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Abstract

Background and objectives:

The diabetic pregnancy is beset with many problems but the pregnancy
outcome is largely unknown in Bangladesh. The present study was conducted
at Bangladesh Institute of Research and Rehabilitation in Diabetes, Endocrine
and Metabolic Disorders (BIRDEM), Dhaka, a specialized tertiary care center
for the diabetic pregnant women and their infants. The objectives of this study
were to compare the nutritional status, pregnancy outcome and perinatal
outcomes of a cohort of diabetic pregnant mothers and their singleton
newborns with their non-diabetic counterpart.

Methodology:

This prospective study was conducted on a cohort of two hundred pre-
gestational diabetic pregnant women (DM) and their matched control of non-
diabetic (NDM) pregnant women. The sample was drawn from the women
who attended at the outpatient department of the (BIRDEM) Hospital for
antenatal checkup. The total period of study spanned over a period of 19 month
(15" May 2000 to 15" December 2001). Pregnant women during their first
trimesters (<12" week) were screened and selected for the study. The group
was matched for gestational age, parity and occupation of the husband. They
were followed up at each trimester of the pregnancy, during labor, postpartum
period and the newbomns were followed up prospectively by home visits till
perinatal period.

The relationships between maternal nutritional status (detected by early
pregnancy weight, weight gain, MAC, hemoglobin concentration) and
glycemic status (glycosylated hemoglobin percentage and blood glucose
levels) in each trimester with the maternal, fetal and perinatal outcomes were
examined. Anthropometric measurements of mothers and newborns were taken
following standard techniques. Gestational age was detected by last menstrual
period (LMP) and subsequently confirmed by ultra-sonography (USG).
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Result:

The groups were not different on matching characteristics. They were
significantly different (p<0.001) in monthly income and education with lower
values for DM mothers. The DM mothers were significantly older (p<0.001)
than their counterparts. Nutritional status at enrollment was significantly
different between the groups in all measurements (p<0.001) with higher values
for DM mothers. The DM mothers were more obese (31.5% vs.18.0%:
p<0.001) than the non-diabetic mothers who were underweight (5.5.0% vs.
17.5%) during early pregnancy (p<0.001). In all 3 trimesters, the rate of
anemia was found more in the DM group and mean hemoglobin concentrations
were also lower in this group (p<0.001).

Mean values for fasting blood glucose, postprandiol blood glucose and
glycosylated hemoglobin percentage were higher than normal range for
diabetic mothers in the first trimester and gradually declined to normal in the
third trimester. Maternal morbidity was more in DM group in all three
trimesters (p<0.001).

Total weight gain was significantly higher (p<0.02) in the DM group
(8.643.2 vs, 7.942.5 kg) than that of the NDM group. Total weight gain
between 1* and 2™ trimester was not different between the groups but differed
significantly (p<0.02) between 2™ & 3" trimester in favor of the diabetic
group. Both the group gained MAC in 1* trimester to 2™ trimester but losses in
2™ to 3" trimester, but the group difference was not significant,

Live birth rate in the DM group was found 98.0%, which was 100.0%
in the NDM group. Breech presentation and cesarean section was more in DM
group. The rate of low birth weight was found 21.6% in the DM group and
24.1% in the NDM group in this study. A greater proportion of infants of DM
mothers were 'large for gestational age' (LGA) and the difference was
significant between the groups at the level of p<0.001.

Abstract i
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Overall rate of preterm (<37week) in DM was more than the NDM
group 41,5% vs 6.2% and baby born <34 week of gestational age was 16.2% in
DM group and none in the NDM group. Nutritional status of the newborns was
significantly different between the groups with higher values for the DM group
by all anthropometric measurements.

Mean birth weight was found significantly (p<0.001) greater in the
infants of diabetic mothers (IDMs) (2850.6+577.1g) than that of the infants of
NDM mothers (2651.1+344.4g). All macrosomy babies were found among
diabetic mothers and IDMs suffered significantly (p<0.001) more from
perinatal morbidity. Most important perinatal morbidities were jaundice, and
respiratory distress syndrome.

Only the infants of diabetic mother experienced perinatal mortality and
the rate was observed 55/1000 total births. Diabetic mothers experienced nine
(9) fetal losses constituting a rate of 45/1000 total live births compared to no
loss in the NDM group. There were 2 abortions, 5 stillbirths and 2 late fetal
deaths (IUD) in the DM group. The rate of congenital anomaly was 10/1000
total births in the DM group who were neither under regular antenatal check up
or had a euglycemic state throughout the pregnancy.

In DM group strong relationship was found between the maternal
nutritional status and fasting blood glucose level with the maternal morbidity.
Mothers with glycosylated hemoglobin percentages more than 6.0 % at 3"
trimester was found 3.2 times at risk for developing maternal morbidity.

Relationship was found between the maternal nutritional status and
neonatal nutritional status (birth weight & MAC and head circumference) in
both the groups. Maternal risk factors identified for developing perinatal
morbidity was found monthly income <10,000/-(2.5 fold), total weight gain
<7.0 kg (2 fold), 3" trimester HbA,;C% >6.0 (12.5 fold) and for 3" trimester
maternal morbidity (8 fold).

Abstract 1t
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The neonatal factors having risk of developing perinatal morbidity were
found, LBW (8 fold), IUGR (18 fold) and apgars score <8 at birth (12 fold).
Maternal glycemic status was found significantly associated with large for
gestational age (LGA), macrosomy and perinatal morbidity in the DM group.

On multiple regression analyses, newborns of diabetic mothers found to
have higher weight, head, chest and mid arm circumferences after controlling
possible confounding factors. After controlling all the confounders, family
income and total weight gain had shown significant effects on birth weight in
both the group,

Conclusion:

Maternal family income, education, nutritional status in early pregnancy, and
weight gain during pregnancy, are highly correlated with maternal morbidity
and neonatal nutritional status. Maternal glycemic status, maternal morbidity,
low weight gain, low family income, low birth weight, low MAC, IUGR and
low apgar score were important risk factors for perinatal morbidity. Though
adversity in the maternal fetal and perinatal outcomes are more in DM
pregnant but the complications can be averted by regular antenatal care and
monitoring of blood glucose.

Abstract v
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1.1 Introduction

Diabetes is one of the life threatening public health problems in the
world. The prevalence of diabetes was 143 million in 1997 and is projected to
be 300 million in 2025 (1). Increasing trend was observed due to change in
dietary and life style (2). Type-1 diabetes mellitus complicates less than 0.5%
of all pregnancies, yet it is one of the greatest challenges in the obstetric
medicine (3).

West and Kalbfleisch were the first to report the prevalence of diabetes
in Bangladesh in 1966 and found a rate of 1.5% (male: 1.2%; female 2.5%).
Their diagnostic criteria were different from the one recommended by the
WHO. In 1983, Mahtab and Ibrahim observed a prevalence rate of 0.7% in
semi-urban and rural areas (4) and Ali et al in 1987 found a rate of 1.07% in a
rural sample (5). Recent studies showed increasing trends in the prevalence of
diabetes in Bangladesh, it was 2.1% in 1995 and 4.1% in 1997 (6). This trend
is also reflected by a ten-fold increase of registered diabetic cases from 26,349
to 254,656 between 1980 to 2001 at the outpatient department of the
Bangladesh Institute of Research and Rehabilitation in Diabetes, Endocrine
and Metabolic Disorders (BIRDEM) Hospital. A total of 42631 women was
attended among them 1084 was diabetic pregnant women and delivered in this
hospital in the year 2000-2001 (7). The rates of pre-gestational (DM) and
gestational diabetic pregnant (GDM) were found 2.3% (8) and 4.8% in 2002 in
a rural study in Bangladesh (9).

After the discovery of insulin in 1921 there is a considerable
improvement of diabetic pregnancy outcomes in well controlled diabetic
women (10) but even 12 year's after the Saint Vincent’s declaration in 1989, a
study in 2002, showed that the infants of women with pre-gestational diabetes
mellitus had 6.4 times more at risk of congenital malformation and 5.1 times at

risk of perinatal mortality than the infants of general population (11).

Chapter-1 Introduction 1
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In order to identify and quantify the risks of adverse pregnancy outcome
in diabetic pregnancies a number of studies have been undertaken spanning
different parts of the world including, England, America, Australia, Africa,
Caribbean countries, Pakistan, India Srilanka and other Asian countries. It is
observed that diabetic gravida are till now at higher nisks for increased
obstetrical complications including cesarean section, maternal morbidity like,
pre-eclampsia, eclampsia, polyhydromnios, ante-partum and post-partum
infection, hemorrhage, and pregnancy induced hypertension (12-15).

Though a substantial decrease of the rate of fetal loss and congenital
anomalies were documented from the early 19" century (16) but still the
adverse effects on fetus and neonates are higher than the general population
and nondiabetic pregnant women as observed in a number of studies. Higher
rates of fetal loss, congenital malformations, pre-term, large for gestational age,
macrosomy, low birth weight, intra uterine growth retardation, intrauterine
death, birth injury, birth asphyxia, perinatal morbidity and mortality, neonatal
morbidity and mortality were observed very high among the infants of diabetic
pregnant women (17,18). Maternal morbidities were also found very high
among the of diabetic pregnant women. No ethnic difference was observed for
adversity of diabetic pregnancy outcomes (19). The other recent studies also
observed similar results of adverse pregnancy outcome of pre-gestational
diabetes (20,21).

A few small-scale hospital based studies on diabetic pregnancy in
Bangladesh have provided similar results of adverse pregnancy outcomes of
diabetic pregnancy (22,23), but these studies had methodological
shortcomings, all of these studies were cross-sectional, and retrospective only.

Most of the pregnancy complications especially abortion, malformation,
birth defects, and retarded fetal growth take place in early pregnancy and most
of these complications occurred in those who had poor diabetic control at
conception (24).

Chapter-1 Introduction 2
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Researchers suggested for pre conception care and planning and regular
blood glucose monitoring during pregnancy to reduce the adverse pregnancy
outcomes for diabetic pregnant women (25,26). Identification and
quantification of risk determination of adverse pregnancy outcome are limited
due to the fact that most of the studies did not differentiate between the
gestational and pre-gestational diabetes in their studies.

We are not aware of any study in Bangladesh where early-pregnancy
weight or serial measurements of the weight and blood glucose level in each
trimester were examined to see their relationship with maternal, fetal or
perinatal outcomes in diabetic pregnant women. The effect and timing of
nutritional deficiency and glycemic status at different trimesters on pregnancy
outcomes and perinatal outcomes need to be explored and compared in diabetic
and non-diabetic mother-infant pair.

The limitation of available literature and to get a clear picture of
anthropometric changes in different trimesters, the present study is designed to
compare the nutritional status, pregnancy outcome and perinatal outcome of a
cohort of diabetic gravida with their non-diabetic counter parts throughout the
pregnancy period starting from the 1% trimester. And to explore the
relationship between the maternal nutritional status, and glycemic status with
that of the maternal, fetal and perinatal outcome.

Chapter-1 Introduction 3
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1.2 Background information
1. 2. 1 Diabetes: Definition, history and classification

The term diabetes mellitus describes a metabolic disorder of multiple
etiologies characterized by chronic hyperglycemia with disturbances of
carbohydrate, fat and protein metabolism resulting from defects in insulin

secretion or insulin action or both (27)

History of diabetes:

Diabetes Mellitus was recognized in antiquity but its history has been
characterized by numerous cycles of discovery, negligence and rediscovery.
The term 'diabetes’ is Ionian Greek word, which means to 'run through', or a
siphon; was first used by Aretaeus of Cappadocia in the 2™ century AD.
Subsequently, the Roman physician, Galen (AD [31-201), made further
improvement in describing the disease. During 5-6" centuries AD, Susruta and
Charuka, two notable Indian physicians and few other Chinese and Japanese
physicians also described about diabetes and the sweetness of diabetic urine.
Later, this was emphasized in the Arabic medical texts. During 9" —11"
centuries, Avicenna (AD 960-1037) descnibed accurately the clinical feature of
diabetes. Blood fluid contains sweet sugar was first reported by Dobson (1735-
84).

Insulin was discovered first at 2 am on the 31" October 1921 at the
University of Toronto through collaboration between Banting, Best, James and
Macleod. First, they applied insulin to lower blood glucose level in a
pancreatectomized dog. In human diabetic patient (Thompson) insulin was
tested in January 1922 by the Toronto research team and the introduction of
regular insulin treatment for diabetes was started in 1923 (28),

Chapter-1 Introduction 4
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Classification and diagnostic criteria:

In 1979, National Diabetes Data group (NDDG) proposed for the first time
the definition, classification and diagnostic criteria of diabetes, WHO modified
this NDDG classification in 1980 and later in 1985, which is now widely

accepted. These classifications are described below in brief.

A. National Diabetes data group (NDDG): Diabetic patients are classified
based on the severity and prognosis of the patient:

Type 1 (IDDM): Insulin dependent diabetes mellitus: characterized by
more severe and acute presentation, usually involves a significant weight loss
and liable to spontaneous ketosis, usually accompanied by subnormal blood c-
peptide levels following B-cell destruction.

Typell (NIDDM): Non Insulin dependent diabetes mellitus:
characterized by slow onset, mostly the patients are overweight with less
intense hyperglycemia, ketosis is less and usually occurs after prolonged
starvation, with strong familal history and involving children & young adult &
boys are more affected.

Type-111 (GCI): Gestational carbohydrate intolerance: obese and non
obese.

MRDM (Malnutrition related diabetes mellitus): characterized by an
onset at younger age, emaciation, heavy glycosuria accompanied by little or no
ketonurnia (29).

Diagnostic criteria:
For early detection, the proposed blood glucose values are given
below in tabulated form as recommended by the WHO Expert Committee

Diagnostic value of oral glucose tolerance test:
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Diagnostic value of oral glucose tolerance test: (30)

Glucose concentration, mmol/l (mg/dl)

Whole blood Plasma

Venous Capillary Venous Capillary
Diabetes mellitus ) a Sem e —
(DM):
Fasting value 6.7(120) 6.7(120) 7.8(140) 7.8(140)
2-hrs after glucose 10.0(180) 11.1(200) 11.1(200) 12.2(200)
load
Impaired glucose
tolerance (IGT):
Fasting value <6.7(<120) <6.7(<120) <7.8(<140) <7.8(<140)
2-hrs after glucose 6.7-10.0 7.8-11.1 7.8-11.1 <12.2
load (120-180) (140-200) (140-200) (160-200)

For epidemiological and population screening: the 2-hr value afier 75 g oral
glucose may be used alone or with fasting value

B. WHO classification: Classification of diabetes mellitus and allied
categories of glucose tolerance (30).
1.Clinical classes:
a. Diabetes mellitus (DM):
1. Insulin dependent diabetes mellitus (IDDM)
2. Non-insulin dependent diabetes mellitus (NIDDM):
a. Non-obese
b. Obese
3. Malnutrition-related diabetes mellitus (MRDM)
4. Other type of diabetes associated with certain conditions and

syndromes
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Impaired glucose tolerance (IGT):
a. Obese
b. Non-obese
¢. Associated with certain conditions and syndromes.
II. Gestational diabetes mellitus (GDM)
2. Statistical risk class:
1. Subjects with normal glucose tolerance but having substantial
increased risk of developing diabetes:
a. Previous abnormality of glucose tolerance.

b. Potential abnormality of glucose tolerance (30).

C. New classification of diabetes: (31)

The new classification based on etiological process rather than treatment
modality. The new classification proposes that hyperglycemia regardless of the
underlying cause, can be subcategorized as follows: (latest ADA /WHO
classification)

1. Established Diabetes:
1. Insulin requiring for survival
2. Insulin requiring for control (i.e. for metabolic control, not for survival)
3. Non-insulin requiring (i.e. with treatment by non-pharmacological

methods or drugs other than insulin)

Majority of the type-1 diabetics requiring insulin for survival fall in class 1,
and majority of the type-2 diabetics fall into the other 2 & 3 classes. This
classification will hopefully remove the confusion between insulin
dependent and insulin treated.
2. IGT and fasting hyperglycemia:
IGT 1s not in a separate class like before, but is now categorized as a stage
in the natural history of disordered carbohydrate metabolism, IGT is
coupled with impaired fasting glucose (IFG: 6.1-6.9 mmol/l; 110-125 mg
/dl).
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Recent changes of Diagnostic criteria

The diagnostic criteria have been changed on many occasions over
recent decades. In 1985, the WHO recommended diagnostic thresholds
based on the 75 g oral glucose tolerance test (OGTT), which became the
“gold standard™ for subsequent years. The epidemiological data collected
over the last decade lead both the WHO and the ADA recently to review
the diagnostic criteria. The new information related to the fasting plasma
glucose (FPG) threshold previously 7.8 mmol/L (140 mg /dl) rather than to
the 2 hr plasma glucose (PG) threshold. As a result of these findings the
ADA and WHO (in 1997 and 1998 respectively) recommended the
following changes.

1. The (fasting plasma glucose) FPG threshold is lowered from 7.8
mmol/l to 7.0 mmol/l (140mg to 126 mg/dl).

2. The (Impaired fasting glycemia) IFG: (FPG 6.1-6.9 mmol/l (110 —125
mg /dl) (31).
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1.2.2 Epidemiology of diabetes:
Socio-economic status:

A number of publications documented that poor social class is more
prone to develop diabetes and its complication (32). This is also supported by
Barkers hypothesis of fetal origin of diseases, which states that low birth
weight, and under nutrition in pregnant mothers, intrauterine growth
retardation and under nutrition in early childhood predispose to adult chronic
diseases like diabetes and cardiovascular disease. Malnutrition and infectious
diseases in early life predispose to impaired insulin secretion and / or store that
might lead to diabetes in adults (33).

Age and parity:

Age was found as a risk factor for diabetes (34). Maternal age is an important
determinant of pregnancy outcome. The importance of age is that the adverse
pregnancy outcomes were experienced by increment of maternal age (35). A
recent study by Seoud in 2002, in Lebanon, found that multiparous older
women have a higher rate of antepartum complications like, preterm delivery,
cesarean section pre-eclampsia, gestational diabetes, chronic hypertension,
labor-induction and also intrauterine fetal deaths compared to younger
counterpart. In older primipara, only preterm-delivery, cesarean section rate

and uterine fibroid were found higher (36).

Physical activity:

Regarding risk of diabetes and physical activity, study by Berkowtiz
found that diabetes is more common in the sedentary population (37). But in
Bangladesh, a cross sectional survey in village population near Dhaka city,
Bari in 1995 found that prevalence of diabetes was equal in both sedentary or

active physical workers (38).
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Rural urban settings:

Controversial results exist regarding rural urban difference for the
prevalence of diabetes. However, rural urban difference was observed in case
of female in a study, where the crude prevalence of diabetes was found 11.1%
for men & 10.6% for women in urban setting, whereas in rural setting this was
10.3% in men & 4.8% in women (39). On the other hand, in a recent study in
2001 in East Poland, the prevalence of diabetes (Type-2) was detected more in
rural than in urban setting (17.6% vs 14.1%) (40).

Nutrient risk for DM:

In a review article, it was suggested that the exposure to nitrosamines in
women in Iceland at the time of conception increased the risk of IDDM in their
children, particularly for males. To find out a causal association between
IDDM and duration of breast-feeding, extensive studies were undertaken and it
was found that a short duration of breast-feeding during infancy was associated
with an increased risk of developing IDDM. The possible association may
point to an etiological role of cow’s milk protein, Early introduction to cows

milk protein triggers the autoimmune destruction of the beta cells (41).

Epidemiology of insulin dependent diabetes (Type-1)

Insulin dependent diabetes mellitus (Type-I) is a chronic irreversible
disease of any age characterized by severe insulinopenia and dependence on
exogenous insulin to sustain life, The incidence of the disease shows a wide
variation in geographical and ethnic distribution, which has been interpreted as
evidence of both environmental and genetic factors in the etiology of (Type-I).
The incidence in adult varies from population to population. About 25 to 50%
of the patients are diagnosed by the age of 15 yrs, whereas only 10-15 % after
the age of 40yrs. In Bangladesh, a marked increase in incidence was observed

in recent years (42).
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Epidemiology of non-insulin dependent diabetes (Type -2):

It is established that other than genetic predisposition, obesity, increasing
age and sedentary habits are the most important risk factors for type-2 diabetes.
Central obesity i.e., high waist-hip ratio (WHR) is an important risk factor for
type-2 diabetes than the general obesity (43). Most studies observed that
subjects with increased waist-hip ratio (WHR) had excess risk for insulin
resistance syndrome or syndrome-'X'. This syndrome encompasses central
obesity, hyperglycemia, hyperinsulinemia, hypertension and dyslipidemia
(44.45).

Aetiopathogenesis of diabetes:

Autoimmune and non-autoimmune causes: In the aetiopathogenesis of
diabetes, both autoimmune and non-autoimmune causes are suggested.
Genetic cause: There is an increased risk of developing Type-I, in the family
members of those with the disease, which reflects genetic cause.
Environmental factors and autoimmune causes: Certain viral infections like
Coxsackie’s B virus (especially B-4), rubella, mumps, cytomegalovirus,
mycoplasma pneumonae may be responsible. These infections may damage
beta cell directly or by triggering autoimmune responses. Certain vectors,
cow's milk albumin, nitrosomine, smoked food and nitrates all are thought to

be involved in the genesis of Type-1 (46).

High-risk individuals should be screened for:

Type-2: Obesity specially truncal obesity with BMI 30-40 and subjects having
one or more parents or siblings with Type-2 and those who are over 70 year of
age.

Type-I: One or more siblings with Type-I' pregnancy, pancreatic disease and
alcohol abuses. Some endocrinopathies including Cushing’s disease and use of

potentially diabetogenic drugs are also high-risk conditions (46).
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Prevalence and epidemiology of pre-gestational and gestational diabetes:

Diabetes 1s the second commonest medical disorder complicating
pregnancy with an annual incidence of about 5%. Pre-gestational diabetes
(DM) has an incidence of about 2-4/1000 live births (47). Incidence of
gestational diabetes (GDM) varies widely. In Caucasian, it was 1-2 percent,
among Asian 4-5% and in the USA it was 3-5%. In the USA study the risk was
found more among the non-white women. Increasing maternal age and family
history of DM were detected as risk factors for GDM (48).
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1.3 Diabetic pregnancy: Basic information

Diabetes mellitus and pregnancy may be presented in two patterns; AP 1789

1. Pregnancy in diabetes (pre-gestational DM): abnormal glucose tolerance

either in the form of diabetes or glucose intolerance before gestation.

3. Diabetes in pregnancy (GDM)-defined as carbohydrate intolerance of
variable severity with onset or first recognition during present pregnancy

(49).

1. 3.1 Evolution of classification for diabetes in pregnancy

Priscilla White of the Joslin clinic from Boston, USA, published the best-
known classification of diabetes in pregnancy in 1949. Subsequently, she
modified this in 1965 and 1971. This classification of diabetes proposed more
than a half century ago was accepted worldwide. The white classification is
particularly slanted toward women with Type-l except the class-A, which
includes women with Type-II. This classification is attempted to predict the
outcome of pregnancy, according to various metabolic, obstetric and other risk
factors, and graded the prognosis from class-A (best) to class-F (worst).
Placement of women into a class depends upon her age, time of onset of
diabetes and /or duration of diabetes. Moreover, the emergence of micro
vascular or macro vascular (coronary artery disease) complication places her in
another class. The most recent revision of this classification was in 1980.

Brown and Hare did a subsequent attempt to update the classification
and incorporated two other conditions, ischaemic heart disease and renal
transplantation. Another system the “ prognostically bad signs in pregnancy"”
classification is based on the risk factors encountered during the pregnancy
itself.

A combination of these two classifications predicts fetal outcomes more
accurately, but their complexity has made them obsolete. A uniform
classification is still needed for both epidemiological and clinical purposes.
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Both the WHO and National Diabetic Data Group (NDDG) of the
National Institute of Health have endorsed the classification based on etiology.
The WHO classification differs only by recognizing IGT before pregnancy. The
WHO classification is simple but has no prognostic value (50).

The White classification (Revised): This classification considers the age of
onset, duration of pregnancy and prognosis of diabetes mellitus.
Gestational diabetes: Abnormal OGTT (oral glucose tolerance test) discovered
during pregnancy: euglycemia may or may not be maintained by diet alone and
insulin may be required.
(Class A: Discovered before pregnancy: controlled with diet alone, any duration
or age of onset.
Class B: Onset age > 20 y or duration less than 10y,
Class C: Onset age 10-19 y or duration 10-19y.
Class D: onset age <10y, duration >20 vy, background retinopathy or
hypertension (not pre-eclampsia).
Class E: Calcification of pelvic vessels.
Class G: Poor obstetric history.
Class R: Proliferate retinopathy or vitreous hemorrhage.
Class F: Nephropathy with over 500mg /day proteinuria.
Class RI*: Criteria for both classes R and F co-exist.
Class H: Atherosclerotic heart disease, heart disease clinically evident.
Class T: Prior renal transplantation.
All classes below A require insulin therapy. Class R, F, RF, H and T have no
onset or duration criteria but usually occur in long-term diabetes

White’s classification system is not ideal due to failure to recognize the

metabolic instability, which is the principal prognostic factor in the insulin
dependent diabetic pregnant patients.

Chapter-1 Introduction 14



Dhaka University Institutional Repository

Subsequently, WHO modified and made a simplified classification as follows:
The WHO classification:
Pre-gestational diabetes:
Insulin dependent diabetes.
Non-insulin dependent diabetes.
Secondary diabetes.
Gestational diabetes:
Impaired glucose tolerance of pregnancy.
Undiagnosed pre-existing diabetes.
Undiagnosed pre-existing ‘impaired glucose tolerance'.
The most recent classification: by Hare (1994)
1. Uncomplicated DM.
2. Complicated DM +

1. 3.2 Pathogenesis in diabetic pregnancy
Role of insulin in normal non-pregnant mothers

[nsulin is the preeminent controller of fuel storage, release and
consumption in mammalian systems. Its levels are low during the fasted state
and high in the feed state. These levels affect the availability of fuel
endogenously and the storage of fuel when calories are supplied exogenously. In
prolonged starvation or fasting state, glucose is supplied by de novo synthesis
from stored protein, a process termed 'gluconeogenesis’. Muscle preferentially
releases alanine and glutamine for gluconeogenesis. When small amount of
glucose is taken, in a quantity sufficient to meet the obligatory needs, sufficient
insulin is secreted to limit the glycemia and limit gluconeogenesis, thus sparing
protein. Large amount of glucose results in greater amount of insulin secretion,
and there is not only a suppression of hepatic output of glucose, but also a
promotion of peripheral glucose uptake at higher insulin concentrations (51).
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Insulin secretion

Insulin secretion by the B-cells 1s in the central scheme to role of insulin.
The beta cells rapidly assess the glucose load and in less than one minute,
secrete insulin for prompt disposal of glucose when glucose level rises, and the
peripheral uptake of glucose occurs within 10 minutes. At the time of ingestion
of full meal, insulin secretion is at its highest level, The fat is stored by several
mechanisms. Glucose is conserved as fat, storage of dietary fat is obtained
from meal and there is a slowing of lypolysis by higher insulin level. Protein is
degraded as amino acid and insulin is stimulated by some of these amino acids.
Only protein intake cannot maintain blood glucose level because amino acids
derived from dietary protein also stimulates glucagon, another hormone
secreted by alpha cells of islets of langerhans in pancreas, which stimulates
gluconeogenesis and glycogenolysis. After a carbohydrate rich meal, the rising
glucose level diminishes glucagon release. Moreover, glucose and amino acid
synergistically tend to increase insulin secretion thus diminishing the liver's

need to produce glucose (51).

Protein conservation

Insulin has a ubiquitous effect on protein metabolism. It controls the rate
of synthesis and release of protein in the muscle as well as it tends to reshuffle
the amino acids that are released by the muscle during fasting. This is why the
muscle cells preferentially release alanine and glutamine during fasting state.
Therefore, this mechanism is very finely tuned and insulin is the prepotent
hormone for protein synthesis during lactation. The catabolic thresholds are
altered by ketoacidosis, trauma and pregnancy. Thus pregnancy, which is
associated with higher insulin levels than in the non-pregnant state, also
exhibits alterations in tissue sensitivity to insulin and hence, intermediary

metabolism. Diabetes is the equivalent of a super fasted state.
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The lack of insulin permits the metabolic machinery to run at a faster rate and
catabolism (tissue breakdown) to predominate over anabolism (tissue

synthesis). All these mechanisms occur in non-pregnant state (51).

Insulin and pro-insulin in normal pregnancy

In normal pregnancy, which is associated with higher insulin levels than
in the non-pregnant state, there is alterations in tissue sensitivity to insulin and
hence, intermediary metabolism. Insulin secretion increases approximately
twofold by the third trimester, but there is a diminished effectiveness at the
peripheral levels. This insulin resistance is due to increasing levels of estrogen,
progesterone and especially human placental lactogen (hPL), also known as
human chorionic somatomammotropic hormone produced by the placenta.
As the placenta increases in size, hPL increases linearly, reaching its
maximum concentration in the maternal circulation at approximately 38 weeks
of gestation and then decrease just prior to delivery. In the pregnant women,
these increasing levels of hPL are responsible for peripheral insulin resistance,

hyperinsulinemia, and carbohydrate intolerance (51).

The Insulinogenic Index (the insulin response per unit glycemic
stimulus) is significantly greater in normal pregnancy than in the GDM. The
insulin secreting capacity of a normal weight gestational diabetic subject is
generally less than that of the normal pregnant women. Glucagon secretion is
often abnormal in diabetic patients. Fasting plasma glucose is slightly but
significantly increased in late normal pregnancy but remains unchanged in
gestational diabetes (52).
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1. 3.3 Maternal fetal nutrition
Maternal metabolism in normal and diabetic pregnancy
In the pregnant state, the teleological emphasis changes. The mother
must reorder her priorities so that not only the need of the pregnant mother met
but also those of the growing fetuses. Therefore, alterations are made in normal
metabolic mechanisms to protect both the mother and fetus
Freinkle in 1980 emphasized three important events that occur when the
conceptus (placenta and fetus) is grafted onto the maternal uterus, they are as
follows:
1. The conceptus becomes an additional site for the metabolism of
maternal hormones.
2. The conceptus becomes a new site for hormone biosynthesis.
3. By its own growth, the conceptus alters maternal fuel economy (53).

Intergeneration cycle of poor nutrition

The intergeneration cycle of poor nutrition of girls (as reflected by
short stature) and high parity resulting in maternal depletion make a vicious
cycle of fetal undernutrition in developing countries (54). It is established that
one important component of maternal nutritional status having effect on
pregnancy outcome is energy balance, which is reflected in the size of the body
stores.

From 1979, the Pregnancy Nutrition Surveillance System (PNSS) of the
Center for Disease Control (CDC) in the USA showed that pre-pregnancy
under weight and inadequate gestational weight gain were both associated with
greater risks for low birth weight (LBW) (55).

There have been many changes during the last half-century in the
reproductive habits of the people, the technology and management of
childbirth and the care of the newborn infants. Throughout this period, birth
weight and infant survival has been, and continues to be, a central focus of

professional and social interest.
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Effect of maternal nutritional status on fetus and Nutrients supply to the
Setus

Researchers initially concentrated upon the effects of lack, or excessive
intake of individual nutrients on fetal health and then progressed to the
attempted definition of minimal and ‘optimal dietary intake' of mothers (56)
Now, they have progressed from crude observations to the study of
intracellular functions. The logical starting point seems to be with the fetus in
utero and with maternal fetal nutritional relationship.

For many years, animal investigations demonstrated that intrauterine
nutrition is an important regulator of fetal growth. Recent studies have
established that the same is true for human fetuses (57). It is possible that
intrauterine nutrition also conditions brain growth and future development.
Giard in 1980 summarized the multi-species evidence of ten year from 1970 to
1980 to see the uptake and utilization of carbohydrates and amino acids by the
fetus. Roux in 1981 has summarized the evidence of the relation of the
maternal-fetal nutrient exchange with respect to fatty acids, neutral fats,
phospholipids, sphingolipids, steroids and lipoproteins.

Effect of maternal diet on fetal lipid metabolism indicates that maternal
diet can influence synthesis, storage and transport of nutrients to the fetus. The
charactenistic features of nutrition during pregnancy, maternal-fetal
relationships and some effects of nutrition interventions on fetal growth are
reviewed by different researchers and found that maternal nutritional status had
immense effects on the well being of the fetus, and the fetus makes contact
with the maternal organism via the placenta,

Nutrients and oxygen are supplied to the placenta via the uterine artery
and are transported to the fetus via the umbilical vein. Carbon dioxide and urea
derived from the catabolism of various nutrients in fetal tissues are transported

to the placenta via the umbilical artery and excreted in the uterine vein.
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Glucose: Glucose crosses the placental barrier by a process of diffusion and
the total blood glucose level follows closely to the maternal level.

Amino acid: Amino acid crosses the placenta by active transport. Sometimes it
may be influenced by transport competition as well as substrate interaction.
Free Fatty acid (FFFFA): Free Fatty acid (FFA) transfer is controversial and may
be by simple diffusion.

Ketone bodies: Ketone bodies pass freely through the placenta. Some fuels
e.g., lactic acid may originate directly in the placenta.

Placental metabolism

The placenta can no longer be considered as an inert membrane across
which the nutrients are transferred to the fetus. The placenta through its own
metabolism may influence the composition of the nutrient supply from the
maternal circulation. In vitro analyses, it has been shown that the placenta has
the capacity for amino acid metabolism and its conversion, for lactate
production and for lipid synthesis.

The birth weight is dependent upon the growth rate of the fetus and the
total length of the gestational period. Human for example, produces small fetal
mass (5%) and does so over a long gestational period of 270 days. Though the
human fetus has a higher body fat contents (16% body weight) than the other

mammals (58).

Factors affecting feto-maternal nutrition
These are as follows:
I. Absolute concentration of individual metabolites in the maternal
circulation
2. Placental blood flow:
a. Trans-placental transfer mechanism is the main factor for
transfer of fuel.
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b. Availability of one fuel may modify another fuel (substrate
interaction) e.g., ketone bodies in excess spare glucose and
lactic acid as placental oxidative fuel. Maternal glucose crosses
the placenta freely by facilitated diffusion and is abstracted
continuously in direct proportion to maternal glucose level.

c. Placenta i1s not wholly passive in these exchanges but auto
regulates its metabolism by influencing trans-placental transfer
and also forming new fuel from stored fetal precursors. The
transport of maternal fuels to the fetus requires normal placental

intermediary metabolism and maternal dietary intake.

Uterine and umbilical blood flows
There 1s a logarithmic increase in absolute blood flow to the uterus as
gestation advances and an increase in blood flow parallel with the increase in
fetal body weight. The rise in uterine blood flow results from the increase in
maternal cardiac output and a decrease in uterine vascular resistance due to
vasodilatation effects produced by estrogens and mediated locally by
progesterone. Similarly, the umbilical blood flow increases with fetal age and
is related to the gradual rise in the arterial blood pressure and cardiac output of
the fetus. However, the relationship between uterine blood flow and placental
transport of nutrients is not linear. The changes in uterine blood flow will not
therefore necessarily be associated with proportional changes in placental
transport of nutrients to the fetus (59).
According to Pederson theory (60), during a normal pregnancy, following
changes occur in maternal carbohydrate metabolism:
1. Decreased fasting plasma glucose.
Increased postprandiol plasma glucose level.

2
3. Beta-cells hypertrophy and hyperplasia.
4. Decreased insulin sensitivity.

5

Enhanced lypolysis
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Metabolic effects of normal pregnancy on carbohydrate metabolism
Physiological changes occur throughout pregnancy, which provide
metabolic environment that initially favors maternal fat deposition and latter
optimizes fetal growth. By the eighth week of pregnancy, fasting plasma
glucose concentrations start to fall and reach its extreme level by the 12 wks of
gestation. In contrast, postprandial glucose level rises throughout the
pregnancy. Pederson hypothesis states that the fetus responds to increased
supply of nutrients by making more insulin and adding fat to organs and thus
gains in weight, By the third trimester, increasing insulin resistance triggers
the cessation of fat accretion, the lypolysis of stored fat, and the release of free
fatty acids from fat stores (60).
Catalano and co-workers in 1991 studied insulin response longitudinally in
normal and pregnant women and found a 60% decrease in insulin sensitivity
by 36 weeks of gestation. Insulin release to glucose load is increased up to 23
times over that in non-pregnant women (61). Mirghani in 2000 concluded that
increasing insulin resistance in skeletal muscle and liver, which reduces the
glucose uptake and increases hepatic glucose production, is a maternal

adaptation to the fuel needs of the rapidly growing fetus (62).

Metabolic effects of normal pregnancy on lipid

Though most of the metabolic effects are mediated through carbohydrate
metabolism, but understanding of the lipid metabolism is equally important
due to the fact that alterations in lipid metabolism have profound effects on
carbohydrate metabolism. Particularly, the free fatty acids (FFA), triglycerides,
phospholipid and cholesterol are affected by pregnancy related hormonal
changes. The plasma level of FFA and glycerol falls from early to mid-
pregnancy and then rise significantly. Thus accumulation of body fat occurs in
first and second trimester of pregnancy (anabolic phase). In the last trimester of
pregnancy, the reverse change takes place with a rise of the plasma level of

FFA and glycerol (catabolic phase). Free fatty acids are the alternative
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metabolic fuel for the mother and are thought to diminish her glucose
utilization and help preserve glucose from the maternal diet for use by the
growing fetus. In the fasting state, when insulin levels are low, hPL enhances
lypolysis and hence there is an increased production of FFA .
Metabolic effects of normal pregnancy on protein

Plasma protein 1s decreased in pregnancy. Most amino acid
concentrations in fetal compartment are higher than the maternal compartment
till term. At term, fetal and maternal plasma ratio of amino acid is similar.
Young suggests that the fetal gluconeogenesis is relatively poor and fetal liver
conjugating mechanisms are also poor, thus amino acid transport to the
maternal circulation is relatively slow. Trophoblastic cell contains
metabolically labile amino acids in higher concentration (which is synthesized
de-novo by the placenta) than the neutral branched chain and basic amino
acids. These metabolic activities have important roles in the delivery of amino
acids to the fetus (63).

1.3.4 Hormonal changes in normal and diabetic pregnancy

Pregnancy is a great stressful physiological condition in woman
during her reproductive period. For nourishment of the fetus, pregnancy brings
about important changes in structures, metabolic and endocrine functions of
the mother, that tends to become more marked with the advancement of
pregnancy. Adjusted maternal fetal-hormonal physiology favors the fetus to
get an uninterrupted supply of its fuel according to its needs (64). Extensive
hormonal changes occur in pregnancy in order to maintain constant supply of
fuel to increasing demands of mother and fetus. The ovaries, fetal adrenal
cortex and pancreases all involved in bringing these hormonal changes.
Conceptus as a whole acts as an endocrine structure. Special placental
hormones like HCG, hPL, estrogen and progesterone along with maternal other
steroid and protein hormones are increased in many folds in an adaptive
fashion (65).
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Maternal-fetal metabolism in diabetic pregnancy

In diabetes, the normal maternal-fetal nutrient transfer mechanism is
amplified and higher concentrations of maternal glucose and other metabolic
fuels (tryglycerides, amino acids, free fatty acids & ketone bodies) are
transported to the fetus.

It has been hypothesized that the pregnancy related decrease in
maternal insulin sensitivity is beneficial for fetal growth, as a rise in
postprandial glucose concentration aids in transfer of glucose to the fetus, a
process termed “facilitated anabolism'. Glucose is spared for trans-placental
flux and lipogenesis is enhanced for energy reserve. Free fatty acids are used
as an alternate fuel source for the mother, while glucose and amino acids are
spared for the obligatory needs of the conceptus.

Altered metabolic changes result in maternal hypoglycemia,
hypoalaninemia, and hyperketonemia. This triad of alterations during the
fasting state in pregnancy has been called "accelerated starvation" by
Freinkel and is apparent after 12-16 hours of fasting. The enhanced lypolysis
has been likened to the “accelerated starvation” and it is probably due to
placental hormones. The metabolic actions of hPL in the second half of
pregnancy include decrease in insulin sensitivity and glucose tolerance, and an
increase in lipolysis and proteolysis. In combination, these changes facilitate
the transfer of glucose and amino acids to the fetus. Pregnancy therefore exerts
true physiological challenge to insulinogenic reserve. Thus impacts on
metabolism will be greater when pregnancy and diabetes mellitus co-exist.
Pregnancy in established diabetes will worsen the condition. Increased
nutritional demands and increasing insulin resistance together accelerate the
risk of adverse maternal and fetal outcomes. The fetus responds to increased
supply of nutrients by making more insulin and adding fat to organs and
gaining weight (66).
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1. 3. § Effect of pregnancy on diabetes and insulin need in diabetic
pregnancy

There are three levels of insulin deficit in diabetic pregnancies There is a
wide range of variation of insulin requirement in Type-1 diabetic pregnancy.
The degree of increase is related only to maternal weight gain during 20-29
week of pregnancy and maternal weight at booking. The mildest of these is the
woman with gestational diabetes whose only manifestation is an abnormal
glucose tolerance test. The fasting glucose level is normal, but after a glucose
load or mixed meal, glucose level is higher, indicating underutilization of
glucose.

The mother with Type-2 also has to increase her insulin production to
counteract pregnancy related insulin resistance. Before pregnancy, these
women already have decreased insulin sensitivity. Further demand in
pregnancy put stresses on B-cell function causing most 'diet-treated' women to
require insulin (or oral agents where the insulin is not available) obligatory in
early pregnancy. If the insulin deficit is a bit more severe, the fasting plasma
glucose will rise, signifying overproduction of glucose and this elevation
occurs in the absence of a meal. Both of these conditions occur in gestational
diabetes, which is a relatively mild disturbance of maternal metabolism.

Carbohydrate tolerance deteriorates early in pregnancy in
pregestational diabetic women, in parallel with the physiological decrease in
insulin sensitivity. Women with Type-I diabetes are dependent on increased
insulin dosages to maintain glycemic control. Pregnancy induced lypolysis
makes women with Type-I diabetes more susceptible to diabetic ketoacidosis.
This can develop quickly and with relatively mild hyperglycemia; if untreated,
may cause fetal death. Early pregnancy is characterized by enhanced insulin
sensitivity. There is a good evidence to support theories of disordered insulin

secretion as a primary defect in GDM (66).
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1. 3. 6 Effect of diabetes on pregnancy

In diabetes, there are maternal and fetal consequences as a result of
abnormal carbohydrate metabolism and derangement of other nutrient
metabolism during pregnancy. The birth defect, fetal loss and perinatal loss in
diabetic pregnancy are still a major concern throughout the world despite high
technology and modern management and remain even today a great challenge
for diabetologist, obstetrician and nutritionist .In order to understand adverse
effects in fetus, the embryopathic effect of diabetes needs detailed discussion.

1. 3. 6. 1 Effects of diabetes on embryogenesis

Joslin's initial publication concemning diabetes and pregnancy appeared
in 1915, seven years before the discovery of insulin. Priscilla in 1949 found
that perinatal loss was reduced by insulin but congenital anomalies remained
unchanged in infants of diabetic mothers (IDMs).

The teratogenic effect of insulin during embryonic period had first
shown in chick embryo by Zwilling in the late 1940s, In 1942, Lawrence and
Oakley published their research results and reviewed the existing literature.
The authors summarized that by treatment with insulin, maternal morbidity
was reduced but fetal death remained very high (49%). The attention of
researchers was then to find out the underlying mechanism of this adversity of
diabetic pregnancy. The earlier researchers commented that, uncontrolled
diabetes could cause major fetal malformation as well as fetal losses through
early spontaneous abortions in both humans and animals (67).

Later several reports from different countries spanning 1980 to 1995,
confirmed that the rate of congenital anomalies were very high in diabetic
pregnancy and poor glycemic control in early pregnancy was responsible for
fetal losses and birth defects in diabetic pregnancies (68-70).
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Patho-physiology of embryogenesis

The mechanism of the diabetic embryopathy is still incompletely
understood. Observation in humans were confused by the inability to separate
glucose and other metabolite levels from insulin levels. The intrauterine
metabolic environment in early pregnancy also influences embryogenesis and
the causes of diabetic malformations are likely to involve both genetic and
environmental factors. In early post implantation embryogenesis, even before
the development of the chorio-allantoic placenta, the embryo is critically
dependent upon glycolysis for its energy supply. Interruption of this energy
supply can result in embryonic defects in fetuses of diabetic mothers. Poor
glycemic control tends to have both very high and very low blood sugar levels,
and there is a possibility that transient episodes of hypoglycemia could be
etiological factor (71).

In rodents Gumot in 2000, showed that maternal hyperglycemia
adversely affected the pre-implantation embryo, both by reducing the total
number of blastocysts formed and by decreasing the total cell-mass of those
that survived and implicated glucose as the major teratogen in diabetic
pregnancies. But the precise biochemical mechanisms involved are unknown.
Blastocyst cell mass was found reduced predominantly in the inner cell layer
and this could be prevented by treating diabetic mothers with insulin from the
day of conception (72),

1. 3. 6.2 Potentially teratogenic processes in diabetic pregnancies
It has recently been implicated that super physiological concentrations of
metabolic substrates including glucose, pyruvate and hydroxy butyrate might
cause teratogenesis in diabetic pregnancies
1. Increased production of oxygen derived free radicals.
2. Abnormalities of basement membrane components: Haillwell in 1994-
documented enhanced production of oxygen-derived free radicals by

immature embryonic mitochondria.
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3. Abnormalities of myoinositol and arachidonic acid metabolism (73)

4. Abnormalities of zinc metabolism: Animal study suggests that maternal
diabetes amplifies the embryopathic effects of mild zinc deficiencies.
Transfer of zinc from mother to fetus may be impaired.It was documented
that abnormal Zn metabolism, particularly hyperzincuria is known to occur
in human diabetic subjects and it has been postulated that the excessive Zn
excretion in diabetes may lead to marginal Zn deficiency (74).

1. 3. 6.3 Effect of diabetes on fetal pancreatic development

Insulin is detectable in the fetal pancreas as early as 9 weeks after
conception. The growth and replication of B-cells are regulated by the
nutritional insulin secretogauges such as D-glucose, D mannose and various
essential amino acids. Animal experiments observed that fetal islets depletion
is particularly responsive to essential amino acid in early pregnancy and to
glucose in late pregnancy. Human studies have shown an increase in pancreatic
B-cell mass and also an increase in insulin secretion in fetuses of poorly
controlled diabetic women by 16 weeks of gestation. Both conditions increased
through the second trimester until 26 weeks of gestation. This priming of fetal
cells in mid-gestation may account for the persistent fetal hyperinsulinemia
throughout pregnancy, even when the expectant mother enjoys good metabolic
control and this might be a cause of accelerated growth of the fetus in diabetic
mothers.
1. 3. 6. 4 Effect of fetal hyperinsulinemia in diabetic pregnancy

1. Increased growth of insulin—sensitive tissue.

Increased deposition of adipose tissue.
Accelerated skeletal maturation,
Increased hepatic glycogen content.
Delayed pulmonary maturation (impaired surfactant production),
Delay in switch from fetal hemoglobin to adult hemoglobin.

Polycythemia (increased erythropoietin production) (75).

=S W S W N
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1.3. 6. 5 Effects of diabetes on fetal growth

Recent work suggested that there might be ethnic differences in the
influence of maternal hyperglycemia on infant birth weight, with a
significantly greater influence in Asian than in Caucasians. Insulin like growth
factor may play a major role in fetal growth. There is evidence that problems
of growth retardation may be initiated prior to the 12" gestational week. Mills
in 1994 found that the period of greatest fetal wastage and organogenesis occur
prior to the 12" week of gestation. It is documented that fetal growth depends
on nutrient transfer from mother to fetus, which is ultimately determined by
placental size. Uterine blood flow and nutrient supply all these factors can be
influenced by maternal diabetes (76).
1. 3.7 Diabetic pregnancies: Immunity and infection

A number of studies examined the magnitude of infection and its

relationship with diabetes in pregnancy. High rates of maternal infections were
observed in diabetic pregnancies and significant association with maternal
blood glucose level was also documented. Severe deficiencies in the immune
mechanisms involving defective production of leukocytes and lymphocytic

activities explained the proneness of infection in diabetic patients (77).

1. 4 Nutritional status of diabetic pregnant women

Peterson in 1998 documented the relationship of maternal nutritional status
with congenital anomalies (78). A study by Clark in 1997 found that the GDM
patients had significantly higher pre-pregnancy weight and higher pregnancy
BMI compared to non-GDM patients. Risk for GDM increased with greater
weight gain in early adulthood (79). In Bangladesh, in a cross-sectional
comparative study at the BIRDEM found that the maternal weight and mid arm
circumference (MAC) at term were higher among the pre-gestational diabetic
group than that of the non-diabetic group Similarly, GDM mothers also found
to have higher weight and MAC compared to pre-gestational diabetic group in
another study at the BIRDEM by the same research group (80).
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1. 5 Diabetic pregnancy outcome and complications

Pregnancy in pre-existing insulin dependent diabetic case is a great
challenge in obstetric medicine. Prior to the introduction of insulin in 1921, the
rate of fetal loss was in excess of 50% due to miscarriage, premature labour,
late intra-uterine death and neonatal death. But with improved obstetrical care
and medical management, perinatal mortality rates are now comparable with
those of the general population. The large-scale study at the Joslin clinic on
diabetic pregnant women found the following important pregnancy
complications: matermnal morbidity, fetal loss, preterm, large for date,
macrosomy, and intrauterine Mte fetal death Subsequently, the discovery of
[nsulin has reduced this mortality rate (46). Very few studies were conducted
in our country and all of them observed adverse pregnancy outcomes in both
gestational and pre-gestational diabetic pregnancies in Bangladeshi women
(81,82).
1. 5. 1 Maternal morbidity in diabetic pregnant women

The diabetic gravida is at greater risk for increased obstetrical
complications. Major risks for GDM and diabetic pregnancies are high
maternal morbidity and mortality. Association between pregnancy induced
hypertension and pre-gestational diabetes is clearly documented. Urinary tract
infection, a common complication of pregnancy is found significantly
associated with mean maternal fasting blood glucose level in DM pregnant
women. Different morbid conditions was pregnancy-induced hypertension,
pre-eclampsia, pyelonephrities, postoperative endometritis, monilial vulvo-
vaginitis, clinical chorioamniotitis, and necrotizing fascitis in poorly controlled
diabetic pregnant women. The other common morbidities are postpartum
bleeding, and polyhydromnios (83-85).
Past obstetrical history

Compared with the non-diabetics, it was observed in different studies in

country and abroad that the diabetic pregnant women suffered significantly

more from bad obstetrical histories (86).
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Infections

Pregnancy constitutes a state of relative immune deficiency, specially
impaired cell-mediated immunity. Patients with insulin dependent diabetes are
more prone to develop infection, possibly related to poor metabolic control and
also due to deficiencies in immune mechanism. About 80% of Type-I
pregnancies were complicated by at least one episode of infection, compared
with 26% in non-diabetic women. Most common infections were uro-genital,
respiratory, wound, endometrial and post cesarean section infections,

Diabetic gravida were at an increased risk for post cesarean-section
infection, compared to non-diabetic women. Monilial vulvo-vaginitis, although
benign, may cause significant maternal discomfort and were found more
frequent and sever in poorly controlled diabetic pregnant mothers (86). More
incidences of postoperative endometritis and wound infections in diabetic
mothers were observed. Necrotizing Fascitis, a rare condition involving the
vulva is a potentially fatal complication of vulval infection was also found in

diabetic pregnancy (87).

Hypertension and related complications

Pregnancy induced hypertension and pre-eclampsia are two important
morbidities in DM pregnant women and diabetic pregnancy complicated by
pre-eclampsia is of much concern because of poor perinatal outcomes (88). At
the Joslin clinic, Green reviewed all diabetic pregnancy outcomes from 1983-
1987 and observed that in the White class B, 14.4% mothers suffered from
hypertensive complications. In other groups, C, D, F and R rates were 22.4%,
24.8%, 31.2% and 7.2% respectively. Urinary albumin with hypertension or
edema is suggestive of risk for pre-eclampsia and eclampsia and complicates

diabetic pregnancy (89).
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Polyhydromnios

The rate of Polyhydromnios in diabetic mothers was found 12.7% by
Nahar in 1992 in Bangladesh (82). Diabetes mellitus may be associated with
polyhydromnios and has been reported for approximately 14,0% of all cases of
poly hydromnios. There is a wide variation (1.5% to 66%) in the reported cases
of polyhydromnios in case of diabetic pregnancies. And the mechanisms are
due to macrosomia or due to an imbalance in water movement between the
fetal and maternal compartments. Severe polyhydromnios may lead to
premature rupture of the membrane (PROM), premature labor, and cord
prolapse or abruptio placenta. The mechanism for the increase in amniotic
fluid volume has not been clearly understood, but possibly it happens due to
fetal osmotic diuresis induced by maternal-fetal hyperglycemia in poorly
controlled diabetes (90).

1. 5. 2 Cesarean section in diabetic pregnancy

Diabetic women are more at risk for cesarean section compared to non-
diabetic mothers. Though reductions in other adverse pregnancy outcomes
were achieved, but the rate of cesarean section is still very high in diabetic
mothers. Studies in abroad and Bangladesh (81, 82) also observed that the
GDM and DM pregnancies are at greater risk for cesarean sections (91).
The importance of early cesarean section is that, it saves the late fetal death;
but is also accompanied by increased rate of preterm, which in tum is

associated with more perinatal morbidity and mortality.

1. 5.3 Pregnancy Weight gain
It is believed that low-income non-pregnant women in developing
countries subsist at a marginally adequate level of energy balance, which
usually determines their body weight for height in the lower limit of reference
values. However, when they become pregnant, their energy intakes become

limited for both matemnal physiological adjustments and for sustaining normal
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fetal growth. This is reflected in a low maternal weight for height near term.
Thus, higher percentages of these women suffer from both “chronic” and
“gestational under nutrition” combined. This has a strong negative effect on
fetal growth in non-diabetic pregnant women (92). Different studies in abroad
found a strong relationship between weight gain and different obstetrical
complications like macrosomia and other fetal outcomes in diabetic pregnant
women (93, 94).
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1.5.4 Birth outcomes of diabetic pregnancy
1. 5.4.1 Fetal losses

The most adverse birth outcomes that are increased in a poorly
controlled diabetic pregnancy include fetal loss, abortion stillbirth and neonatal
death. Though the total incidence of fetal losses has declined dramatically
since the introduction of insulin at the beginning of the 20" century, different
authors still reported comparative higher losses than the normal population.
(95). Mills in 1998 observed 462 pregnancies in 355 women with
pregestational diabetes and found 5% termination of pregnancy. Diabetic
pregnant women with tight glycemic control from as early as 12" week of
pregnancy observed no fetal wastage Relationship between matemal glycemic
status and fetal loss was well documented (96). Though controversial results
emerged from different research results, but most of the authors suggested for
tight metabolic control and pre-conception counseling to reduce the rate of
fetal losses in the DM pregnant women. Optimal maternal metabolic control,
improved fetal surveillance and intensive neonatal care have together reduced

fetal and neonatal losses in the IDDM pregnancies.

1. 5.4.2 Spontaneous abortion

In Bangladesh, abortion rate was found 4.8% & 15% by Nahar in 1992
(82) and Karim in 1993 (23) respectively. Forty percent (40%) or more of
abortions are due to fetal abnormalities as a consequence of structural,
chromosomal or genetic defects. The rate was found higher among the diabetic
pregnant women than that of the nondiabetic pregnant women in the diabetic
early pregnancy study (DIEP) the DIEP study also observed that maternal
blood glucose and glycated hemoglobin percentages prior to and early
pregnancy are related with spontaneous abortions in the type-1 pregnant
women (97). In the Scotland, Penney in 2003 in a prospective population based

cohort study with DM mothers found 7.3% abortion and 14.7% miscarriages.
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Different threshold values for blood glucose are proposed to be
associated with different fetal complications, like spontaneous abortion,

stillbirth, and congenital anomalies (98).

1.5.4.3 Stillbirth in diabetic pregnancy

Historically, diabetic pregnancies often were terminated in late,
unexpected intrauterine deaths. Consequently, obstetric teachings during
1960s and 1970s were dominated by a pro-active approach for early delivery
of the diabetic pregnant women, which inevitably resulted in increased
neonatal morbidity and mortality from prematurity. Improved obstetric and
medical care have since then reduced the frequency of stillbirth, but remained
approximately four times higher than that of the non-diabetic population in a
study in 1982 (99). It is not clear why well-controlled diabetic women with
reassuring antepartum surveillance have an increased risk of intrauterine
demise. Different researchers observed increased risk of late fetal deaths in
diabetic pregnancies in vanable ranges (100-103).

The exact cause of unexplained late stillbirth in diabetic pregnancies is
not clear. Animal studies showed that chronic hyperglycemia caused increased
aerobic and anaerobic glucose metabolism leading to increased oxygen
consumption, increased lactate production, fall in the pH and oxygen tension,
ketoacidosis, maternal vascular disease and pre-eclampsia. These changes are
thought to be responsible for sudden fetal deaths that may occur late in diabetic
pregnancy. Placental dysfunction and competition for essential nutrients may
cause hypoxia, acidosis and hypocalemia in fetus. These may lead to
dysarythmias and severe fetal hypertrophic cardiomyopathy resulting in
sudden fetal death. There is also a possibility that greater oxygen affinity of
glycated hemoglobin over the non-glaciated hemoglobin impairs oxygen
delivery to the fetus. Normally, fetal hemoglobin HbF, (high oxygen affinity)
is replaced by the adult HbA (lower oxygen affinity) in late pregnancy.
Diabetes can alter this by affecting the switch from HbF to HbA (104).
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1.5.4.4 Congenital malformation in diabetic pregnancy

Numerous reports from around the world spanning several decades
documented higher rates of congenital anomalies in infants of DM pregnant
women. Cordero in 1993 showed rates ranged from 6.0%-9.0% for major and
minor anomalies in IDMs (105). Following the DIEP study, further study at the
Joslin clinic on 451 diabetic pregnant women with known HbA 1¢% found that,
among the women with first trimesteric HbAlc: < 9.3%, the rate of major
malformation was 3.1% compared to mothers having HbAlc: 12.8-14.4% who
had a rate of 33.3%.

Common anomalies were malformations involving the CNS,
cardiovascular and skeletal systems (96) Combs in 1991 reviewed and pointed
out the fact that all of these malformations arose before the seventh week of
gestation (106)

Pathogenesis

Diabetes during pregnancy can amplify the teratogenic effects of a mild
maternal zinc deficiency. The possible explanation is that an inhibition of
glycolysis could result from some other metabolic disturbances in diabetes,
such as elevated butyrate levels. Specific investigation of this possibility
however has shown that butyrate reduces ribose availability from the pentose
phosphate pathway and thus DNA synthesis is hampered, but does not alter
glycolysis.

The other theory is nutrient teratogenesis, which leads to congenital
malformation (106). In the event of contradictory or conflicting findings about
the pathophysiology of malformation in diabetic pregnancy, there is a need to
investigate other factors besides blood glucose level like genetic or other
teratogenic nutrients or environmental factors in the development of congenital

anomalies.
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1.5.4.5 Pre-term in diabetic pregnancy

Premature births were found more among the infants born to DM
pregnant women. Coombs and Kitzmiller in 1991 found a 56.0% incidence of
pre-term births prior to 37 gestational weeks and a 23.0% incidence before 34
gestational weeks. Longstanding diabetes, especially when associated with
peripheral vascular disease and hypertensive complications are more
associated with prematurity (106).

Catalano in 1998 explored the relationship between maternal glycemic
status and the incidence of preterm and found a strong inverse association
between maternal glucose and gestational age. Gestational age was found
significantly shortened with higher glucose concentration. Even after
controlling the potential confounders, gestation was significantly shortened by
1.8 days for gravidas with glucose concentrations of 100-130 mg/dl and by 4.8
days for glucose concentrations of >130mg/dl (61). Greene and co-workers
evaluated complications of prematurity in insulin-requiring diabetic pregnant
mothers at the Joslin Clinic between 1983 and 1987. Four hundred and thirteen
singleton gestations were reviewed and 110 (26.6%) babies were delivered
prior to the 37" gestational week. Causes of preterm were, pre-eclampsia
(32.7%), spontaneous rupture of membrane (25.0%), fetal distress (12.5%),
idiopathic premature labor (13.5%), hemorrhage (3.8%), Hydromnios (3.8%)
and others (4.8%). Greene in 1989 found no relationship between prematurity
and maternal age and number of living children, previous term births, history
of previous perinatal mortality, or previous spontaneous or induced abortions
(107).

Theresa and co-workers in 2001 found a 12 fold increased risk of very
preterm in diabetic mothers with high glucose concentration accompanied by
chorioamniotitis (108). Regarding the timing of maternal glycemic status,
Mello and co workers in a recent observation in 2001, concluded that HbA,C
concentration at 28" week of pregnancy was the best predictor for preterm
(109).
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1. 6 Fetal size in diabetic pregnancy
1.6.1 Birth weight
The distribution curve of birth weights of IDMs is shifted to the right

of infants of non-diabetic population, so that the former neonates tend to be
relatively heavier than the latter, after adjustment for gestational age. This
finding suggests that, irrespective of the actual birth weight, all infants of
diabetic mothers exceed their genetic potential for growth. Because the
immediate risk of gestational diabetes appears to be overgrowth of the fetus
(macrosomia) and the control of fetal growth is complex and multifactorial, the
exact relationship between glycemic control and fetal size is unclear (110).

Ray et al in 2001 in their Diabetes Endocrine and Pregnancy Outcome
Study in Toronto (DEPOSIT) found higher mean birth weight for IDMs
compared to non-diabetic women (3791.0g +523.0g vs 3593.0 +426.0g) and

also found a higher rate of LGA babies among those who were not treated

properly (111).

1. 6.2 Birth weight- relation with maternal variables

Fetal macrosomia can occur independently of matemnal glycemic
control, Recent research results published from 1980 to till date revealed linear
relationships of maternal blood glucose level with birth weight of the offspring
both in pre-gestational and gestational diabetic women.

A large-scale study (n=1157) on non-diabetic pregnant women in the
USA showed a dose response increase in birth weight by 50 g and 200 g
paralleled with maternal glucose concentrations of 99-130 mg /dl and
>130mg/dl respectively. After controlling the potential confounding variables
(age, parity, ethnicity, clinic payment status, smoking, pre-gravid BMI,
gestational weight gain, prior low birth weight baby and duration of gestation),
higher glucose concentrations were found to be associated with decreased risk

of 'fetal growth restriction' (P<0.05) and increased risk of 'large for gestational
age' (p<0.001)(112).
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The other factors most consistently predictive of fetal weight are
maternal weight followed by total weight gain. However, as maternal obesity
increases, particularly greater than 135% of ideal body weight, the influence of
maternal weight gain on birth weight decreases. Mothers having Type-I DM
over a penod of 5 years showed a moderate significant correlation (= 0.43
p<0.001) between maternal glycosylated hemoglobin concentration at delivery
and birth weight and indicated that 18% of variance in the birth weight could
be ascribed due to glycemic control in the third trimester. When compared with
the same number of non-macrosomic pregnancies in diabetic women, it was
found that the mothers of the macrosomic infants were more obese, had a
history of previous macrosomic birth, higher concentrations of serum human
placental lactogen and urinary estriols in their third trimesters (113).

Patho-physiology of fetal growth of infants of diabetic mother

Fetal and infant growths are characterized by “critical periods” during
which all essential nutrients must be available, otherwise growth and
development will not proceed normally (114).

The description of insulin like growth factor-I and growth factor-1I by
Rinderknecht and Humbel in 1976 and subsequent isolation by Samaan et al
made a great advance in the field of infant growth. Later, these factors were
termed as ‘suppressible’ and ‘non-suppressible' insulin by Froesch et al. But
the mechanism of action is still not clear. Naguib and co-workers in 1990
studied insulin like growth factor I and factor II levels in premature, average
weight for gestational age, large for gestational age and small for gestational
age newborns and found significant differences among the groups (p<0.01).
'Insulin like growth factor-II' was found lower in SGA and higher in LGA
suggesting an important role of 'insulin like growth factor-II' in fetal growth
(115).
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1. 6.3 Large for gestational age (LGA)

Pre-gestational diabetic mothers were more likely to have babies at
either extremes of birth weight while mothers with gestational diabetes
mellitus were more likely to have large babies. Women not treated had still
higher rates of newborns with LGA.

Different researchers elucidated relationship between maternal
glycemic status and LGA. Raychaudhury in 2000, in his study in the UK found
that excessive growth of the fetus, which started before the 24 weeks of
gestation due to poor glycemic control, continued despite subsequent
satisfactory glucose control. So, the author suggested that strict glycemic
control during first and second trimester might reduce LGA infants (116).
1.6.4 Macrosomia

Macrosomia is a birth weight in excess of 90" percentile when corrected
for gestational age and alternatively, a birth weight over 4000g is also
described as macrosomia. Clothery in 1995 from his study at Brigham and
women’s hospital during 1983-1984, concluded that incidence of macrosomia
was more in [DMs born to mothers without vascular or renal diseases. This is
associated with increased perinatal morbidity and mortality. Maternal risk for
macrosomy includes operative delivery (117). So for every pregnant diabetic
woman who is obese and periodic fundal measurements are not normal, should
have ultrasound examination of the fetus every 4 weeks, starting from 20
weeks of gestation, to monitor fetal growth (118).

Variable rates of macrosomy were observed in different studies
conducted in country and abroad. In all Bangladeshi studies, rates were found
higher among the IDMs (23, 80). Raised prevalence of macrosomia was
observed in DM pregnant women by Langer et al in 1991 (119).

In these studies, the researchers didn’t use a standard definition for
macrosomy, instead some used a definition of birth weight greater than 90"
percentile for gestational age, others used an absolute birth weight greater or
equal to 4000.0 g and still others used a cut-off of 4500.0 g.
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Percentile rank takes gestational age into account, whereas a static limit
does not, so chance of over or under estimation remains in calculating the rate
of macrosomy babies in these studies of diabetic pregnant women. There is a
need for using a universal standard definition of macrosomy baby by
gestational age for research purposes.

Type of macrosomy babies
Recently attention has been focused by researchers for clinical

significance of macrosomic babies and grouped the IDMs with macrosomia
into proportionate (weight proportional to length) and disproportionate (weight
disproportionately high relative to the length) macrosomy babies Acker in
1985 observed that the rate of proportionate and disproportionate macrosomy
were 26.0% and 19.0% respectively in diabetic pregnant women vs. 7.0% and
1.0% in babies born to non-diabetic women, The disproportionate macrosomic
were characterized by high ponderal index (wt/h’) and the mean body length
was significantly less than the proportionate ones. Significance of typing of
macrosomy baby is that the disproportionate macrosomy suffers more from
different type of morbidities than that of the proportionate macrosomy babies
(120).
Complications of Macrosomic babies

Neiger in 1992 found that the macrosomy babies were not only over
weight but had increased 'shoulder to head circumference' ratios than their non-
diabetic weight matched counterparts Complications of macrosomia are birth
injuries especially brachial plexus injury, asphyxia, and perinatal death. There
was a two-fold increase in neonatal mortality rate in those babies who
weighted greater than 45000 g and had shoulder dystocia. The
disproportionate macrosomy babies were more morbid than their proportionate
counter part and they suffered more from hyperbilirubinemia, polycythemia
and hypoxia. 'uel-mediated teratogenesis' used to describe the long-term

effect of macrosomia. The hypothesis is that, these children had altered
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response to insulin secretion and childhood obesity with defective neuro-

regulation of insulin secretion (121).

Patho-physiology of Macrosomic babies

Patho-physiology of fetal macrosomia is complex. Several factors have
been implicated in the fetal macrosomia, including gender, parity, race, pre-
pregnancy weight and weight gain during pregnancy (122). Freinkel in 1980
modified this hypothesis to include abnormal fetal metabolism of other
metabolic fuels including protein and lipids. Different other animal studies
support these findings. The degree to which the level of maternal glycemic
control contributes to macrosomia has been subject to much debate. Several
studies have found a positive correlation between macrosomia and glucose
levels. The argument relating macrosomia to glycemia control ignores the
contribution of abnormal levels of other metabolic fuels that stimulate fetal
insulin secretion. An elevated serum glucose concentration in diabetic
pregnancy is also associated with elevated levels of serum fatty acids and
amino acids (123). Further research is needed for elucidation of the role of

other nutrients in the causation of macrosomy.

1. 6. 5 Low birth weight (LBW) and intrauterine growth retardation
(IUGR) in diabetic pregnancy

Low birth weight (LBW) and intra uterine growth retardation (IUGR)
have been reported to be associated with impaired insulin secretion and insulin
resistance in the first trimester, which presumably inhibit mitochondrial
activity and proliferation of trophoblastic cells of the placenta (124).

Recent experimental studies in 2000 concluded that in the first
trimester, stable levels of ambient glucose supply are necessary for normal
human trophoblastic growth. Poorly controlled diabetes is often associated
with early fetal and placental growth delay. Under maternal hyperglycemia,
the total number of trophoblastic cells was found lower starting from 7" weeks
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to 12" weeks. The data demonstrated that hyperglycemia affects proliferation
and mitochondrial activity of trophoblast with distinct changes at various
stages of embryonic growth in first trimester of pregnancy. The mechanisms
underlying the effects on mitochondria and proliferation are different, only the
former are sensitive to the intracellular redox-status whereas the latter is an
osmotic effect. In diabetic mothers, hypoglycemia has been associated with
increased risk of fetal growth restriction. A relationship between maternal
glucose level and fetal growth was also observed in mothers who do not have
diabetes (125).
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1.7 Perinatal outcomes in diabetic pregnancy

1.7. 1 Perinatal morbidity

Higher rate of perinatal morbidities in [DMs was observed in different
studies. Perinatal morbidity was found 32.0% and the common perinatal
morbidities were macrosomia related with birth trauma, RDS, hypoxia, neonatal
hypoglycemia, hypocalcemia, hyperbilirubinemia and polycythemia. The
occurrence of RDS in infants in diabetic mothers is thought to be the result of
fetal hyperinsulinemia suppressing surfactant production (126). Kuo in 1992
observed that hyperbilirubinemia was present in 27.0% of infants in diabetic
mothers with glycosylated hemoglobin concentration greater than 7.0% in early
gestation (127). Perinatal growth failure in long term causes obesity in adult life
in [DMs (128).

A strong positive association was observed between perinatal morbidity and
maternal glycemic status, Diabetic patients with tight glycemic control from 12"
week of gestation observed no perinatal morbidity. It was observed that
disproportionate macrosomic babies were more morbid from hyperbilirubinemia
and hypoglycemia in both perinatal and neonatal periods in a case control study
between macrosomic and non-macrosomic babies. It is evident that peri-
conception blood glucose control and planned pregnancy with a close
monitoring for maintaining euglycemic state throughout the pregnancy can
improve the pregnancy outcomes including perinatal morbidity (129).

1.7.2 Perinatal mortality
Now a day, it is well recognized that the perinatal survival is
encouragingly good and there is a 95.0% chance of having a healthy baby as a
result of advanced medical, obstetrical and neonatal treatment and management
of diabetic pregnancies. One of the major causes of perinatal mortality is
congenital anomaly and Kizmiller found 50.0% of the perinatal mortality was
due to congenital anomalies (130).
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Alam in 1995 and Rowsan in 1998 observed a rate of perinatal death
171.8/1000 live births and 128.0/ 1000 live birth respectively in infants of
diabetic mother in Bangladesh (131,132).

A racial difference was noted and the risk was found more in the black
population than in the white DM pregnant women (133). For Northeast England
Hawthome in 1997 found four fold risk of perinatal mortality for [DMs (134).
There is also a difference between countries. Comparative prospective studies
between Norway and North East England between 1994-1997 observed 1.5 fold
risk of perinatal mortality for [IDMs in Norway, which was higher than North
East England (135).

Risk estimation was calculated in a study in abroad. Dunne et al in 1999 in
their study found a five-fold risk for perinatal mortality in Type-I DM pregnant
mothers complicated by nephropathy than the background population (136).

A secular trend was also observed, the perinatal mortality rate in Tokyo
decreased from10.8% during 1971-75 to 1.1% in 1986-1990 (137). Most of the
other authors found higher rates of perinatal mortality in diabetic mothers in
England and Wales, Africa and India (138-140).
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1.8 Management of diabetic pregnancy

The pregnancy outcome had started to improve even before the start of
the large-scale prospective trial “Diabetes Control and Complication Trial
(DCCT)", which reported major reduction in congenital malformation rate with
tight glucose control. A matched comparative study demonstrated that early
institution of tight metabolic control could prevent adverse pregnancy outcomes
observed in gestational diabetic mothers (141)

For pre-gestational diabetic pregnant women, the most important aspect
is to have a good glycemic control in pre conception period to lessen the risk of
congenital malformations. Careful assessment of diabetic complications is
essential before planning for pregnancy. In the absence of major complications,
good glycemic control gives the pregnant diabetic mothers the same chance for
having a healthy baby as the rest of the population (142).

Numerous studies all over the world were conducted to find out the
proper way to improve the adverse pregnancy outcomes of diabetic pregnancies
and most of them evidenced that good metabolic control is absolutely necessary
for reduction in adverse pregnancy outcomes. Jaff in 1994 also recommended
that detection and strict glycemic control are the keys for successful outcomes
(143).

It is well documented, that regular blood glucose monitoring among the
women who are pregnant or planning to be so should be ensured. But with
unplanned pregnancies and pregnancies among women who have not received
preconception care are still common.

The services for non-pregnant women need to be as effective as for those
attending preconception or ante-natal clinics." This means that diabetes services
in general need to be reconfigured to optimize glycaemia over the whole
population. A prospective population based study conducted by Langer in 2002
also observed that the mean blood glucose level was a good predictor of
perinatal outcomes and intensified management approach was significantly

associated with improvement in perinatal outcomes (144).
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Hawthome in 2000 makes a cautious conclusion that major difficulties in
all studies conducted on diabetic pregnant women were the lack of a
standardized measure of diabetic control in pregnancy. Many different ranges of
HbA1C% are in use and it poses a serious problem for all audits in pregnancy

including diabetic pregnancy (145)

This review of literature reflects that though some of the studies showed
improvement in the pregnancy outcome near to normal but most of the studies
till date reported adversity of varying ranges in maternal, fetal and perinatal
outcomes associated with diabetic pregnancies. However, all of them agreed that
maternal glycemic control prior to pregnancy and pre-conception counseling are
essential to substantiate the efforts directed towards the maintenance of
euglycemic condition throughout the pregnancy period.

Like the other developing countries Bangladesh needs much more
attention in this regard where most of the diabetic pregnant women come for one
or two antenatal checkups during the whole pregnancy period.

Only a few come to deliver in modern medical facilities in Bangladesh.
So diabetic pregnancy is not timely diagnosed in most centers. To find out the
contribution of diabetes and maternal nutritional status in IMR and MMR this
study is designed and carried out.
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1.9 Rationale

Diabetes is increasing in Bangladesh. Substantial number of diabetes-
complicating pregnancy is attending in BIRDEM, total of 1084 pregnant
women was attended and delivered in this hospital in the year 2000-2001(7)

Infant mortality rate (IMR) is a sensitive indicator of health status of a
country contributes substantially by diabetes and maternal undernutrition.

Also IMR and child morbidity is influenced to a great extent by the
rate of perinatal and neonatal mortality and morbidity. Improvement of
adverse pregnancy outcome is an important area for work essential to reduce
the MMR, IMR and under 5-mortality rate, Matemal nutritional status in
normal pregnancy had immense influence on birth outcome and IMR (54).
The diabetes itself is a metabolic disorder and brings a number of changes, to
diabetic women. Becoming pregnant she is more vulnerable to expose in
metabolic alteration, which again influences adversely birth weight, and
neonatal health status. On the other hand the mother become more morbid and
chance of increased MMR.

We are not aware of any study in Bangladesh where nutritional status
by early-pregnancy weight or serial measurements of the weight and blood
glucose level of diabetic pregnant women in each trimester were examined to
see their relationship with maternal, fetal and perinatal outcomes,

Considering all these lapses the present study was designed to study
the nutritional status, pregnancy outcome and perinatal outcome of a cohort of
diabetic gravida with their non-diabetic counter parts. And thereby to find out
the factors affecting IMR and MMR in relation with maternal undemutrition
and diabetes during pregnancy. And to recommend for the diabetic pregnant
and malnourished normal pregnant for reduction of IMR and MMR.
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1.10 Objectives

General objective:
This study aimed at comparing the maternal nutritional status, pregnancy
outcome and perinatal outcome between the diabetic and non-diabetic

pregnant women attended at BIRDEM hospital. And to explore the

relationship between the maternal nutritional status, and glycemic status with

that of the maternal, fetal and perinatal outcome.

Specific objectives:

1.

To determine the nutritional status of diabetic and non-diabetic
pregnant women by pre-pregnancy weight, height, mid arm
circumference (MAC), hemoglobin concentration and blood
glucose level at 1" trimester (<12" wk of gestation), 2™ trimester
(24-28" wk of gestation) and 3™ trimester (32-34" wk of gestation)
of pregnancy.

To measure the changes in glycosylated hemoglobin (HbAIC)
levels of the diabetic pregnant by different trimesters.

To list and compare the outcomes of pregnancy in terms of
maternal morbidity, mortality, live birth, stillbirth, pre-term, LBW,
healthy newbom, perinatal morbidity and mortality of both groups.
To find out the relationship of maternal nutritional status and
glycemic status with maternal, fetal, and perinatal outcomes and to

recommend appropriate ways and measures to correct them.
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2. MATERIALS AND METHODS

2.1 Research Design

The study was a prospective matched cohort study comprising 200
pre-gestational diabetic (DM) pregnant women and 200 non-diabetic pregnant
(NDM) women as a comparison group. The women were selected following
the inclusion and exclusion criteria. Data was collected prospectively starting
from the first trimester (<12 week) until the perinatal period. The maternal
anthropometry and neo-natal anthropometry was measured following standard
techniques. Outcomes of pregnancy in terms of maternal, fetal and perinatal
morbidity were listed. Finally, the nutritional status and outcomes was

compared between the two groups.

2.2 Study Area and the study subject

Bangladesh is the densely populated country in the world with high
infant mortality, low nutritional status, low literacy, high morbidity and low
per-capita income. On the other hand because of change of life style factors
and food habit the number of chronic diseases like diabetes is increasing.

The Bangladesh Institute of Research and Rehabilitation for Diabetes
Endocrine and Metabolic Disorders (BIRDEM) is a tertiary care hospital for
diabetic patients. This hospital especially serves the urban semi urban and rural
population of the Dhaka city and the refereed cases from other areas of the
country. The obstetric and gynecology department of BIRDEM are providing
the antenatal, natal and postnatal services to the diabetic and non-diabetic
pregnant women and their newborn. The neonatal intensive care unit (NICU) is
especially equipped and resourceful to care and serve specially the sick
newborn of the diabetic pregnant women. For convenience, this study was
confined to BIRDEM hospital for diabetic mother and for non-diabetic
pregnant the Rajdhani clinic Magbazar and Central hospital of Dhanmandi

- |, 1
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(Private clinic/hospital, was also included as they provide standard service to
the pregnant of BIRDEM standard).

2.3 Study period

A total period of 19 month from 15" May 2000 to 15" December 2001
the data collection was ended in December 2001,

2. 4 Ethical aspects

Ethical clearance was obtained before data collection from Bangladesh
Medical Research Council (BMRC). Strict confidentiality was maintained
about information obtained and privacy was maintained throughout the study.

2.5 Enrollment of sample

The screening of pregnant women attending BIRDEM hospital for
antenatal check-up started at first trimester (before 12 week of gestational age).
During screening for enrollment a questionnaire were designed (Appendix 1)
which contained several related events and probing questions for correctly
assessing maternal age, gestational age and duration of diabetes. At initial
enrollment, the subject was informed about the nature, duration and possible
utilization of the study and a consent letter in Bengali was signed by them. It
was ensured that the participation in the study is entirely voluntary and they
could withdraw at any stage of the study.

2.6 Questionnaire

Eight questionnaires and recording formats were designed and used for
collecting information. The first questionnaire (Appendix 1) was used for
screening of the women for enrollment, contained identification information,
gestational age, duration of diabetes, number of children, and family history of

diseases.
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The second part of the questionnaire (Appendix [l) was used for
collecting details information on socio-demographic, past obstetrical
information and past medical information.

The third part of the questionnaire (4ppendix /11) provide information
of first trimester (Within 12" week of pregnancy) on the nutritional status of
mother detected by anthopometric measurements, obstetrical examination of
pregnancy (confirmed by obstetrician), clinical examination of mother for
maternal health and nutritional deficiency, dietary and drug compliance
history, biochemical measurements for hemoglobin, blood glucose and HbA,C
for blood glucose control of the diabetic mother and pregnancy outcome of
first trimester. The fourth part of the questionnaire (Appendix IV) provides
same information of second trimester (26" to 28" of pregnancy). The fifth part
of the questionnaire (Appendix V) provides information of third trimester (32-
34™ week).

The sixth part of the questionnaire (Appendix V1) contains information
of delivery & pregnancy outcomes. Record details of delivery, outcome of
pregnancy, birth complication, blood glucose level at birth of Infants of
diabetic mother (IDMs) and clinical examination of the newborn including
Apgar score.

The seventh part (Appendix V1) was used to collect data on nutritional
status of the newborn by details anthropometry, blood glucose level of IDMs
and maternal postpartum nutritional status by anthropometry (3-5days of
delivery).

The eighth part recorded (Appendix V111) perinatal morbidity
(Confirmed by clinical examination and biochemical test) and details of
perinatal mortality,
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2.7 Selection of Subject

The study was a prospective matched cohort study (diabetic pregnant
women as cohort and non-diabetic pregnant women as control), comprising
400 pregnant women (200 non-diabetic and 200 diabetic).

A preliminary report (7) showed that out of 25 mothers attending daily
at the OPD (out patient department) of the BIRDEM hospital for their
antenatal care, on an average 5 to 10 mothers attended for their 1" antenatal
visit (within 12" of conception). Among the 10 mothers finally on an average 1
to 2 subjects could be studied daily thus completing 200 DM mothers

conveniently by 6 months.

2.7.1 Diabetic pregnant women as cohort
[nclusion criteria:
Age 2040 y.
Gestational age <12" weeks,
Women having pre-gestational diabetes
(between 1 and 5 yr.)
Exclusion criteria:
Multiparity (Birth order >5)
Any other medical problem could adversely affected on
pregnancy and delivery.

2.7.2 Non-diabetic pregnant women as Control group:

For the control groups the same number of non-diabetic pregnant
women attending for antenatal checkup in the Rajdhani clinic, Magbazar and
Central hospital of Dhanmandi was enrolled with same inclusion and exclusion
criteria. The two groups were matched by:

Gestational age (<12" weeks)

Parity and Husband’s occupation
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2.7. 3 Calculation of sample size:
Statistical basis of the sampling:
Two- sample situations.
Hypothesis tests for two population proportions.
Level of significance 5%, Power of the test 90%
P1 (proportion of diabetic pregnant women)
P2 (proportion of non diabetic women)
X (1-pl), p2-p! (risk difference of the occurrence)
Alternative hypothesis (two-sided test) Risk difference: # 0

Varniable pl {p2 | X=1-pl ||p2-pl| |S %In preliminary | % in prelimin
study(diabetic) | (non diabetic)

Overweight 2610 |.74 26 77 26% 0

MUAC>23.5¢cm 87 (.76 | .13 A1 161 | 87% 76%

Anemia 54 (.23 | 46 31 54 54% 23%

Largefor gestational | .35 |0 | .65 35 36 35% 0%

age(LGA) baby

Health status >8A/S | .28 | 47 | .72 19 125 | 28% 47%

H/OAbortion .50 |.25 | .50 25 77 50% 25%

Perinatal morbidity | .57 { .11 | 43 46 21 57% 11%

Perinatal mortality | .06 |0 | .94 88 14 6% 0

Maximum calculated sample size is 161 to get the expected difference between
the two groups; by considering 25% non-response or dropout rate the final
sample size is 200.

Calculated sample size: 400 (200 DM and as control 200 NDM)
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2.8 Details procedure of selection of sample

2. 8.1 Diagnosis of the pregnancy and confirmation (88)
Gynecologist did clinical diagnosis and pregnancy test was done as

needed. Pregnancy test:
Principle: pregnancy test depends on agglutination reaction of the
antigen (HCG) present in urine with antibody either polyclonal or
monoclonal available commercially.

Test used:
The standard Immunological techniques used.
|. Direct agglutination test (Betatex direct- Omega diagnostic LTD)
Latex particle coated with HCG antibodies are mixed with urine
containing HCG. An agglutination reaction indicates a positive and
absence of agglutination reaction indicates a negative one. The
sensitivity is 0.5 [U HCG / ml.

2. 8. 2 Duration of pregnancy: Calculation of Expected Date of Delivery
(EDD)

The duration of pregnancy has traditionally been calculated clinically in

terms of 280 days or 40 weeks calculated from the first day of the last
menstrual period and is termed as gestational period.
But fertilization usually occurs 14 days prior to the expected missed period and
in a previous normal cycle of 28 days duration, it is about 14 days after the first
day of the period. Thus, the true gestation period may be calculated by
subtracting 14 days from 280 days i.e. 266 days. This fertilization or ovulatory
age is widely used by embryologist (90).

Excellent reliability of Expected date of delivery was done:
First the EDD was calculated by LMP and then confirmed by USG at
16-24 week of pregnancy (88).
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Clinical examination for detection of gestational age:
The height of the uterus is:
At second trimester:

Mid way between the symphysis pubis and umbilicus at 16" week.

At the level of umbilicus at 24" week.

At the junction of the lower third and upper two third of the distance

between the umbilicus and ensiform cartilage at 28" week.
At third trimester:

The distance between the umbilicus and the ensiform cartilage was

divided into three equal parts. The fundal height corresponds to the

junction of the upper and middle third at 32 week

Up to the level of the level of ensiform cartilage at 36" week.

At term:

Its come down to 32 weeks level at 40" week because of enlargement
of the presenting part. To determine whether the height of the uterus
corresponds to 32 weeks or 40 weeks, enlargement of the head should be tested
(88).

2. 8. 3 Diagnosis and selection criteria of control

The nondiabetic pregnant having no history of diabetes and
hypertension were enrolled. Screening for diabetes was done following O
Sullivan’s criteria for selection of control by excluding gestational diabetes at
first contact or during 24 and 30 week of gestation (31). High risk patient with
a history of GDM and bad obstetrical history or large baby in previous
childbirth and obese was screened earlier (18-22 week) (88).
Procedure:
For detection of GDM: 2hr after glucose: 75g glucose load if more 7.8
mmol/ | then GDM (with BOH routinely done at first checkup and if any risk

factor present then at 28 week of pregnancy and at term),
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2 hr postprandiol: after breakfast 7.8 mmol/ 1: if no BOH or no risk factor
Patient with higher value then advised for fasting glucose measurement and if
more than 6.0 mmol/l she is diagnosed as GDM. And exclude from the sample.
(88).

2. 8. 4 Monitoring of blood glucose of pre-gestational diabetic pregnant
women:

Uncontrolled case monitored at hospital at least after 3 days with home
monitoring.

Normally 2 weekly in well controlled and routinely 10-14 days at hospital with
home monitoring.

At delivery close monitoring and readjustment of blood glucose level was done

accordingly.

2.9 Socio-demographic and other related information

Women’s socio-demographic information, past obstetrical history,
clinical examination, anthropometry, and biochemical findings were recorded
at enrollment. We examined the relationship of maternal nutritional status and
other variables at early pregnancy and pregnancy outcome, birth weight and
perinatal outcome.

The mother were followed up for 10 months and examined the
relationship of maternal anthropometry, maternal glycemic status and other
variables in second and third trimester with pregnancy outcome and birth
outcome of the two groups.

Finally 187 diabetic mother-infant pair and 199 non-diabetic mother infant
pairs provide full information over the 12-month period.

Age, educational status, occupational and smoking status of the mother
were recorded. Duration of diabetes, method of diagnosis of diabetes, number
of living or dead children delivered (Parity), age of last child, number of
conception (gravida), past obstetrical history, past medical history, total
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monthly income, previous month expenditure of food, history of consumption
of rice, protein, vegetables and oil of both groups were also collected.
Husbands’ educational and occupational status, monthly income and total
monthly family income were recorded along with compliance history of insulin

and diet and exercise in case of diabetic mother.

2. 10 Quality control

Observations whether made by human or machine, involve some
degree of error. Errors affect two important aspects of data quality—validity
and reliability. Anthropometric evaluation like other technique is subject to
error in both data collection and interpretation. Therefore there is a need to
assess whether the degree of reliability of a given measurement is large or
small.

Considering the above-mentioned point the present study computed
‘tem’ and ‘R’ coefficient of reliability.

The error was computed at three different times of the study, before
the starting of data collection, at the eighth month of data collection and at the
end of the data collection. Equipment error was checked by calibration of the
equipment. Intra-observer error was calculated. Ten subjects not from the
study group were used in obtaining the technical error of measurement (tem)
and reliability (R). The TEM was obtained by carrying out two repeated
measurements of the same anthropometric variables on the same subject by the
same observer.

Technical error of measurement (tem): Defined as the squared
root of the sum of the squared differences (Zd?) of replicates (the same
measurement taken on the same subject i.e. standard deviations of replicate
measures) divided by twice the number of pairs (ZN). The mathematical

expression is as follows:
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tem = +/ (X d*) /2N (where d is the difference between measurements, and

N is the number of individuals measured) (147).

One way of assessing the accuracy of a given measurement is to
compare the values of ‘tem’ with values obtained by a well-trained
anthropometrist. If the examiners ‘tem’ comes close to the reference value
in a series of repeated measurements can be considered accurate (147).

The present study, the Reliability coefficient was done by using the
following formula used for reliability assessment for continually distributed
health status variables.

R was calculated using the following equation (147).

R= 1- {(TEM)? /(SD) *}—2 (Where SD is the inter-subject variance) and R-
denotes reliability coefficient. R ranges from 0-1. The coefficient indicates the
degree to which a given measurement is error free. For example, a
measurement reliability R =0.80 indicates that the measurement is 80% error
free (147).

The intra-observer tem’ s was calculated along with the co-efficient of
reliability (R) based on two repeated measures for each anthropometric
variable. The respective TEM and Rs for maternal and neonatal anthropometry
is tabulated and compared with reference values cited by several reputable
authors (Table a & b) and hence TEMs were not incorporated in statistical
analysis.

2. 11 Mothers’ Anthropometric Variables

2.11.1 First trimester at enrollment: (<12 wk)
Height, Weight, Mid Arm circumference (MAC), Body Mass Index
(BMI).
2. 11. 2 Second trimester: (26-28 wk) Weight, Mid Arm circumference
(MAC), Weight gain, Changes of MAC.
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2. 11. 3 Third trimester at enrollment: (29 -36 wk)

Weight, Mid Arm circumference (MAC), Weight gain, Changes of
MAC.
2.11.4 Postpartum : ( 3-5 days)

Weight, Mid Arm circumference (MAC), Weight gain, Changes of
MAC,

2. 12 Mothers’ Bio-chemical Variables : (Each trimester)
Hemoglobin level, Fasting blood glucose level : Corresponding urine
sugar, Blood glucose level - 2 hr after glucose/ food: Corresponding urine
sugar. Glycosylated hemoglobin percentage (HbA,C), Routine examination of
urine. Changes in hemoglobin concentration, Changes in blood glucose level

Changes in glycosylated hemoglobin percentages

2. 13 Mothers’ other Variables
A detailed clinical examination of all mothers was done at enrollment,

in each trimester and at postpartum.

2. 14 Infant’s anthropometric variables

Newborn: (at birth or within 12 hr to 24hr of delivery)

Birth weight, Recumbent length, Head circumference, Chest
circumference

Mid Arm Circumference (MAC), Abdominal circumference

2. 15 Infant’s bio-chemical variables
Blood glucose level at birth (Only for infants of diabetic mother).
2. 16 Infant’s other variables
Gestational age: Determined by LMP of mothers at the time of

enrollment and subsequent USG was done for confirmation of gestational age.
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2. 17 Infant’s Health status

Clinical examination: A detailed clinical examination was done
at the time of  birth, Apgar score, perinatal morbidity, perinatal
mortality

2. 18 Variable (Outcome)
2. 18. 1 Pregnancy outcomes (Maternal)

Complication during pregnancy:
Maternal morbidity and mortality, Type of delivery,

Complication during the process of labor.

2. 18. 2 Pregnancy outcomes (Infant)
Fetal complication:
Fetal loss, abortion, Intra-uterine death (IUD), Stillbirths.
Birth outcomes:
Live birth, stillbirth, Term, pre-term, post-term,
Large for date (LFD), Intrauterine growth retardation (IUGR),
Low birth weight (LBW).

Nutritional status of the newborn: Anthropometric measurements
Health status of the newborn: Clinical examination

Health status of the perinate: Perinatal morbidity, Perinatal mortality

2. 19 Data Collection

The screening and selection of sample was done over a period of 6
months. The socio-demographic and obstetrical information was collected by
face-to-face interview. All anthropometric measurements were done at each
trimester and postpartum, Neonatal anthopometry was done immediately after
birth and /or 12 to 24 hr of birth.
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Each household of enrolled sample was visited for collection of
perinatal information, which was planned and cross- checked.
Strict confidentiality was maintained about information obtained and

privacy was maintained during examination.

2.20 Anthropometry (Measurement)
2. 20. 1 Maternal Anthropometric Measurements

All anthropometric measurements were taken using the methods
described by Jellifee & Jelliffee (146) and Frisancho (147).
Maternal weight

Maternal weight was measured by using modified DETECTO

scale (health scale, automated for weight measurement. The adult automated
weighing machine (Health scale) was used to avoid inaccuracy of
measurement and parallax error. Checking and calibration before each
weighing session was done. Subjects had minimum clothing’s, empty stomach
and bladder, and without shoes. The balance was placed on a hard flat surface
and check from zero balance before each measurement. The subject was stand
unassisted, in the center of the platform and asked to look straight a head,
standing relaxed. Body weight was recorded to the nearest 0.1 kg (146).

Maternal Height

Heights were taken by the same DETECTO scale (health scale), having
a fixed metallic vertical beam bar scale marked in centimeter and millimeter
with a movable headpiece to touch the vertex during height measurement. The
mother was asked to wear minimum clothing and to maintain an upright
position with her feet together and the back of the heels touching the pole of
the anthropometer. Then the horizontal arm was lowered onto the subject’s
head. After ensuring that the subject’s heels did not leave the platform the

measurement was taken, Height was recorded to the nearest millimeter (0.1
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cm). If the reading falls between two values, the lower reading was recorded.
Successive measurements were taken within five millimeters. In cases where
large amounts of adipose tissue prevent the heels, buttocks, and shoulders from
simultaneously touching the wall, subjects asked simply to stand erect.
Mid Arm Circumference

Non-stretchable plastic tapes were used for the measurement of
circumferences. By international agreement, the left arm, while hanging freely,
was measured to the nearest 0.1 cm at its midpoint (146).

After flexing the elbow to 90 degree, the mid point of the left arm

was measured by locating the lateral tip of the acromion at the shoulder and a
small mark was made at the identified point. The most distal point on the
olecranon process of the ulna (at the point of the elbow) was located and
marked. The measuring tape was placed over these two marks on the back of
the elbow joint and used to find the midpoint between them, which was
marked with a marker pen . Then the arm was allowed to hang freely by the
side of the trunk with the palm facing the thighs. The tape was placed around
the arm and positioned perpendicular to the long axis of the arm at the marked
midpoint. With the tape sung to the skin but not compressing soft tissues, the
circumference will be recorded to the nearest 0.1 cm.

2.20.2 Newborn’s Anthropometry

Pediatric scale was used for measuring newborn’s weight and standard
wooden anthropometric board was constructed according to UNICEF guideline
for measuring recumbent length. In recording measurements three
measurements were taken and the average of these three measurements were
recorded.
Birth Weight

Pediatric scale with a pan was used to measure the weight of the baby.

Scale was calibrated to zero after each measurement. The scale was calibrated
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every month using objects with known weight. The infant with a diaper was
placed on the scale making sure the weight is distributed equally on each side
of the pan (about the center of the pan). Once the infant lying quietly, weight
was recorded to the nearest 10g. To obtain a nude weight, weight of diaper was
subtracted from the observed weight of infant. Caution was taken to wait for
the needle to stop moving and edema was also noted.

Recumbent Length

Recumbent length was obtained using the modified infanto-meter
locally made by UNICEF guideline made of plywood. Measuring board was
placed on a hard surface or steady table, With the mother's help, the child was
laid on the board. The assistant stand on the opposite side of the board facing
the measurer to help the child calm and cup his hands over the child's ear with
her arms comfortably straight. The child was placed, as such that the head was
against the base of the board so that the child looked straight up. The child's
line of sight should be perpendicular to the ground. Assistant's head was
straight over the child's head and he looked directly into the child's eyes. Then
it is ensured that the child is lying flat and in the center of the board.
Anthropometrist’s left hand was placed on the child's shins (above the ankles)
or knees. He pressed them firmly against the board with his right hand, place
on the foot piece firmly against the child's heels. The child's positions was
checked and repetition of any steps if necessary.

When the child's position was correct, anthropometrist read and
recorded the measurement to the nearest 0.1 cm. The foot piece was removed,
and the left hand released from the child's shins or knees and supported the
child during the recording,

Head Circumference
A narrow, flexile, and non-stretch plastic tape was used and

measurements were done to the nearest millimeter (0.1cm).
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The infant was with the left side facing the anthropometrist, looking
straight ahead so that the line of vision is perpendicular to the body and the
Frankfurt plane is in horizontal position. The tape was placed anteriorly just
above the supra-orbital ridges covering the most prominent part of the frontal
bulge, and posteriorly just over the part of the occipital protuberance, which
gives the maximum circumference.

Care was taken to ensure that the tape is at the same level on each
side of the head and is pulled tightly to compress the hair. The child’s head
should be steadied, passing it round the head at the same level on each side,
and laying it over the maximum occipital prominence at the back (Parnetal
eminence laterally and occipital protuberance behind,

Chest Circumference

A narrow, flexile, and non-stretch plastic tape was used and
measurements were done to the nearest millimeter (0.1cm). Measurement was
done at the level of nipple with no cloth in the body. When the baby was calm
and quite lying flat on bed.

2.20.3 Maternal biochemical variables

5 ml blood was collected aseptically from each patient.

In BIRDEM, a standard protocol is maintained for sample collection
and biochemical investigation. Quality control and time-to-time
standardization was also ensured by the hospital,

1. Hemoglobin level:

At each trimester maternal hemoglobin level was estimated by
cyanmethhemoglobin method.

2. Blood glucose level: Glucose is determined after enzymatic
oxidation in the presence of glucose oxidase.

3. Glycosylated hemoglobin percentage (HbA ,C):

By Gel electrophoresis was estimated at each trimester,

65

Chapter 2
Materials and Methods



Dhaka University Institutional Repository

4. Examination of urine for glucose: By Benedicts qualitative method
5. Urine for albumin :By Sulpho-salicyalic acid test

6. Urinary tract infection: Confirmed by culture sensitivity test

2.20. 4 Neonatal biochemical variables
Cord blood glucose level of the newborn babies born of diabetic

pregnant women was estimated by Glucometer at birth.

2.21 Data entry and Data analysis plans
Data was entered and analyzed by using (SPSS version -11) software.
Distribution of each variable was examined,

The differences in anthropometric and outcome variables between the
groups was compared using t-test for quantitative data and normally distributed
variables. Non-parametric tests were being done for non-normally distributed
variables and chi-square test for categorical data to calculate the differences in
anthropometric and outcome variables between the groups. Finally, in order to

control the confounding factors, multiple regression analysis was done.
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RESULTS

QUALITY CONTROL

Table a & b shows the results of the reliability analyses of the data. Quality
of the data was maintained in this study by reliability analyses before the start
of data collection, at the sixth month and at the end of data collection.

Table ¢ shows matching criteria for the two groups, and there was no
significant difference between the DM and NDM group on any matching
variable.

Basic information

Table 1 presents the basic socio-demographic characteristics of the family.
The diabetic mothers were significantly older (28.843.6 vs. 27.243.4; p
<0.001) than their non-diabetic counterpart. About 28.0 % mothers from the
diabetic group were above 30 years of age compared to only half of them
(15.5%) in the diabetic group. It is observed that, diabetic mothers were less
educated than mothers without diabetes. Significantly fewer mothers from the
DM group were graduates (15.5% vs. 42.5%; p<0.001) and 11.0% of them
had education below grade 5 (primary) compared to none from the NDM
group. Similarly, the husbands of respondents in DM group were less
educated. In the DM group 59.0% were graduates compared to 85.0% in the
NDM group.

Significantly more mothers (90.0% vs. 68.0%; p<0.001) in the diabetic group
were housewives and only 6.0% of them were employed in some sorts of
professional activities compared to =30% in the non-diabetic group.

The mean+SD of total family income was also significantly different between
the groups and mean monthly income was less for DM group (Taka:
12821.0£7712.2 vs.16362.5+7669.8, p<0.001). As the distribution was not
normal, percentile values were calculated and it was also found that median
monthly income was significantly less for the diabetic group (50th percentile
value: Taka: 10,000.0 vs. 15,000.0 p<0.001).
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Table 2 shows that the total expenditure on food in the diabetic group
was less compared to the non-diabetic group but the difference was not
significant (Taka: 6311.142973.4 vs.6928.2+3320.5). As the distribution was
not normal, percentile distribution was calculated and median values were
found, Taka 5000/- and Taka 6000/ respectively for DM and NDM group and
this difference was significant p<0.01). The monthly consumption of rice was
significantly higher among the DM group (median consumption in kg: 40.0
vs. 35.0), whereas daily consumption of meat and fish (median consumption
in gm: 500 vs.1000; p<0.001) and monthly oil consumption (median
consumption in liter: 4.9+1.6 vs. 5.6+1.8; p<0.001) were significantly less in
the DM group.

Percentage distribution of family history of diabetes, duration of
diabetes and how the diabetes was diagnosed are shown in Tables: 3 & 4.
Most of the DM pregnant women have got positive family history of diabetes
(80.5%) whereas only 14.5% in the NDM group had a positive family history.
Between the DM group, about 74.0% was found having this problem for less
than 3 years. Although majority in the DM group had a positive family
history, only 38.0% was diagnosed to have diabetes on routine medical check
up, and 41.0% after general symptoms. Most importantly, 22.0% were
diagnosed following severe pregnancy complications like spontaneous
abortion, stillbirth and intra-uterine death [UD.

Table 5 presents the past obstetrical history of the pregnant women by

groups. Although the groups were matched by parity, there was a significant
difference when number of conceptions was considered. The percentage of 4™
gravida was significantly more in the DM group (40.0% vs. 16.5%).
Birth spacing was more for the diabetic mothers. The mean age (month) of the
last child in the DM group was significantly greater than that of the NDM
group (55.6 +31.2 vs. 45.3+24.0; p<0.001) and about half (51.7%) of them
had age of last child more than 48 months compared to only 25.0% in the
NDM group.
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Table 6 describes the past obstetrical history in their immediate
previous pregnancy, the groups were significantly different on a number of
variables (Table 6). In the DM group, 61.0% was delivered in the hospital or
private clinics whereas this rate was 83.1% in the NDM group. More DM
mothers (31.4%) experienced caesarian sections compared to only 5.2% in the
NDM group. Significantly less delivery in the DM group were conducted by
qualified doctors or nurse (63.4% vs 84.3%; p <0.01). About 44.0% mothers
in the DM group had medical complications in their past delivery compared to
only 2.4% in the NDM group. The important complications were, gestational
diabetes (n=30 vs. 1), edema (n=25 vs. 1), and hypertension (n=5 vs.0).

Table 7 presents the history of the previous delivery in terms of fetal
complications, birth complications and specific obstetrical complications. The
total abortion rate was 8 times higher among the DM mothers. The rates of
[UD and stillbirth were 8.5% and 1% respectively in the DM group as
compared to none in the NDM group. Birth complications were also
significantly higher in the DM group (14.5% vs.1.9%) and the important
complication was asphyxia. History of previous complication was 5 times
higher in the DM group, Fetal distress, pre-eclampsia, and prolonged labor

were important obstetrical complications.

Comparison of maternal nutritional status (detected by anthropometry),
maternal biochemical variables and maternal outcome of the two groups:

Table 8 describes the maternal nutritional status as detected by
anthropometry at enrollment (<12 week of gestational age). Although the
groups were not different on heights, mean weight in kg (57.5 £10.1 vs.
54.3+8.2; p< 0.001), mean MAC in cm (27.2+2.5 vs. 26,0+2.4; p<0.0001)
and mean BMI (24.6+3.7vs. 23.243.1; p<0.0001) were significantly higher for
the diabetic group. Skin fold thickness at 3 places were also measured for a
sub-sample and on triceps and biceps skin-fold thickness, the diabetic group
showed significantly higher values compared to non-diabetic group.
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Table 9 presents pregnancy under nutrition detected by early
pregnancy BMI. The diabetic group was more overweight & obese (31.5% vs.
18.0%; p<0.01) whereas, the NDM group was more underweight (5.5% vs.
17.5%; p<0.001) than their counterpart.

Table 10 shows that, diabetic mothers had significantly higher values
compared to non-diabetic mothers for mean weight, MAC and BMI in all 3
trimesters and also at postpartum

Table 11 describes the groups by weight and MAC changes between
trimesters. The mean weight gains of mothers between 1* and 2™ trimester
were 5.542.8 kg and 5.3+2.3 kg respectively for DM and NDM groups. When
the total weight gain (between 3™ and 1st trimester) was calculated, the
difference still remained significant (8.6+3.2 vs. 7.942.5; p<0.02) between the
groups. Weekly weight gain was calculated by dividing the weight changes
between 1 and 2™ or 2™ and 3™ or 1* and 3" trimester by gestational age
detected by ultrasonography. Weight gain velocity between 1% and
trimester was greater for DM group (0.328+0.17 vs. 0.302+0.014) and the
difference approached significance level (p=0.08). Between 2™ and 3“
trimester, the rate declined in both groups (not significant on paired  tests in
either group) and there was no group difference. But when velocity was
calculated between 1* and 3™ trimester, there was a clear group difference
with greater values for DM group (0.328+0.13 vs. 0.299+0.10; p<0.01). Both
the groups gained MAC between 1* and 2™ trimester and there was no
significant group difference. There was a loss in MAC in both groups over
the period of 2™ and 3" trimester and the difference still remained
insignificant between the groups. When the total MAC change was calculated
between 1* and 3" trimester, diabetic group showed a loss of 0.03 cm whereas

the NDM group gained 0.18 cm, and the difference was insignificant.
Table 12 presents the distribution in MAC changes over different

periods, which was not normal, then the percentile distribution was calculated

and nonparametric test (Mann-Whitney U test) was done. There was a loss in
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both groups between 2™ and 3™ trimester and the median values were —0.65
vs. —0.40 respectively for DM and NDM group, which were significantly
different (p<0.01).

Table 13 & 14 shows the weight gain patterns of the two groups by
different nutritional status. Although the sample size was very small in some
of the groups, there was a significant group difference (DM and NDM) in the
total weight gain between 1% to 2™ and 1" to 3™ trimester in case of
underweight mothers. In case of overweight mothers, the weight gain was
significantly different between the groups only during 1" to 2™ trimester.
There was no significant group difference in case of normal or obese mothers
in the total weight gain in any period. Similar pattern was observed when
weekly weight gain was considered for different nutritional status of mothers
(Table 14).

Table 15 presents the fasting and after breakfast blood glucose levels
in all three trimesters by groups. As expected, the NDM group had normal
levels (fasting 4.0 5.5 mmol/l and 2 hours after food: <7.8 mmol /L) in all 3
trimesters, In case of the DM group, both fasting and postprandial blood
glucose levels were slightly higher though these values goes down as the
pregnancy progressed.

Table 16 shows the percentages of DM pregnant mothers in different
trimesters that were under good control by using two cut-off values for fasting
blood glucose level. Taking a higher cutoff value as used by NDDG (National
diabetes data group) group, 86.6% of mothers were under good control.

Table 17 presents that in the DM group, mean HbA,C % was 6.4+2.1
at the first trimester and values went down to normal in subsequent trimesters.
The percentages of mothers with good control (HbA,C%: <6.0) increased
progressively over the trimesters

Table 18 Percentile distributions of the glycosylated hemoglobin
(HbA,C) percentages in DM pregnant women showed a gradual increase of

good control of blood glucose from first trimester to third trimester.
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Table 19 presents the percentages of anemic mothers by different
trimesters. In case of the DM group, there was a steady increase of rate of
anemia with the progress of the pregnancy. But NDM group did not follow
this pattern, rather the rate increased from first (10.6 %) to second trimester
(13.0 %) and then decreased at the third trimester (11.6%). In all 3 trimesters,
percentages of anemic mothers were more in the DM group compared to the
NDM group, especially in 2™ and 3" trimesters (2nd Trimester: 31.6% vs.
13% and 3™ Trimester: 36% vs. 11.6%).

Table 20 describes that although mean hemoglobin concentrations
were within normal range in all 3 trimesters, there were significant differences
between the groups in favor of NDM group. There was a fall in the mean
hemoglobin concentrations in both groups, from 1* to 2™ trimester and from
2™ to 3™ trimester there was a slight rise in the mean concentration. The
decrease in hemoglobin concentrations from 1% to 2™ trimester was
significantly greater for the DM group.

Table 21 shows that the more DM pregnant mothers had sugar and
albumin in urine compared to very few in the NDM group. Four mothers in
the NDM group were found to have urinary tract infection in the 1* trimester
and very few mothers in the DM group had so in the 2™ and 3" trimester.

Table 22 presents that the mean systolic and diastolic blood pressures
and pulse rate were within normal range, however the DM group showed
significantly higher values compared to the NDM group in all trimesters.

Table 23 shows that the DM pregnant women suffered significantly
(p<0.001) more from different types of morbidities throughout the pregnancy
than that of the NDM group.

Table 24 describes about the specific morbid conditions of the
pregnant mothers in the first, second and the third trimester by groups. In the
1* trimester, 11 cases of threatened abortions were found in the DM group
compared to none in the NDM group. Six cases of APH (ante-partum
hemorrhage), 9 cases of pregnancy-induced hypertension and 7 cases of pre-

eclampsia were found in the DM group in the 2™ trimester. Two cases of
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Polyhydromnios were found in the DM group compared to none in the NDM

group in the 3" trimester.

Fig 1 shows that in the third trimester (29th week to term), 85.7 from the DM
group and 80.0% from the NDM group did not miss any antenatal visit. About
ninety one percent (91.4%) mothers from the DM group and 81.5% from the
NDM group attended their regular antenatal visits from 1" contact to 28"
week of pregnancy. During this period, only 3.5% in the DM group and 2.0%
in the NDM group did not visit at all after their first contact.

Fig 2 presents that, diabetic mothers were delivered mostly by cesarean
section (69.3%) and the rest undergoes normal delivery (30.7%). On the other
hand only (6.5%) mothers without diabetes were delivered by cesarean

section.

Fig 3 shows fetal presentation by groups. It was observed that in the DM
group the breech presentation was more among the diabetic pregnancy (11.1%
vs. 1.0%), and one case of 'transverse lie' was found only in the DM group
(table not shown),

Fig 4 presents the birth complication of the newborns by group. The infants of
diabetic mothers suffered more birth complications than their non-diabetic
counterpart (25.7% vs. 8.5%) and the group difference was significant.

Fig 5 shows neonatal hypoglycemia (defined as blood glucose level <35
mg/dl or <2.0 mmol/dl) was found only 12.0%.

Fig 6 presents the preterm between the two groups, preterm babies were found
more among the IDMs 41.5% than that of the NDM group (6.2 %).
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Pregnancy outcomes

Table 25 & 26 shows that there were 9 fetal losses from the first
trimester to till delivery and all losses occurred in the DM group. In the first
trimester, there were 2 complete abortions. Among 5 losses in the 2™
trimester, there were 2 congenital anomalies and 3 termination of pregnancy
due to APH and other causes. In the 3 trimester there were 2 cases of
intrauterine death (IUD) in the DM group compared to none in the NDM
group.

Table 27 shows overall rate of preterm (<37week) in DM was more
than the NDM group 41.5% vs 6.2 %. No post maturity was found in both the
group. The infant of DM born at <32 week and 34 week of gestational age
was 1.5 % & 14.7%. From 35 week of pregnancy till 39 week of pregnancy
the number of infant from DM group is as follows. The rate was for DM and
NDM respectively, 7.4% vs 3.5% at 35 wk, and 17.9% vs 2.7% at 36 wk,
55.8% vs 60.8 at 37 wk, 6.8% vs 14.1% at 38 wk and 1.9% vs 14.6% at 39 wk
of pregnancy.

Neonatal nutritional status at birth

Table 28 describes the newborns' nutritional status by anthropometric
measurements. In all measurements infants of DM group had significantly
greater values compared to infants of NDM group. On average, mean weight
in the DM group was about 200g higher than that of the NDM group.

Table 29 shows that a greater proportion of infants of DM mothers
were 'large for gestational age' (LGA) and the difference was significant
between the groups at the level of p<0.001. The rate of very low birth weight
(3.8% vs. 3.5%) and low birth weight (21.6% vs. 24.1%) were not
significantly different between the groups.

Table 30 & 31 presents the anthropometric variables and placental
weight by gender separately for diabetic and non-diabetic group. The
placental weight was found significantly higher for male and except for

abdominal circumference in all measurements, male babies had significantly
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higher values compared to female babies in DM group and the association was
found strong (<0.001) (Table 30). Table 31 shown that the trend of [DMs was
absent in the non-diabetic group where there was no sex difference in
placental weight. But in the NDM group the birth weight, MAC and head
circumference was significantly different by sex but with weak association
(<0.05).

Table 32 shows the distribution of intrauterine growth pattern by
groups. Intrauterine growth retardation is defined into different groups taking
into account of birth weight and gestational age. The number of term-[UGR
was significantly less in the DM group (n= 3.8% vs. 26.4%) and on the other
hand, the preterm [UGR were more (about 7 times) in the DM group.

Health status of the neonates detected by Apgar score at birth is shown
in the Table 33, the present study apgar score below 7 is considered as low
apgar score, which needs mild resuscitation. Significantly more babies from
DM group were found severely asphyxiated (3.2) and mild asphyxiated
(23.7%) compared to only 8.0% from NDM group at 1 minute of birth.

Perinatal outcomes

Table 34: Distribution of health status of perinates by groups is shown
in Table 34 Significantly more infants (53.8%) from DM group were morbid
during their perinatal period compared to that of the NDM group (13.0%).
Most important morbid conditions were respiratory distress syndrome,
jaundice and umbilical cord sepsis and more infants from DM group suffered
from these conditions.

Table 35 presents perinatal mortality. Perinatal death was found only
among the IDMs. Only four (4) early neonatal deaths were observed within 7
days of birth. A total perinatal death was observed 11(5.5%) in IDMs,
According to new WHO definition, the perinatal mortality rate includes both
the stillbirth rate and the death within 1* week of life, thus constituting a
perinatal death rate of 55.0 / 1000 total live birth in this sample.
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Relationship of perinatal morbidity with maternal characteristics

As perinatal morbidity is related to different socioeconomic factors as
well as maternal and newborns nutritional factors, we pulled both groups and
analyzed risk estimation, The perinatal morbidity of infant from both group
had significant relationship with selected socio-economic, and maternal
nutritional status in early pregnancy and throughout the pregnancy.

Table 36 shows the relationship of perinatal morbidity with monthly
income, maternal education and maternal morbidity in different trimesters.
Significantly more risk (RR=2.5) was involved when family income fell
below Taka 10,000. Similarly, infants whose mothers had education less than
SSC were 1.5 times more at risk of developing perinatal morbidity. It was also
found that, infants of mothers who were morbid in the third trimester were
more at risk for perinatal morbidity (RR: 7.9).

Table 37 shows the relationship of maternal nutritional status (early
pregnancy weight, total weight gain and height) and risk of developing
perinatal morbidity. The infants of those mothers who weighed less than 50,0
kg at early pregnancy (less than 12 week) were 1.4 times more at risk for
developing perinatal morbidity, When total weight gain was considered on a
cutoff of 7.0 kg, mothers who gained less than that, the babies were more (2.1
times) at risk of developing perinatal morbidity. Maternal height is an
important anthropometric indicator for past nutritional status. In our sample,
infants of mothers who had a height of less than 150.0 cm were 1.7 times

more at risk of developing perinatal morbidity.

Relationship of perinatal morbidity with newborn's nutritional and
health status

Table 38 shows the relationship of newbom's nutritional and health
status and risk of developing perinatal morbidity. The LBW babies were more
at nsk of developing perinatal morbidity (RR=7.7). If we consider,
intrauterine growth retardation, preterm IUGR babies were 18 times more at
risk of developing perinatal morbidity. Infants who had Apgar score at 1|
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minute below 8 were 12 times more at risk of developing perinatal morbidity.
Newborns who had MAC below 9.0 cm were 5 times more at risk and those

who were overweight or obese (PI> 2.1) were 1.6 times more at risk.

Relationship of perinatal morbidity with maternal glycemic status

In a separate calculation, we also estimated nsk involved in perinatal
morbidity with maternal glycemic status as reflected by HbA1c% and fasting
and postprandiol blood sugar in case of diabetic mothers only. Table 39
shows only those variables, which were significantly related. Maternal HbA,C
at 3" and also at 2nd trimester were good predictor of risk (RR: 12.46 and
RR= 3.3 respectively) for perinatal morbidity. Only fasting blood glucose at
3" trimester (above 5.0 mmol/l) was detected as a significant risk factor for
perinatal morbidity (RR=2.1) than fasting or postprandiol blood glucose at

any other trimester,

Relationship of LGA with maternal glycemic status

Table 40 Shows relationship of maternal glycemic status at 3™
trimester with macrosomy. Maternal HbA,C% and postprandiol blood glucose
at 3 trimester both were good predictors for macrosomy. The risk of
developing macrosomy is six fold when the pregnant women were not under
good control of blood glucose as detected by glycosylated hemoglobin
percentages 6.0% and above.

Table 41 shows relationship of maternal glycemic status throughout
pregnancy with LGA. Maternal HbA|C% at all 3 trimesters was a good
predictor for LGA. Postprandiol blood glucose at 3™ trimester (above 6.5
mmol/l) was a significant risk factor for LGA (RR=2.8) than postprandiol

blood glucose at any other trimester.
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Relationship of maternal morbidity at three trimesters with the selected
maternal variables

Table 42 Maternal morbidity at third trimester was found to be
associated significantly with third trimester (p<0.002) and second trimester
(p<0.03) hemoglobin concentration. In both the trimester the risk of morbidity
was increased by two to three folds. The anemia was detected by WHO cutoff
value <11.0 gm%.

Table 43 describes the relationship of maternal morbidity at three
trimesters with the selected maternal variables having significant association,
Maternal morbidity at first trimester, second trimester and third trimester was
related with maternal glycemic status at all three trimester, but only the third
trimester glycemic status was found to be associated significantly (p<0.002)
with third trimester maternal morbidity. When the maternal third trimester
HbAC % was above 6.0% the risk of morbidity was increased three fold.

The early nutritional status as reflected by maternal MAC<25.5 ¢cm and early
pregnancy weight <50.0 kg was significantly related with the maternal
morbidity at third trimester. The maternal MAC <25.5 cm reflects more
(RR=3.0) the risk of developing morbidity than that of the early pregnancy
weight <50 .0 kg (RR=1.9).

(BOTH GROUP)
Correlations between newborn's nutritional status (by anthropometric
measurements) and selected maternal variable
Socioeconomic:

Table 44 shows the bivanate correlations between newbomn's
anthropometric measurements and some socioeconomic and biological
characteristics of mothers for both groups. Maternal age and education were
not significantly associated with any of the newborn's anthropometric
measurement whereas monthly family income was significantly associated
with all measurements except chest circumference. Birth order (I1=first,
2=else) was significantly correlated with birth weight (0.21), baby MAC
(0.17), head circumference (0.12) and length (0.15).
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Maternal nutritional status:

Birth weight was significantly correlated with early pregnancy weight
(0.32), early MAC (0.25) maternal height (0.23) and BMI (0.29). Baby MAC
was significantly correlated with early pregnancy weight (0.34), early MAC
(0.28) maternal height (0.24) and BMI (0.30). Baby's head circumference was
significantly correlated with early pregnancy weight (0.30), early MAC (0.27)
maternal height (0.18) and BMI (0.29). Baby's recumbent length was
significantly correlated with early pregnancy weight (0.38), early MAC (0.27)
maternal height (0.52) and BMI (0.18). Baby's chest circumference was
significantly correlated with early pregnancy weight (0.20), early MAC
(0.18), maternal height (0.12) and BMI (0.20).Placental weight showed
significant correlations with all the newborn's anthropometric measurements
especially with birth weight (0.67) and MAC (0.58) where correlations were
high. Total weight gain was significantly correlated with all newborn's
anthropometric measurements and explained more for birth weight (0.40) and
head circumference (0.33) (Table 44),

Maternal glycemic status and hemoglobin status.

Table 45 Maternal Hb% at 2™ trimester showed significant correlation
with only chest circumference whereas at 3™ trimester with baby MAC (0.16)
and head circumference (0.16) only. Birth weight was significantly correlated
with 1* and 2™ trimester fasting blood glucose level whereas baby MAC was
significantly correlated with 2™ and 3™ trimester fasting blood glucose level.
Chest circumference became significantly related with only 1" trimester
fasting blood glucose level. Postprandiol blood glucose levels at 2™ and 3™
trimester were significantly correlated with birth weight and baby MAC.
Chest circumference was significantly correlated with 2™ trimester
postprandiol blood glucose level.
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(DM GROUP)
Correlations between newborn’s nutritional status (by anthropometric
measurements) and selected maternal variable
Socioeconomic:

Table 46 shows the bivariate correlations between newborn's
anthropometric measurements and some socioeconomic and biological
characteristics of mothers for DM group. Family income was significantly
associated with newborn's all anthropometric measurements including chest
circumference. Maternal age and education were not significantly associated
with any of the newborn's anthropometric measurement whereas monthly
family income was significantly associated with all measurements except
chest circumference. Birth order (1=first; 2=¢lse) was significantly correlated
with only baby MAC (0.17), and length (0.18).

Maternal nutritional status:

A strong positive association was observed between the newborns
nutritional status and maternal nutritional status. Birth weight was
significantly correlated with early pregnancy weight (0.28), early MAC (0.21)
maternal height (0.18) and BMI (0.31). Baby MAC was significantly
correlated with early pregnancy weight (0.30), early MAC (0.24) maternal
height (0.18) and BMI (0.30). Baby's head circumference was significantly
correlated with early pregnancy weight (0.27), early MAC (0.26) maternal
height (0.18) and BMI (0.28). Baby's recumbent length was significantly
correlated with early pregnancy weight (0.35), early MAC (0.28) and BMI
(0.22). Maternal height was observed having very strong correlation with
newboms length (0.54). Baby's chest circumference was significantly
correlated only with early pregnancy BMI (0.19). Placental weight showed
significant correlations with all the newborn's anthropometric measurements
specially birth weight (0.67). Total weight gain was found significantly
correlated with all newborn's anthropometric measurements and explained
more for birth weight (0.35), MAC (0.30) and head circumference (0.30).
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Maternal glycemic status and hemoglobin status:

Table 47 Maternal hemoglobin concentration at 3™ trimester showed a
significant correlation with length of the baby also positively correlated with
(0.17) and head circumference (0.15) only. Glycemic status at 2™ trimester
was significantly correlated with birth weight (0.24) baby MAC (0.25) and
chest circumference (0.28). Postprandiol blood glucose levels at 1* and 3rd
trimesters were not significantly correlated with any of the newborn's
anthropometric measurement. But fasting blood glucose at 1* trimester(0.22)
and postprandiol blood glucose at 2™ trimester(0.30) showed strong positive

correlation with birth weight of the newborn.

(NDM GROUP)
Correlations between newborn’s nutritional status (by anthropometric
measurements) and selected maternal variable
Socioeconomic:

Table 48 shows the bivariate correlations between newborn's
anthropometric measurements and some socioeconomic and biological
characteristics of mothers for NDM groups. Maternal age was not
significantly associated with any of the newborn's anthropometric
measurement whereas maternal education showed strong association but
explains less (0.14) than that of the monthly family income (0.16). Monthly
family income was significantly associated with all measurements except
recumbent length.

Maternal nutritional status:

Birth weight was significantly correlated with early pregnancy weight
(0.33), early MAC (0.28) maternal height (0.32) and BMI (0.34). Baby MAC
was significantly correlated with early pregnancy weight (0.37), early MAC
(0.26) maternal height (0.35) and BMI (0.31). Baby's head circumference was
significantly correlated with early pregnancy weight (0.33), early MAC (0.24)
maternal height (0.20) and BMI (0.30). Interestingly Baby's recumbent length
was highly significantly correlated with maternal height (0.52) and then early
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pregnancy weight (0.35), early MAC (0.20) and BMI (0.28). Baby's chest
circumference was significantly correlated with early pregnancy weight
(0.20), early MAC (0.19), and BMI (0.15). Total weight gain was significantly
correlated with all newborn's anthropometric measurements and explained
more than the IDMs for birth weight (0.48) and MAC (0.46). Placental weight
showed significant correlations with all the newbomn's anthropometric
measurements especially with birth weight (0.79), baby MAC (0.63) and
length (0.55) where correlations were high.

Table 49 presents the comparison of macrosomy babies bom to
diabetic mother with that of the non-macrosomy babies by selected maternal
variables. Mann —~Whitney U test was done and found significant relationship .
Maternal weight gain per week was found significantly different between the
two groups. The meantSD of weight gain was found higher among the
mother of the macrosomy babies. Third trimester fasting blood glucose and
postprandiol blood glucose and glycosylated hemoglobin percentages was
found highly significantly different between the groups with a greater value
for macrosomy babies.

Multiple regression analysis to see the independent effect of diabetes on
newborn’s anthropometry.

As newborn's weight, height MAC and other anthropometric
measurements were related to income, maternal education, maternal
anthropmetry and other factors, we calculated a series of multiple regression
analyses to control the effects of these confounders in order to see the
independent effect of diabetes on newborn's anthrpometry.

Table 50 shows the multiple regression model where each of the
newborns anthropomteric measurement was predicted in separate analysis.
Only those variables, which we found significantly and highly correlated with
the newborn's anthropomteric measurement in bivariate analyses were either

offered or entered as independent variables in block 1 and 2. In the 1* block
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for all measurements except chest circumference we entered sex and monthly
income. In the 2™ block, we offered early pregnancy weight; early pregnancy
MAC and total weight gain for all measurements. Birth order was additionally
offered in case of baby MAC, head circumference and recumbent length. As
maternal height was highly significant in bivariate analyses, we offered
maternal height as extra vanable in case of recumbent length. Finally, in the
3 block we forced to enter the group.

Table 50.a shows that total income; early pregnancy weight and total
weight gain predicted birth weight significantly. After controlling all these,
diabetes had independent effect on birth weight.

Table 50.b shows that total income, early pregnancy weight and total
weight gain and birth order significantly predicted baby MAC. After
controlling all these, the group did not show any effect on baby MAC.

Table 50.c shows that early pregnancy weight and total weight gain
significantly predicted baby head circumference and group did not show any
effect on baby head circumference.

Table 50.d shows that maternal height, maternal MAC and total
weight gain significantly predicted recumbent length. After controlling all
these, the group did not show any effect on recumbent length.

Table 50.e shows that early pregnancy weight and total weight gain
significantly predicted chest circumference of the newborn. After controlling
all these, diabetes had independent effect on chest circumference.,
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Tables:

Table: a
Reliability coefficient(R) & Intra class correlation coefficient (r)
of the researcher in comparison to supervisor
(Maternal anthropometry)

Maternal anthropometric Intra-class correlation  Reliability coefficient
Variable : _coefficient(r)  (R) B
Weight (kg) 0.98 0.97
Height (cm) 0,96 0.96
Mid arm circumference (cm) 0.97 0.97
Table: b
Reliability coefficient(R) & Intra class correlation coefficient (r)
(Neonatal anthropometry)
Neonatal anthropometric Intra-class correlation  Reliability coefficient
Variable . . coefficient(r) ___(R)
Weight (gm) 0.97 0.98
Recumbent length (cm) 0.94 0.92
Mid Arm Circumference (cm) 0.92 0.93
Head circumference (cm) 0.91 0.91
Chest circumference (cm) 0.95 0.95
Abdominal circumference (cm) 092 0.93
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Table: ¢
Matching characteristics of the two groups at enroliment
Matching variables DM (n=200)  NDM (n=200) p value
Gcstational age: T
By LMP' 9.3+2.0 9.542.0 NS
By USG' 8.6+2.0 89+19
NS
<10 wk? 46.5 46.5
10-12 wk? 535 535
Parity:
Primi’ 14.0 14.0 NS
Multi-Para’ 6.0 86.0
Husband's occupation:
Office Work® 43.0 43.0
Business’ 40.5 410 NS
Other’ 16.5 16.0

DM: Diabetic; NDM: Non-diabetic
' Independent sample t-test done
? values Percentages and X° test performed
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Table: |

Socio-demographic characteristics of the family by groups

Variables DM (n=200) NDM (n=200) p value °
n( %) n( %)
Age of mother (y):
Mean+SD' 28.8+3.6 27.2+3.4 <0.00]
<25 35(17.5) 71(35.5)
25-30 109 (54.5) 98 (49.0) <0.001
31-35 56 (28.0) 31(15.5)
Mother's education:
<35y schooling 22(11.0) nil
6-10 y schooling 41 (20.5) 20(10.0) <0.001
SSC to HSC? 106 (53.0) 95 (47.5)
Graduate & above 31(15.5) 85 (42.5)
Husband's education:
<S5y schooling 5(2.5) nil
6-10 y schooling 17(8.5) 2(1.0) <0.001
SSC to HSC? 60(30.0) 28(14.0)
Graduate & above 118(59.0) 170(85.0)
Respondent's occupation:
Housewife 180(90.0) 136(68.0)
Service 12(6.0) 59(29.5) <0.001
Others 8(4.0) 5(2.5)
Family income per month
(Taka); Mean+SD' 12821.0+7712.2 16362.5+7669.8 <0.00]
Percentile 25 7000.0 10000.0
Percentile 50 10000.0 15000.0 <0.001”
Percentile 75 15000.0 20000.0
! independent sample 1 test performed
’SSC: Secondary School Certificate, HSC: Higher Secondary Certificate
°p value for X* test
" p value for Man Whitey test;
Percentages in the parenthesis
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Table: 2
Percentile distribution of last month's expenditure and
consumption of food by groups
Variables DM (n=200) NDM (n=200) p value *
Monthly total éx?)endilure
on food (Taka):
Mean+SD' 6311.1+2973.4 6928.2+43320.5 NS
25" percentile 4000.0 5000.0
50" percentile 5000.0 6000.0 <0.01
75" percentile 8000.0 8000.0
Monthly consumption of rice
per family per month (kg): 41.0:16.4 35.6:14.1 <0.001
Mean+SD 30.0 30.0
25 percentile 40.0 35.0 <0.002
50 percentlle 450 40.0
75" percentile
Daily consumption of fish &
meat (gm):
Mean+SD' 628.3+416.1 835.3+815.9 <0.002
25" percentile 250.0 500.0
50" percentile 500.0 1000.0 <0.001
75" percentile 1000.0 1000.0
Monthly consumption of
oil (liter):
Mean+SD' 4.941.6 5.6+1.8 <0.001
25" percentile 40 5.0
50" percentile 50 6.0 <0.0001
75" percentile 6.0 7.0
? p value for Man Whitney fest
’p value Independent sample t-test
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Table: 3
Family history of diabetes by groups
Variables DM (n=200) NDM (n=200)
Percentages  Percentages
Nothing contributory 19.5 85.5
Father 29.5 6.0
Mother 16.5 50
More than one member of the family  23.5 20
Other close relative 11.0 1.5
Table: 4
Duration and diagnosis of diabetes in the DM group
Variables DM (n=200)  Percentages
e e
Mean+SD 27.9+£15.9
<12 month 46 230
13-24 month 49 24.5
25-36 month 52 26.0
37-48 month 28 14.0
49-60 month 25 12,5

How diabetes was diagnosed:

Routine medical checkup 75 37.5
Following symptoms 82 41.0
Following spontaneous abortion 25 12.5
Following IUD 17 8.5
Following still birth 01 0.5
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Table: 5
Past obstetrical history by groups
Variables DM (n=200) NDM (n=200) p value”
B e n(%) n( %)
Number of conception (gravida)
1* gravida (primi) 16 (8.0) 28(14.0)
2™ gravida 51(25.5) 76(38.0) <0.001
3" gravida 53 (26.5) 63(31.5)
4" gravida 80 (40.0) 33(16.5)
Age of last child (mo)
Mean+SD’ 55.6+:31.2  45.3+24.0 <0.001
11-24 19(11.0) 8(4.7)
25-36 36(21.0) 70(40.7)
37-48 28(16.3) 51(29.6)  <0.001
49 & above 89(51.7) 43(25.0)

Percentages in the parenthesis;
° pvalue for X* test
'p value by independent sample t-test
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Table: 6
Past obstetrical history by groups (continued)
Variables DM (n=172)* NDM (n=172)* pvalue®
nal ey, n (%) n (%)
Place of past delivery:
Hospital or private clinic 105(61.0) 143(83.1) <0.01
Home delivery 67(39.0) 29(16.9)
Method of past delivery:
Normal delivery 114(66.3) 160 (93.0) <0.001
Cesarean section 54(31.4) 9(5.2)
Therapeutic delivery 4(2.3) 3(1.8)
Delivery conducted:
Doctor /nurse 109(63.4) 145(84.3) <0.01
Traditional birth attendant 32(18.6) 21(12.2)
Untrained Dai 23(13.4) 6(3.5)
Relative/untrained personnel  8(4.6) nil
Past medical complications:
Yes 75(43.6) 4(2.4) <0.001
No 97(56.4) 168(97.6)
Specific medical complications:
Hypertension 6 nil
Edema 25 1
Hypertension and edema 12 1 <0.001
Gestational diabetes 30 1
Other 2 1
Percentages in the parenthesis
“ p value for X° test
* excluding 28 primi cases
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Table: 7
Past obstetrical history by groups (continued)
Variables DM n=172) NDM m=172) pvalue®
n( %) n( %)
Fetal complications
Yes 99(57.6) 7(4.0) <0.001
No 73(42.4) 165(96.0)
Specific Fetal complications
One abortion 54(31.4) 7(4.0)
Two & above abortion 27(15.7) nil <0.001
Late fetal death (IUD) 16(9.3) nil
Still birth 2(1.2) nil
Past birth complication
Yes 25(14.5) 3(1.9) <0.001
No 147(85.5) 169(98.3)
Specific birth complications
Asphyxia 16 1
Umbilical cord sepsis 3 nil <0.001
Jaundice 3 nil
Other 2 2
Past obstetrical complication
Yes 65 (37.8) 12 (7.0) NS
No 107(62.2) 160(93.0)
Specific obstetrical complications
Fetal loss 3 1
Prolonged labor 17 2
Induction failure 6 4
Ruptured membrane 1 nil
Pre-eclampsia 9 2
Maternal distress 5 nil
Fetal distress 14 I
Other 10 2
* p value for X° test
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Table: 8
Maternal biological characteristics at enrollment (<12wks of gestation).

Variables DM (n=200)  NDM (n=200) p value'’
Mean+SD Mean+SD

Weight (kg) 57.5+10.1 54.3+8.2 <0.001
Height (cm) 152.5+4.6 152.7+4.6 NS
BMI 24.6+3.7 23.3+3.1 <0.0001
MAC (cm) 27.2+2.5 252424 <0.0001
Triceps SKF in (mm)? 15.3+4.5 14.0+5.0 <0.03
Biceps SKF In (mm)? 10.0+2.9 9.143.7 <0.05
Sub Scapular SKF in (mm)*  24.2+6.3 22.7+6.6 NS

2 DM (n=123), NDM (n=109),%: DM (n=123), NDM (n=109),*: DM (n=106), NDM (n=86)
' p value by independent sample t-test ,SKF: Skin fold thickness

Table: 9
Percentages of pregnant mothers by different categories
of early pregnancy body mass index(BMI) by groups
Early pregnancy BMI DM (n=200)  NDM (n=200) p value®
OO Percentages __ Percentages

Underweight (<19.8) 55 17.5

<0.0001
Normal (19.8-26.0) 63.0 64. 5
Over weight & Obese 31.5 18.0
(26.1 & above)
“ p value for X° test
Reference: 250
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Table: 10
Maternal anthropometric measurements
at three trimesters compared by groups
Variables DM NDM pvalue’
n mean+SD n mean+SD

Weight (kg)

1" trimester 200 57.3£10.0 200 54382  <0.001

2™ trimester 197  63.0+102 199 59.6+85  <0.001

3" trimester 190 662107 199 622490  <0.001

Postpartum (2-5 days) 184 58.5+10.5 199 54 8+88 <0.001
Mid arm circumference (cm)

1" trimester 200 272426 200 252424 <0,001

2™ trimester 197 27.7£27 199 26.6x2.3 <0.001

3" trimester 190 272428 199 262424  <0.001

Postpartum (2- 5 days) 184 264426 199 25.3+2.3 <0.001
Body mass index (BMI)

1* trimester 200 24.6+3.7 200 233431  <0.001

2™ trimester 197 262437 199 255433  <0.001

3™ trimester 190  284x40 199 26.6+3.5 <0.001

Postpartum (2- 5 days) 185 25.1£3.6 189 235434 <0.001

! p value by independent sample t-test
401612
L gl
feaform
aymm
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Table: 11
Change in maternal weight, MAC and BMI in three trimesters
Compared by group
Variables DM NDM pvalue”’
Mean+ SD  Mean+SD
Total weight gain (kg)
1* trimester to 2™ trimester’ 55+2 8 5.3+2.3 0.48
2" trimester to 3™ trimester’ 3.1+2.5 2.6+1.8 0.02
1*' trimester to 3" trimester’ 8.643.2 70425 0.02
Weight gain (kg)/week
1* trimester to 2™ trimester’ 0.08
2™ trimester to 3" trimester’ gggzig ;; ggggig :g 0.26
1*" trimester to 3™ trimester’ : ' ' 3 0.01
0.329+0.13  0.299+0.10 ;
Change in MAC (cm)
1" trimester to 2™ trimester’ 0.39
2" trimester to 3: trimester’ 065512:1: il 1'21 0663: ;605 0.14
sl . . -. . -. .
1" trimester to 3" trimester’ 0.03£16 0.1821 1 0.30

* p value by independent sample t-test

1: DM: n=197, NDM: n=199. 2: DM: n=190, NDM: n=199, 3: DM: n=184, NDM:

n=199,
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Table: 12
Change of mid arm circumference (MAC) between
different trimesters compared by groups

Variables DM NDM p value”

1* trimester to 2™ trimester’

25" percentile 0.00 0.00 0.579
50" percentile 0.70 0.80
75" percentile 130 1.30
2™ trimester to 3™ trimester’
25" percentile -1.10 -0.70 0.002
50" percentile 0,65 -0.40
75" percentile 0.17 -0.20
1" trimester to 3" trimester’
25" percentile -1.00 -0.70 0.088
50" percentile 0.00 0.30
75™ percentile 1.00  1.00

1" trimester to postpartum *

25" percentile 0,18 -0.20 NS
50" percentile 0.70 -0.40
75" percentile 1.8 -1.5

*: p value for Man Whitney- U test was done
' DM: n=197, NDM: n=199. *: DM: n=190, NDM: n=199,
¥ DM: n=184, NDM: n=199,* DM: n=184, NDM: n=199,
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Table: 13
Total weight gain (kg) by different categories of
nutritional status at three trimesters compared by groups

Nutritional status  1-2Tm total gain 2-3Tm total gain 1-3Tm total gain

by BMI DM NDM DM NDM DM NDM

Underweight.!  7.0439  5.0£20*  3.0£20 20+15  10.1£36 7.0:2.3%*
<19.8)

Normal® 55425 57422 30422 25+16 08431 82:24
(19.8-26.0)

Overweight * 55433  3.5:2.7* 32431  4.1+27  087#35  7.6+32
(26.1-30)

Obese’ 52426  6.1%1.2 4027 27408 091434  88+13

30 & above)

1. Underweight: DM: [1; NDM: 35 2. Normal: DM: 123; NDM: 128
3. Overweight: DM: 36; NDM: 25 4. Obese: DM: 27:NDM: 11
*p <0.01; ** p<0.001 by independent sample i-test

Table: 14
Weekly weight gain (kg) by different categories of
nutritional status at three trimesters compared by groups

1-2Tm gain'wk 2-3Tm gain'wk 1-3Tm gain/wk
DM NDM DM NDM DM NDM

Underwt’ 044426 028+13* 029+0.19 023+0.17 0.38+0.15 .26+0.09*

Normal? 0.32+0.14 0.32+0.13  032+0.24 0.29+0.18 0.32+0.13 0.31+0.09

Overwt’ 0.33x0.21 0.20+£0.15* 0.32+0.30 0424030 0.33+0.13 0.2840.12

Obese’ 0.30+0.14 0.34+0.09  0.38+0.20 031+0.10 0.33+0.14 0.33+0.05

1. Underweight: DM: 11; NDM: 35 2. Normal: DM: 123; NDM: 128
3. Overweight: DM: 36; NDM: 25 4. Obese: DM: 27;NDM: 11
*p<0.01; ** p<0.001 by independent sample t-test
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Table: 15
FFasting and after breakfast blood glucose
level at 3 trimesters by groups
Variable DM NDM p value”
- mean+SD  Mean+SD -
Fasting blood glucose (mmol/L):
1* trimester (<12 wk) ' 6.8+2.6 4.6+0.7 <0.01
2"" trimester (26“’ 28"‘ wk)? 5.8+1.7 4711 <0.01
3" trimester (32™-34" wk )* 5.0£1.2 4.7£0.5 <0.05
After breakfast glucose (mmol/L):
l"l trimester (<12 wk) 92432 5.8+12 <0.01
2™ trimester (26 -28" wk) 7.3£22 5.5¢1.2 <0.01
3" trimester (32™ -34" wk ) 6.3+1.7 53405  <0.01

%p value by mdependem sample 1-test ' DM =199, NDM =199 % DM =193,
NDM= 199, * DM =187,NDM =199

Table: 16
Percentages of diabetic mothers who are under good control
by different cut-off values for fasting blood glucose.

Variables n < 5.6mmol/l" <5.0mmol/l *
.................................. Percentage Percentage

I* trimester (<12 wk) {99 387 229

2 trimester (26" - 28" wk) 193 523 28.5

3trimester ((32™ -34" wk) 187 86,6 52.4

' Targe! to achieve fasting blood glucose 5.6 mmol/L. (NDDG group) 10
? Target to achieve fasting blood glucose 5.0 mmol/L (BIRDEM Research group),
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Table: 17
Distribution of diabetic mothers by Glycosylated
hemoglobin status (HbA,C)
HbA (% n Cut-off Mean+SD

value (< 6%)
Percentage

1* trimester (<12 wk) ' 199 42.2% 6.4+2.1

2™ trimester (26" - 28" wk)? 193 73.7% 5.1£1.6

3 trimester (32* -34" wk)® 187 81.0% 5.1%1.1

HbA C: Glycosylated hemoglobin percentages

*Cutoff value for good control by NDDG °

Table: 18

Percentile Distribution of diabetic pregnant women by level of
glycosylated hemoglobin percentages (HbAC%)

Glycosylated o 50™
Hemoglobin% n percentile percentile percentile
1* trimester (<12 wk) 199 5.0 6.0 6.0
2™ trimester (26" - 28" wk) 193 4.5 5.0 5.0
3" trimester (32™ 34" wk) 187 45 5.0 5.0
98

Chapter 3 Results



Dhaka University Institutional Repository

Table: 19
Distribution of pregnant mothers by
anemia (Hb%: <11.0 g/dl) by group
Variable DM NDM p value °
on (% n__ (%
1" trimester (<12 wk) 33 (16.8) 21 (10.6) 0.08
2™ trimester (26"’ 28" wk) 61 (31.6) 25 (13.0) <0.01
3" trimester (32™ -34" wk) 68  (36.0) 23 (11.6)  <0.01
*p value for X° test ' DM =196, NDM =198; ° DM =193, NDM= 192;°
DM =189, NDM =199
Table: 20
Mean +SD of Hb% (gm/dl) and changes in Hb% over
three trimesters by groups
Variables DM NDM p value®
n Mean+(SD) n Mean+(SD)
Hemoglobin concentration B T e RNREE
1" trimester (<12 wk) 196 11.841.2 198 12.2+0.97 <0.01
2™ trimester (26" - 28" wk) 193 11.1+09 192 11.6+0.9 <0.001
3" trimester (32" -34" wk) 189 11210 199 11.8+0.9 <0.01
Change in Hb%
1" trimester to 2™ trimester 190 -0.74+1.0 190 -0.56:08  <0.05
2"trimester to 3 trimester 186 0.10£09 192 0.18+0.5 NS
*p value by independent sample I-test
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Table: 21
Percent distribution of pregnant mothers by urine glucose
urine albumin and urinary tract infection by groups

Variables DM NDM

Percemtage  Percentage

Urinary glucose:

1* trimester (<12 wk)' 14.0 nil

2™ trimester (26" - 28" wk)* 18.0 3.0

3" trimester (32™ -34™ wk)’ 13.0 1.0
Urinary albumin:

1* trimester (<12 wk)' 6.5 Nil

2™ trimester (26" - 28™ wk)? 15.0 2.0

3" trimester (32" -34" wk)’ 8.0 Nil
Urinary tract infection:

1* trimester (<12 wk)' Nil 2.0

2™ trimester (26" - 28" wk)’ 1.5 0.5

3" trimester (32™ -34" wk)’ 1.5 Nil

1:DM =199, NDM =199,2: DM =193, NDM= 199,3: DM =187,NDM =199

Table: 22
Percent distribution of pregnant mothers by
blood pressure and pulse rate by groups
Variables DM (n=200)  NDM (n=200) p value’

Mean+SD Mean+SD

Maternal systolic blood pressure:

1" trimester (<12 wk)' 115.6+11.0 110285  <0.001
2™ trimester (26" - 28™ wk)? 122.8+9.7 116.7£8.6  <0.001
3" trimester (32 -34" wk)’ 123 4+7.6 121.844.5  <0.001
Maternal diastolic blood pressure:
1* trimester (<12 wk)’' 76.0+8 4 67.9+5.4 <0.001
2™ trimester (26" - 28" wk)? 80.4+9.0 68.9+5.5 <0.001
3" trimester (32" -34"™ wk)’ 76.0+ 7.3 70.245.3 <0,001
Maternal pulse rate per minute:
1" trimester (<12 wk)' 72.744.9 71.344.4 <0.001
2™ trimester (26" - 28" wk)’ 72.6+3.6 70.8+2.8 <0.001
3" trimester (32 -34" wk)’ 71.6+2.4 72.3+2.0 <0.001

“p value by independent sample t-test
A DM =199, NDM =199 DM =193, NDM= 199:' DM =187, NDM =199
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Table: 23
Last month's maternal morbidities in different
trimesters by groups
Trimesters n(%) p value*
1* trimester (<12 wk)
DM (n=200) 78 (39.0) <0.001
NDM (n=200) 41 (20.5)
2™ trimester (26" - 28" week)
DM (n=197) 101(51.3) <0.001
NDM (n=199) 43 (21.6)
3 trimester (32™ -34" week)
DM (n=189) 78 (41.3) <0.001
NDM (n=199) 07 (03.5)
“ p value for X° test
Table: 24
Last month's specific maternal morbidities
in different trimesters by groups
Morbid conditions - DM NDM _
1™ trimester (< 12 wk):
Vomiting 36 25
Temperature 12 3
Threatened abortion 1 2
UTI 3 nil
Uncontrolled blood sugar 3 nil
Others 13 11
2™ trimester (13- 28" wk):
Ante-partum hemorrhage (APH) 6 Nil
Edema 41 9.
Pre-eclampsia (PET) 7 1
Pregnancy induced hypertension 9 nil
Temperature 12 |
Spotted bleeding 2 nil
UTI (Urinary tract infection) 3 nil
Uncontrolled blood sugar 3 3
Other 18 16
3" trimester (29" wk & above);
Ante-partum hemorrhage (APH) 6 nil
Edema 13 1
Pre-eclampsia (PET) ’ nil
Pregnancy induced hypertension 10 2
Polyhydromnios 7 nil
Uncontrolled blood sugar 14 1
Others 31 3
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Table: 25
Comparison of pregnancy outcomes in
Different trimesters by groups
Fetal outcome DM NDM
n (%) n (%)
1* trimester (< 12 wk): '
Abortion 2(1,0) Nil
Healthy pregnancy 198(99.0) 200(100.0)
2™ trimester (13- 28" wk)*:
Fetal loss 5(2.5) Nil
Healthy singleton pregnancy 191 (96.5) 200(100.0)
Twin 2(1.0) Nil
3" trimester (29" wk & above) *:
IuD 2(1.0) Nil
Not available 2(1.0) Nil
Healthy singleton newborn 187(97.9) 199 (100.0)

' DM: n=200, NDM:n =200 DM:n =198, NDM::n= 199" DM:n =191, NOM:n =199

Table: 26
Causes of fetal loss in diabetic group

Cause of termination of pregnancy  n (%) Per thousand total birth
1* trimester (< 12 wk) ": 2(1.0) 10/1000 total birth
Complete abortion
2™ trimester (13- 28" wk)* 5(2.5) 25.0/1000 total birth
Stillbirth
3" trimester (29" wk & above) *: 2(1.0) 10.0/1000 total birth
f[ub
Total loss 9(4.5) 45,0/1000 total birth

~ DM =200, % DM =198, ° DM ~ 191
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Table: 27

Comparison of newborn by Gestational age categories (at birth)

Gestational age DM (n=185) NDM (n=199)
- Percentage Percentage

<32 week 1.5 nil
32-34 week 14.7 nil

35 week 74 35

36 week 17.9 2.7

37 week 55.8 60.8

38 week 6.8 14.1

39 week 1.9 10.6

40 week nil 4.5

Table: 28
Mean and SD of newborns anthropometric
measurements at birth by groups (both sex combined)
Variables DM NDM p value
n Mean+SD n  Mean+SD

Birth weight (g) 185 2850.6£577.1 199  2651.1+3444  <0.001
Crown heel length (cm) 181 458 +2.1 197 45.7+1.5 NS
Mid arm circumference (cm) 181 9.6+1.2 198 9.3+09 <0.002
Head circumference (cm) 181 34.0+0.8 197  33.9+06 <0.03
Chest circumference (cm) 180 33.1+0.8 194 32.7+0.7 <0,001
Ponderal Index (PI)* 181 2.99+0.6 197  2.78+0.3 <0.001

*PI: wi/ht' (146)
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Tabl:29
Comparison of newborn by birth weight categonies

Birth weight DM (n=185) NDM (n=199) p value

Very low birth weight: <2000g 7(3.8) 7(3.5)

Low birth weight: 2000-2499¢g 40(21.6) 48(24.1)

Appropriate for gestational age 101(54.6) 138(69.3) <0.001

(AGA): 2500-3300g

Large for gestational age (LGA): 37(20.0) 6(3.1)

3301g & above

Table:30

Mean and SD of newborns anthropometric
measurements at birth by sex (DM )
Variables Male Female p value
n Mean+SD n  Mean+SD

Placental weight (gm)’ 82 637.6+141.8 81 565.3+124.0 <0.001
Birth weight (g)’ 90 2997.1+606.7 95  2711.8+513.1 <0001
Crown heel length (cm)’ 87 46.2+2.0 94 454+13 <0.001
Mid arm circumference (cm) 87  9.9+12 94 9311 <0.001
Head circumference (cm)’ 88 34008 93  339:06 <0.03
Chest circumference (cm)’ 88 332406 92  329+08 NS
Abdominal circumference (cm)’ 87 324+12 92  32.1%1.0 NS

Tn=163:":n-185:":n=181,"% n=181:": n=I81: °: n=180: ": n=179;
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Table:31

Mean and SD of newborns anthropometric

measurements at birth by sex ( NDM )
Variables Male Female p value

n Mean+SD n Mean+SD

Placental weight (gm)’ 110 510.0+58.1 82  519.5+83.0 NS
Birth weight (gm)’ 116 2787.1+£374.6 83  2659.5+3746 <0.05
Crown heel length (cm)’ 116  45.7+1.5 81 45514 NS
Mid arm circumference (cm)’ 114 9.3+1.0 84 9816 <0.05
Head circumference (cm)5 116  34.2+0.5 81 33.6+0.2 <(0.05
Chest circumference (cm)’ 114  328+13 80 32908 NS
Abdominal circumference (cm)’ 112 30.9£1.0 80 32.0%1.2 NS

=192 :7n=199; ’:n=197": n=198:°: n=197; °: n=194: ": n=192

Table:32
Distribution of intrauterine growth retardation
(IUGR) babies by groups
IUGR DM (n=184) NDM n=198)
Group —1: (Term but <2.5 kg) 7(3.8) 52(26.4)
Group -2: (Preterm and <10™ 6(3.3) 1(0.5)
percentile for gestational age)
Group —3: (Term but <10" 8(4.3) 33(16.2)
percentile for gestational age)
Group —4: (Term and preterm but ~ 163(88.6) 112(56.9)

weight >10" percentile for
gestational age)

p=0.001
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Table:33
Health status of the neonates detected by Apgar score
at birth (1 minute) and 5 minutes after birth by group

Variables DM NDM (n=199) p value
(n=186)

Apgar score at | minute
Severe depression (0-3) 6(3.2) Nil
Mild depression (4-6) 44(23.7) 16(8.0) <0.001
Normal (7-10) 136(73.1) 183(92.0)

Apgar score at 5 minute
Severe depression (0-3) 2(1.1) Nil
Mild depression (4-6) 37(19.9) 10(5.0) <0.001
Normal (7-10) 147(79.0)  189(95.0)

Table:34

Distribution of health status of the perinates by group

Perinatal morbidity DM (n=186) NDM (n=178) p value

Perinatal morbidity

Yes 100(53.8) 23(13.0) <0.001

No 86 (46.2) 155(87.0)
Specific morbid conditions:

Respiratory distress syndrome (RDS) 20 8

Jaundice 38 13

Temperature 7 2

Umbilical cord sepsis 6 Nil

Opthalmia neonatarum 12 Nil

Convulsion of the newborn 2 Nil

Skin infection 8 Nil

Oral thrush 7 Nil
Admission to neonatal I[CU 53 13
Cause of admission:

Jaundice 28 11

Temperature 9 I

RDS 16 1

ICU: Intensive care unit; Percentage in parentheses
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Table:35

Distribution of perinatal mortality in DM group*

Perinatal mortality

DM (n=198)

Per thousand
total birth

Perinatal mortality
Death within 1* week of birth
Stillbirth

Time of death from birth
12-24hr
24-36hr
37-48hr
72-84hr

Causes of Death within 1* week of birth
Respiratory distress syndrome (RDS)
Jaundice

Causes of stillbirth (From 24wk of pregnancy)
Congenital anomaly
Antepartum hemorrhage (APH)
Other
Intra uterine death (IUD)

4(2.0)
7(3.5)

NN N -

55 /1000 total
birth

35/1000 total
birth

*NDM (n=199): No perinatal mortality was found
Toral birth: Live birth and still- birth
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Table: 36

Relationship of perinatal morbidity with monthly income

Maternal education and morbidity (both group)

Socio-economic & other Perinatal morbidity X RR (C1)
Yes No Total
R 56 (37%) | 96(63%) | 152 e
» 0 0 .
10,0000/ &above (L) | 18%STR) s p_:l(;j.'(;‘m (1.6-4.0)
Total 100 285 385
Respondents education
<8SC 25 (32%) | 52(68%) | 77 NS 1.5
SSC & above 75 (24%) | 233(76%) | 308 (0.9-2.6)
Total 100 285 385
3 TM maternal morbidity
Yes 50(61%) | 32(39%) 82 66.4 7.9
No 50(17%) | 253(83%) | 303 | p<0.001 | (4.6-13.5)
Total 100 285 385
2 TM maternal morbidity
Yes 46 (34%) | 89(66%) 135 7.1 1.9
No 54(22%) | 196(78%) | 250 p<0.01 | (1.2-2.3)
Total 100 285 385
Table: 37
Relationship of perinatal morbidity
With maternal nutritional status (both group)
Maternal anthropometry Perinatal morbidity X RR
Yes No Total (Cl)
Early pregnancy weight
<50.0 kg 34(38%) | 56(56%) 90 NS 1.4
50.0 kg & above 66(22%) | 229(78%) | 295 (0.9-2.2)
Total 100 285 385
Height
<152.0 cm 54(32%) | 117(68%) 171 5.03 1.7
152.0 cm & above 46(21%) | 168(78%) | 214 p<0.02 | (1.1-2.7)
Total 100 285 385
Weight gain
<7.0 kg 52(35%) | 98(65%) 150 9.7 2.1
7.0 kg & above 48(20%) | 187(79%) | 235 | p<0.002 | (1.3-3.3)
Total 100 285 385
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Table; 38

Relationship of perinatal morbidity with
Newbom's biological characteristics (both group)

Neonatal Perinatal morbidity l X RR
characteristics Yes No Total (CI)
Low birth weight
<2500g 58(57%) | 44(43%) | 102 | p<0.0001 7.7
2500 g & above 42 (15%) | 241(85%) | 283 (4.6-12.9)
Total 100 285 385
TUGR
Preterm [UGR 6(86%) 1(14%) 7 <0.0001 18.12
Other 94(25%) | 284(75%) | 378 (2.2-152.5)
Total 100 285 385
PI(>2.1)
Obese & overweight | 34(16%) | 137(64%) | 214 <0.01 1.6
Other 66(39%) | 148(86%) | 171 (1.1-2.2)
Total 100 285 385
Baby MAC
<9.0cm 47(49%) | 49(51%) | 96 48
9.0 cm & above 53(18%) | 236(82%) | 289 | <0.0001 (2.9-8.0)
Total 100 285 385
*A/S: (1 minute)
<8 43(72%) 17(28%) | 60 11.9
8 & above 57(17%) | 268(82%) { 325 | <0.0001 (6.3-22.3)
Total 100 285 385
'PI: ponderal Index, *A/S: Apgar Score,
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Table: 39
Relationship of perinatal morbidity with maternal
glycemic status in (DM) group (n=186)

HbAC% Perinatal morbidity X RR
(Cl)
Yes No Total
3™ trimester 12.46
6.0 & above 48(91%) 5(4%) 53 p<0.001 | (4.5-34.2)
<6.0 52(39%) 81(61%) 133
Total 100 86 186
2" trimester 4.2
6.0 & above 55(85%) 10(15%) 65 p<0.001 | (4.5-34.2)
<6.0 45(37%) 76(63%) 121
Total 100 86 186

3" trimester-fasting
blood glucose level
5.0 mmol/l & above 57(58%) | 41(42%) 98 2.1
<5.0 mmol/l 43(49%) | 45(51%) 38 p<0.01 | (1.1-3.8)
Total 100 86 186
Table: 40

Relationship of macrosomy with maternal
glycemic status in (DM) group (n=185)

Glycemic status Macrosomy X RR
Yes No Total (Cl)
3" trimester HbA,C%
6.0 & above 5(15%) 28(85%) 33 6.4
<6.0 4(3%) 148 (97%) 152 p<0.003 | (1.6-25.3)
Total 9 176 185

3™ trimester-
Postprandiol blood
glucose mmol/l

6.5 & above 5(11%) 40(89%) 45 42
<6.5 4(3%) 136(97%) 140 p<0.02 ] (1.1-16,3)
Total 9 176 185

110

Chapter 3 Results




Dhaka University Institutional Repository

Table: 41
Relationship of LGA with maternal
glycemic status in (DM) group (n=185)
HbA ) C% Large for gestational age (LGA) X RR
Yes No Total (CI)
3" trimester
6.0 & above 14(42%) 19(58%) 33 | p<0.001 38
<6.0 23(15%) 129(85%) 152 (1.7-8.5)
Total 37 148 185
2* trimester
6.0 & above 17(39%) 27(61%) 44 33
<6.0 20(14%) 121(86%) 141 | p<0.001 | (1.5-7.1)
Total 37 148 185
1" trimester
6.0 & above 29(30%) 67(70%) 96 3.7
<6.0 8(9%) 81(91%) 89 | p<0.001 | (1.6-8.7)
Total 37 148 185
3™ trimester-
Postprandiol blood
glucose mmol/l
6.5 mmol/l & above 16(36%) 29(64%) 45 | p<0.007 2.8
<6.5 mmol/l 21(15) 119(85%) 140 (1.3-5.9)
Total 37 148 185
Table 42
Relationship of maternal morbidity with
Maternal characteristics (DM) group (n=189)
Maternal Maternal morbidity (3 TM) X RR
hemoglobin Yes No Total (CI)
concentrations (g%)
3™ trimester 2.6
<11.0 38(57%) 29(43%) 67 | p<0.002 | (1.4-4.7)
11.0 & above 40(33%) 82(67%) 122
Total 78 11 189
2" trimester
<11.0 32(53%) 28(47%) 60 2.0
11.0 & above 46(36%) | 83(64.5%)| 129 p<0.03 | (1.1-3.6)
Total 78 111 189
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Table 43

Relationship of maternal morbidity with

Maternal characteristics (DM) group (contd.) (n=189)

Variables Maternal morbidity (3 TM) x> RR
Yes No Total (CI)
3" trimester
HbAC%
6.0 & above 26(67%) 13(33%) 39 | p<0.002 32
<6.0 52(35%) 98(65%) | 150 (1.5-6.8)
Total 78 111 189
Early pregnancy
MAC
<25.5cm 28(64%) 16(36%) 44 | p<0.0] 3.0
25.5 cm & above 50(34%) 95(66%) | 145 (1.5-6.0)
Total 78 111 189
Early pregnancy
weight
<50.0 kg 23 (55%) 19(45%) 42 | p<0.06 1.9
50.0 kg & above 55(38%) 92(62%) | 147 (1.0-3.8)
Total 78 11 189
Perinatal morbidity: 1 TM HbA,;C%NS
3 TM morbidity: | TM & 2 TM HbA,C% NS,
2 TM & I TM morbidity: HbA,C%, hb% and MAC: NS
LGA vs duration of DM <35 month: NS
Macrosomy: 1'TM & 2 TM HbA,C%: NS
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Table: 44

Bivariate correlation analysis of neonatal anthropometry
with maternal variables (both group)

Variable

Maternal SES and oihéri ;

Monthly income
Education

Birth order
Placental weight
Maternal age
Age of last child in month

Maternal anthropometric
variables:
Early pregnancy weight

Maternal height
Early pregnancy MAC
Early pregnancy BMI

Total weight gain

Chapter 3 Results

Birth
weight

0.17**

D21e

067**

ns

Baby
MAC

T

ns

0.17%*

0.58%*

ns

ns

0.24%*

0.28**

0.30%*

0.23¢¢

Head
circumfe

rence

0.20%*

0.12¢
0.40**
ns

ns

0.30%
0.18%**
0.27**
0.29**

033

Recumben Chest cir

t length

0.14**  0.08

ns  ns
0.15%* ns
e
ns . _”I;S gn
038 020
0,52%%* 0.12*
0.27%* C0.18%
0.18%* 0.20%*
0.28%* 0.26%*
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Table: 45

Bivariate correlation analysis of neonatal anthropometry
With maternal variables (both group)

Maternal biochemical

variables:

Maternal hb%
(1TM)

Maternal hb%

(2TM)
Maternal hb%

(3TM)

Fasting blood glucose

(1TM)
Fasting blood glucose

(2TM)
Fasting blood glucose

(3T™)
Postprandiol blood

glucose (1TM)
Postprandiol blood
glucose (2TM)

Postprandiol blood
glucose (3TM)
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Head
circumfe
rence

ns

ns

0.16*

ns

ns

Birth  Baby

Weight ~ MAC

ns ns

ns ns

ns 0.16*
e

ns o3
020%** (.10
e
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Table: 46
Bivariate correlation analysis of neonatal anthropometry
with maternal variables (DM)
Vanable Birth Baby Head Recumbe Chest cir
weight MAC circumfere  nt length
nce
Maternal SES and other: R
Monthly income 0.32%%  0.40**  0.26** 0.21**  0.21%
Education ns ns ns ns ns
Birth order ~ns 0.17** s 0.18%*  ns
Placental weight 0.67%* 0.58**  0.40**  0.26%*  036**
Ve = = = s e
Age of last child in month ns - -0.16  ns ns ns
Maternal anthropometric B
variables:
T T | it S
Maternal height 0.18%* 0.18%*  (.18%*  0.54*** s
Early pregnancy MAC 0.21%¢ 0.24%**  0.26** 284+ ns
Early pregnancy BMI 0.31** 0.30%*  0.28** 0.22**  0.19*
Total weight gain 0.35* 0.35%%  0.32%+ 0.23*%  0.30%*
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Table: 47

Bivariate correlation analysis of neonatal anthropometry

with maternal variables (DM)

Maternal biochemical Birth Baby Head Recumbent  Chest cir
variables: weight  MAC circumfer  length

ence
Maternal hb%('zTM) ns ns  ns ns ns
Maternal Hlﬁ%(ﬁTM) 017 0.15* 0.24* ns ns
Fasting blood glucose ns ns ns s ns
(1TM)
e e ™ e
(2TM)
FaStin'g T S s
(3T™M)
Postprandiol blood ns ns "~ ns ns ns
glucose (1TM)
Postprandiol blood 0.30%* ns ns o ns ns
glucose (2TM
Post prandiol blood ns ns ns ns ns
glucose (3TM)
Maternal hbA1C% ns ns  ns ns ns
(1T™M)
Maternal hbA 1C% 0.24%  025** (.19 ns 0.28**
(2TM)
Maternal hbA1C% ns ns ns ns ns
(3TM)
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Table: 48
Bivariate correlation analysis of neonatal anthropometry

with maternal variables (NDM)
Variable Birth Baby Head Recumb  Chest cir
weight MAC circumfere ent
nce length

Maternal SES and other:

Monthly income 0.16%* 0.18%*  0.20%* ns ns**
re—— e S R s
Birth order ns ns ns  0.18%  ns
Placental weight 0.79%  0.63**  048%% 0.55**  0.36%*
e e s = -
Age of last child in month ns -0.16 ns ns ns

Maternal anthropometric

variables:

Early pregriiﬁéy weight 0.33%¢ 0.37¢+ 0.33%* 0.35%¢ ns
Maternal height ' 0.32**  035%  020%*  0.52%*% 0.20%*
Early pregnancy MAC 0.28%* 0.26** 024 1 20%* ns

Early pregnancy BMI T 034%  031%  030**  028**  0.15*

Total weight gain © 048*  046%*  032** 0.34%*  0.18*
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Table:49
Comparison between the macrosomy and Non-macrosomy
Babies by maternal variables (n=187)
Macrosomy Non-macrosomy p value
Variables Mean+SD Mean+SD
(n=11) (n=176)
2
Early pregnancy BMI 25.0+4.0 24.7+3.7 NS
Weight gain/wk
1* trimaster 7.0+2.8 54+2.8 NS
i E 53443 3.1£29 0.02
2 trimester 111638 86436 0.01
3™ trimester* L ST L
Fasting blood glucose (mmol/l):
1" trimester 7.543.1 6.7+2.6 NS
2™ trimester* 6.743.0 56+1.4 0.02
3" trimester** 6.4+2.6 5.0+1.0 0.0001
After breakfast blood glucose
(mmol/l):
1* trimester 99+29 9.143.3 NS
2™ trimester* 8.3+39 7.0£1.9 0.04
3" trimester* 8.3+3.4 6.2+1.4 0.0001
Glycosylated hemoglobin %:
1 trimester 7.3+19 6.2+2.0 09
2™ trimester 5.8+1.5 5.0+1.4 0.6
3" trimester** 6.0+1.1 5.0+1.1 0.004
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Significant regression co-efficient, SE and CI of independent factors from

multiple regression analysis predicting birth weight

Variables B (Regression SE p value 95% CI

coefficient)

LT S s e e v e
Sex 81.8 43.5 0.06 -3.7t0 167.4
Total income (log) 210.1 102.8 0.04 79104123
Early pregnancy weight (kg) 11.5 25 0.001 6.5t0 16.5
Total weight gain (kg) 49.7 7.6 0.001 3581t063.6
Group -1554 46.7 0.001 -247.3 t0 -63.6

Table: 50.b
Significant regression co-efficient, SE and CI of independent factors from

multiple regression analysis predicting baby MAC
Variables B (Regression SE pvalue  95% CI
coefficient)

. R o A ———
Sex 0.13 0.1 0.20 -0.07 t0 0.3
Total income (log) 0.61 0.2 0.01 0.07to 1.1
Early pregnancy weight (kg) 0.03 0.01 0.001 0.01t00.2
Total weight gain (kg) 0.11 0.02 0.001 0.8 to0.1
Birth order 0.37 0.14 0.012 08 to06
Group -0.23 0.11 0.350 04 to-0.01
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l'able: 50.c

Significant regression co-efficient, SE and CI of independent factors from

multiple regression analysis-predicting baby head circumference

Variables

R*=020
Sex
Total income (log)
Early pregnancy weight (kg)
Total weight gain (kg)
Group

B (Regression  SE
coefficient)
0.02 0.06
0.22 0.15
0.17 0.003
0.07 0.01
-0.06 0.07

p value

0.71
0.16
0.001
0.001
0414

95% C1

-0.10-0.15
-0.08-0.52
0.01-0.25
0.05-0.09
-0,19-0.08

Table: 50.d

Significant regression co-efficient, SE and CI of independent factors from

multiple regression analysis-predicting baby crown-heel length

Vanables B SE  pvalue 95% CI
(Regression
coefTicient)
(R*=0.35) .
Sex 0.14 0.16 0.38 -0.17-0.44
Total income (log) -0.22 0.37 0.55 -0.95-0.51
Maternal height 0.18 0.02  0.001 0.15-0.22
Maternal MAC 0.09 0.03 0.012 0.02-0.15
Total weight gain (kg) 0.14 0.02 0.001 0.1-0.2
Medical problem 0.09 0.17 0.60 -0.2-0.4
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Table: 50.e

Significant regression co-efficient, SE and CI of independent factors from

multiple regression analysis-predicting chest circumferences

Variables B (Regression ~ SE  pvalue 95% Cl
coefficient)
(R*=0.13)

Sex 0.02 007 07906  -0.16-0.13
Early pregnancy weight (kg) 0.01 0.004 0.0031 0.004-0.20
Total weight gain (kg) 0.06 0.01  0.0001 0.04-0.08
Group -0.25 007 0.0012  -0.39-0.09
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Percentages

FIG-1. Percent of pregnant women with ANC till 2nd
trimester by group
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FIG-2. Bar diagram showing the percentages of
cesarean section by group
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FIG-3. Infants of DM group by fetal
presentation(n=187)
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FIG-4. Birth complications by group
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FIG-5. Pie chart showing percentages of neonatal

hypoglycemia in IDMs (n=187)

12%

'OPresent
@ Absent

FIG-6. Bar diagram showing the preterm deliveries by
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QLU RECOMMENDED WEIGHT GAINS FOR PREGNANT WOMEN BASED
ON BODY MASS INDEX (BMI)

¥ ] 2ND AND 38D
WEIGHT CATEGORY TOTAL WEIGHT GAIN 1ST TRIMESTER GAIN TRIMESTER WEEKLY GAIN
BASED ON BMI* I kg I kg Ib kg
Underweight [BMI < 19.8) 20-40 12 5-18 5 23 1.07 049
Notmal waight (BM1 = 19 8-76) 25-35 11.5-16 35 16 097 044
Overweight (BMI > 26-29) 15-25 =115 2 09 067 03
Obese (BMI > 29) at least 15
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Discussion
Maternal characteristics

In this study, the diabetic mothers were found comparatively older and
less educated compared to non-diabetic mothers (NDM). The total monthly
family income was less in them. This is also reflected in their expenditure on food
and dietary consumption pattern. The diabetic group was found to consume more
rice and less meat or fish and less oil compared to their control. There are a few
studies where detailed socio-demographic information or dietary history was
sought for diabetic pregnant mothers in Bangladesh. Similarly in one study in
Pakistan Shera et al in 1999 found the diabetic pregnant women were older than
the non-diabetic counterpart (148). Jhon in 1997 also found similar result that age
as a major risk factor for pregnancy outcome in diabetic pregnant women (149).
Socio-economic status especially income of the family and maternal education are
important factors for pregnancy outcomes (150). A group difference was found
for education and monthly income between the groups in the present study.
Similar with the present study findings, Ali et al in 1999 in Bangladesh found
that, the diabetic pregnant were from less educated and lower income group than
that of the non-diabetic pregnant women (22). Though the study by Ali et al did
not matched the two groups. However, the present study findings are similar with
the Brazilian study by Brazillian Gestational Diabetes study group in 2000 where
they found the highest rate of diabetes in the 'urban low-income group' compared
to other groups (151).

Very few of the DM pregnant women were found working rather most of
them were housewives. Like the findings of the present study, Nahar (82) in
Bangladesh, Engelgan et al 1995 and Camacho et al in 2000 also found that the
diabetic pregnant mothers were mostly housewives (152, 153).

Family history and past obstetrical history

Diabetes runs through the family. Most of the DM pregnant women of this
study had a positive family history for diabetes. Either father or mother or any
other close relatives were diabetic in the family. Similarly higher rate of positive

family history was found in diabetic pregnant women in a study conducted in
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Bangladesh by Karim et al in 1993 (23). McNeil et al in 2001 in their recent
studies also found a high rate of positive family history in both pre-gestational
diabetic and gestational diabetic pregnant women (154) and the finding was in
accordance with the present study findings. The present study observed that,
though 81.0% of the pregnant women had a positive family history for diabetes,
but only 37.0% of the cases were diagnosed by routine medical checkup and the
rest were diagnosed following any sort's of problem. Among them, a sizeable
number (21.5%) were diagnosed following severe pregnancy complications like
fetal losses. A greater birth interval for diabetic mothers was also observed.
SImilar findings were observed by different other studies. Jahangir in Bangladesh
found a greater interval between marriage and first pregnancy in diabetic mothers
compared to non-diabetic group. About 79.0% of the diabetic mothers in his study
were diagnosed first during pregnancy (131). Similarly Husseini et al in Palestine
also found that most of the diabetic pregnant women were diagnosed following
any sort's of problem and the birth interval was higher in diabetic pregnant
women (155). This has got importance for routine checkup of all reproductive
aged women with a positive family history of diabetes for early diagnosis of
diabetes and preconception counseling and planning for pregnancy. In the DM
group, history of cesarean sections were more in the previous childbirths and a
good number of mother suffered from different medical complications and
obstetrical complications, like abortions and late fetal death during their previous
pregnancies. Similar findings are observed by Nahar in Bangladesh and the
history of pregnancy-induced hypertension, pre-eclampsia, infection and cesarean
section were found higher in the diabetic mothers (82). Another study of a ten-
year outcome analysis in Northem Ireland by Hadden et al in 2001 observed
adverse fetal, maternal and infant outcome in diabetic pregnancy and the findings

was in accordance with the present study findings (156).
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Comparison of pregnancy outcome and birth outcome

Poor glycemic control in early pregnancy in both type-1 and type-2
diabetic mothers were found to be associated with an increased risk of
spontaneous abortion, congenital malformations & other adverse pregnancy
outcomes. It is reflected though the pregnancy outcomes are improving, the
diabetic pregnancies need much more attention. For convenience we will discuss
the pregnancy outcomes separately as fetal outcome, birth outcome and perinatal
outcome.
Birth outcome
Live birth
Live birth rate in the DM group was found 98.0% in our study, which was cent
percent in the NDM group. Ivy in Bangladesh found live-birth rate of 95.5% in
the diabetic mothers (132), which was lower than the present study. The rate was
observed to be comparatively better than the rate found (80.3%) by Halwagy et al
in 2001 with 547 diabetic mothers (157). The live birth rate was higher in the
present study, possibly due to the fact that, almost all of the pregnant women were
under close supervision, regular monitoring and were delivered in the hospital.
Preterm
In the present study, mean * SD of gestational age was found lower (36.4+1.7) in
the DM group in comparison to the NDM group (38.1+0.6). Nahar in Bangladesh
found a mean gestational age of 36.8+ 2.1 weeks, which was near to similar to the
present study (82). Dolberg in 2000 found higher mean gestational age of the
IDMs than the present study (37.0+0.20wk) (158).
Delivery of a baby before 37 weeks of pregnancy by normal vaginal delivery
without any effort is considered as spontancous preterm in this study. In the
present study, preterm (less than 37 weeks) rate was higher (41.5%) in the DM
group but on NDM group it was only 6.2%. This includes elective cesarean
sections and also spontaneous preterm. Spontaneous preterm was only 10.2%.
The spontaneous pre term rate was found higher (16.3%) than the present study in
DM pregnant women in another study conducted at BIRDEM hospital in
Bangladesh (159).
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A number of research articles throughout the world documented variable number
of preterm deliveries in the DM pregnant women. Reduction of rate of preterm
babies born to diabetic mother takes place till date with time. Kaim in 1995 in his
longitudinal studies of 2 cohorts of diabetic pregnant women also found a decline
from 53.5% to 12.0% over the periods from 1980-86 to 1987-92. The rate
observed by Kaim in 1995 was near to our present study (160). Similarly in a 14-
year study in Poland by Mironiuk in 2001, from 1987 to 2000 on pregestational
diabetes of 'White class B-RF', observed a decrease in the percentages of
prematurity from 51.6% to 20.0%. Preterm rate observed in this study was higher
than the present study (161). Lao & Ho in 2003 studied 2168 Chinese women
with singleton pregnancies and found that gestational glucose intolerance affect
gestational length (162).

Possible cause of variation of the rate of preterm in different study in country and
abroad with this study is due to variation of the rate of cesarean section earlier to
prevent the late fetal death. Also, in most of the reports, spontaneous preterm
labor and iatrogenic or therapeutic preterm delivery are not separately described
thus complicating quantification of incidence of preterm delivery.

Fetal loss

The present study found a reduction in adverse pregnancy outcomes by good
glycemic control and regular antenatal checkup of the DM pregnant women. The
rate of fetal loss was only 45/1000 total births in the DM pregnant women
compared to no loss in the NDM group. There were 2 abortions, 2 congenital
malformations, 3 stillbirths and 2 late fetal deaths (IUD) in the DM group who
were neither under regular antenatal check up nor had a euglycemic state
throughout the pregnancy. Another study observed a lower rate of fetal losses 20-
40/1000 total birth than the present study by optimum maternal metabolic control
in the DM pregnancies (163). Though different other studies observed fetal losses
in varying number in the DM pregnant women, but similar with the present study
findings, they also observed that the rate of fetal loss is higher in DM pregnant
women than the non-diabetic pregnant women and the general population
(164,165).
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It is reflecting from the present study that regular blood glucose monitoring and
good glycemic control during pregnancy resulted in reduction of fetal losses in the
DM pregnant mothers.

Spontaneous abortion

In the present study spontaneous abortions in the DM group were found only
10/1000 total birth. A higher rate of abortion was found in 1998 by Ivy in
Bangladesh (48/1000 total birth)(132). Karim in a hospital based cross-sectional
study in Bangladesh also found higher rate of abortion among the DM pregnant
women (15/1000 total birth)(23). The rate of abortion was higher in these two
country studies possibly due to the fact that, both of the studies were small scale
cross sectional hospital based studies, instead the present study was a matched
cohort study. Moreover, Karim and Ivy didn't differentiate the GDM and pre-
gestational diabetes in their study but the present study includes only pre-
gestational diabetic women. In contrast to the present study findings, Dorman also
observed higher rate of abortion (18/1000 total birth) among the DM pregnant
women in 1999 (166). Kabadi in 2002 in a population cohort study in the UK also
observed a higher rate of abortion 22/1000 total birth, than the present study
(167).

The possible cause of variation and higher rate of abortion was may be due to the
fact that, the UK study was a population-based study but present study was a
tertiary care hospital based study. Whereas the majority of the pregnant women
of the present study were well motivated to attend the antenatal visits for follow-
up and were under cover of one antenatal care umbrella comprising the
obstetrician, diabetologist and nutritionist at the BIRDEM from early week of
pregnancy.

Intrauterine death (IUD)

The present study, found that the late fetal death rate, was 10/1000 total
births, which occurred between 32 and 36 weeks of gestational age. In contrary
with the present study findings, Akhter in Pakistan found a higher rate of late fetal
death, 53/1000 total births in their study (168). Similar with the present study
findings, a recent large-scale study on singleton pregnancy (n=10,614,679) in the
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United States by Smulian in 2002 found diabetes as a potential risk factor for fetal
death particularly in third trimester and detected a 3-fold risk for fetal death for
diabetic mothers delivering at or beyond 24 weeks' of gestational age (169). The
lower rate of the late fetal death in present study is possibly due to a high rate of
cesarean section in this sample, which prevent late fetal death of high risk DM
mother in this cohort.
Congenital malformation

The pregnant women in the present study experienced 2 (10/1000 total
birth) congenital anomalies only in the DM group. One with cleft palate, one with
anencephaly. These babies with congenital anomalies were born to mothers who
were not under regular antenatal care and didn't had a regular monitoring of blood
glucose level at home, Though all of them attended for their first visits at the
BIRDEM hospital, only one of them came to the hospital for delivery and
delivered a baby with cleft palate. Pregnancy was terminated for one at a private
clinic for anencephaly at 26 week of pregnancy. Our finding is close to the
findings of Reece in 1998 where they found congenital anomalies 13/1000 total
births in well-controlled DM pregnant women (170).Different researcher found
higher rate of congenital anomalies among the IDMs but with a wide variation.
Higher rate (43/1000 total birth) of congenital anomalies was observed by Ivy in
1998 in Bangladesh, than the present study (132), whereas Karim et al in their
study in Bangladesh observed no congenital anomaly (23) among the infants of
DM pregnant women. Similarly diabetes control and complication trial study
(DCCT) found a higher rate (four fold) of congenital anomalies than the present
study and the rate was 47/1000 total births (171). Reduction of the rate of
congenital anomalies was observed with time, Jay and Sullivan in 1980 found a
very high rate of congenital anomalies, 220/1000 total births (172) on the other
hand Rosmery et al in their population based study in 2002 has brought down the
rate of major malformation as low as nearly 20/1000 total births with a good
glycemic control in pre or early pregnancy period, though the rate was higher than
the present study findings (173). Another recent study found higher rate (40/1000

total birth) of congenital anomalies in a cohort of infant of diabetic mother (174).
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Possible cause of lower rate of congenital anomalies in the present study than the
other study may be due to variability of maternal glycemic status in early
pregnancy and throughout the pregnancy. It is reflecting that the present study
sample was under such a level of good glycemic status that lowers the rate. It is
not still clear whether good glycemic control in the 1™ trimester is the only factor
that protects diabetic mothers from having congenital anomalies in their fetuses,
rather other factors like genetic or teratogenic nutrients or environmental factors
may be working in conjunction with poor glycemic control in the development of
congenital anomalies. So there is a need for further in depth study to explore the
underlying factors associated with or responsible for congenital anomalies in

infants of diabetic pregnant women.

Fetal size: live born singletons

Birth weight

In this study, mean birth weight was found significantly greater (2850.6+577.1 g)
in the IDMs than that of the infants of NDM mothers (2651.1+344.4 g). The rate
of low birth weight was lower in IDMs 21.6% vs 24.1% in NDM groups. A
significantly greater mean birth weight (about 285 g higher) was observed for
male babies compared to females in the present study. In a study in Bangladesh,
the mean birth weight of the infants of DM was found higher than the present
study 3040g+500g and they also found similarly that the IDMs birth weight was
higher than the NDM groups (2750g+360g). Low birth weight babies were found
13.3% among the infants of DM and 17.3 % among the NDM groups respectively
in that study conducted at BIRDEM hospital (175). Variable range of birth weight
was observed in different studies abroad. Two other studies by Casson et al (164)
in 1997 in North East England, and Schaefer et al in 2003 (176) found higher
mean birth weight of IDMs than the present study, which ranges between 3509.0g
and 3100.0g respectively. In contrast to the present findings, Casson et al found
girls heavier than boys in their population cohort study with 462 unselected
pregestational diabetic pregnant women although the difference was not

significant.
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The difference i1s due to the fact that the study by Begum et al (159) did not
differentiate the GDM and pregestational DM. And the other study sample were
taken at any time during pregnancy so the lower range of mean birth weight of
IDMs in the present study may be due to the early entry at <1 2" gestational week
and close monitoring of blood glucose.

Large for gestational age (LGA)

The present study defined LGA as birth weight above 3300g (46). Twenty
percent (20.0%) of IDMs in this study were 'large for gestational age' (LGA)
compared to only 3.0% in the NDM group. Two studies in Bangladesh observed a
higher rate of LGA than the present study among the infants of DM pregnant
women, Karim et al (23) observed, 30.0 % and Kundu in 2000 (177) observed
35.0% LGA in their studies on diabetic pregnant women attended at BIRDEM
hospital. The different studies observed higher rate than the present study. Morris
et al in their study found 36.0% LGA infants in women who had HbA,C% more
than 7.0% (178). Gold in 1998 found an increase number (25.5%) of large for
gestational age infants born to diabetic mother than that of the non-diabetic
counter part (179). Other researchers concluded that maternal blood glucose level
influences the fetal growth and large for gestational age infant born more from
mother with uncontrolled blood glucose level at any time during pregnancy.
Samasima et al in their recent studies in 2000, in 250 Japanese diabetic pregnant
women observed a lower rate of LGA than the present study in well controlled
diabetic pregnant group (15.0%), in contrary the rate was found higher than the
present study among the poor controlled group (27.0%) (180). Wolf et al also
found similar result as Samesima, and the rate of LGA was only 22.0 % in their
study. The rate observed by Wolf was close to the present study (181).

Regarding the timing of fetal growth spurts, a retrospective study was conducted
by Wong et al in a tertiary care hospital of Australia between 1* January 1994 and
31" December which included all pregnant women with pregestational diabetes
type-1. An analysis was done to find out the relationship between the maternal
diabetic control and fetal growth. This study concluded that fetal growth

acceleration of LGA babies take place in the second trimester from as early as
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18" week of pregnancy. This study did not show any relationship of maternal
glycemic status with LGA and disputing the finding of relationship of LGA with
maternal glycemic status (182).

The possible cause of lower rate of LGA in this study is possibly due to
the fact that the pregnant women were mostly under good glycemic control
throughout the pregnancy. Also the present study sample was only the pre-
gestational diabetic pregnant women.,

Macrosomia

IDMs born to mothers without vascular or renal disease have an increased
incidence of macrosomia. Diabetic mothers with vascular or renal disease usually
showed lower incidence of macrosomia. The present study defined macrosomy as
infants with birth weight over 4000g (46). The present study, found only 9 (4.9%)
macrosomic babies in the DM group and on the other hand only 2(1.0%) LGA in
the NDM group. Like the present study similar findings (5.8%) also observed in a
study at BIRDEM in pregestational diabetic women (22). Higher rate (12.0%) of
macrosomia than the present study was observed in infants of DM pregnant
women by Jardim in 1997 (183),

Bergmann in 2003 evaluated secular trends of macrosomia and its determinants in
Berlin from 1993 to 1999. Lower trends were observed from 1993 (35.0%) to
1999 (21.0%)(184). But the rate was much higher than the present study. Possible
cause of variation of macrosomic babies born to DM pregnant between these
studies and the present study may be due to variation of standard used to define
macrosomy and severity of diabetes of the pregnant women ie. whether
complicated or uncomplicated.

Apgar score

Apgar score detects health status of the neonate at birth, at 5 minutes and
at 10 minutes after birth. Significantly more (26.9%) babies from the DM groups
were found Apgar score <7 at 1 minute compared to NDM group (8.0%). At 5
minutes, about 95.0% neonates of the NDM mothers had an A/S score of 7-10,

whereas the rate was still lower in the neonates of DM mothers (79.0%).
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Similarly, other studies in Bangladesh also observed more babies with low Apgar
scores at birth (<7) among the DM group, 25.0% found by Kundu and 30.0% by
Ivy (177,132). The rate of low A/S observed by Kundu was close to the present
study. On the other hand rate was higher in study conducted by Ivy. Similar with
the present study findings lower A/S was found in IDMs than the infants of NDM
in different other studies (185-187). Vaarasmaki in 2000 observed 25.0% of IDMs
having apgar score <7 and the rate was found higher than that of the general
population. The result was close to the present study findings (188).

The higher rate of [DMs with low A/S warned that the DM pregnant
women needed to be delivering under expert Obstetrician and in a well-equipped
delivery room with modern facilities.

Birth complication

The infants of diabetic mothers of this cohort suffered significantly more
from different birth complications compared to non-diabetic counterpart (25.7%
vs. 8.5%). Similar with the present study findings, the Hyperglycemia and
Adverse Pregnancy Outcome study (HAPO) Corporative Research group in their
S-year prospective observational study in 2002 found more babies with birth
asphyxia and neonatal morbidity in IDMs than the general population (189).

No shoulder dystocia was observed in our sample. In contrast to the
present study findings, Nieger found that infants of diabetic gravida experienced
shoulder dystocia five times more frequently than infants of non-diabetic mothers
(190). Modanlou in 1990 (191) and Jeanne in 1993(192) stated shoulder dystocia
as an important complication of macrosomia in [DMs. Lindsly in 1997 also found
more shoulder dystocia (four times more than the general population) and birth
injury among the IDMs in their studies in abroad (193). The present study found
no shoulder dystocia, because the pregnant women were under close supervision
and cesarean sections were performed where indicated. Shoulder dystocia due to
big baby also causes maternal distress in addition to fetal distress, which need to
be addressed (194).

139
Chapter 4 discussion



Dhaka University Institutional Repository

Perinatal morbidity

[n the present study the rate of perinatal morbidity was found higher

(53.8%) in the infants born to diabetic mothers than that of the non-diabetic
(13.0%). Ivy in 1998 in a hospital based study in Bangladesh found lower rate of
31.9% than the present study (132). Earlier study before 1980s by Solar et al
found very high rate of perinatal morbidity 52.0% (195), which was similar with
the present study findings. Though it is encouraging that a lower trend was
observed with advancement of time. Rudge et al in their 10 years retrospective
analysis from 1990s to 1999s found lower rate of perinatal morbidity among the
[DMs (46.0% to 22.0%) than the present study (196).
Another recent study by Szilagyi in 2001 found much lower rate (19.0%) than the
present study (197). Tasnim et al in 1998 observed a rate of perinatal morbidity
32.7% in Bangladeshi infant born from normal pregnancy (198), which is also
lower than the present study.

The rate of perinatal morbidity was found higher in the present study than
that of the Ivy’s study on DM pregnant women in Bangladesh and most of the
other study abroad. Also the rate is higher than the rate among the infants born to
normal pregnant women in Bangladesh.

This reflects that though the attempt to deliver the IDMs by cesarean
section save the life of the fetus in DM pregnancy but, possibly these infants were
suffered more due to high rate of preterm delivery, lower immune level of DM
mothers and staying in home at perinatal period, which needs further

consideration.

Type of perinatal morbidities
Regarding the type of morbidities, the important morbidities were found
respiratory distress syndrome (RDS), jaundice, umbilical cord sepsis and

opthalmianeonatarum among the infants of IDMs in the present study.

140
Chapter 4 discussion



Dhaka University Institutional Repository

Hyperbillirubinemia:

In this study, we found 38 cases of jaundice diagnosed clinically and
among them only 12.0% were diagnosed as hyperbilirubinemia by biochemical
test. Different other studies in country and abroad also observed jaundice and
RDS in IDMs as the important morbidities (82,23). Similarly the Mexican study
by Sandoval in 1995 observed lower rate of perinatal morbidities (47.3%) than the
present study and but the type of morbidities observed were similar with the
present study findings, hyperbilirubinemia (11.0%), hypoglycemia (8.0%) and
hypocalcaemia (4.0%) (126). Hyperbilirubinemia was defined as over 15 mg /dl
in this study like Kitzmiller study. Kitzmiller study found 19.0%
Hyperbilirubinemia in [DMs at Bringham and Women's Hospital (199). The rate
of hyperbillirubinemia observed in this study is very close to the findings of
Sandoval study but lower than the Kitzmiller study, The difference may be due to
different sample,

Respiratory distress syndrome (RDS):

Only 20 cases of clinically diagnosed cases of RDS were found in the
present study. Similarly Pearson in 1998 found respiratory distress as one of the
important perinatal and neonatal morbidities among the IDMs (200). A study
among the South Indians by Ramachandran in 1998 also found jaundice and RDS
as the most important morbidities of IDMs (201). Similarly higher rate of RDS
were found among the [DMs in other studies and the relationship of
hyperinsulinemia and respiratory distress syndrome among the IDMs were
studied in these studies. Stubbs et al studied the relationship of hyperinsulinemia
and respiratory distress syndrome among the IDMs and found strong positive
relationship between the RDS and hyperinsulinemia (202). Subsequently Kjos
and coworkers in 1990 (203) and Robert in 1997 analyzed the association
between the maternal glycemic status and occurrence of RDS among the IDMs
and found strong and significant (<0.001) association (204). Later studies by Lao
in 2001 further established the findings of the prior study and concluded, that
good glycemic control could reduce the RDS to a large extent (205). The present
study findings of higher rate of RDS were similar with the other studies
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mentioned where they also found higher rate of RDS among the IDMs.
Respiratory distress syndrome needs special mention and further consideration as
75% of total perinatal mortality in this study sample was due to RDS.

Neonatal hypoglycemia:

Neonatal hypoglycemia (defined as blood glucose level <35 mg/dl or <2.0
mmol/dl) was found only 12.0%, which was symptomatic and needs
resuscitations. In Bangladesh the rate was found higher (19.0%) in Nahar’s study
in 1992 (82) and Ivy’s study in 1998 (21.0%) than the present study (132). The
rate observed in present study was found very close to other two recent studies
where the pregnant women were under good glycemic control throughout the
pregnancy. Pal et al in 2000 in Nepal, found the rate of neonatal hypoglycemic at
birth 11.3% (206). Similarly Agarwai in 2001 found a rate of 13.0%
hypoglycemia at birth among the [DMs in India and the rate was higher than the
present study (207). Possible cause of lower rate of hypoglycemia in the present
study than the other studies is that the mother of this sample was under good
glycemic control in third trimester and at delivery.

Perinatal mortality

Only 4 early neonatal deaths (perinatal deaths), 2 ITUD and 5 stillbirths
were found in the IDMs but no perinatal death and stillbirth were observed in
control group. This constitutes a perinatal mortality rate of 55/1000 total births.
The present study used the definition according to recent WHO definition,
referred by Nelson in 1998 (208), which include stillbirth and early neonatal death
within 7 days of birth in perinatal death. No one died due to congenital anomaly
during perinatal period. Respiratory Distress Syndrome (RDS) was found the
major cause (75.0%) of early neonatal death in the present study. a higher rate of
perinatal mortality was observed by vy in 1998 in her cross-sectional study in
Bangladesh (128.0/1000 live birth)(132). Similarly Jahnagir in 1995 found a rate
of 171.8/1000 live births, which is much higher than the present study (131).
Variability of perinatal mortality was observed by different studies. Most of the
other authors found higher rates of perinatal mortality among the [DMs than the
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general population. The variation of the rate of perinatal mortality was observed
among the [DMs in different region. In a multi-center survey of diabetic
pregnancy in France, perinatal mortality was found slightly higher in diabetic
women than the general population (18/1000 live birth vs. 12/1000 live birth) but
the overall rate was lower than the present study (209).

Huddle et al in Africa found higher perinatal mortality rate of 66/1000 live birth
(210). Sobondi et al in 2000 in Saudi found the rate, which was similar (54/1000
total live birth) with the present study (211) but one very recent study conducted
abroad by Cundy in 2000 found lower rate (32/1000 live birth) than the present
study (212). Greater risk (2.5 fold) of perinatal mortality was observed by Dunny
et al in a twelve-year outcome analysis from 1990-2002 of pregnancy with type-2
diabetes (213).

This vanability of perinatal mortality rate of different studies with the
present study findings is possibly due to different time period and also most of the
study didn’t differentiated the complicated from uncomplicated diabetes mellitus
for analysis. The definition of perinatal mortality used variably in different
studies. Some of the earlier author didn’t include the late stillbirth rate in their
analysis but most of the author recently use the WHO definition of perinatal
mortality, which includes late fetal death, early stillbirth rate and use total live
birth as the denominator (208). Instead of high perinatal morbidity rate the rate of
early neonatal death is low, which reflects better management of perinates who
were morbid and admitted to neonatal intensive care unit of BIRDEM.

Glycemic status

The mean values for glycosylated hemoglobin percentages in all 3
trimesters in this study were found lower (5.1%+1.6) than the mean values found
in study by Langer et al (6.5%) in a group of diabetic pregnant women (214). The
possible reason is that the Langer study was cross-sectional in nature and the
pregnant women of the present study were under regular antenatal visits and
under regular monitoring for blood glucose from the first trimester. Choudhury et
al in 1988 compared the fasting blood glucose level of a group of Bangladeshi

pregnant women with that of the non-pregnant control group and observed no
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significant difference between the groups. Mean value of the fasting blood
glucose level of the non-diabetic women of the present study was very close to
that of the normal pregnant women of that study (215).

In this study, mean values for fasting blood glucose, postprandiol blood glucose
and glycosylated hemoglobin percentage of diabetic mothers were higher in the
first trimester and gradually declined to normal in the third trimester. And a large
proportion of (around 60.0%) diabetic mothers were not under good glycemic
control by all indicators at their first trimester. The finding of diabetes control and
complication trial is similar with the present study findings. The DCCT study
reported that, only 44.0% of all patients had an HbA,C % within the reference
range at least once during the study period (171). Other researchers from different
countries over a period of time from 1998 to 2001 also shared similar experience
and suggest improving the early glycemic status of the diabetic pregnant women
(216-218). This reflects a poor pre-conception care & counseling of diabetic
mothers. It is also difficult to do such type of care in a setting in a developing
country like Bangladesh.

Maternal morbidity
Infection:

In the present study, only 3 mothers (1.5%) in their last trimester from the
DM group suffered from urinary tract infection. This figure is quite low compared
to the finding of Nahar study in Bangladesh (8.5%) (132). Possible cause of a
very low rate of infection in this study population is that, they were
uncomplicated cases and were under good control after enrollment at first
trimester, also the duration of diabetes was not so long but only 1-5 years.
The other infections (respiratory tract infection and skin infection) were found
higher among the DM pregnant women in the present study compared with their
counterpart. No cases of post-wound infection was found in this sample. Higher
rate of infection among the DM pregnant women was observed by different other
studies. The infection rate was found higher (17.0%) than the present study in the
prospective study conducted by Eric in Ohio (219). Higher rate of maternal
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morbidity especially infection (10.0%) was also found in another 5 year
retrospective population based study on pregnancy outcome of pregestational
diabetic women in Germany (220), But the recent study by Rosmery et al in 2002
in a population-based study observed lower rate of wound infection (3.0%) and
urinary tract infection (4.0%) and the rate was close to the rate of present study
(221). The possible cause of higher infection rate is that the other studies was not
a matched cohort study rather they included at any time of pregnancy, on the
other hand it is reflecting that in the present study sample proper antenatal care
from the very beginning of the pregnancy may lower the infection rate close to the
nondiabetic pregnant women.

Hypertension & other related morbidity

Though the mean values of both systolic and diastolic pressure were within
normal limits in all three trimesters, 9 mothers developed hypertension by the 2™
trimester in the DM group compared to none in the NDM group. These 9 mothers
who developed 'pregnancy induced hypertension' in the 2™ trimester, were no
longer hypertensive in the 3" trimester, rather 10 new cases developed
hypertension during that time.

There were only 7 cases of pre-eclampsia (3.5%) in the 2™ trimester and they
were under control by the 3™ trimester but 2 new cases of pre-eclampsia
developed in that time.

A hospital based cross-sectional study in Bangladesh found a rate of pre-
eclampsia of 21.0%, which was much higher than the present study (23).

In a study in the UK higher rates than the present study was observed, where pre-
eclampsia complicated 13.6% of diabetic pregnancy, and in that study,
individually in 'White class B, the rate was found 10.9% (222). Similarly Rosen
et al observed higher rate 15.0% in 2001 than the present study (223).

The occurrence of low pregnancy-induced hypertension and pre-eclampsia in the
DM group in this study is possibly due to regular antenatal care from the first

trimester.
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Anemia

The rate of anemia was found more in the DM group than their counterpart in all
3 trimesters but higher in the 3" trimester (36.0% vs 11.6%). The rate was
increased in the DM group from 1 trimester to last trimester. In a cross-sectional
comparative study at the BIRDEM hospital, Ali et al in 1999 found higher rate of
anemia in diabetic mothers compared to non-diabetic mothers (22). In another
study of DM and GDM pregnant mothers at the BIRDEM by the same research
group, 38.0% of pregestational diabetic mothers were found anemic which is
close to the present study findings (224).

Why diabetic mothers are more anemic than that of the non-diabetic group
is not clear. But there is a possible theoretical explanation, it is established that the
diabetic patient has disturbed metabolism of many nutrients especially zinc and
the diabetic patient was observed deficient in zinc and suffered from zincuria and
zincanemia (225). That alteration of zinc metabolism reduces vitamin A
absorption, which is again linked in the causation of anemia. The possible
mechanism is that vitamin A deficiency reduces the non-heme iron absorption in
blood and there is a strong relationship between vitamin A deficiency and
occurrence of anemia (226-228). There is a need to explore the causal relationship
of developing anemia in diabetic pregnant mothers. Because the anemia it self
complicates pregnancy outcomes.

Polyhydromnios

Only 2 (1.0%) cases of Polyhydromnios were found in the DM pregnant
women in this study. This rate was lower than the other studies in Bangladesh, Ivy
in 1998, found 12.7% (132) and Begum et al in 2000 found 4.8% (224). The
diabetes care and research group in Europe conducted study on DM pregnant
women and found higher rate of polyhydromnios (15.0%) than the present study
in women with uncontrolled blood glucose level (229). A ten-year outcome
analysis of diabetic pregnant women in Northem Ireland found decreasing trends
of polyhydromnios in well-controlled diabetic pregnant women (230). Possible

cause of higher rate in those studies than that of the present study was due to the
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cross sectional design and inclusion of all classes of diabetes i.e. pregestational

and gestational diabetic cases.

Fetal presentation and cesarean section

[t was observed that in the DM group the breech presentation was more
compared to the NDM group (11.1% vs. 1.0%), and only one case of 'transverse
lie' was found in the DM group in the present study. In this sample, cesarean
section was more (69.3%) among the DM pregnant women than the non-diabetic
pregnant women (6.5%). At BIRDEM hospital of Bangladesh Banu in a large-
scale retrospective study on outcome of diabetic pregnancy found lower rate
(52.8%) of cesarean section in comparison to the present study. But the rate was
higher than the non-diabetic pregnant women of that sample (81). A lower rate of
cesarean section (48.0%) were found than the present study in diabetic pregnant
women in a study conducted by Robert et al in 2001(231). Possibly due to the fact
that the present study didn’t differ the number of cesarean section due to cause
directly or indirectly related with maternal diabetes from the number of cesarean

section due to other cause.

The comparison of maternal nutritional status of the diabetic and non
diabetic pregnant women

The enrollment weight was taken before 12 wks of gestation, which was
considered as the early pregnancy weight. In this study almost all anthropometric
measurements including early pregnancy weight, early pregnancy BMI, MAC,
biceps and triceps skin fold thickness and total weight gain were found
significantly greater in diabetic pregnant women than that of the non-diabetic
pregnant women. The present study tried to find out nutritionally at risk mothers
on the basis of accepted cut-offs points for MAC and BMI for different outcomes.
On these cut-offs, no group difference was observed. A cross-sectional study in
Bangladesh also observed similar results (224).

Percentage of overweight and obese detected by BMI was significantly

more in the DM group whereas percentage of underweight women was more in
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the NDM group in the present study. Similar with the present study it was
observed that the incidence of diabetes was twice among the women, who were
20.0% or more over ideal weight than that of non-obese (232). Similar with the
present study findings, Sullivan also found that the women with greater weight
are subsequently developed diabetes (233). Findings of Hanson in 1995
substantiated the findings of Sullivan’s study and commented that weight gain
and weight fluctuations developed latter diabetes (234). Similar like the present
study findings of higher weight in DM pregnant the studies by Anastosion in 1998
and Branchte in 2000 found greater weight and short height in gestational diabetic
pregnant women in abroad (235,236).
Weight gain

In both DM and NDM groups, near half of the mothers suffered from
“chronic maternal undernutrition” as detected by WHO cut-off value of weight
gain of <350g / week. When we considered underweight and gestational
undernutrition, DM mothers were found comparatively better than their non-
diabetic counterpart. This apparent better state may not be a reflection of better
nutritional status for diabetic women rather increased lipogenesis in diabetes may
be a causative factor (237). Fetal and infant growths are characterized by “critical
periods” during which all essential nutrients must be available, otherwise growth
and development will not proceed normally (238). We will refer 'total weight'
gain as weight gain.
In the present study, the difference became significant between the groups for
total weight gain and total weight gain per week. Although the total weight gain
was significantly greater in DM (8.6+3.2) group than that of the NDM (7.9£2.5)
group, this gain is much lower compared to a group of diabetic mothers in New
York Hospital (14.5 kg) observed by Jovanovic1980 (239).

MAC changes
The use of arm circumference for nutritional status monitoring for
prediction of pregnancy outcome has been recommended by various researchers

due to its ability to predict various pregnancy outcomes and its practical
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advantages compared to other anthropometric measurement (240). In our study,
both the groups gained MAC till 28" wk of pregnancy & lost between 29" to till
delivery, though the group differences were not significant. The percentile
distribution observed a significant difference between the groups and median loss
for diabetic mothers was found significantly more.

As we did not find any study on MAC changes in diabetic mothers, the
discussion will be concentrated on non-diabetic pregnant women only. Similar
with the present study, in Kenya, Jansen et al found an increase of MAC in first
two trimesters and then a decrease between the second and third trimesters (240).
In India, Agarwal et al reported that mean arm circumference was similar in all
three trimester (241). Similar with the present study the above described study
also found a loss of MAC throughout the pregnancy.

Weight changes by early pregnancy weight categories

It is established that undernutrition affects birth weight and other
pregnancy outcomes. Similarly, excessive weight gain is also detrimental to
neonatal and maternal health (242).
In the present study, an attempt was made to analyze the weight gain according to
different nutritional status as recommended by WHO consultative group on
pregnancy outcome. The variation of weight gain by different weight status in
early pregnancy is overt in this study. In the DM group, underweight pregnant
mothers gained maximum while normal mothers gained least, whereas in case of
NDM group obese mothers gained maximum and underweight mothers gained
least. Compared to the recommended weight gain pattern for different nutritional
categories (243), the underweight, normal and overweight mothers of both groups
gained, whereas the obese mothers gained more than the recommended values in

the present study.

Relationship between maternal characteristics with perinatal morbidity
Relationship between maternal characteristics with perinatal morbidity

was elucidated in the present study and found increased risk of developing

149
Chapter 4 discussion



Dhaka University Institutional Repository

perinatal morbidities when maternal monthly income <10,000/-, height <152 cm,
total weight gain <7.0 kg. A number of studies in Bangladesh found strong
relationship of maternal monthly family income, maternal height and total weight
gain with perinatal morbidity and neonatal death (244-246),

Many fold-increased nisk of developing perinatal morbidity was observed in the
present study in [DMs of mother with uncontrolled blood glucose level at any
time during the pregnancy. Risk found 12.5 fold when maternal third trimester
glycosylated hemoglobin percentages was >6.0% and 4.2 fold when maternal
second trimester glycosylated hemoglobin percentages >6.0%. Cousine in 1991
also found similar results in both pre-gestational and gestational diabetes, there is
an increased rate of perinatal morbidity in infants born to mothers with
uncontrolled blood glucose level (247). Similarly Hosamane in 1990 showed
positive association between maternal blood glucose level and perinatal morbidity
and mortality (248),

Relationship between maternal nutritional status and glycemic status with
neonatal nutritional status at birth of DM group

It 1s well recognized that there are multiple factors, which contribute to
fetal nutritional status in utero. The effect of intrauterine fetal nutrition is reflected
by nutritional statuses of the newborn at birth and detected by birth weight and
other anthropometric measurement. However the study of these factors is
complex, because of the inter-relationship between the various variables and the
difficulties in determining an independent effect of any particular variable on
birth weight.

This study examined selected socio-demographic and maternal
anthropometric variables, which are known and established by most of the authors
(249-251).

Relationship between neonatal anthropometric measurement and associated
variables were examined in two ways, birth weight, length, head circumference
and mid arm circumference was treated as continuous variables and also as

categorical variables using 2.5 kg as low birth weight, >3300.0 g as large for date
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and >4000.0 kg as macrosomy. Relationship between perinatal health status and
neonatal anthropometric measurement and maternal glycemic status was treated
as categorical variables using <7.0 kg as low weight gain, <MAC <9.0cm as low
nutritional status of the newborn and glycated hemoglobin percentages <6.0 as
good glycemic status.

Relationship between maternal socio-demographic status and birth weight

There i1s a large volume of data where marked socio-economical
differentials in birth weights have been repeatedly reported in different studies. In
this study relationship was found between the total monthly family income with
nutritional status at birth, as reflected by birth weight and mid arm circumference
of the newbom in both the group. And explains 32% of variation of birth weight
due to one unit change of monthly income of the family in case of [DMs. Similar
result was observed by different studies. A gradient of birth weight was observed
by different studies in different socio-economic status (252,253). Similar Positive
association was observed between family income and birth weight in some other
recent studies. Even within low-income group the difference (100-150g) existed
between the poorest and the less poor (254-256).

Relationship between mother’s educational status and mean birth weights
was found when both group combined together but individual analysis for the DM
group found no relationship. However the NDM group existed strong positive
relationship. WHO multi-centric study also found similar findings like the present
study, that there is a strong positive relationship between mother’s educational
status and mean birth weight. A trend for increasing mean birth weights with
more education was apparent in the Bangladesh, India, and Srilanka in (257).
Kramer in 1991 in his Meta analysis also found strong relationship between
mother’s educational status and birth weight (258).
Unlike the study by Fekeri in 1994 and by Shamema in 2000, the present study
found no relationship between birth spacing and birth weight (259,260). Possible
cause 1s due to the matching of the two groups by parity in the present study.
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Maternal nutritional status and relationship of neonatal nutritional status

The present study observed strong significant positive association of
maternal nutritional status (early pregnancy weight, early MAC, matemal height,
early pregnancy BMI and weight gain) during pregnancy and newborn nutritional
status at birth as reflected by birth weight, baby mid arm circumference, baby’s
head circumference and recumbent length. But baby's chest circumference was
significantly correlated only with early pregnancy BMI.

Afier controlling the other factor the family income, maternal weight and
weight gain shows independent effect on birth weight of both the group in the
present study. Similar result was found by most of the studies, where they
examined the relationship between maternal pre-pregnancy weight and weight
gain on birth weight. A similar finding was observed in Bangladesh by Ahmed et
al in 1994 and Shamema in 2000 where they found significant correlation
between maternal weight gain and birth weight (260, 261). Fung et al in
Singaporean women reported significant relationship between birth weight and
maternal weight (262) and the results was similar with the present study. Richard
in 1999 (263) and Olson in a very recent study in 2003 (264) found significant
relationship of maternal weight gain with neonatal birth weight. And the present
study finding is very similar with the findings of the above-mentioned studies in
this respect. In Tanzania, Eastman and Jackson in 1998 found 10% of the
variation in birth weight could be explained by maternal pre-pregnancy weight
and pregnancy weight gain (265). Whereas in the present study 25% of the
variation of birth weight is explained by maternal early pregnancy weight and
weight gain during pregnancy. In accordance with the present study findings the
CDC Pregnancy Nutrition Surveillance System (PNSS) in USA showed that pre-
pregnancy under weight and inadequate gestational weight gain were associated
with greater risk for low birth weight (LBW) (266).

We were limited in our discussion to compare only the study conducted on

normal pregnant women because extensive research on relationship of maternal
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weight, BMI, weight gain and MAC with pregnancy outcome, neonatal outcome

and perinatal outcome on diabetic women are not available.

Neonatal nutritional status relationship of glycemic status and:(IDMs)

In this study birth weight was found significantly correlated with 1* and
3" trimester fasting blood glucose level whereas, baby MAC was significantly
correlated with 3 trimester fasting blood glucose level. A Postprandiol blood
glucose level at 2™ trimesters was significantly correlated with birth weight, The
finding is in accordance with study by Jovanovic in USA (267), where they also
found strong positive relationship between maternal blood glucose level and birth
weight.

Finally in Logistic regression analysis diabetes showed significant

(p<0.001) independent effect on birth weight MAC, chest circumference and
ponderal index of infants of diabetic mother in this study and explains 25%, 27%,
20% and 13% of variation of the birth weight, MAC, head circumference, chest
circumference and ponderal index respectively.
There are a number of studies showing the relationship of maternal glycemic
status with birth weight of the infant of diabetic mother. Birth weight was found
commonly related to maternal glycemic status. Fujimoto in 2000 found 36% LGA
infants in women who had HbA;C% more than 7.0% (268).

Maternal morbidity relationship with maternal glycemic status

Maternal morbidity at first trimester, second trimester and third trimester
was related with maternal glycemic status for all three indicators (Fasting blood
glucose, postprandiol blood glucose and glycosylated hemoglobin percentages) at
all three trimesters. When the maternal third trimester HbA,C% was above 6.0%
the risk of morbidity was increased three fold in this study. Similarly, Sibai in
2000 and Partidas in 2000 found strong positive relationship between HbA,C%
>6.0% (p<0.001) with maternal morbidity in pre-gestational diabetic pregnant
women (269,270),
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Preterm relationship with maternal glycemic status

We did not find any relationship of 3 TM HbA,C% with preterm
delivery. This finding is different from the recent study where the timing of blood
glucose control was evaluated in depth and concluded that HbA,C% in the third
trimester 1s related to preterm delivery in DM pregnant women. Lepereq et al
found that HbA,C% at 28" week of pregnancy is the best predictor of preterm in
2002 (271). Another study by Kovilam in 2002 in Type-1 DM pregnant women in
Ohio also found similar association of poor glycemic control with an increased
risk of spontaneous preterm delivery, where for one percent increase of
glycosylated hemoglobin the risk of spontaneous preterm delivery was increased
by 37% (272). Possible reasons of difference of findings are that most (81.0 %)of
the mothers in the DM group in this study were under good control at third

trimester.

Limitation of the study: This study examined selected biochemical findings for
perinatal morbidity and mortality instead of details bio-chemical examination. In
addition this study didn’t examined autopsy of the infants.

The maternal nutritional status was detected only by anthropometrical
measurement and hemoglobin status but details bio-chemical parameters were not
included due to resource constraints. Also we were limited to do this study in

multicentric trial. This research may be triad in a multi-centric trial.
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Summary

Backgrounds:

Diabetes is an emerging health problem in Bangladesh. The infants of diabetic
mother suffered more from perinatal morbidity and mortality thus contributing
a significant proportion of infant mortality in Bangladeh, The diabetic
pregnancy is beset with many problems but the pregnancy outcome and
perinatal outcome of IDMs is largely unknown in Bangladesh. With this end
in view, the present study was designed and conducted. This study aimed at
comparing the maternal nutritional status, pregnancy outcome and perinatal
outcome between the diabetic and non-diabetic pregnant women attended at
BIRDEM hospital. And to explore the relationship between the maternal
nutritional status, and glycemic status with that of the maternal, fetal and
perinatal outcom.

Methodology:

This prospective study was conducted on a cohort of two hundred pre-
gestational diabetic pregnant women (DM) and their matched control of non-
diabetic (NDM) pregnant women. The sample was drawn from the women
who attended at the outpatient department of the (BIRDEM) Hospital for
antenatal checkup. The total period of study spanned over a period of 19
month (15" May 2000 to 15" December 2001). Pregnant women during their
first trimesters (<12" week) were screened and selected by inclusion criteria
for the study. The group was matched for gestational age, parity and
occupation of the husband. They were followed at each trimester of the
pregnancy, during labor, postpartum period and their newborns at clinic and in
their homes till perinatal period.

Maternal nutritional status (detected by early pregnancy weight,
weight gain, MAC, hemoglobin concentration) and glycemic status
(glycosylated hemoglobin percentage and blood glucose levels) were
measured in each trimester . Anthropometric measurements of mothers and
newborns were taken following standard techniques. Gestational age was
detected by last menstrual period (LMP) and subsequently confirmed by ultra-
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sonography (USG). Maternal, fetal and perinatal morbidity and mortality was
also recorded.
Result:

The groups were not different on matching characteristics. They were
significantly different (p<0.001) in monthly income and education with lower
values for DM mothers. The DM mothers were significantly older (p<0.001)
than their counterparts. Nutritional status at enrollment was significantly
different between the groups in all measurements (p<0.001) with higher
values for DM mothers. The DM mothers were more obese (31.5% vs.18.0%:
p<0.001) than the non-diabetic mothers who were underweight (5.5.0% vs.
17.5%) during early pregnancy (p<0.001). In all 3 trimesters, the rate of
anemia was found more in the DM group and mean hemoglobin
concentrations were also lower in this group (p<0.001).

Mean values for fasting blood glucose, postprandiol blood glucose and
glycosylated hemoglobin percentage were higher than normal range for
diabetic mothers in the first trimester and gradually declined to normal in the
third trimester. Maternal morbidity was more in DM group in all three
trimesters (p<0.001).

Total weight gain was significantly higher (p<0.02) in the DM group
(8.6+3.2 vs. 7.9+2.5 kg) than that of the NDM group. Total weight gain
between 1™ and 2™ trimester was not different between the groups but differed
significantly (p<0.02) between 2™ & 3" trimester in favor of the diabetic
group. Both the group gained MAC in 1* trimester to 2™ trimester but losses
in 2 to 3" trimester, but the group difference was not significant. DM
pregnant women suffered significantly (p<0.001) more from different types of
morbidities throughout the pregnancy than that of the NDM group. Live birth
rate in the DM group was found 98.0%, which was 100.0% in the NDM
group. Breech presentation and cesarean section was more in DM group. The
rate of low birth weight was found 21.6% in the DM group and 24.1% in the
NDM group in this study. A greater proportion of infants of DM mothers were
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'large for gestational age' (LGA) and the difference was significant between
the groups at the level of p<0.001.

Overall rate of preterm (<37week) in DM was more than the NDM
group 41.5% vs 6.2% and baby born <34 week of gestational age was 16.2%
in DM group and none in the NDM group. Nutritional status of the newborns
was significantly different between the groups with higher values for the DM
group by all anthropometric measurements.

Mean birth weight was found significantly (p<0.001) greater in the
infants of diabetic mothers (IDMs) (2850.6+577.1g) than that of the infants of
NDM mothers (2651.1£344 4g). All macrosomy babies were found among
diabetic mothers and [IDMs suffered significantly (p<0.001) more from
perinatal morbidity. Most important perinatal morbidities were jaundice, and
respiratory distress syndrome.

Only the infants of diabetic mother experienced perinatal mortality and
the rate was observed 55/1000 total births. Diabetic mothers experienced nine
(9) fetal losses constituting a rate of 45/1000 total live births compared to no
loss in the NDM group. There were 2 abortions, 5 stillbirths and 2 late fetal
deaths (IUD) in the DM group. The rate of congenital anomaly was 10/1000
total births in the DM group who were neither under regular antenatal check
up or had a euglycemic state throughout the pregnancy.

In DM group strong relationship was found between the maternal
nutritional status and fasting blood glucose level with the maternal morbidity.
Mothers with glycosylated hemoglobin percentages more than 6.0 % at 3™
trimester was found 3.2 times at risk for developing maternal morbidity.

Relationship was found between the maternal nutritional status and
neonatal nutritional status (birth weight & MAC and head circumference) in
both the groups. Maternal risk factors identified for developing perinatal
morbidity was found monthly income <10,000/-(2.5 fold), total weight gain
<7.0 kg (2 fold), 3" trimester HbA,C% >6.0 (12.5 fold) and for 3 trimester
maternal morbidity (8 fold).
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The neonatal factors having risk of developing perinatal morbidity was
found, LBW (8 fold), [UGR (18 fold) and apgars score <8 at birth (12 fold).
Maternal glycemic status was found significantly associated with large for
gestational age (LGA), macrosomy and perinatal morbidity in the DM group.

On multiple regression analyses, newborns of diabetic mothers were
found to have higher weight, head, chest and mid arm circumferences after
controlling possible confounding factors. After controlling all the
confounders, family income and total weight gain showed significant effects
on birth weight in both the group.

Maternal family income, education, nutritional status in early pregnancy, and
weight gain during pregnancy, is highly correlated with maternal morbidity
and neonatal nutritional status. Maternal glycemic status, maternal morbidity,
low weight gain, low family income, low birth weight, low MAC, TUGR and
low apgar score was found as important risk factor for perinatal morbidity.
Though adversity in the maternal fetal and perinatal outcome is more in DM
pregnant but close monitoring of blood glucose and adequate treatment may

control all adverse effects.
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Conclusion:

The DM mothers were older than their non-diabetic counterparts. The
diabetic pregnant women were significantly different in monthly income &
education with lower values for DM mothers.

Nutritional status at enrollment detected by weight and MAC was
significantly different between the groups in all measurements and continued
to be till to the postpartum. Total weight gain was more in DM group and
differed significantly between 2™ & 3™ trimester. In all 3 trimesters, rate of
anemia was more in DM group.

Maternal morbidities i.e pregnancy induced hypertension and pre-
eclampsia was more in DM group in all 3 trimesters and was found strongly
related with maternal glycemic status, family income and nutritional status.

Diabetic mothers experienced fetal losses whereas NDM mothers
experienced none. Most of the preterm, LGA and macrosomy babies were
found among the diabetic mothers. Infants of diabetic mother suffered
significantly more from perinatal morbidity. Perinatal mortality was observed
only in infants of diabetic mothers. Matemal glycemic level had strong and
significant effect on maternal morbidity, LGA, and perinatal morbidity.

Diabetic group showed independent significant effects on
anthropometric measurements like weight, head circumference, chest
circumference and mid arm circumference after controlling possible
confounding factors.

Nutritional status of the newborns was significantly different between
the groups. Low weight gain during pregnancy, and low family income had
independent significant effect on birth weight. Lower family income, low
maternal education, low maternal nutritional status in early pregnancy, low
weight gain during pregnancy, maternal morbidity, low birth weight, [UGR
and low apgar score at birth was found significantly associated with perinatal
morbidity in both the group.
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Lessons from the study:

A large number of mothers were not under good glycemic control
in first tnimester. So this study emphasizes for strengthening of
preconception care of already diagnosed diabetic women and the
high-risk group from the date of marriage. May be education on
diabetes and diabetic pregnancy was too inadequate. Overall risk
of DM pregnancy may also be included in the education program.
Weight gain pattern was not optimum according to different
nutritional status categories by early pregnancy weight. So instead
of inadequate diet or knowledge yet they showed that the overall
average total weight gain was not bad. This study revealed that the
nutrition care and follow-up need strengthening for both the
diabetic and non-diabetic pregnant women.

Maternal morbidity, pregnancy loss and perinatal morbidity was
more in DM group so it needs further consideration to explore the
preventive measure. Especially the home care at perinatal period of
the newborn may be extended up to perinatal period to reduce
perinatal morbidity rate.

Due to higher rate of cesarean section late fetal death was reduced
but preterm delivery was high and might caused higher rate of
perinatal morbidity which needs further emphasis to reduce infant
morbidity.

Team approach in managing DM with proper blood glucose
monitoring, medical care and nutritional care from early pregnancy
is needed. The team member consisting of gynecologist,
nutritionist, clinical psychologist, and diabetologist will prevent
the adverse pregnancy outcome of infant of diabetic mother to a

great extent.
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Informed consent form

[ hereby consent to participate in the study entitled "A comparative study on nutritional
status and pregnancy outcomes of pre-gestational diabetic and non-diabetic pregnant

mothers."

I will participate in the following:

a) Responding to the interviewer regarding my demographic and other study related
questions.

b) Permitting collection of body measurement.

¢) Permitting the examination of the newborn at birth and after 7 days.

[ understand that all information will be kept strictly confidential, and I have got the right

to ask any question explaining any point. I can withdraw from the study at any time. [ am

giving consent willingly to take part in the above-mentioned study.

date:

Participant's signature

Women's verbal consent
The women named bellow has read the information / has been informed by the

interviewer the nature and extent of her participation in this study. She is willing to take
part in this study.

Investigator's signature
IDENTIFICATION NUMBER:
NAME OF THE WOMEN:
ADDRESS OF THE WOMEN:
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Appendix -1

INSTITUTE OF NUTRITION AND FOOD SCIENCE, UNIVERSITY OF DHAKA

A comparative study on nutritional status and pregnancy outcomes of
pre-gestational diabetic and non-diabetic pregnant mothers.
ing for

(Criteria for exclusion)

ID NO

Date of interview

dd mm yy

A.1. Are you from Dhaka City ?  Yes O no O

A 2. How many living children do you have? O

A3. How old are you ?

(If approximation please write about ---————eun-)

PROBING to find out the age the following event related questions.
3.a What is your birth year according to English / Banglayear? [0 [0 (OO0 O
How many years after liberation you were born? [ ]

(If the age 1s <20 year or > 35 years stop interview)

A 4. How many years you are suffering from diabetes?
PROBING to find out the time of diagnosing of diabetes and confirmed by
observing the notebook.

(If the duration of diabetes is <1 year or > 5 years stop interview)
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Part -1 Appendix -1

INSTITUTE OF NUTRITION AND FOOD SCIENCE, UNIVERSITY OF DHAKA

A comparative study on nutritional status and pregnancy outcomes of

pre-gestational diabetic and non-diabetic pregnant mothers.

Identification form
IDENTIFICATION: CODE NO. REG. NO.—————
NAME: AGE :
DORB:

PRESENT ADDRESS:

PERMANENT COMMUNICATING ADDRESS OF ANY RELATIVES:

CONTACTING TELEPHONE NO:
(0) (RES}) {OR)

DATE OF EXAMINATION

BED NO /ADMISSION NO: Date of admission:

WEEK OF PREGNANCY: ——————  TRIMESTER: 1°' [ (] 2"°[T] 3% [7]

DIABETIC [ |  NONDIABETIC
If diabetes-----Duration--------- yr -

months
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PART 2 Appendix -2
Basic information ID. NO.
1. SOCIO-DEMOGRAPHIC HISTORY.
Q. 1. Can you please tell me how far you have read?
1-10. Exact clas 11. SSC passed lZ.lntenncdiatcE] 13. HSC passedD
14. On graduation | ]15. Graduated [ ] 16.On MA [ ] 17. Masters passed [ |
Q.2. How far your husband has read ?
1-10. Exact class 11. SSC passed D 12.Intermediate D 13. HSC passed D
14.0n gradualionD 15. Graduated D 16. On MA |:| I 7. Masters passed D

Income:

Q.1. Husband's occupation: (Exact designation)

Monthly income: -—---—————-tk/-

Q.2. Respondent's occupation: (Exact designation )-

Monthly income: -————---———-tk/-

Q. 3. Other eaming members:

Monthly contribution:

Q. 4. Added source of income /-tk.

Monthly income:

Q 5. Total income of the family: (-tk

Q.6. Total expenditure on food in last month:
a. Rice:

b. Vegetables:
c¢. Fish & Meat:
d. Snacks and breakfast:
e Oil :
f. Others:
Q. 7. No of bed room in your house?

Q. 8. Total no. of family members in your house ?
Q. 9. No. of possession. 1. Car—Yes [ ] 2.No []

Q. 9. Are you an owner of the house ? 1. Yes [ | 2No | ]
Q.10.1f in rented house: Rent i§ ——---—mmmnnmm- ---tk/- per month,
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PART 2 (Contd.)

2. PAST OBSTETRICAL HISTORY.

Q1. Para [] Gravida [ ]Birthorder [ ] ALC: yr----eme month-—---—

Q.2. Complicated Previous Obst. history : 1.Yes D 2 No[':l 6. NKAD

Q.3. Ifyes, what was? P, specify:---------=-----

Q4. Method of past delivery: 1. Spontaneous vaginal D 2. Other (Forceps,
episiotomy, ventose) D 3 CesareanD 4. Therapeutic delivery D 6. N/A D

Q.5. Place of delivery:

Q.6. Delivery was conducted by

Q.8. Cause of cesarean delivery-------s~=-- , therapeutic delivery-------ememmmue- ;
Other type of delivery---ss-s-=eeeeeeu---
Q.9. No. of abortion |:| No. of TUD D No of still birth
Q.10. Is there any previous medical complication to mother during pregnancy?
. Yes [ ] 2No [Jé6NA O
Q.11. If yes what type of complication? 1. Hypertension |:| 2. Edema D
3.Diabetes [ | 4.Hyper/ edemaboth [ | 5.0ther| | 6.NK[ ]

Q. 12 . Is there any medical /birth complication to the previous Baby? .
l.Yes[ ] 2No []3.NK [7] 6.NA []
Q.13. If yes, What type of complication?
1. Asphyxia [ ] 2. Umbilical cord sepsis L] 3. Birth injury (]
4. Moulding of head D
5. Opthalmia neonatarum |:| 6. Other, please specify--——m-mmmmmme-mx 7. NK D
Q.14. Birth weight of the previous child: ---=--eneeceew---

3. PAST MEDICAL HISTORY: (mothers)

Q: 1. Is there any known medical problem?

I.Yes[ | 2No [ ] 3 Notknown [ ]

Q. 2. If yes, which of the followings? 1. Hypertension DZ. Diabetes D 3.CHD D
4. Anemia D 5. Others D
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PART 3 Appendix -3
At <12, ID.NO.

1. NUTRITIONAL STATUS OF PREGNANT MOTHER:

Anthropometry Height ---------- <m. Body Weight------ kg
MUAC--e-msemee -cm BMI
Skinfold thickness: 1. Triceps-=-==-== mm 2. Biceps----mmmmmmmmmmm mm
3.Subscapular------ mm

2. OBSTETRICAL FINDINGS:
Q: Last menstrual period (LMP)
Q: Expected date of delivery (EDD)
Q: Is the uterus per abdomen palpable? 1. Yes D 2. No D
Q: If yes, Fundal height (SFH): cm.

(0 € — week.
3. GENERAL EXAMINATION:
Build: Thin /Normal / Overweight /Obese

Jaundice: (The sites to be noted bulbar conjunctiva, under surface of the tongue, hard
palate and skin). 1. Present D 2. Absent D

Pulse:-—wermeeeer Blood pressure (mean of the 3 readings) in mm.Hg.:
1.Standing------ 2. Lying--—meemm=em-

Heart:  1.NAD [ ] 2. Any problem, please specify------

Lungs: 1. NAD D 2. Any problem, please specify -«-sun

Ldema: 1. Present D 2. Absent D

Evidence of malnutrition:

Glossitis: 1. Yes [ | 2.No [ ] Angular stomatitis: 1. Present [ | 2. Absent [ ]
Visible thyroid gland: 1. Present D 2. Absent |___]

Treatment history: 1. Diet 2, Insulin: Type , Dose--—e-rmmmmommoanee 3
Other:; -----

Gestational diabetes:

During previous pregnancy: 1.Yes |:I 2. No [:]

If yes: Duration year: month.,
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PART 3 (Contd.)
4. MORBIDITY HISTORY:
Q: Any other medical problem in the last 3-month? 1. Yes D i Nolj
3. If yes, please specify:
Q: Whether treated: 1. Yes D 2. No |:|
Q: Any other medical problem in the last 1-month? 1. Yes [ | 2. No[_]
3. If yes, please specify:

5. BIOCHEMICAL / LABORATORY INVESTIGATION:
Blood Test:

1. Hemoglobin concentration --=------- gm/dl (Date of examination-=--==-sumnumeues )
2. If diabetic: HbA ,C% %
3. Blood sugar level: (Date of examination-=----=-=e==amm-ax )
a. Fasting mmol/l
b. 2 hrs after breakfast (AFB )---=sss——- mmol/I
4. Urine Test: a. Sugar: b. Albumin :
|.Present--++ 2 Present +++ 3. Nil |.Present ++ 2. Present +++ 3. Nil

c. Urine for Acetone: 1.Present ++ 2. Present +++ 4. >+++ 3 Nil

6. ANY ABNORMAL FINDINGS: (Found in routine examination)

e

b I L~

OUTCOMES OF PREGNANCY:

Date of next antenatal visit:

Date of blood examination:

Cause of exclusion or drop out from the study:

Date of exclusion:
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PART 4 Appendix <4
At 26-28""%, ID.NO.

I. NUTRITIONAL STATUS OF PREGNANT MOTHER:

Anthropometry : Height «-eeeeeee-cm. Body Weight------ -——kg
MUAC----  —— BMI
Skinfold thickness: 1. Triceps=-—----mm 2. Biceps—----=----—mm
3.Subscapular------- mm

2. OBSTETRICAL FINDINGS:
Q: Last menstrual period (LMP)
Q: Expected date of delivery (EDD)
Q: Is the uterus per abdomen palpable? 1. Yes D 2. No D
Q: If yes, Fundal height (SFH): -cm.

USG : —-
3. GENERAL EXAMINATION:
Build: Thin /Normal / Overweight /Obese
Jaundice: (The sites to be noted bulbar conjunctiva, under surface of the tongue, hard
palate and skin). 1. Present D 2. Absent D

Pulse:~eeseeen~ - Blood pressure (mean of the 3 readings) in mm.Hg.:

week.

|.Standing---—-- 2. Lying-------=mesx

Heart: 1. NAD D 2. Any problem, please specify---—

Lungs: 1. NAD E] 2. Any problem, please specify ------

l'dema: |. Present l:] 2. Absent D

Evidence of malnutrition:

Glossitis : 1. Yes D 2. No D Angular stomatitis: 1. Present D 2. Absent D
Visible thyroid gland: 1. Present [ ]2. Absent [ |

Treatment history: 1. Diet 2. Insulin: Type , Dose- 3.
Other: -—

Gestational diabetes:

During previous pregnancy: 1.Yes D 2. No D

If yes: Duration year month.
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PART 4 (Contd.)
4. MORBIDITY HISTORY:
Q: Any other medical problem in the last 3-month? 1. Yes D 2. Nc[—_-'
3. If yes, please specify:
Q: Whether treated: 1. Yes D 2No [ ]
Q: Any other medical problem in the last 1-month? 1. Yes [ ]| 2. No[_]
3. If yes, please specify:

5. BIOCHEMICAL / LABORATORY INVESTIGATION:
Blood Test:

I. Hemoglobin concentration ——------gm/ dl (Date of examination-----=-nnm---—-- -)
2. If diabetic: HbA C% %
3. Blood sugar level: (Date of examination------——-----=--)
a. Fasting mmol/l
b. 2 hrs after breakfast (AFB }-----------—- mmol/I
4. Urine Test: a. Sugar: b. Albumin :
|.Present--++ 2 Present +++ 3. Nil 1.Present 4+ 2. Present +++ 3, Nil

¢. Urine for Acetone: |.Present ++ 2. Present +++ 4. >+++ 3. Nil

6. ANY ABNORMAL FINDINGS: (Found in routine examination)

OUTCOMES OF PREGNANCY:

Date of next antenatal visit:

Date of blood examination:

Cause of exclusion or drop out from the study:

Date of exclusion:
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PART § Appendix -5
At 32-34"™, ID. NO.

1. NUTRITIONAL STATUS OF PREGNANT MOTHER:
Anthropometry : Height -———---<cm. Body Weight------ -——--kg.
MUAC

~——CM BMI

2. OBSTETRICAL FINDINGS:
Q: Expected date of delivery (EDD} D
Q: Fundal height (SFH): cm. D
USG | —————- week.
3. GENERAL EXAMINATION:
Build: Thin /Normal / Overweight /Obese

Jaundice: (The sites to be noted bulbar conjunctiva, under surface of the tongue, hard
palate and skin). 1. Present D 2. Absent |:|

Pulse:mammmemne—- Blood pressure (mean of the 3 readings) in mm.Hg.
|.Standing--——- 2. Lying——-——-

Heart:  1.NAD [] 2. Any problem, please specify---—

Lungs: 1. NAD |:| 2. Any problem, please specify ~——-

Edema: I. Present [ | 2. Absent [ ]

Evidence of malnutrition:

Glossitis : 1. Yes |:| 2. No |:| Angular stomatitis: 1. Present D 2. Absent D
Visible thyroid gland: 1. Present [ ]2. Absent [ ]

Treatment history: |. Diet 2. Insulin: Type , Dose 3.

Gestational diabetes:

1Yes [ ] 2No [ ]
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PART 5 (Contd.)
4. MORBIDITY HISTORY:
Q: Any other medical problem in the last 3-month? 1. Yes D 2, Nor_—l
3. If yes, please specify:
Q: Whether treated: 1. Yes D 2. No |____|
Q: Any other medical problem in the last 1-month? 1. Yes [ ] 2.No[ ]
3. If yes, please specify:

5. BIOCHEMICAL / LABORATORY INVESTIGATION:
Blood Test:

1. Hemoglobin concentration -—=-----—-gm/ dl  (Date of examination-----—-eeseae-es )
2. If diabetic: HbA ,C% %
3. Blood sugar level: (Date of examination---------------- --)
a. Fasting mmol/l
b. 2 hrs after breakfast (AFB }--~--————— mmol/I
4. Urine Test: a. Sugar: b. Albumin :
| .Present—-++ 2 Present +++ 3. Nil 1.Present ++ 2. Present +++ 3. Nil

¢. Urine for Acetone: 1.Present ++ 2, Present +++ 4. >+++ 3. Nil

6. ANY ABNORMAL FINDINGS: (Found in routine examination)

P

& p

o I

. OUTCOMES OF PREGNANCY:

Date of next antenatal visit:

Date of blood examination:

Cause of exclusion or drop out from the study:

Date of exclusion:




At >34™"K ID. NO.
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PART 6 Appendix —6

1. NUTRITIONAL STATUS OF PREGNANT MOTHER:

Anthropometry

Height -----——--cm. Body Weight-m-rns ----- kg
MUAC--=-=me-- --=CMm BMI

2. OBSTETRICAL FINDINGS:
Q: Expected date of delivery (EDD) ]

Q: Fundal height (SFH):

ISR & rmemmresmnees

3. GENERAL EXAMINATION:
Build: Thin /Normal / Overweight /Obese

Jaundice: (The sites to be noted bulbar conjunctiva, under surface of the tongue, hard
palate and skin). 1. Present D 2. Absent L__J

) &) L

|.Standing--——--

Blood pressure (mean of the 3 readings) in mm.Hg:

2. Lying--—-es=meee

Heart: 1. NAD [} 2. Any problem, please specify--—---
Lungs: 1.NAD [T 2. Any problem, please specify ------
Lidema: I. Present [ | 2. Absent []

Evidence of malnutrition:

Glossitis: 1. Yes [ ] 2.No [ ] Angular stomatitis: 1. Present [ | 2. Absent | |
Visible thyroid gland: 1. Present [ ] 2. Absent [ ]
Treatment history: 1. Diet 2. Insulin: Type , Dose 3;

Other: -----

Gestational diabetes:
1.Yes D 2. No

]




Dhaka University Institutional Repository

PART 6 (Contd.)
4. MORBIDITY HISTORY:
Q: Any other medical problem in the last 3-month? 1. Yes D 2. NOD
3. If yes, please specify:
Q: Whether treated: 1. Yes D 2. No [:]
Q: Any other medical problem in the last I-month? 1. Yes D 2. NoD
3. If yes, please specify:

5. BIOCHEMICAL / LABORATORY INVESTIGATION:
Blood Test:

1. Hemoglobin concentration ««e--e--sx gm/ dl (Date of examination-=e=eee-se-eeeev-x )
2. If diabetic: HbA ;C% %
3. Blood sugar level: (Date of examination-----e-ves—eue—- )
a. Fasting mmol/l
b. 2 hrs after breakfast (AFB)--—-—------ mmol/I
4. Urine Test: a. Sugar: b. Albumin :
1.Present—++ 2 Present +++ 3. Nil 1.Present ++ 2. Present +++ 3. Nil

¢. Urine for Acetone: 1.Present ++ 2. Present +++ 4. >+++ 3. Nil

6. ANY ABNORMAL FINDINGS: (Found in routine examination)

y »

. OUTCOMES OF PREGNANCY:

Date of next antenatal visit:

Date of blood examination:

Cause of exclusion or drop out from the study:

Date of exclusion:
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PART 7 Appendix -7
Atdelivery. ID. NO.
Date of delivery: Time of delivery:
Q.1. Type of delivery: 1. Normal [ ] 2. Assisted | | 3. Cesarean [ |

Q.2. Is there any complication? 1.Yes D 2. No D
Q.3. If yes, pl. specify:
Q.4. Cause of assisted delivery:

OUTCOMES OF PREGNANCY:

Fetal:

Live birth: 1. Yes I:] 2, NOD Stillbirth: 1. YesD 2. No [:]
Term: 1. Yes [ ] 2.No[ ] Preterm: 1. Yes [ ] 2.No [ ]

Small for date: 1, Yes D 2. No I:l Premature: 1. Yes D 2. No D
Post term: 1. Yes E] 2. No D

Gestational age: By LMP—eeeeeeeeee By USG-—-----m-
Clinical examination: Newborn

Any birth complication: 1. Present D 2. Absent E]
If present, Pl specify
Baby shifted to neonatal care unit? 1, Yes |:| 2. No |:|

If yes, cause-—----v-----——-
Health status: Apgar score: 1. At | minute------- 2, At 5 minute-—-—-- 3, At 10 minute-----
Nutritional status of the newborn:

Birth weight in kg ----=----—- Recumbent length in cm

Mid arm circumference in cm (MAC)

Head circumference in cm (OFCe—vmevenennaes Chest circumference in cm (CC)-mm—evmmv

Abdominal circumference in cm

Blood glucose level at birth
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Appendix -8

ID. NO.

PART 8
Perinatal findi
Clinical examination:
Any medical complication: 1. Yes 2. No
If yes: what type of complication?
1. Respiratory distress syndrome
3. Jaundic 4. Temperature
6. Vomitting 7. Opthalmia neonatarum

8. Hemorrhagic disease of the newbomn

9. Convulsion of the newbomn

10. Skin infection

2. Umbilical cord sepsis
5. Diarrhea

11. Oral thrush 12 other
Is the baby admitted in any hospital? 1. Yes 2. No
Findings:
1. Clinical: a b.
2. Biochemical: a. b. c d.
Treatment outcome:
Perinatal mortality 1. Yes 2.No
The baby died on: Date at age of ————-—days
The cause of death:

1. Direct cause —------m---mm---2. Associated cause

3. Factors influencing: a. b. -C.






