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CHAPTER ONE 

INTRODUCTION 

1.1  Background of the study   

Diabetes mellitus (DM) is a cluster of metabolic diseases characterized by hyperglycemia that 

results from defects in insulin secretion, insulin action, or both which is categorized as Type 

1 diabetes mellitus (T1DM), Type 2 diabetes mellitus (T2DM), or gestational diabetes 

mellitus (GDM) (American Diabetes Association [ADA], 2010). Although it is difficult to 

distinguish the types of diabetes mellitus at onset, the real diagnosis becomes more evident 

over time (ADA, 2017). Type 1 diabetes mellitus or juvenile-onset diabetes, which is termed 

as insulin dependent, results from a cellular-mediated autoimmune damage of the beta cells 

of the pancreas caused by autoimmune response (ADA, 2010). In this case the defense system 

of the body attacks the insulin-producing beta cells resulting in failure of the body to produce 

the insulin it needs (International Diabetes Federation [IDF], 2013; ADA, 2010). Type 2 

diabetes mellitus is the most common type of diabetes mellitus where the body produces 

insulin, but the production is either insufficient or uptake is ineffectual, leading to raised 

levels of glucose in the blood (IDF, 2013; ADA, 2010). At the molecular level, insulin 

resistance (IR) is usually a failure of insulin signaling, causing inadequate plasma membrane 

translocation of glucose transporter 4, which is the primary transporter for glucose into the 

cell to use as energy (Plows et al., 2018). The third type of diabetes mellitus, GDM, aligns 

with physiological alterations during pregnancy (World Health Organization [WHO], 2013).  

Hyperglycemia in pregnancy (HIP) is a common health problem resulting from either pre-

existing diabetes or development of IR, which is accompanied by impaired glucose tolerance 

with first recognition during pregnancy (Negrato & Gomes, 2013; WHO, 2013). In other 

words HIP is defined as any glucose intolerance that is first detected at any time during 

pregnancy (WHO, 2013; Hod et al., 2015). This study used HIP to include both GDM and 

DIP, because GDM is not the only form of hyperglycemia which may first be detected during 

pregnancy, as diabetes in pregnancy (DIP) is a more severe form of HIP in which diagnostic 

criteria and glucose levels are the same as those for non-pregnant adults (WHO, 2013; Hod et 

al., 2015). Therefore, it is important to combine both GDM and DIP to include pregnant 

women with pre-existing diabetes in planning interventions. Moreover, DIP increases 

complications because of the high level of hyperglycemia and the uncertainty as to whether 
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testing as it may be difficult to distinguish from normal pregnancy symptoms which need the 

inclusion of risk factors for easy identification of women who need additional tests. This 

creates a need for appropriate interventions to screen, prevent and/or manage HIP (IDF, 

2017).  

The Ministry of Health and Social Welfare (MoHSW) and Tanzania Diabetes Association 

through the Case Management Desk Guide, which is focusing on chronic NCDs such as 

cardiovascular disease, T2DM and cancer has included GDM. This guideline included GDM 

as a risk factor and criteria for screening DM although not well explored (MoHSW & 

Tanzania Diabetes Association, 2013). In addition, the Standard Treatment and Essential 

Medicines List guideline has included and reported that GDM screening has to be done using 

fasting plasma blood and 2 hours oral glucose tolerance test (OGTT) as well as management 

throughout pregnancy and post-delivery (MoHSW, 2013). Although GDM has been included 

in some guidelines in Tanzania, there is low emphasis on the antennal care (ANC) guidelines 

which may have contributed to low consideration of GDM in the regular ANC programs 

offered. This may be attributed by fragmentation of care caused by poor coordination of the 

health system and/ or emanating costs.   

The current Focused Antenatal Care (FANC), has abandoned the traditional ANC (Kearns et 

al., 2014), which involved numerous visits and accurate identification of high-risk 

individuals.  This traditional ANC was found to present challenges in resource-constrained 

settings which encouraged the exploration of the FANC model, based on an individualized, 

targeted approach, to detect complications as they arise (Kearns et al., 2014). This practice 

fails to recognize that, prevention is better than waiting until when the problem develops and 

subsequently treating.  

Furthermore, the FANC model suggests ANC visits to take place before 12 weeks, at 26 

weeks, at 32 weeks, and between 36-38 weeks with a strict checklist of assessments and 

interventions to be included in each of the four visits (Kearns et al., 2014). This is 

challenging because, women who do not attend all visits, do not receive important 

interventions, which may risk the health of both women and newborns. Hence, due to late 

initiation of ANC or poor attendance (Ramaiya et al., 2018), there is a need to include risk 

factor identification during the first visit or even before pregnancy for preventative purposes. 

These factors can help in self-identification before pregnancy and/or assessed during history 

taking and applied in the counselling session or during the regular ANC education programs. 
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2011; MoHCDGEC et al., 2016).  Furthermore, maternal mortality ratio has increased from 

454 in 2010  to 556 deaths per 100 000 live births in 2015 (NBS, 2011; MoHCDGEC et al., 

2016). Most of these neonatal and maternal deaths could be prevented by providing high-

quality care during pregnancy and at birth, as children are most vulnerable in the first 28 days 

of life (neonatal period) (Morton et al., 2017). In addition, due to the doubling rate of 

overweight and obesity among Tanzanian women of reproductive age in urban areas 

(MoHCDGEC et al., 2016), many  women may start pregnancy while overweight or obese 

which increases their chances of developng NCDs such such as diabetes, and cardiovascular 

diseases.  

Therefore, inaction to maternal and child health agenda may lead to increasing mortality and 

morbidity burden in the future which can impact the social capital of the nation.  In this case, 

pregnancy as a window of opportunity for maternal and child health, has been given specific 

consideration in the Sustainable Development Goal number three (SDG 3), to reduce global 

maternal death to less than 70 per 100 000 live births, end preventable neonatal deaths to 

atleast 12 per 1000 live births, and children under five years to 25 per 1000 live births 

(Morton et al., 2017). It also aims to  reduce by one third premature mortality from NCDs 

through prevention and treatments (Morton et al., 2017). This created a need to conduct a  

study in Arusha District, which has a high prevalence of T2DM especially in urban (22.9%) 

compared to rural (9.9%) areas, which may, in part, be the aftermath of previously 

undiagnosed and unmanaged HIP (Masaki et al.,  2015). This is because screening and 

management for HIP are not commonly practiced in ANC in Tanzania.  As the progression of 

HIP to T2DM may augment the T2DM prevalence (Zhu & Zhang, 2016), HIP (GDM and 

DIP) and its determinants need attention to avert future health impacts.  

1.3  Rationale of the study 

Screening for HIP is an important step for management however, it has received little 

attention in Tanzanian  ANC guideline  as compared to  HIV/AIDS, malaria and tuberculosis 

(Ramaiya et al., 2018) which may be attributed by limited resources. This creates a need for 

developing a simple selective method with less costs for screening and managements of HIP. 

It is therefore, important to recognize that, countries opt for their own diagnostic and 

management criteria due to resource constraints and applicability in their settings. Some 

guidelines recommend universal screening by oral glucosetolerance test  (OGTT) and or 

fasting blood glucose test for all pregnant women (WHO, 2013) while others exempt low risk 
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1.4  Objectives 

1.4.1  General objective 

To determine the prevalence of hyperglycemia in pregnancy, insulin resistance, their 

determinants and knowledge gaps, as well as develop a simplified method for identification 

of pregnant women at risk of gestational diabetes mellitus in Arusha Urban, Tanzania. 

1.4.2  Specific objectives 

(i) To determine the prevalence of hyperglycemia in pregnancy among pregnant 

women attending selected ANC sites in Arusha Urban.  

(ii) To assess risk factors associated with hyperglycemia in pregnancy among pregnant 

women attending select ANC sites in Arusha Urban.  

(iii) To determine the prevalence of insulin resistance among pregnant women attending 

selected ANC sites in Arusha Urban. 

(iv) To assess the determinants of insulin resistance among pregnant women attending 

selected ANC sites in Arusha Urban.  

(v) To assess knowledge regarding hyperglycemia in pregnancy among pregnant       

women attending selected ANC sites in Arusha Urban. 

(vi) To develop a risk score for selective screening of pregnant women at risk of      

gestational diabetes mellitus in selected ANC sites in Arusha Urban. 

1.5  Research questions  

(i) What is the prevalence of hyperglycemia in pregnancy and its associated factors 

among women in Arusha Urban?  

(ii) What is the prevalence of insulin resistance and its relationship with hyperglycemia in 

pregnancy among pregnant women in Arusha Urban? 

(iii) What is the level of knowledge on hyperglycemia in pregnancy among pregnant 

women in Arusha Urban? 
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(iv) Which risk factors were included in the model and how many women with GDM 

were identified using risk scores in Arusha Urban? 

(v) What is the performance of the risk score in identification women at risk of GDM 

compared to fasting, urine and OGTT methods in Arusha Urban? 

1.6  Significance of the study    

The study determined prevalence of HIP (that is GDM and DIP) among women attending 

ANC in Arusha, Tanzania and developed a risk score which was simplified into a checklist 

for rapid identification of women with or at risk of GDM. The developed checklist can help 

in selective screening to give priority to the high-risk women when resources are limited 

while improving evidence-based treatments and practices in Tanzania. The study also 

established the prevalence of IR and provided information on the level of HIP knowledge 

among pregnant women in Arusha. This helps to build knowledge of HIP in Tanzania to 

prevent poor pregnancy outcomes and mitigate associated long-term health effects. This 

approach provides evidence to the policy makers to potentiate future application in the 

country for appropriate and cost-effective interventions for testing HIP and provision of 

knowledge for enhancing self-care to improve management. 

1.7  Delineation of the study 

This cross sectional study was done to establish the prevalence of hyperglycemia in 

pregnancy (HIP) to include both gestational diabetes mellitus (GDM) and diabetes in 

pregnancy (DIP) as well as insulin resistance (IR) and their associated risk factors. These 

helped to develop a simplified selective screening strategy for early identification of pregnant 

women at risk of GDM to give priority to high risk women for proper use of limited 

resources.  

Knowledge on HIP was also assessed to understand the gaps for evidence based intervention 

to be planned to enhance self-care among pregnant women. The study covered urban areas of 

Arusha City with high prevalence of type 2 diabetes mellitus which may be partly attributed 

by undiagnosed and unmanaged HIP. The study involved 468 randomly selected pregnant 

women at second and third trimesters, attending ANC at Kaloleni and Ngarenaro health 

centers in 2018.   
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blood glucose levels which decline rapidly.  On the other hand low GI foods; such as fruits or 

dairy products, introduce slowly digestible carbohydrates which result in a lower postprandial 

glucose response (Brouns et al., 2005; Zhang et al., 2006). There is a significant positive 

associations of maternal dietary heme iron intake with the risk of  GDM potentially due to the 

predominant heme-iron contribution from animal sources, including red meat and poultry 

which are also increasing the effects of fat accumulation hence HIP (Qiu et al., 2011).  

Some vitamin deficiencies may increase the risk of HIP, such as Vitamin D which is a fat-

soluble hormone known to play a role in maintaining calcium homeostasis and bone integrity 

including its role in glucose metabolism, angiogenesis, inflammation and immune function. It 

also regulates gene transcription and expression (Mousa et al., 2015) however, micronutrients 

assessments need more resources for laboratory analysis. As they can simply be included in 

dietary counselling, there is no need of including them in screening strategies.   

Advanced maternal age is an established risk factor for GDM, and may be a result of age-

related changes, which are particularly characterized by an impaired response to glucose 

challenge, which is partly due to physical inactivity and a decrease in muscle mass. This may 

have a similar effect on IR in pregnant women, which needs more exploration (Kuo et al., 

2017). Studies done in Bangladesh and India have reported that, the odd of GDM is 

increasing with age > 25 years (Begum et al., 2017; Seshiah et al., 2008).  

Family history of T2DM has been reported as a potential determinant for GDM in several 

studies in Africa and outside Africa (Asare-anane et al., 2014; Nombo et al., 2018). The 

influence of T2DM on development of GDM may be due to genetic predisposition as a result 

of belonging from high-risk racial/ethnic groups (Tarquini et al., 2014). This have been 

reported in Bangladesh that, 74.4% of the GDM patients had family history of DM compared 

to 39.1% among normal pregnant women (Monir et al., 2018). This shows how family 

history of diabetes contributes highly in the development of GDM. Hence, early identification 

of these women even before pregnancy could help to lower the risk of developing GDM and 

later on T2DM through controlling of their lifestyles (Monir et al., 2018).  

The association between parity and diabetes is strongly linked to obesity and age. Women 

with higher parity normally are older and more obese (Dode & dos Santo, 2009). Obesity is 

an intermediate outcome in the causal pathway between parity and GDM, possibly a 

facilitating factor; however, age is a potential confounder in the relationship between parity 
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and GDM (Dode & dos Santo, 2009). Likewise, parity is not directly linked to insulin 

sensitivity deterioration, to fasting plasma glucose increase during pregnancy, or to the 

occurrence of GDM, though it is linked through the mediation of progressive ageing and 

weight gain either before or during pregnancy (Seghieri et al., 2005). 

Preeclampsia is defined as a new onset of hypertension with blood pressure consistently > 

140/90 mmHg in previously normotensive women and new onset proteinuria (defined as > 

300 mg per 24 hours or > 2+ by dipstick) occurring after the 20th week of gestation 

accompanied by the presence of edema (American College of Obstetricians and 

Gynecologists [ACOG], 2003). Insulin sensitivity in late normal pregnancy is 45% to 70% 

lower than that of non-pregnant women; however, it plays a major role in T2DM 

development and in the pathogenesis of hypertension, dyslipidemias, and coronary artery 

diseases (Cunningham et al., 2010; ACOG, 2003). Almost all obese women with 

hypertension have elevated insulin and the highest levels occur in obese women with 

excessive abdominal adipose tissues (Cunningham et al., 2010; ACOG, 2003).  

Also, in pregnant women, obesity is a consistent risk factor for preeclampsia. Insulin 

resistance may lead to hypertension by changes in the levels of intracellular sympathetic 

nervous system over activity and renal sodium retention (Kaplan, 1994). Maternal mid-

trimester IR increased significantly with increasing BMI and subsequent preeclampsia which 

is a combination of hypertension, proteinuria and edema (Hauth et al., 2011). Women who 

develop preeclampsia have higher insulin levels before clinical evidence of disease than 

women who remain normotensive during pregnancy (Malek-Khosravi & Kaboudi, 2004). 

This creates a need for early identification of women at risk of the conditions for appropriate 

interventions to prevent short- and long-term health effects to the mother and her newborn.  

Increased maternal adiposity, as a result of high fat accumulation and placental hormones, is 

attributed to insulin-desensitizing effects which lead to gestational insulin resistance. 

Additionally, both increase pre-pregnancy BMI and weight gain during pregnancy are 

positively associated with gestational insulin resistance and obesity is a risk factor for GDM 

(Catalan et al., 1998; McIntyre et al., 2020).  

2.4  Knowledge of hyperglycemia in pregnancy among pregnant women  

Hyperglycemia in pregnancy is increasing in different parts of Sub-Saharan Africa including 

Tanzania. Despite the increasing prevalence of HIP and its effects, the majority of the 
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pregnant women, and other community members may be unaware of its existence, risk 

factors, and its associated consequences which may delay diagnosis, prevention and 

management. As knowledge is an important component of health literacy, insufficient 

knowledge about any disease leads to poor understanding of medical information limiting 

adherence to management strategies and, in the case of GDM, may contribute to adverse 

pregnancy and post-natal outcomes (Koning et al., 2016; Baker, 2006). Adequate knowledge 

about HIP will potentiate opportunities to adopt healthier lifestyles and better healthcare-

seeking patterns (Elamurugan & Arounassalame, 2016).  

This needs attention from healthcare providers to raise awareness among pregnant women as 

undiagnosed and unmanaged GDM may subject the women and newborns to increased health 

effects (Staynova et al., 2017; Lehnen et al., 2013). A study done in Ghana showed a 

significant relationship between knowledge and risk factors which implies that the higher the 

level of knowledge on GDM and on its risk factors leads to proper management and lastly 

better outcomes  (Azu & Essel, 2017). Another study done to assess the perceived risk of 

GDM using theoretical models of risk perception found that, women who had greater 

perceptions of risk, more often intended to improve their behavior in the future (Kim et al., 

2007). Another study reported that, having a higher 2 hours OGTT value in pregnancy was 

associated with higher rates of return, since women are generally aware of the risk of 

developing T2DM after having a GDM diagnosis (Zera et al, 2013).  

In Tanzania, there is limited evidence regarding knowledge about HIP, which leads to a 

research imperative to assess knowledge among pregnant women. It is important to 

understand that, knowledge on a disease and its consequences can lead to behavior change as 

it makes an individual to understand or become aware of the condition, its effects and 

prevention strategies. Therefore, a person can take actions accordingly to prevent the 

occurrence of the condition, leading to a new behavior development. This can be explained 

by behavior change model which demonstrates how knowledge may cause an individual to be 

aware on different aspects of the condition and decide to take actions to change behaviors 

accordingly (Fig. 1). 
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Figure 2: The health belief model (Irwin, 1974; Janz & Marshall, 1988) 

2.5  Methods of screening  for gestational diabetes mellitus  

Timely diagnosis of GDM is the first step towards effective management and prevention of 

adverse outcomes however, the case detection of GDM in sub-Saharan Africa remains sub-

standard (Macaulay et al., 2014; Mwanri et al., 2015). The WHO has adopted the criteria 

developed by the International Association of Diabetes and Pregnancy Study Group 

(IADPSG) for the diagnosis of GDM which recommends universal screening of all pregnant 

women using OGTT and/or fasting blood glucose test (Metzger  et al., 2010; Wendland et al., 

2012).  

The use of OGTT and/or fasting blood glucose test may also be a good approach but has 

limited applicability for GDM screening in resource constrained sub-Saharan Africa where 

the testing requirements are prohibitive and/or inconvenient for the women who must travel 

long distances, for ANC in fasting state and incur additional transport costs (Ntui et al., 2013; 

Mrisho et al., 2009). Moreover, women who are not informed during an earlier visit or forget 

to come in fasting state, require a successive visit for the test. Several samples are required 

for glucose testing which becomes a burden to the woman and healthcare personnel (Agarwal 

et al., 2011). The associated costs for IADPSG testing standards are unaffordable by the 
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2017). To be more effective, the developed risk scores should be simplified for easy of 

interpretation and application by the health care providers and women themselves to promote 

self-care among pregnant women. 

Figure 3: Conceptual frame work for dependents and independent variables 
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CHAPTER THREE 

MATERIALS AND METHODS 

3.1  Description of the study area 

Arusha Region is one of Tanzania's 31 administrative regions with a total population of 1 694 

310 (NBS, 2013). The capital city of Arusha has a total population of 416 442 plus 323 198 

people living in Arusha District (NBS, 2012). The region is bordered by Kajiado and Narok 

County in Kenya to the North, Kilimanjaro Region to the East, Manyara and Singida regions 

to the South, Mara and Simiyu Regions to the West. Arusha Urban (City Council) is one of 

the seven districts of the Arusha Region which is bordered to the South, West and North by 

Arusha Rural District and to the East by Meru District (Fig. 4).  

The city has 6 hospitals, 15 health centers, 64 dispensaries and 25 specialized facilities. 

Among these facilities 56 have ANC of which 24 has both ANC and delivery services. The 

city has a total number of 26 167 pregnant women who started first ANC visits in 2018 

(District Health Information System [DHIS], 2018). The study was conducted in two health 

centers with a total number of 10 422 pregnant women who started first visits in 2018 (DHIS, 

2018). 

Figure 4: Arusha map indicating the study area (NBS, 2012) 

 

Study area  
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3.6.2  Recruitment and overall data collection procedure  

The study was introduced to pregnant women who met the selection criteria. A total of 500 

pregnant women were recruited of which 94% (n=468) consented to participate in the study. 

The remained 6% (n=32) of the pregnant women could not consent after explanation of the 

whole data collection procedure including, harms and benefits of participating in the study. 

These women complained on the costs that may arise if several visits would be required for 

subsequent testing. They also complained on the long time that is required to complete all 

data collection procedure especially the OGTT which required women to stay in the facility 

for more than two hours.   

After women have consented, those who come while fasting were tested for fasting plasma 

glucose and performed the OGTT procedure in the same day. During assessments half of the 

women in each day were randomly selected from the same group for venous blood samples 

collection to test for IR. Selected women were also interviewed in the same day to reduce 

transport costs. Women who consented but came while eaten food, were requested to come 

the next day while fasting for 8-12 hours where all the assessments would be done. These 

women were given a tag with the number of researchers for confirmation on the exactly day 

of retuning to avoid taking large number of women in a day. Majority of the women who 

were selected and agreed to come another day for assessments, were requested to go back 

home without performing their regular ANC assessments so that they can be served when 

they return to participate in the study. In this way loss for follow- up tests was minimized.  

During the assessments, women started with fasting glucose test, followed by urine and 

venous blood samples collection. Thereafter, women were provided with 75 g of glucose 

powder dissolved in 300 ml of clean water to test for OGTT. Disposable cups were used for 

drinking glucose solution to avoid sharing of utensils. Women were requested to finish 

drinking their solution within five minutes.  For time management after glucose consumption, 

each woman was given a tag which indicated the time at which glucose was consumed and 

the time for the second test. Their names and times after glucose consumption were recorded 

by the researchers for reminder.  

During the two hours waiting for OGTT testing, interviews and other assessments, such as 

anthropometric measurements, and normal ANC services were conducted. This helped to 

minimize time for commitment and encourage compliance. All pregnant women with high 
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(e) The provided HPR binding labeled antibody was also diluted in the ratio of 1:12 

using a provided ready to use diluent and mixed thoroughly. 

(f) The wash buffer provided was 30x concentrate requiring dilution with distilled 

water in ratio of 1:30 (i.e., 50 ml were diluted by 1450 ml of distilled water).  

(g) The substrate and stop solutions were provided as ready to use.  

Figure 6: Internalizing the instruction manual for preparation of analytical reagents 

 (v)  Assay procedure (aliquot) 

(a) Before running the assay, all reagents and samples were brought to room 

temperature to sit for 5 minutes and then introduced in the VortexTM (mixer) for 

thorough mixing. 

(b) The samples were run in duplicate.  
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(c) In each well of the antibody-coated micro plate, a 100 µl of HPR labeled antibody 

solution was added followed by 25 µl of the sample, standard, control and mixed 

well by repeated pipetting. 

(d) The wells were covered with a plate sealer and incubated for 2 hours at 37 0 C.  

(e) The contents were well aspirated and washed three times in an AccuwashTM 

machine using 300 µl of wash buffer per well.  

(f) After washing, 100 µl of substrate solution was added in each well and incubated 

for 15 minutes at room temperature in a dark place.  

(g) The reaction was stopped by adding 100 µl of the stop solution (Fig. 7).  

(h) The plates were placed in a Biotech biosciences Synergy/HTXTM ELISA machine 

and absorbance were measured within 30 minutes using a plate reader (measured 

at A450 and A630 values) and mean difference was obtained (Fig. 8).  

(i) A computer software was used to construct the insulin calibration curve by 

plotting the mean change in absorbance values for each calibrator on the Y-axis 

versus the corresponding insulin concentration on the X-axis. This formed a 

typical standard curve with equation for calculating insulin concentration in each 

plate (Fig. 9).  

(j) From the above standard equation, that is Y=0.013x -0.0566, the concentrations 

for each sample in a plate (represented by X) was calculated given the values of Y 

(Absorbance).  

(k) Then insulin concentration was interpolated using the calibration curve and the 

mean of each absorbance values for each sample and insulin concentration was 

expressed in mU/L. 
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Figure 7: Addition of stop solution to stop the reaction
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Figure 8: A plate placed in an ELISA machine for reading













37 

3.7.1 Demographic data 

Demographic attributes were assessed using means, percentages, and frequencies obtained 

using SPSS. For example, means, frequency and percentages for maternal age, gestational 

age and income were reported.   

3.7.2  Anthropometrics data 

Percentages were obtained from SPSS to describe the prevalence of overweight, obesity, 

hypertension and edema. Means were calculated for weight, height, MUAC and body fat. The 

comparisons for these continuous variables were done using t-test. 

3.7.3  Prevalence of hyperglycemia in pregnancy, insulin resistance and associated risk  

            factors  

Descriptive statistics were used to obtain percentages for the prevalence of HIP, GDM, DIP, 

and IR. The means were calculated for OGTT, fasting blood plasma and insulin concentration 

values which were compared using the t-test for the women with and without conditions. The 

associations among variables started with descriptive statistics to detect missing values 

followed by Chi-square test to compare different categorical variables for women with and 

without HIP and IR at p < 0.05. Variables assessed included overweight and obesity using 

MUAC and BMI categories, family history of diabetes, edema, hypertension, gestational age, 

maternal age, proteinuria, etc. The outcomes, which were IR and HIP, were dichotomized 

into two categories which were either having the condition or not having the condition. 

Multiple logistics regression by binary logistic was used to find associations of different 

factors with HIP and then with IR separately. Univariate analysis was run for each factor 

association with HIP and IR separately. All factors with P < 0.05 were entered in the 

multivariate analysis using stepwise backward elimination (Harrell, 2015). Crude and 

adjusted odd ratios were obtained for each factor associated with HIP and/or IR at p < 0.05 

(Wynants et al., 2017). 

3.7.4 Knowledge on hyperglycemia in pregnancy   

Data about knowledge on HIP were analyzed using SPSS where frequencies and percentages 

were obtained to classify women as having poor, moderate, or high knowledge on HIP. 

Factors influencing knowledge were assessed using logistic regression where both univariate 
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and multivariate analyses were run. The confounders of knowledge, such as age, parity and 

income, were included in the multivariate analysis and significance was set at p < 0.05. 

3.7.5 Risk score data 

All women with DIP were excluded from the analysis to develop a tool based on GDM cases. 

Chi-square test was used for comparing the selected categorical variables and student t-test 

for the continuous variables between women with and without GDM. Blood glucose values 

were dichotomized as having GDM or not having the condition. Binary logistic regression 

was used and univariate analysis was done for each variables independent association with 

GDM where crude odd ratios were obtained (Wynants et al., 2017).  

All variables with p < 0.05 were entered in the multivariate analysis where adjusted odd 

ratios and regression of coefficients were obtained (Harrell, 2015). All variables with p < 0.1 

remained in the final model to avoid exclusion of important variables which potentially 

contributes to the development of GDM. The confidence intervals in each analysis were 

obtained and recorded. The final risk score model was developed based on the regression 

coefficients of each variable. The performance of the model was analyzed using AUC, 

specificity and sensitivity at a selected threshold which could give reasonable values.  Utility 

of the model was assessed using the Net Benefit (NB) which was obtained by different 

combination of true and false positive values. This was analyzed in R-statistic 3.61 by 

running the decision curve function.         

3.8  Ethical consideration 

The study was approved by the Tanzania National Institute for Medical Research (NIMR) 

and was given ethical clearance certificate with a reference number 

NIMR/HQ/R.8a/Vol.IX/2694 (Appendix 3). Participants signed an informed consent which 

clearly explained the aim, procedure, benefits and potential negative effects of the study 

(Appendix 2). Anonymity was ensured using numbers to represent the names of the women 

during data handling and confidentiality by having a specific room where research activities 

were carried out. Each woman could enter alone or with a spouse or any person of her choice. 
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Figure 11: Nutrition status classified by body mass index (BMI) and mid upper arm                       
                   circumference (MUAC) measurements 

4.1.3  Prevalence of  hyperglycemia in pregnancy among pregnant women   

(i)  Laboratory glucose tests  

All pregnant women who participated in the study (100%, n=468) completed fasting blood 

glucose tests and 97.8% (n=446) underwent the OGTT procedure. Among the assessed 

pregnant women, 10.9% (n=51) reported to have one or more symptoms of diabetes such as 

extreme tiredness, diaphoresis (excessive sweating), and polydipsia (excessive thirst). Urine 

glucose test revealed that 0.9% (n=4) of the pregnant women had diabetes while 8.5% (n=40) 

had trace amount of glucose in the urine. Generally, HIP was prevalent in 16.2% (95% CI: 

13-19.9) of the participated pregnant women of which GDM was 13% (n=61) and DIP was 

3.2% (n=15) using the WHO (2013) criteria (Table 4).  
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(v) Clinical utility of the model 

Clinical utility of the model was assessed using the Net benefit (NB) curve which shows that, 

in different combinations of true and false positive values, there is high benefit of screening 

for GDM using the risk score model at any chosen threshold. For-example the NB of using 

risk scores is 83%, while universal screening for all women is 80% at the threshold of 0.2. 

When the threshold was chosen at 0.6, the NB of GDM screening using the risk score model 

was still high (80%) compared to universal screening for all women which was 62% (Fig. 

15). This implies that, when risk score is used more pregnant women with high risk of GDM 

benefit from the screening program.  

 

Figure 15: Net benefit curve for the clinical utility of the model (threshold probability) 
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unmanaged, can lead into recurrent GDM in subsequent pregnancies and/or T2DM later in 

life (IDF, 2013; Leng et al., 2015). Hence, symptom clusters with risk factors can be used for 

identification of women who need screening for HIP especially in low income countries 

where universal screening is not possible due to resource constraints.   

4.2.3  Prevalence of insulin resistance and its determinants among pregnant women  

The prevalence of IR was present in 21.3% (n = 49) of the 230 studied women with 

significantly higher incidence among women with HIP compared to non-HIP. This finding 

may reflect that IR is a normal condition in pregnancy but may become dominant leading to 

HIP, especially among women with increased risk for diabetes.  Another similar study 

reported that women with GDM are more likely to experience IR than their non-GDM 

counterparts (Elkind-hirsch et al., 2010). Furthermore, increased serum insulin level at 

screening in early pregnancy can predict GDM because, the higher the serum insulin level, 

the earlier the manifestation of GDM (Bitó et al., 2005). 

Insulin resistance was significantly associated with high body fat percentage meaning that 

increased fat deposition exposes pregnant woman to IR condition; however, MUAC and pre-

pregnancy BMI were not associated with IR after adjusting for other risk factors. This 

divergence may reflect that pre-pregnancy BMI was determined for few pregnant women as 

the majority could not recall their pre-pregnancy body weight and determination of weight at 

early stage of pregnancy was not possible due to late start of ANC attendance. Another 

reason could be that the recalled weights are sometimes under-reported (i.e., most 

obese/overweight women report low weights) (Saleem et al., 2013).   

Pregnancy is associated with increased maternal adiposity and storage of carbohydrates and 

fat, as an evolutionary adaptation to facilitate successful lactation; but, the deposition within 

skeletal muscle and liver cells is a major contributory factor to IR (Ravikumar et al., 2005). 

Several studies have supported this finding, such as a study from Japan which reported a 

significant relationship between HOMA-IR and body fat percentage in patients with a normal 

or below normal BMI level (Sasaki et al., 2016). Similarly, a study from Turkey reported that 

body weight and BMI did not reflect body composition, particularly body fat, which is 

considered to be closely related to IR (Gur et al., 2014). Svensson et al. (2016) in Sweden 

reported that body fat mass and the proportion of very large adipocytes were strongly 

associated with gestational IR.  
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many years after pregnancy raising the possibility of increased risk for future cardiovascular 

disease which is manifested by hypertension. Thus, interventions to reduce IR may reduce 

risk of both hypertension during pregnancy and later life cardiovascular complications (Seely 

& Solomon, 2003).  

Likewise, pregnant women with edema which is normal condition but was also observed in 

the arms and faces with an addition of proteinuria, experienced three times the risk of IR as 

compared to their counterparts even after adjusted for body fat percentage, family history of 

T2DM, hypertension and age. As the presence of edema, proteinuria and/or hypertension 

indicate the risk for preeclampsia, women with risk for preeclampsia may also experience IR.  

A study from Iran found that IR is considered a risk factor for preeclampsia pathogenesis 

meaning that preeclampsia is associated with increased IR before the onset of the disease 

(Abhari, 2014). In addition, research done at Kermanshah in Iran reported that women who  

developed  preeclampsia  had  higher  fasting  insulin  levels  at  the  second trimester,  before  

the appearance of clinical  signs of preeclampsia, as well as fasting insulin level progressively 

increases when disease develops (Malek-Khosravi & Kaboudi, 2004). These findings show 

that preeclampsia and IR have a casual and effect relationship.  

Hence, identification of women with IR and exploration of associated risk factors can be a 

starting point towards the prevention of GDM as well as T2DM later in life.  Although IR has 

been found to be significantly associated with several risk factors, the CI of some variables 

were wide which may be due to a relatively small sample of 230 pregnant women. This may 

affect results as it implies that there is not enough information to confidently conclude that 

the observed outcome is within the population parameters, although the results are still 

practically meaningful. Hence, additional research with a larger sample is needed (Sim & 

Reid, 1999).  

4.2.4  Knowledge about hyperglycemia in pregnancy among pregnant women  

This study assessed knowledge of the pregnant women on HIP for appropriate interventions 

to be planned to prevent short and long-term effects of HIP to the mother and her newborn 

through self-care. It also included sources of information and general practices of screening 

and managing HIP to understand how pregnant women are screened for diabetes/GDM and 

managed as part of the antenatal care.  
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Knowledge about HIP in the current study was significantly associated with level of 

education where the majority of women with knowledge had attained secondary or 

college/university levels of education. On the other hand knowledge on HIP was not 

associated with occupation, income, age and gravidity after adjusting for education levels. 

The possible explanation is that educated women can easily search for information from 

different sources and may have obtained HIP knowledge at school either through training or 

sharing of experiences. A similar study from Ghana reported that pregnant women with 

higher levels of education were more aware of the risk factors associated with GDM and, 

possibly, its management and outcomes (Azu & Essel, 2017).  

In the current study, the level of income and occupation were not associated with knowledge 

after adjusting for education because most of the educated women were also employed and 

have high income compared with their counter parts. This finding mirrors a study from the 

urban areas of Chidambaram where no significant association between occupation and GDM 

knowledge was indicated (Lakshmi et al., 2018).  

It is also observed in this study that, age of the respondent was not associated with knowledge 

on the existence of HIP which may be due to fact that most of the young women were 

educated which might have influenced their level of knowledge. Another similar study 

supported that age of the woman was not significantly associated with knowledge about 

GDM (Elmekresh et al., 2017).  

Majority of pregnant women in this study have low knowledge on the effects of HIP to the 

mother or the newborn because very few understood that HIP can cause stillbirth, diabetes 

later in life to the mother and the newborn, as well as childhood and adult obesity. Low 

knowledge on effects of HIP may complicate the implementation of diagnosis, prevention, 

and management interventions as women may not see the importance of regular screening 

and prevention. This is because behavior change is greatly influenced by an understanding on 

the possible consequences of the condition. The current finding is supported by Bhavadharini 

et al. (2017) that most of the participants were unaware of the possible effects of GDM on the 

mother or the new born. Similarly, knowledge on the effects of GDM was poor as most of the 

women did not know its consequences after pregnancy and the increased risk for T2DM in 

future (Elamurugan & Arounassalame, 2016; Shriraam et al., 2013). 
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Most of the participants in this study were not informed on the risk factors for HIP, while this 

is a very important aspect of self-care as it can help in earlier self-identification for 

immediate action to prevent adverse pregnancy outcomes and long-life health effects. A 

similar study in India reported that, although a greater proportion of the women was aware of 

the conditions of diabetes mellitus (DM) and GDM, knowledge about the risk factors, causes 

of GDM, and future risk for T2DM was low (Shriraam et al., 2013). The same study stressed 

that proper precautions and self-care can be taken if women have good knowledge about the 

risk factors and the consequences that they may face due to untreated GDM (Shriraam et al., 

2013).  

The main source of information about HIP in the current study was reported to be different 

media, such as newsletters, radios, internet and television, what sap although of note very few 

women reported to have received the information from ANC. Most of the women declared 

that it was their first time to hear about HIP during the introduction of the current study. This 

finding affirms that most pregnant women do not have accessible important information 

regarding critical health issues.  

The appropriate source of information was expected to be the ANC but, it was the least used 

source, which is likely attributable to lack of HIP information within the ANC programs. This 

insight creates a need to incorporate HIP in ANC guidelines to enable healthcare providers 

include it in their day-to-day education programs for easier access by pregnant many women. 

The findings from the current study are in line with studies in India and Samoa which 

reported that, although it is encouraging to see the role played by mass media in creating 

awareness about GDM, the healthcare providers were mentioned as a source of information 

by very few women (Price et al., 2017; Shriraam et al., 2013). Another study reported that 

although the physicians and healthcare providers were mentioned as the source of 

information by only 19.4% of the studied women, the rest got it from the mass media or other 

sources however health care providers are still the most preferable source of information 

(Elmekresh et al., 2017).  

Hence, health care providers should be a reliable source of information to provide knowledge 

among antenatal women by including HIP in their routine health care education programs 

(Shriraam et al., 2013). Another study in Bangladesh reported that most of the GDM women 

obtained knowledge from their neighbors (47.6%) and family (42.9%) whereas both medical 
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professionals and neighbors (30%) provided knowledge among normal pregnant women 

(Monir et al., 2018).  

Majority of the women in the current study reported to been rarely screened for HIP in their 

previous pregnancies unless for those who shown to have symptoms where the common 

screening method used was glucose test in urine. A large proportion of pregnant women 

reported to have never being tested for GDM in their previous pregnancies implies that, HIP 

testing and management is not given priority in the ANC programs in Tanzania. Hence, many 

women may have undiagnosed GDM which can result into unfavorable pregnancy outcome 

and or later progress into T2DM.  

The women who were detected with glucose in urine in their previous pregnancy declared 

that they were referred to the doctor with no follow up from the ANC. This gap yields a need 

for monitoring and follow-up of these women to ensure that management is done 

appropriately. This finding is supported by a similar study done in 30 health facilities in 

Tanzania where urine tests for protein and glucose were commonly performed, but blood 

glucose testing was rarely done unless in the case of positive urine tests, suspect symptoms, 

or known diabetes diagnosis (Ramaiya et al., 2018). It was reported that some health facilities 

have never found any woman with glycosuria, which is likely due to low sensitivity of urine 

test strips in detecting GDM cases (Ramaiya et al., 2018).   

Also, in some facilities, incidence of HIP was very low likely due to missed opportunities 

caused by limited screening for diabetes and poor documentation. Similar to the current 

findings, Utz et al. (2017) found that the majority of the pregnant women are referred to 

either a general practitioner or a specialist after diagnosis of GDM. Another study conducted 

in rural India was inconsistent with these findings as pregnant women were screened for 

GDM using blood samples and monitored at least once weekly (Appajigol & Bellary, 2015).  

Although referrals are common due to lack of enough specialists for diabetes care in many 

developing settings, the additional costs may increase the rate of lost to follow-up and drop 

out (Beran & Yudkin, 2006; Nielsen et al., 2012). Hence, pregnant women can adhere to 

early diagnosis, follow up and general self-care interventions if they know their conditions 

and costs associated with unmanaged GDM.  
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reported that; history of diabetes mellitus (DM), tendency of delivery to macrosomic baby, 

and history of previous unexplained stillbirth were predictors of GDM hence, they were 

included in the risk factor checklist for screening GDM (Fawole et al., 2014).  

On the other hand, Caliskan et al. (2004) developed a risk score which included maternal age, 

BMI and first-degree relatives with diabetes mellitus, a prior macrosomic fetus (> 4000 g) 

and adverse outcome in the previous pregnancies. Their score was found to have an ability 

for decreasing the number of women to be screened by 63%, still diagnosing 85% of cases 

with GDM showing a good performance of the model. This supports the current results 

partially, but varies as it included BMI which was difficult to determine in the current study 

setting. Other studies done in Nigeria and China were also contrary to these findings because 

they reported that the pre-gestational BMI > 25 kg/m2 was a determinant of GDM (Nielsen et 

al., 2016; Zheng et al., 2019). This varied from the current findings as most of the women 

could not recall their pre-pregnancy weight and were late to start ANC with an average of 18 

weeks of gestation which made it in-determinant during pregnancy. Instead, the current study 

used body fat percentage in addition to MUAC as a proxy for BMI because it can easily be 

measured during pregnant as well as post-delivery.  

Also, body fat percentage is a good indicator of fat deposition compared to BMI which may 

be affected by weight of the fetus and the fluids which accumulate during pregnancy. A study 

done in India reported that the estimation of weight for determining BMI may be susceptible 

to certain bias as it is partly based on self-reported weight or weight measured at first 

antenatal care visit potentially leading  to over-or under-estimation of BMI (Nielsen et al., 

2016). 

Maternal age was not significantly associated with development of GDM in the current study 

which may be attributed by changes in life style that has made more young women to be 

overweight/obese with high risk of developing NCDs including GDM. Another similar study 

reported that, by definition the selective strategy detects more cases of GDM among older 

women with higher BMI and misses more cases among younger women with lower body-

mass indexes. Therefore, it is very unlikely that this shift in detection patterns is harmful 

(Naylor et al., 1997). Another model which was developed in China for early screening of 

GDM was contrary to the current developed model because age was found to be a good 

predictor of GDM (Zheng et al., 2019). It is also reported that due to higher fertility rates in 

younger women, nearly half (48.9%) of all cases of HIP (that is GDM and DIP) occurred 
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among women under the age of 30 years (IDF, 2017).  This is also supported by similar study 

which reported that, the age of onset of diabetes mellitus and pre-diabetes is declining (Hod 

et al., 2015).  

Insulin resistance was positively associated with GDM in this study but it could not be 

involved in the risk score development due to its associated diagnostic costs, as the aim of the 

current study was to develop a simple and cost-effective method. However, as IR was 

associated with hypertension and presence of edema, which are indicative of preeclampsia, 

these factors were included in the final risk factors checklist to involve women with IR but 

not yet developed GDM.  A similar study reported that women with GDM are more likely to 

experience IR than their non-GDM counterparts (Elkind-Hirsch et al., 2010).  

Furthermore, increased serum insulin level at screening in early pregnancy can predict GDM 

as it is reported that, the higher the serum insulin level, the earlier the manifestation of GDM 

(Bitó et al., 2005). In this case, the inclusion of risk factors for IR is important for early 

identification of women at risk of GDM to prevent the development of GDM, and T2DM as 

insulin is an indication of future diabetes. This finding makes the developed tool to be very 

useful in early identification of women at increased risk for GDM even before pregnancy for 

immediate preventive actions to be taken to prevent short and long-term health effects to the 

mother and her new born.  

Based on the current developed tool with factors that can be assessed even before or in the 

early stage of pregnancy, most of the women at risk of GDM could be identified before or 

during pregnancy to allow timely intervention to improve maternal and neonatal outcomes. 

Moreover, monitoring and testing of women for GDM throughout pregnancy can be 

performed according to the need of the individual patient (van Leeuwen et al., 2010) hence, a 

more personalized approach to the health care interventions.  It is also reported that a better 

understanding of the risk factors for GDM may not only add to the knowledge of the 

pathways leading to GDM, but also inform and enable health care providers to focus on 

women at increased risk for whom earlier and repeated screening may be of greatest 

importance (Nielsen et al., 2016). Another similar study developed selective models and 

found that they may allow early-stage intervention in high-risk women, as well as a cost-

effective screening approach that could avoid the need for glucose tolerance tests by 

identifying low-risk women (Artzi et al., 2020). 



71 

Contrary to the current findings several studies have reported that risk factors have poor 

predictive value and fail to identify a large proportion of women with GDM which limits 

their use (Adam & Rheeder 2017; Matta-Coelho et al., 2019; Agbozo et al., 2018). Another 

review was done to validate 12 published GDM risk scores and reported that the most 

common predictors were age, adiposity, family history of diabetes, history of GDM, 

ethnicity, and history of macrosomia. The reviewed scores performed only moderately 

therefore, requested for more research to be done before putting the scores into practice 

(Lamain-de Ruiter et al., 2016; Huvinen et al., 2018).  In line with this, some meta-analysis 

suggest that irrespective of the method used, risk factors do not identify women with GDM 

well (Farrar et al., 2017), but it is still important to consider these selective screening as they 

can help in  early identification of women at risk for timely management especially in 

resource limited areas. Another study done in Nigeria reported that a checklist of risk factors 

for GDM should be included their antenatal protocols to ensure proper identification of 

women with GDM is done thoroughly (Fawole et al., 2014).  

Some researchers in India attempted to develop a risk factor based scoring variables for 

screening GDM, but none of the risk factors or their accumulation were strong enough to 

clearly discriminate between those with and without HIP in all their settings, emphasizing the 

need for universal screening for GDM/DIP (Nielsen et al., 2016). Universal screening is 

highly recommended given availability of financial, material, space and human resources 

however it needs implementing multiple testing during pregnancy for all women which is not 

only costly, but operationally challenging (Nielsen et al., 2016). This makes selective 

screening using maternal and clinical characteristics to be important especially in low income 

countries with limited resources.   

For operationalization of the developed risk score which was simplifies into a risk factors 

checklist, the health system needs to integrate it into the ANC services from the point of entry 

with  history taking and throughout  during counselling and regular education programs. This 

tool can be effective if it is used at the first ANC and in subsequent visits as some of the risk 

factors can arise at the middle or late stages of pregnancy. This will increase knowledge 

about GDM as a risk for poor pregnancy outcomes. When a woman is identified having one 

of the risk factors in the checklist, can be referred to the doctor for more actions to be taken 

as what is done in other conditions indicated in the FANC guideline (Kearns et al., 2014). 

This can help to give priority to high risk women when resources are limited while planning 
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for universal screening, which needs more resources. The developed tool can also be used by 

women for self-identification even before pregnancy to enhance proper preconception 

preparations.  

4.3  Limitation of the study  

Although results from this study are encouraging, the study was conducted in a population 

which is ethnically homogenous Africans, which limits generalizability of the findings. 

Moreover, the study involved a small sample size that resulted in wider CIs in some of the 

associations among variables which may reduce the precision of the study due to distribution 

effect. However, the study is still useful as it is a bases for an additional longitudinal study 

with large sample and improved follow-up methods.  

 

4.4  Methodological challenges in the current study 

The study faced biases on data collection where participants had to recall some information 

such as pre-pregnancy weight which may lead into over- or- underestimation. Hence to avoid 

this biasness, body fat percentage and MUAC were used to assess nutrition status of the 

pregnant women to replace BMI. Among 24 health facilities with both ANC and delivery 

services, only 2 centers were selected, which may not be representative of the health 

facilities, leading to bias in extrapolation as we  cannot  feel  confident  that  these  results  

will  serve  as  a  parameter of the urban population. This is because, internal and external 

validity are undermined.   

 

Hence, random sampling was used to reduce this biasness effect. Furthermore potential 

confounders between dependent and independent variables during data analysis were 

identified including maternal age, income and parity. These confounders were controlled by 

running multivariate analysis to reduce their effects on associations among variables 

(K1einbaum et al., 1982).  
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Hence, to adopt either universal or selective screening, different health stakeholders should 

join efforts to validate these findings using a large longitudinal national study with large 

sample size representing all regions of the country. Furthermore, a trial of the validated tool 

should be done in one of the zones in the country. The health system needs to integrate 

different health stakeholders in prevention of HIP (GDM and DIP) through regular ANC 

education programs using different media to enhance self-care to address the various risk 

factors. This can help in proper preconception preparations, care during pregnancy, and post-

delivery period. The health system is fragmented which may reduce efforts to solve related 

conditions. Hence, there is a need for the health system to amend different NCDs strategies, 

programs and policies to include HIP as one of the prioritized NCDs to reduce the burden of 

diabetes.  
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No 2  
48 If yes can you define it? Diabetes first 

detected in pregnancy 
1  

Hereditary Diabetes  2  
Others (Specify) 3  

49  Are you are of the symptoms of HIP? Yes 1  
No 2  

50 If yes mention them Frequent thirst 1  
Frequent urination  2  
Vision impairment  3  
Others mention  4 - 

51 Do you know the effects of HIP? T2DM to  the baby 1  
Death of the baby 2  
Macrosomic baby 3  
Overweight/obesity 4  
Others(specify) 5 - 

52 Do you know the causes of HIP? Yes 1  
No 2  

53 If yes mention the causes of HIP? Overweight/obesity 1  
Previous GDM 2  
Family history of 
T2DM 

3  

Genetics  4  
Poor Eating behavior  5  
Others(specify) 6 - 

54 Do you have anything to say? Questions, 
suggestion, opinions  

   

 
 
Section E: Measurements during pregnancy 
Respondent ID  
Respondent name   
Gestational week   
Weight before pregnancy  
Anthropometric      Variables Measured 

SN Variable 1 2 3  
1 Weight      
2 MUAC     
3 Body fat     
4 Blood pressure     
5 Presence of  edema  1. Yes    

2. No    
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Blood glucose tests  
 1 Fasting blood glucose     

2 OGTT     
3 Serum insulin level     

Urine test 4 Urine glucose      
5 Urine Protein test   

                                                     Thank you for your corporation  
 








