC NNF ALH ASTI® 1 hT7 PG TIC ALITVFD LTFAN

AGTT 097007 0T LA@- AE hoom? AL Novd.d4-k h0L 9°T ASTLTa DATLTA
N+L TS hN9°S Aoo@AL CIONNTFPA A4 U-9° hilh A 02T 2 eanc Nt
AS AN Voog® PovfH ALAT® heHs 1@ 2 NACTHS 0°e0M PAHC N0 htfi
AGTT OoAS AIST NOAL R £A 1S T PATI4AN FIC T POS NS AS PLI°
Nn.C aom? HPHE aoP? ALITVF@ STAN LUI° NMI° hOL& Ut CATIN 15T
ALaN TN LA
hoom? NAL ov@4.C NPAN- £ATAPL ®LI° haomF NAL PP PO A9°T T A7 Pm.S
ARNN  AONTI9°ANT POLLLCH UBZ A BINAA T VIS UMb NA1ETT oot
APeovl 1 2 N9A9° AL PHLLT NChF TGRT A7LoLLavAN T haom} NAL hNLT
AS hoom? NAL @@L NACTHS @P T A%TooM@- PONC NTF AIAE U3 10 i
hoom? NAL Nt ®LY° hoom? AL @41 AS NACTHS OF T N°looM PahC N1
g\ V7T 00967 TUINT PACTHS @-muPT7 OHAA A4 AS h hoom? AL
O GLTT NoohAhA NACTHS ¢9%.00M 0N C NN AL 17 AoohAhd £LSA
LV PI°CI°C PAaomMPP  n15-20 L& P DT CoLPT IRLILLAIA = (HY 0P+ T QA
AmPAL TTUNCG-B-01-UHA U3 PT (0L T +9°UCT T oo9CPe ) T AAMEAN t
VARG WS PONL FnP A aomBd LLLIN 1 PLI° VTP T ANLTP T dao D
TPNIe O KPP LAhA::

48



MY TG+ 00T NeeA+EL TN AGhLATY® 2 IPS9° T NACTHS DALooM ¢0hC
N3 420 QATLLLCT oA T hACLeanta- @0 FICT T 9°Covd- hS
Phng°G LN ADLLT ACTHSP NALLS WT18.U-9° AMAT AZThé (¢ ovlE
150 =

0TSk “TY 27 AcomOd NChF ACTELT LONSN:: PA-T°AANE “TI5E®39° NI°L7
POLMPO T AGS VIR POLAL OTIE®Y° ovlB Lm15%A: CAP0T PA-oomGET
A8 U HPAL 4-LA @ONT Lbaodlh AG9° PPN aoMBPET av8lH C2L0TT 1 PSSO
ol ANF 1@ i VA9 aolBDT h 5 oot U N71A LLoDAAA ::

MHY 7°C9°C 0T LALT AaTE oot Nov-n NLPLATE 10 2 N5 @9° 9°nr et
hrsE oo 2FAN 2 PHY TG @mPT NANSTLR 0IN-UAN Adl-ldN AL
POLECO AT OMS AAoo-22F 071,010 T@ aoR AT N0V 7119 LFAN
N5 ®9° 1H 77 PACAL O9° TPI° AL ALOA OLI® “TIFTO®I° PN avlF
ALINTY®  Pauk? PH hHY TGS AeodOA hdAr +ool-2lmr hHy 0T
0meam PhAn ETC 7177 LFAN

ALY TGT 2V ®19° 0vl8 hdnT OLI° htavl-o1® IC Aao1.21C héNT AP
(AENNE- ooneT) N (0945618645) LLm-h- :

LY TS+ 0T A28 T4 oo NPT27 NFevAnt AdeT TEELDT a2+ (Fen214
NASN AN RLOCAE PI°CI°C AN LET “11.01C LTAn =

LUTT PICIC TS+ 0Otooaht hAL  Chmen-T7  oolBPF  AHLLAY: (0LI°
FIDATA) AG LY TG O0T AcoAHq LPLE 7y

(n7°)

(4:C7)

(¢7)
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Annex IV: Amharic version questionnaire
PATICT oomed

hoom? Opé. PA@TT aNLT ®EI° haom? OAL OKeT AG NACTHS @P 1 0°Lhnt
PON.C voo9® oaohhd PAMT7 HI°LS N A, & N°LTF Cthovlm- PASHTS PVIGTH
POTHAT A°1TPS T ¢FHDIE $A aom@P

amed CHonLNt +7:

PO N O9°:

N1EAMC ASTP C1TOm aoAf he::
PIRAMC ASTP h& i

aoMme+¢7 PULONLD AAICL N9
PIRAMC ASTP +ML PMCP +F:

NEA A% - AmPAL ovlR

+ e aoome e ao\(\ [h"1é-B

101 PIRAMC ASTP AL / /

102 Paui’l e N3 1. bt 2. 1mc

103 av? PAN ¢H&C U

—

£4A10

£10

4ot

P18C AIC NPT PP
PFAee

hPLN@ Ao O-an, (£100)

2B

104 PTI°VCT LLE

—

TMINNG ooRE PUILT AN 5. &Ta77

2. TiNNG avdqt 6. AC4'T

3. 1- 85 A 7. 876 A9 1 NAL
4. 9- 125 A®A

105 NG 9°2L7 10-? 0 Aoollt

N =

MCs
a0 30 Ne-

w
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4. P N¢-
5. a0 NP LAV T @-OT
6. P77 Wits
7. 1o
8. AT (£700)
106 | PNAMHT PHIPVCT LK 1. 97INNG o0AG ALTAI® 5. 8. Tao7
2. 9YINNG ooRG: 6. ACT4 T
3. 1- 8% neA 7. 874 AS hH (AL
4. 9- 125 neA
107 CAANTT e 972877 107 1. 0é- PAD-9°
2. MCS
3. Poo ¥t 0é-
4. P\ Ne-
5. a0 INF R PAVPY L9 OO
6. PP7 WeAtE
7. 199
8. AN (2100)
108 PoC MG 9°7 LU 10-? NC
NEA U-AT - DA AV ACTHSP AS POAL U3 P70k TPEPT
201 hav'r ACTHST 2C 0o
W ACTIHN 3o+ LAT?
202 | 07 W @ALAA?
203 | PACTHS 1H 1. NovghlA@m POC AN +7  ¢40A A>3l h
+7
2. NANTEA@7E 9°Covd- CT0OA (P0A hA) Ayt
h_ &7
NEA OO - A 04T ACTHSP AS POAL U3 P7looAhEt TEEPT
PaoEaol® ACTHSP hPY LUTT PaomPBP nGA HAN/R
301 Pooghn i AR A.0AL ANL-E 9°7 PUA 'INC? n. 7
302 | ANk FAP PPT AL ®ALT Fo-LLAT? 1. h®
2. ey
303 | Wh@7 LAMLNOAED: LN PALLA AE OALT 3 @-+LAT? 1. h®
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LA

304 N+L VA9°S AL OALT JO-¢LAT? 1. h®
2. vag°
305 070 ANDOCLT/ 6770 TSN LO-PA? 1. h®
2. vag°
306 o0 ML 00T °F OALN FO-+LAT? 1. h®
2. va9°
307 ChdNMC TFIC LAV AL @ALT F@-¢2AT? 1. h®
2. va9°
308 hav7 04T NINED ACTHS NACTHS @+ PolhnT eahC 1. h®P
N3 AI27TP0 Lo-PA? 2. vA9°
309 NaUv7? N4 NINLT ACTHS PRI Vil ovghooC A ITI°T 1. h?P
£ FPN? 2. PA9°
AEA adT -0APES AALAHONT AmPAL Pt P00k TERPT
401 040N @-0T Can.C veod™ LANT (@ hA? 1. h?P
2. vA9°
402 NPCN Hoo&l NACTHS o1 ¢7%Lh0E eanc 0tz 17991 1. h?®P naA 277
oM+ hA? (ASTNTAVT...)?
2. vA9°
403 P @P/01L1M PLI° b hANT? 1. h?P
2. vA9°
NEA A0t -0A hov M) PUlovAhk TLEPT
PLeTAT TEEPT 7L 190MC ASTP AN 24 AhJ~T (WFATF mP+ 12 wat hAhh
He mPt 12 what) CtavilTFo- CHALY P9°70 ALY T N10 9°LN TheAd- 9°7 fuA7 P9°7
ONTC HCHC AL'TET AT tavNT P7L.mee 10
+. & PN 9oL gANDT +ao AT P
hA® = 1
fA9° =0
501 AvAING-NC 507 TAS T ¢HI NN h-hOThag
0 LLP
Io7N I NBA T INN N7 ITNA
1M @9° h e PULNG
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IR TECF T77 LTI
TL449°7 4.4 100 PUIGT
GO T & FT I AT P T PLAC AG
AT NE-NCT

502

T¢Vé

NLA: AHCEI°0C

503

CPOT AVAT

NN TADHE 7

504

eoTF +POSLT

O ALNTACTE AOT e+

TPOL LT

505

NI:LCTAA

fNée N2ICN7 O2PHRPA NDIPAC
N2 hd

506

ArRAN

ATRAN

507

W PMAPMA-T

1a0 T AN AN RLTAL PES

508

AAT 0 G837 b PNADT
HTANET AG FL-FEPT

SONCTITTeINPIIONC & F

509

Aete T AndtT

AW O N ¢ ekl VA 53
PLETRTHEL T H L G

510

AT Gl T ePT

NC T, 770007 779" h L7 A=Y,

amPAL £I9°C

AEA OL0F -0A WDAR AFPOPO PUlovAhk TERPT

eoLntaT TPELTF 190MC ASTP Nant +ant ve@ TP P9°FLC1077 AhAP AP PO P7Lmed
Y0P TeEPE QG 7 ST OOT OAONGTD ATPOPOLDT 9°39° A7h7 NM9° heHHE Qg9
ant: POCNTOF PAOTF ATPOPA POLMEE NE-2TF addo-0.: 00T OOT PALND e Oé TNLNT

(1020 B M VY (11 SO VAR TLE AN (B

£l

THINFCE  AATT AevHSST LLLTTN-

fhha

ATPOPAIONTCT: AU PPMBPN WLV ATPOPALT 0T AN 7 ST O0T THET ICC

LLLIANT T -

T. &

TeLLT

h%N ao\OT

A4~ 7 ¢5T @0T NANCHTFD ALhTL/ULAT AhAR ATPALOALT ANFON::hLhTL/ULAT AhAP
Pah144.07 OChT hoofO5@ P74 T WMAR ATPNPOLT

ATPOPOALT PULOAT hOL/h LY,

ST@::h7LY A2P0POLT 0T 0.7 A 10 Lk PO ha NF Ahdo-(.:

601

nét 7 +51+ @0T A
NFF PG ALhTL/URBAT
ANAP ATPOPODT
ASCTIA? (W A

1. ¢G5 0 A
2. 9°19°  hLhTU/ULAT  hhAR
ATPO PO WANG-U-9°

I°79° h&NUL/ULAT
AhAP ATPhPh,
NWANGT oL TeE
+. & 603 ANd/%
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T oo BLCT R CANT
4M7 PARNA TH...)

602 ALNo1/U AT ANAP 1. OAZF N 477
ATPOPOLDET 2. LEPPT N
NOeHvF 5+ 97 +7
PUN OAT ATLVT 0E-PF 3. MA@ +®-9°/ACING
NoonéT AN LAT? ARLAU-I°

AAét+ 7 ¢G5 ONT QAONGAT @ oohhAG ANAP ATPOPOLT ANJ @ oohhAG ANAP ATP0PODT
P00 T ooMST@® ovhhAE eP1 AHI° ALl PAVPT CaT14.4.07 OChT hoof05@- Noom'r-
P99 04T ANAP ATPALOLLT GT@®:hTLY ATPOPLALT @0T NN A 10 LP PAL T WA NF
ang o,

603 anét+ 7 ¢S5+ @01 A 1. +51 0 go39° aoNAG
a7l #G1 oohhAE ANAP A>Tyt ANAP ATPh PN,
ATPOPALT  ALCTAN? 2. 9°39°  oohhAT  AhAP NANGT oL TeE
(A £ hd DT ATPOP O hAOC-U-9° +. & 605 ANd/G
ao(ng° Noo s P
ALHA o035 LN
aosn,m)  PAIC  THY
a9

604 gAY AP 1. OaJF N +7
ATPNPOLET 2. LEPPF N
nneavtm ¢G5+ 97 +7
LU O ATLVT NE-2F 3. AN@P@®-9°/ACIME
Naonit FANGLATN? ALLAUY®

AA¢<T 7 ¢5T ONT NALLTN® PAIC TR AnJo-0:: Ohe 0F39° U1 (T o0 @ hog 0
Ao 3P APN T AGOHG ST PRLTNT @ PAIC THET N CHIeTLeUG T AMAR ATPOPALT

605 ¢+ 7 ¢G5+ @0 A 1. e o9 PAIC  MH
arlk ¢S 0e A 10 >yt NARLTT L Tee
Lbd PAIC TH 2. 9°9° PAIC TH 607 ANL/G
ALCTAA? ANRLINI®

606 PAIC TR OLLTOVF@- 1. AAZ T 0 +7
+5T AT PN OhT 2. LEPPF N
PAIC  TH 09947 7
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FANLLATI? 3. AA@P@I°/ACIMT
hgLAU-P°

PaoghlA@- T PE OAéT 7 ¢S T @NT €5 N0 NAAASTT@ 1H A0Zo-A::00F o0TE (de N
NALS T AATO : MOINGC ALThALEN IC PYOINTAN AL PY0 F-EANACT Naveohht ++9°mi
LANGT®7 LH oA

607 A4 7 +5T @0t 9°7 1. OAZT N 7
FUN A Noopor T 2. LEPPF N
AANLAN? +3
3. A@OPO9°/HCIMGE
ALLAUI®
hEA AN POt PNLT AS ¢ Vh9°S @M BT PolooAnt ool
701 AUy PO@T ANt h. 2
702 ¢ao-t A, o9
703 av-h a. o3
704 ne AChI &40 a. o3
705 ?LI° 14t
706 NACTHS P9%.00M PONC | 1. AP
(EN 2. PAY°
Y M g AT

NaNHERL AGav\)GN T
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October 01/2015-August 30/2016 for 11 months.
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