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ABSTRACT
BACKGROUND: Recurrent spontaneous miscarriages (RSM) remain a major
challenge to gynaecologists as 50% of aetiologies of spontaneous miscarriages are
unknown. Insulin resistance (IR) has been implicated as an aetiological factor.
However, there are insufficient and conflicting evidence regarding the contribution of
insulin resistance to the occurrence of RSM.
OBJECTIVE: To investigate the relationship between insulin resistance and first
trimester recurrent spontaneous miscarriages in comparison with first trimester
normal pregnancies.
DESIGN: Case control study.
METHODOLOGY: This was a case-control study involving 80 women with first
trimester RSM (cases) and 80 Women with normal first trimester pregnancies with at
least one successful pregnancy and no history of miscarriages (Controls). From each
participant fasting blood glucose (FG) was assayed by automated colorimetric
enzymatic analysis and fasting insulin (FI) was assayed by BIOS Human insulin
ELISA kits. Data was analysed using SPSS version 22.0.
RESULTS: There were no significant differences between the mean age and BMI of
cases and controls (p= 0.990 and 0.930 respectively). FG was significantly higher in
cases compared to controls, (4.77±1.14 vs 3.58±0.78)mmol/L, p<0.001, however
no significant difference in FI between cases and controls, 26.62±14.62 vs
25.15±13.61mIU/L, p= 0.509. Prevalence of IR (HOMA-IR >4.5) and (FG/FI ratio
<4.5) for cases and controls are 48.8% vs 27.5% and 63.8% vs 53.8% respectively.
HOMA-IR >4.5 was statistically significant between cases and controls, p = 0.009.
CONCLUSION: This study suggests that women with recurrent first trimester
miscarriages are more likely to be insulin resistant with higher fasting blood glucose
levels compared to women with normal first trimester pregnancies.
KEY WORDS: First trimester recurrent miscarriages, Insulin resistance, HOMA-IR
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CHAPTER ONE
1.1

INTRODUCTION

Spontaneous miscarriages (SM) remain a frustrating experience to the couples and
their families, especially when it is recurrent. Considering the fact that, the exact
cause(s) of recurrent early pregnancy loss is not known in over 50% of cases, this
has become a topic of consideration by researchers. It affects 1% of all women.1,2,3
The incidence of spontaneous miscarriages may be much greater than is clinically
recognized.1 Spontaneous miscarriages occur in 12 to 15% of all pregnancies.

1,3,4

Recurrent spontaneous miscarriages (RSM) affect 2-4% of reproductive age couples,
representing a challenge for the attending clinicians.5 It affects both naturally
conceived pregnancies and those obtained after assisted reproductive technology
treatment.6

A broad spectrum of factors have been described in the aetiology of RSM, these
include

chromosomal

anomalies,

genetic,

hormonal,

anatomic,

systemic,

immunologic, infectious and endocrine but 50% of cases remain unexplained.1,4,7,8
Endocrine disorders have been frequently linked to recurrent pregnancy loss.
Because embryo attachment and early implantation are exquisitely controlled by the
local hormonal milieu, endocrine-related pregnancy failures are likely to occur early
in gestation.2 Endocrine causes include poorly controlled diabetes, polycystic ovary
syndrome (PCOS), hyperandrogenism, luteal phase defect and thyroid disorders.
Insulin resistance (IR), hyperinsulinaemia and hyperandrogenaemia are claimed to
be a potential causes of the high rate of pregnancy loss in patients with PCOS and

1

have been linked with the metabolic and endocrine abnormalities associated with
pathophysiology of recurrent spontaneous miscarriages.

2,7,9-10

Recent studies showed that insulin resistance (IR) can be a cause, independent of
PCOS status.1,5,6,11 Women with insulin resistance are at an increased risk of insulin
resistance during the first trimester of a new pregnancy.5,6,11 Recent meta-analysis
concluded that insulin resistance is associated with the susceptibility to recurrent
miscarriages.12 Therefore, insulin resistance might be one of the direct causes of
recurrent miscarriages.1, 13

A meta-analysis of seven clinical trials of association between recurrent miscarriages
and insulin resistance showed that the fasting insulin level and homeostasis model
assessment-insulin resistance index (HOMA-IR) were higher and fasting blood
glucose insulin ratio was lower in the study groups than that of the control groups.12

Insulin resistance has been demonstrated to increase expression of plasminogen
activator inhibitor-1 (PAI-1),6,14 an endogenous inhibitor of fibrinolysis.5,15,16 PAI-1
activity is known to elevate the level of serum insulin and it induces a
hypofibrinolytic state.14,17 This creates a thrombotic milieu at the maternal-foetal
interface with a high risk of miscarriage.15,16,18,19 Insulin resistance is also known to
play a critical role in the ovarian androgen excess and therefore might promote
miscarriage by increasing circulating androgen concentration.5,20,21

Hyperinsulinaemia has been shown to decrease the expression of glycodelin and
insulin like growth factor binding protein-1 (IGFBP-1) at the implantation site.6,21-23
2

Glycodelin plays an important role in inhibiting the endometrial response towards the
embryo, while IGFBP-1 facilitates the adhesion process of the blastocyst at the
foeto-maternal interface.7,24,25 Studies have also suggested that insulin resistance
and or hyperinsulinemia may have deleterious metabolic effects, including causing
an increase in plasma level of homocysteinemia.7,25 Hyperhomocysteinaemia may
impair pregnancy by interfering with endometrial blood flow and vascular
integrity;17,26 it increases the oxidative stress in vascular endothelium, activates the
platelet and has been documented to increase the probability of early pregnancy
loss.7,27 The polycystic ovary syndrome like status, due to elevated fasting insulin
(FI) and high IR, and the successful use of metformin for the treatment of PCO
suggested the idea that metformin could be used in these women.7,28,29

Metformin use in PCOS women with insulin resistance demonstrated various
beneficial effects: a decrease in the level of PAI-1, enhancement of the uterine
vascularity, and alleviation of the IR, insulin levels, and HOMA-IR.7 Insulin resistance
has further been associated with abnormal endometrial development and
endometrial defects.

2,7Palombo

et al1,5,22 reported that lowering the insulin levels

with metformin enhances uterine vascularity and reduces uterine vascular
resistance; after metformin7 use the vascular resistance in spiral arteries was
reduced with 20%.

Metformin is a biguanide, an insulin sensitizer which reduces plasma glucose
concentrations in Type 2 diabetes patients.28,30 Metformin can induce weight loss in
some patients thereby reducing IR.21,30 Metformin predominantly works by reducing
3

hepatic glucose production, inhibiting gluconeogenesis both directly and indirectly
(by decreasing free fatty acid concentrations).28,29,30 Data suggest that it improves
peripheral insulin sensitivity.30 Studies with metformin in PCOS revealed reductions
in androgen levels.15,22,28 Metformin exerts systemic and local effects in reducing
miscarriage risk.22,31 It reduces insulin and PAI-1 levels, plasmatic endothelin-I,
androgens, and LH concentrations and by increasing serum IGFBG-1 levels and
glycodelin levels.15,22,31 It exerts its local effects on the endometrium, and embryonic
factors. On the uterus, metformin improves several surrogate markers of
endometrial receptivity, endometrial and sub-endometrial vascularization and uterine
artery blood flow. Similarly, metformin normalizes the ovarian artery impedance, and
peri–corpus luteum vascularization.22
1.2

JUSTIFICATION FOR THE STUDY

Recurrent spontaneous miscarriages can be frustrating to couples. Unfortunately,
spontaneous miscarriages are the most common complication of pregnancies.
Recurrent spontaneous miscarriages (RSM) remain a major challenge to the
gynaecologists as 50% of aetiologies of RSM cannot be explained. Intensive
research efforts are still in progress to unravel the possible aetiological factors
associated with this rather difficult problem so as to contribute positively towards its
effective management. Insulin resistance is one of the treatable factors that have
been implicated as a possible direct cause of RSM in recent studies. However, there
are insufficient and conflicting evidence (association and no association) in the
literature regarding the role of insulin resistance in miscarriages. Therefore, there is
a need to evaluate the relationship between insulin resistance and first trimester
recurrent miscarriages in order to contribute to the existing body of knowledge and
4

effective prevention. This research also will shed light on the contribution of insulin
resistance in the occurrence of first trimester recurrent pregnancy losses in Jos,
North central Nigeria.

5

CHAPTER TWO
LITERATURE REVIEW
2.1

Definition of Spontaneous Miscarriage

The definition of spontaneous miscarriage has continued to vary from place to place
as a result of differences in the age of foetal viability. A spontaneous miscarriage is
defined as the spontaneous loss of pregnancy before a foetus reaches viability.32
This include all pregnancy losses up to the 24th week of gestation. 32 However in our
environment, miscarriage is the termination of pregnancy before 28 weeks of
gestation.33 First - trimester miscarriage occurs before 12 weeks’ gestation and
accounts for the majority.34 The overall rate is 20%. Early pregnancy loss is defined
as the termination of pregnancy before 20 weeks of gestation or with a foetal weight
of < 500g.35 Ectopic and molar pregnancies are not usually included in this
definition. Recurrent miscarriage is classically defined as three or more consecutive
pregnancy losses at 20 weeks' gestation or less or with foetal weights less than
500g; however testing the women after 2 losses could spare them of another
pregnancy failure; thus the definition was modified lowering the number of
spontaneous losses to two.1,20,36,37
2.2

Risk factors for Spontaneous Miscarriage

In addition to insulin resistance, the other causes1,3,32,36,38 of pregnancy losses
includes advanced maternal age which is associated with chromosomal anomalies,
genetic factors (most spontaneous miscarriages are caused by an abnormal
(aneuploid) karyotype of the embryo, at least 50% of all first-trimester spontaneous
miscarriages are cytogenetically abnormal), previous history of pregnancy loss,
endocrine factors (poorly controlled diabetes mellitus, polycystic ovarian syndrome,
6

thyroid antibodies, luteal phase deficiency), haematological factors (antiphospholipid
syndrome, factor V Leiden, prothrombin gene mutations, protein C, protein S, and
antithrombin

III

deficiencies,

hyperhomocystienaemia,

methyltetrahydrofolate

reductase enzyme mutation), lifestyle (cigarette smoking has been suggested to
have an adverse effect on trophoblastic function and is linked to an increased risk of
sporadic pregnancy loss, cocaine use, alcohol consumption 3 to 5 drinks per week,
and increased caffeine consumption >3 cups of coffee, have been associated with
risk of miscarriage), infections (ureaplasmaurealyticum, mycoplasma hominus,
chlamydia, listeria monocytogenes, toxoplasma gondii, rubella, cytomegalovirus,
herpes virus, and other less frequent pathogens have been identified more
frequently in vaginal and cervical cultures and serum from women with sporadic
miscarriages), immunologic factors (human leucocyte incompatibility/absence of
maternal antibodies, uterine natural killer cells. cytokines), anatomical factors
(uterine anomalies, cervical anomalies, leiomyomas, intrauterine adhesions).
2.3

Insulin Resistance and Recurrent Spontaneous Miscarriages

Insulin resistance is a condition in which the efficacy of insulin in promoting the
absorption and utilization of glucose by organs, tissues, and cells is lower than
normal.11 Individuals with IR show glucose levels that are either normal or high, and
insulin levels that are more or less than normal.11 The association between insulin
resistance and pregnancy loss is difficult to explain and scanty materials exist
regarding the independent effect of IR on spontaneous miscarriages. However,
Insulin resistance (IR) has been reported to play an important role in recurrent
spontaneous pregnancy loss (RSPL) among patients with polycystic ovary syndrome
(PCOS).6,13,39
7

Previous studies have shown that using metformin may reduce the risk of pregnancy
loss in PCOS women,14 and IR is a baseline predictor of clinical efficacy of metformin
use for improving fertility performance.29 Given the well-known effect of metformin
in reducing IR, these results have indirectly suggested that IR was correlated with
the risk of spontaneous miscarriages.

In a Romanian study,7 recurrent pregnancy loss was associated with high insulin
resistance evidenced by significantly higher fasting insulin level and HOMA-IR in the
case group than control group; 15.24±3.5𝜇U/mL versus 12.83±3.2𝜇U/mL, 𝑃< 0.001
and 2.98 versus 1.69, 𝑃< 0.05 respectively. The result of the study supports the
idea that insulin resistance may be involved in the aetiology of recurrent pregnancy
loss. The significantly higher value of FI and HOMA-IR in the case group might
suggest that not only the IR but also hyperinsulinaemia may have an adverse effect
on pregnancy outcome.

A study6 on the effect of IR on spontaneous miscarriages in a Chinese population
who conceived via assisted reproductive technology treatment (IVF and ICSI), it was
found that the pregnancy rate was 32.7% (107 of 327), the mean age was 30.8yrs,
ranging from 21–39yrs, and the mean BMI was 22 kg/m2, ranging from just over 16
to nearly 33 kg/m2, the mean IR was 3.28, with over 20% (23 of 107) patients who
were insulin resistant. There were no cases of diabetes in this group of patients. The
overall spontaneous abortion rate was 17.8% (19 of 107). The risk of spontaneous
abortion by factors that was included in the logistic regression model. For women
aged 35yrs or older, the risk is almost doubled, 26.9 vs. 14.8% in younger women.
8

Overweight/obesity, compared with normal weight, was also linked with nearly
doubling the risk of spontaneous abortion. PCOS was linked with a significant
increase of the risk. However, none of the associations reached a statistically
significant level as shown by the OR calculated from the logistic regression analysis.
Patients with IR greater than 4.5 had significantly greater risk of spontaneous
abortion compared with those with normal insulin resistance-index. This increase
was significant as shown by multivariate logistic regression analysis (OR, 8.32; 95%
CI, 2.65–26.13). Another logistic regression analysis, using HOMA-IR as a continuous
variable and the same other variables, showed an increase in OR of 0.52 (95% CI,
0.34–0.80) per unit HOMA-IR. This study suggested that IR was an independent risk
factor for spontaneous miscarriage. The association of IR with the risk of
spontaneous pregnancy loss was significant after adjusting for other risk factors.

Another study in China11 give credence to the association between IR and recurrent
spontaneous miscarriages in women with non-PCOS status. There were no
statistically significant differences found in the FG, FI, HOMA-IR, and HOMA-β
between the patient and control groups. However, 1, 2, and 3-hour plasma glucose
and insulin levels and the AUCG and AUCI of the patient group were higher than
those of the control group. The calculated ISIcomp was lower for the patient group
than the control group. These differences were statistically significant. This suggests
that IR occurs in non-PCOS patients with recurrent miscarriages. To buttress this
relationship 6 women in the patient group had PCOS. In order to eliminate their
contribution to the positive results, the data was re-analysed after excluding these 6
women. The exclusion of the PCOS did not influence the indices of IR suggesting
9

that a history of recurrent miscarriages is related to IR and not necessarily to PCOS
status.
2.4

Possible Pathophysiology of the Association between Insulin

Resistance and Recurrent Spontaneous Miscarriages
The mechanism by which insulin resistance and compensatory hyperinsulinemia
contribute to miscarriage is not clearly understood,11,24 but may involve decreased
expression of endometrial glycodelin and IGFBP-1 production, resulting in an
inhospitable endometrial milieu.6,21-24Glycodelin and IGF binding protein-1 (IGFBP-1)
are major endometrial secretory proteins that may play significant roles in
endometrial

receptivity

in

early

pregnancy

and

in

the

maintenance

of

pregnancy.25Glycodelin is a glycoprotein produced by decidualized endometrial
glands during the luteal phase, and facilitates implantation by inhibiting the immune
response of the endometrium to the embryo. Decreased serum concentrations of
glycodelin are associated with retarded endometrial development, early pregnancy
loss, and recurrent miscarriage. IGFBP-1 is a protein that facilitates adhesion
processes at the foeto-maternal interface during the peri-implantation period.7,22,23
In non-pregnant women, IGFBP-1 is produced primarily by the liver and is negatively
regulated by insulin. During pregnancy, IGFBP-1 is produced by the endometrium as
well.

One hypothesis is that IR causes an uncontrolled diabetic-like state in the foetal
environment resulting in increased first trimester pregnancy losses.5 High insulin
levels have been shown in vitro to increase the transport of glucose by first trimester

10

cytotrophoblasts independent of glucose level (probably by up regulation of the
GLUT1 glucose transporter system).5

Another

possibility

involves

plasminogen

activator

inhibitor-1

(PAI-1),

an

endogenous inhibitor of fibrinolysis which has been demonstrated to increase with IR
and increasing levels of insulin and decrease with treatment with metformin, an
insulin-sensitizing agent.5,16 Gris et al.5 found high levels of PA inhibitor activity in
women with recurrent pregnancy losses of unknown origin. It has been suggested
that increased PAI-1 activity promoted recurrent abortions through thrombotic
induction of placental insufficiency.5

Insulin resistance is known to play a critical role in ovarian steroidogenesis due to a
compensatory

insulin

secretion.20,21

Increased

insulin

concentrations

cause

hyperandrogenism.21 Insulin directly promotes ovarian androgen steroidogenesis,
and inhibits liver release of the sex hormone binding globulin (SHBG) and production
of

insulin-like

growth

factor

binding

protein

1

(IGFBP-1).21

Interestingly,

concentrations of sulfated DHEA (DHEAS) are also increased in the blood.30 DHEAS
is secreted exclusively by the adrenal glands. The mechanism of increased DHEAS
production by the adrenals is not yet known, although insulin and IGF-1 have been
shown to up regulate adrenal 17-hydroxylase and 17, 20-lyase activity.28 Cocksedge
et al.20 showed that hyperandrogenaemia is associated with increased risk of a
further miscarriages in women with previous miscarriages. This finding gives
credence to the findings of previous studies which investigated the prevalence

11

androgen excess in women with recurrent miscarriages using measurement of either
testosterone or free androgen index.20

Studies also affirmed that insulin resistance and or hyperinsulinaemia causes
increase in the plasma level of homocysteine.25 Elevated levels of homocysteine
interfere with vascular integrity and endometrial blood flow thus leading to
pregnancy failure.17,26 Insulin-resistant PCOS have elevated levels of homocysteine,
and this could be responsible in part for the decreased implantation rates and
increased miscarriage rates of patients with PCOS, even with effective induction of
ovulation or IVF.40
2.5

The Effects of insulin Sensitizers on Insulin Resistant Women with

Spontaneous Miscarriages
It is no longer in doubt the positive roles insulin sensitizers play in reducing the
miscarriage rate in women with insulin resistant PCOS and IR independent of PCOS.
In the last decade researchers have undertaken several trials to prove the efficacy of
insulin sensitizers; biguanides and thiazolidinediones in improving many aspects of
the multifactorial PCOS and IR.30

Trials have been done with metformin, troglitazone and rosiglitazone. Metformin
belongs to the class of biguanides and acts by decreasing the tissue resistance to
insulin through increased glucose uptake in skeletal muscle and fatty tissue,
decreasing hepatic gluconeogenesis, and decreasing intestinal glucose uptake.21,30 In
addition, metformin therapy decreases androgen concentrations, increases SHBG
release, and induces spontaneous ovulation and pregnancy in some patients.
12

Metformin therapy improves insulin sensitivity in patients with diagnosed insulin
resistance.
Reduction in the incidence of pregnancy loss was noted among PCOS women after
treatment with metformin, presumably due to its effect on IR6,14. Insulin
sensitization effect of metformin has been associated with an increase glycodelin
and IGFBP-1 levels and uterine vascularity during the luteal phase, a decrease in
PAI-1 activity especially in women who had a favourable pregnancy outcome, and a
reduced androgen level.18,41 Nonrandomized studies have shown that the reduction
in insulin levels with metformin in insulin resistant individuals may reduce
miscarriage risk by restoring normal haemostasis and improving the endometrial
milieu.14,42 It was also reported that metformin has beneficial metabolic, endocrine,
vascular, and anti-inflammatory effects on the risk factors contributing to early
pregnancy loss.31 Significant reduction in the rate of early pregnancy loss in
pregnant women with PCOS was documented as well as tolerance with a minimum
of side effects to metformin.24

Troglitazone and rosiglitazone represent a novel class of drugs; Thiazolidinediones
(TZDs) that decrease peripheral insulin resistance by enhancing insulin action in the
skeletal muscle, liver and adipose tissue.30 Studies with thiazolindinediones in PCOS
subjects have shown an improvement of the androgen levels and ovulation rate and
enhanced

insulin

sensitivity

without

any

reduction

in

the

weight

of

subjects.28Troglitazone was however, withdrawn from the market in 2000 due to
hepatotoxicity. Studies have now been done with Rosiglitazone showing a decrease

13

in testosterone, androstenedione and DHEA levels and an increase in SHBG (thereby
causing a decrease in free testosterone levels) along with an improvement in insulin
sensitivity.28
2.6

Assessment of Insulin Resistance

There are several methods of assessing insulin resistance and sensitivity. These
include hyperinsulinaemic-euglycaemic clamp, fasting glucose, fasting insulin, fasting
glucose/fasting insulin ratio, oral glucose tolerance test (OGTT), homeostasis model
assessment-insulin resistance index (HOMA-IR), composite insulin sensitivity index
(matsuda index), Belfiore glycaemic index, Belfiore free fatty acid glycaemic index,
McAuley index, quantitative insulin sensitivity check index, Bergman’s minimal model
etc.43,44
There is however, no universally accepted single adequate marker of insulin
resistance that would be both highly sensitive and specific. The hyperinsulinaemiceuglycaemic clamp technique is regarded as the gold standard worldwide.5,17,21 It
provides highly reproducibly steady-state estimates of insulin-mediated glucose
clearance in peripheral tissues.43 This technique is however, laborious, expensive
and time-consuming and thus more applicable to research than to daily clinical
practice.5,21,43
Fasting insulin and glucose concentrations are easy markers to obtain. Fasting
insulin values equal to 20 mIU/L or higher indicate the presence of insulin resistance
while fasting glucose to fasting insulin ratio less than 4.5 is regarded as
characteristic for insulin resistance.5,17,21 FG/FI ratio has been identified as a quite
sensitive and specific marker of insulin resistance.5,21
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Another method, based on measurements of fasting glucose and insulin levels, is the
homeostatic model assessment (HOMA-IR). This method has been reported to
correlate well with the clamp technique and thus provides quite a good assessment
of insulin resistance in clinical practice.17,44 It was first described by Matthews DR, et
al, in 1985. It describes a method for assessing insulin resistance/insulin sensitivity
and β-cell function (an index for insulin secretion) from fasting glucose and insulin or
C-peptide concentrations. The original model (HOMA1) calculates the insulin
resistance and B cell function from the following equations.43,45,46
(1)

HOMA1-IR = (FPI x FPG)/22.5 for Insulin Resistance

(2)

HOMA1-%β = (20 x FPI)/(FPG - 3.5) for β-cell function

Where FPI is fasting plasma insulin concentration (mIUl/L) and FPG is fasting plasma
glucose (mmol/L). Insulin resistance is defined by HOMA-IR index >4.5.5,6,17
Resistance to insulin however, was diagnosed at HOMA-IR index ≥3.8 in another
study.21 Generally there is no universally accepted score to define IR47,48 , HOMA-IR
≥75th percentile of the normal population defines insulin resistance in that
population or 25th percentile with the least insulin sensitivity in a given population
defines IR in that population.48,49
Computer model (HOMA2) which takes into consideration the specificity of the
insulin assay used as well as making allowance for a wider range of insulin
secretions is gradually replacing HOMA1 in practice. The HOMA Index has gained
wide acceptance as simpler tool for assessing insulin resistance compared to the
gold-standard hyperinsulinaemic-euglycaemic insulin clamp method.19,45 The HOMA
model however, as an index of insulin sensitivity, measures predominantly hepatic
type insulin sensitivity utilizing fasting plasma glucose and fasting plasma insulin.45-47
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CHAPTER THREE
OBJECTIVES OF THE STUDY
3.1 GENERAL OBJECTIVE
The aim of this study was to investigate the relationship between insulin resistance
and first trimester recurrent spontaneous miscarriages in comparison with first
trimester normal pregnancies.
3.2 SPECIFIC OBJECTIVES
i.

To determine the prevalence of insulin resistance among women with first
trimester recurrent spontaneous miscarriages and women with normal first
trimester pregnancies.

ii.

To determine the association between first trimester recurrent spontaneous
miscarriages and insulin resistance.

3.3

NULL HYPOTHESIS

There is no association between insulin resistance and first trimester recurrent
spontaneous miscarriages.
3.4 ALTERNATE HYPOTHESIS
There is an association between insulin resistance and first trimester recurrent
spontaneous miscarriages.
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CHAPTER FOUR
MATERIALS AND METHODS
4.1

STUDY AREAS

The study was conducted in the Jos University Teaching Hospital (JUTH), Plateau
State Specialist Hospital (PSSH) and Fertile Ground Hospital (FGH), all of which are
located in the cosmopolitan city of Jos, Plateau State, North Central Nigeria and
provide Obstetric and Gynaecological services.
The Jos University Teaching Hospital is a 600 bed capacity tertiary centre. It receives
referrals from neighbouring states of Nassarawa, Bauchi, Benue, Gombe, Adamawa,
Taraba and Kaduna. It has a well-established department of Obstetrics and
Gynaecology.
Plateau State Specialist Hospital (PSSH) is 250 bed capacity tertiary health institution
that provides specialised medical services, trains health professional and serves as
research centre. It has a functional gynaecological and maternity units. It receives
referrals from all the general hospitals in the 17 local government areas of the state
and neighbouring states.
Fertile Ground Hospital (FGH) on the other hand, is a privately owned 33 bed
capacity specialist hospital which in addition, provides assisted reproductive
technology (ART) services.
4.2

STUDY DESIGN

This was a case control study.
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4.3

STUDY POPULATION

The study population comprised of all consenting women with history of recurrent
first trimester miscarriages seen at the gynaecological clinics and women presenting
with recurrent first trimester miscarriages at the gynaecological emergency units of
JUTH, PSSH and FGH. The control group comprised of consenting first trimester
pregnant women who presented at the emergency rooms with reasons other than
miscarriages or booking antennal care clinics. Pregnancy was defined based on
ultrasound documentation of intrauterine gestation or presence of normal
trophoblastic tissues on histopathological examination. First trimester pregnancy loss
was defined as any spontaneous miscarriage occurring on or before 13 weeks of
gestation. Gestational age was determined by ultrasound dating.

4.4

DATA COLLECTION

Eighty cases and controls each were recruited for the study from August 2016 to
January 2018 by consecutive sampling technique. Women with recurrent first
trimester miscarriages were recruited into the case group, while the control group
comprised of women within the same age range with at least one successful
pregnancy and no history of miscarriages, presenting for routine antenatal care or at
the emergency room for reasons not related to miscarriage at ≤ 13 weeks of
gestation. Consent was obtained from the respondents before data collection.

A structured questionnaire was administered and privacy was ensured while
interview was being conducted. Serial numbers were assigned to each patient in
both groups to protect her identity and eliminate bias in laboratory assessment. The
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chemical pathologist was blinded to this number coding used to identify the patients
so as to eliminate bias. Five (5) millilitres of blood was collected from the cubital
fossa of each participant into a plain vacutainer tube for fasting blood glucose (FG)
and fasting insulin (FI) determination. The blood samples were centrifuged at
5000rpm for 5 minutes after clotting and the sera collected were stored at -200C
until the required sample size was reached after which they were analysed. The
information obtained included; age, parity, ethnicity, gestational age, weight, height,
body mass index, occupation and number of consecutive miscarriages.

4.5. LABORATORY TESTS
For the purpose of this study, fasting blood glucose and fasting insulin were assayed
and HOMA-IR and FG/FI ratio were calculated. Insulin resistance (IR) was defined as
HOMA-IR >4.5 and FG/FI ratio <4.5.5,6,16,19 The assays were done by a chemical
pathologist according to the kit manufacturer’s specifications. Fasting blood glucose
was analysed by automated colorimetric enzymatic analysis using commercial kits on
the Cobas c111 automatic analyser (COBAS Roche Diagnostic, D-68305 Mannheim,
Germany and DRG Diagnostics). Fasting insulin was assayed by BIOS Human insulin
ELISA kits (Chemux Bioscience, Inc. USA).
4.6 PROCEDURE
The collected sera were allowed to thaw at room temperature and then analysed for
fasting blood glucose and fasting insulin by securing 20 micro-titre wells in a frame
holder. 25μL each of Standard, control and samples were dispensed with new
disposable tips into appropriate wells. As part of quality control measures some
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samples were duplicated. 25μL of Enzyme Conjugate was dispensed into each well
and thoroughly mixed for 10 seconds.

The mixture was incubated for 30 minutes at room temperature, after which the
content of the wells were shaken out briskly. The wells were rinsed 3 times with
diluted Wash Solution (400μL per well) and then Stricken sharply on absorbent
paper to remove residual droplets. 50μL of Enzyme Complex was added to each well
and then incubated for 30 minutes at room temperature. The content of the wells
were briskly shaken out and then rinsed 3 times with diluted wash Solution (400μL
per well) after which the wells were stricken sharply on absorbent paper to remove
residual droplets. 50μL of Substrate Solution was then added to each well and
incubated for 15 minutes at room temperature.
The enzymatic reaction was stopped by adding 50μL of Stop Solution to each well.
The absorbance (OD) of each well was determined at 450±10 nm with a micro-titre
plate reader, read within 10 minutes after adding the Stop Solution. A calibration
curve was then generated for each batch of assays.
The reference range of the method is 2-25mIU/L and the analytical measuring range
is 1.76-100.0mIU/L. The method has no significant interference with bilirubin up to
50mg/dl and haemoglobin up to 400mg/dl and triglyceride up to 300mg/dl.
Calculation of Results
A calibration curve was plotted using absorbance obtained from each standard
against its concentration. The absorbance value was plotted on the vertical (Y) axis
and concentration on the horizontal (X) axis. The corresponding concentration of the
sample was obtained from the calibration curve.
20

Quality Control
The analytical accuracy and precision was assured by simultaneous analyses of
pooled serum quality control specimen with each batch of samples. The autoanalyser was calibrated and the routine maintenance was done in line with the
manufacturer’s specifications. The inter-batch CV for glucose and Insulin was 1.0 %.
The Intra and Inter-batch CV for Insulin were 1.9% and 9.0% and these are within
recommended limits.

4.7

INCLUSION CRITERIA FOR CASES

Women who presented with first trimester recurrent miscarriages or history of at
least 2 consecutive first trimester miscarriages who had evaluation for other causes
of miscarriage.
4.8

INCLUSION CRITERION FOR CONTROLS

Women with normal first trimester gestations with at least one successful pregnancy
and no history of miscarriages.
4.9

EXCLUSION CRITERIA CASES

1.

Women who refuse to give consent.

2.

Women with previous pregnancy losses attributable to other causes.

3.

Women who are known diabetics.

4.

Women with other forms of gestations (ectopic, molar).

5.

Women with diagnosis of PCOS. PCOS status was determined based on the
revised Rotterdam criteria: (1) Oligo- and/or anovulation, (2) clinical and/or
biochemical signs of hyperandrogenism, and (3) polycystic ovaries with
exclusion of other aetiologies (congenital adrenal hyperplasia, androgen
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secreting tumours, or Cushing’s syndrome). The diagnosis was made if any 2
out of 3 criteria were met.
4.10 EXCLUSION CRITERIA FOR CONTROLS
1.

Women who refuse to give consent.

2.

First trimester pregnant women with a history of miscarriage.

3.

Known diabetics or women with history of gestational diabetes.

4.

Women with first trimester pregnancies with prior diagnosis of PCOS (as
above).

4.11 ESTIMATION OF SAMPLE SIZE
The sample size was estimated using the formula;
n = {P1 (1-P1) + P2 (1-P2)} X (Z α +Z β)2
(P1-P2)2
Where: n: number of sample size in each of the group.
P1= proportion of insulin resistance among cases (0.24 in a similar study).16
P2= proportion of insulin resistance among controls (0.08 in the same study).16
Z-α/2= value of standard normal distribution corresponding to a significance level of
alpha (1.96 for two-sided test at the 0.05)
Z-β/2=value of standard normal distribution corresponding to the desired level of
power (0.84 for a power of 80%)
n = {(0.24×0.76 + 0.08 × 0.92)} x (1.96 + 0.84)2
(0.16)2
n≈ 78
The sample size was adjusted to 80 for the cases and 80 for the controls to
compensate for an attrition rate of 5%.
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4.12 DATA ANALYSIS
All statistical analyses were performed using SPSS software (version 22.0).
Frequencies and percentages were computed for demographic characteristics of the
cases and controls. Student’s t-test, Chi- square test or Fisher’s exact test were used
to test the difference between groups where appropriate. A p-value of <0.05 was
considered as statistically significant at confidence interval (Cl) of 95%.

4.13 ETHICAL CONSIDERATION
Ethical clearances were obtained from the Ethical Committees of the Jos University
Teaching Hospital (JUTH), Plateau State Specialist Hospital (PSSH) and Fertile
Ground Hospital (FGH). The nature, aim and objectives of the study were explained
to each woman and consent obtained before recruitment into the study. The women
were offered the option to opt out of the study, bearing in mind such action would
not in any way compromise the quality of care they would receive at any service
point in hospitals.
Appropriate instruments were used for blood sample collection to prevent harm to
the patients. The specimens obtained were used for the research purpose only. All
information gotten was strictly confidential and patients’ identity was not disclosed.
Results were explained to the patients and no information was withheld.
The women comprising the case and control groups had a free fasting blood
glucose, fasting insulin and insulin resistant status determined. Those identified with
abnormal results were counselled accordingly and offered appropriate treatment.
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CHAPTER FIVE
5.1

RESULTS

This study consisted of 160 participants; 80 women with first trimester recurrent
spontaneous miscarriages (cases) and 80 women with first trimester normal
pregnancy (controls). The demographic characteristics of women that participated in
the study are as shown in table 1. The cases and control groups were comparable in
terms of maternal and gestational ages. The mean age of women that comprised the
cases was 28.09±6.14 years and that of the control group was 28.10±6.21 years.
The mean gestational age of the study participants was 10.68±1.52 weeks and
11.19±1.87 weeks for cases and controls respectively with an overall mean
gestational age of 10.94±1.70 weeks for both groups. The mean parity was
0.61±0.68 and 1.58±0.92 for the cases and the controls respectively with a
statistically significant difference, p<0.001. The overall mean parity of the study
population was 1.07±0.80. The mean number of miscarriages in the case group was
2.55±0.83. Sixty percent of the study population had tertiary education, 2.5% had
no formal education and 30.0% were housewives. There were no significant
differences with respect to levels of education, ethnicity and occupation between the
cases and controls, p > 0.05. The three major Nigerian ethnic groups constituted
20.6% and 24.4% of cases and controls respectively.
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Table 1: Demographic characteristics of the study participants.
Characteristics

Cases

Controls

Total

p-

p-value

N = 80(%)

N = 80(%)

N = 160(%)

28.09 ± 6.14

28.10 ± 6.21

28.10±6.18

0.990

0.61 ± 0.68

1.58 ± 0.92

1.07±0.80

<0.001†

10.68 ± 1.52

11.19 ± 1.87

10.94±1.70

0.066

2.55±0.83

0.00±0.00

1.28±0.42

19(23.8)

23(28.7)

42(26.2)

Igbo

7(8.7)

7(8.7)

14(8.8)

Yoruba

7(8.7)

9(11.3)

16(10.0)

Others

47(58.8)

41(51.3)

88(55.0)

No formal

4(5.0)

0(0.0)

4(2.5)

Primary

5(6.3)

4(5.0)

9(5.6)

Secondary

22(27.5)

29(36.3)

51(31.9)

Tertiary

49(61.2)

47(58.7)

96(60.0)

House wife

21(26.3)

27(33.8)

48(30.0)

Self-employed

25(31.2)

25(31.2)

50(31.3)

Student

8(10.0)

9(11.3)

17(10.6)

Teaching

6(7.5)

3(3.7)

9(5.6)

Banking

2(2.5)

1(1.3)

3(1.9)

Civil servant

18(22.5)

15(18.7)

33(20.6)

Total

80(100)

80(100)

160(100)

Age (Yrs.)
Mean ± SD
Parity
Mean ± SD
GA (Weeks)
Mean ± SD
No. miscarriages
Mean ± SD

<0.001†

Ethnicity
Hausa

0.792*

Education
0.164**

Occupation

* Chi-Square test derived value
†

** Fishers exact test derived value

Significant
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0.789**

From table 2 below the weight, height and body mass index (BMI) are comparable in
both groups. The mean weight was 64.99±11.88kg for the cases, 64.97±12.05 for
the control with an overall mean weight of 64.98±11.96kg for both groups. The
mean height was 1.61±0.06m for the cases, 1.60±0.06m for the control. The mean
BMI for both cases and controls is in the overweight category, however, this was not
statistically significant, p = 0.930.

Table 2: Anthropometric characteristics of study participants.

characteristics

Cases

Controls

Total

N = 80

N = 80

Average

Weight (Kg)

64.99 ± 11.88

64.97 ± 12.05

64.98±11.96

0.992

Height (m)

1.61 ± 0.06

1.60 ± 0.06

1.61±0.06

0.875

BMI (Kg/m2)

25.25 ± 4.17

25.20 ± 4.13

25.23±4.15

0.930
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P- value

The clinical characteristics of the study participants are as shown in table 3 below.
Family history of diabetes mellitus (DM) and hypertension (HTN) and BMI ≥30kg/m2
(obesity) were not significant in both cases and controls

Table 3: Clinical Characteristics of study participants

Characteristics

Cases

Controls

Total

N = 80(%)

N = 80(%)

N =160(%)

p-value

Family history of DM
YES

6(7.5)

3(3.7)

9(5.6)

NO

74(92.5)

77(96.3)

151(94.4)

0.495**

2(2.5)

10(6.3)

0.098**

72(90.0)

78(97.5)

150(93.6)

YES

11(13.7)

12(15.0)

23(14.4)

NO

69(86.3)

68(85.0)

137(85.6)

Family history of HTN
YES
NO

8(10.0)

Obesity

* Chi-Square test derived value
** Fishers exact test derived value

27

0.870*

From table 4 below the prevalence of insulin resistance (IR) among cases and
controls using HOMA-IR >4.5 and FG/FI ratio <4.5 are 48.8% and 63.8% and
27.5 % and 53.8% respectively.
Table 4: Prevalence of Insulin Resistance among Cases and Controls
Characteristic

Cases

Controls

N = 80 (%)

N = 80(%)

Insulin Resistance(HOMA-IR >4.5)
YES

39(48.8)

22(27.5)

NO

41(51.2)

58(72.5)

YES

51(63.8)

43(53.8)

NO

29(36.2)

37(46.2)

Insulin Resistance(FG:FI <4.5)

HOMA-IR - Homeostasis Model Assessment of Insulin Resistance
FG/FI ratio - Fasting blood Glucose - Fasting Insulin ratio

Table 5 below shows the mean concentrations of fasting blood glucose (FG) and
fasting insulin (FI) and mean values of calculated HOMA-IR and FG/FI ratio for both
cases and controls. There was a significant difference between the mean fasting
blood glucose of cases and controls, p <0.001. No significant difference was
observed in the mean HOMA-IR, FG/FI ratio and fasting insulin concentrations of
both groups, even though they were higher among the cases.
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Table 5: Comparison of mean values of

Biochemical data using

independent student t-test.

Biochemical data

Cases

Controls

Total average

p-value

N = 80(%)

N =80(%)

N = 160(%)

4.77±1.14

3.58±0.78

4.18±0.96

<0.001†

85.79±20.51

64.39±13.95

75.09±17.23

<0.001†

26.62±14.62

25.15±13.61

25.89±14.12

0.509

4.47±3.15

3.96±2.21

4.23±2.68

0.233

3.76±2.13

3.20±1.79

3.48±1.96

0.074

FG(mmol/L)
Mean±SD
FG(mg/dl)
Mean±SD
FI(mIU/L)
Mean±SD
FG/FI ratio
Mean±SD
HOMA-IR
Mean±SD

The converting factor from mmol/L to ρmol/L is 6.945.
† Significant

Table 6 below, is a 2 x 2 contingency table of association between insulin resistance
and recurrent first trimester miscarriages. There was a statistically significant
difference in insulin resistance between cases and controls using HOMA-IR, p =
0.009. Using FG/FI ratio insulin resistance was detected in higher proportion among
cases compared to the controls, 63.8% vs 46.2% respectively, this difference was
however, not statistically significant p = 0.261.
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Table 6: Test of association between insulin resistance and recurrent
miscarriages in cases and controls using Chi-Square test.

characteristic

Cases

Controls

Total

N = 80(%)

N = 80(%)

N = 160(%)

YES

39(48.8)

22(27.5)

61(38.1)

NO

41(51.2)

58(72.5)

99(61.9)

YES

51(63.8)

43(46.2)

94(58.8)

NO

29(36.2)

37(53.8)

66(41.2)

p-value

HOMA-IR (>4.5)

FG/FI

0.009†

(<4.5)

† Significant
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0.261

CHAPTER SIX
6.1 DISCUSSION
Recurrent spontaneous miscarriages remain a major challenge to gynaecologist.
Insulin resistance is one of the treatable factors that have been implicated in the
aetiologies of recurrent spontaneous miscarriages in recent studies. However, there
are insufficient and conflicting evidence in the literature regarding the role of insulin
resistance in the occurrence of miscarriages.
This study was undertaken to determine the prevalence of insulin resistance among
women with first trimester recurrent spontaneous miscarriages and women with
ongoing first trimester normal pregnancies and to determine the relationship
between first trimester recurrent spontaneous miscarriages and insulin resistance.

In this study homeostasis model assessment of insulin resistance (HOMA-IR) and
fasting blood glucose-fasting insulin ratio (FG/FI) of >4.5 and <4.5 respectively
identified women with insulin resistance in both cases and controls.5,6,16,19 Although
there are no universally accepted reference values for classifying individuals as
insulin resistant47, the 25 percentile of a given population with the lowest insulin
sensitivity or the highest Insulin resistance is generally recommended .48, 49

From the results obtained, the prevalence of insulin resistance among women with
first trimester recurrent spontaneous miscarriages and women with normal first
trimester pregnancies using HOMA-IR score was 48.8% and 27.5% respectively.
This observed difference with higher prevalence among cases was statistically
significant, p-value = 0.009. These results are comparable with the findings of Wani
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AA et al.50 and Craig LB et al.5 where prevalence of 24.0% and 21.6% in the case
groups and 8.0% and 8.1% among control groups were reported respectively. These
differences were statistically significant with p values of 0.003 and 0.04 respectively.
The results of this study, also are consistent with the study of Tian et al. among
women who had assisted reproductive technology treatment for infertility. Insulin
resistance status was determined before treatment as HOMA-IR >4.5. Among
women that had miscarriages following treatment 47.8% were insulin resistant
against 9.5% of women who had no insulin resistance but later had miscarriage.6 In
a large systematic review and meta-analysis conducted by Li ZL, et al.12 7 studies
between 1996 and 2012 were included, with a total of 467 women with recurrent
miscarriages and 413 control women. The authors found a significantly higher
proportion of women with HOMA-IR >4.5 and glucose-to-insulin ratio < 4.5 among
women with recurrent miscarriages. Diejomaoh et al.19 got a prevalence of 22.9%
and 6.7% among Kuwait women with history of recurrent spontaneous miscarriages
of unknown aetiology and normal pregnancies respectively. This however, was not
statistically significant p = 0.093.

Insulin resistance measured in terms of FG/FI ratio detected insulin resistance in
63.8% and 53.8% of cases and controls respectively. Although, IR detection was
higher in the case group as compared to controls, the difference was not statistically
significant, p = 0.261. These findings are consistent with the insulin resistance
frequency reported by Maryam et al.16among Iranian women with recurrent early
pregnancy loss in which the difference between absolute and proportional frequency
of patients with FG to FI ratio of < 4.5 and ≥ 4.5 in case and control groups was not
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significant, p=0.123. Craig LB et al.5 also reported similar findings of 21.6% vs 9.5%
for cases and controls respectively, p = 0.07
The higher prevalence of IR recorded in this study may be related to the use of
same cut-off for insulin resistance across different populations. As observed earlier,
there are no universally accepted reference values for all races for classifying
individuals as insulin resistant47, the 25th percentile of a given population with the
lowest insulin sensitivity or the highest Insulin resistance is generally recommended
.48, 49 Also Another plausible explanation for the observed difference may be related
to genetic and metabolic profile that varies across populations.
In our study there was no statistical significant difference between the two groups
with respect to age and BMI. The mean age in the study group was 28.09±6.14
years and in control group was 28.10+6.21 years with p value of 0.990 which is
statistically insignificant. These observations were comparable with the study of
Wani AA et al.50 and Craig LB et al.5 where the mean ages in the case group were
28.40±2.37 and 32.70±5.40 years and in control group were 29.10±2.70 years and
32.80±6.00 years respectively. The mean BMI in the case group was 25.25±
4.17kg/m2 and in the control group was 25.20±4.13kg/m2 with an insignificant p
value of 0.930. The results obtained were similar to the study of Craig LB et al.5
where mean BMI was 29.20±7.30kg/m2 in the study group and 29.00±7.20kg/m2 in
the control group. These results were also consistent with the study of Wani AA et
al.50 where the mean BMI in the study group was 23.90±2.15kg/m2 and in the
control group was 23.5±2.07kg/m2. In the current study statistically significant
difference was noted between two groups with respect to mean parity that is
0.61±0.68 in the case group and 1.58±0.92 in the control group with p value of less
33

than 0.001 which is statistically significant. Similar results were obtained in the study
of Diejomaoh M et al.19 where the mean parity in the case group was 0.70±0.70 and
control group was 1.70±0.50. Another study by Craig LB et al.5 showed mean parity
of 0.50±0.70 in the study group and 1.70±0.70 in the control group which were also
comparable with the current study. This was because majority of patients in the case
group had not carry any pregnancy to the age of viability.
Significant difference was noted between the mean fasting blood glucose of cases
and controls with a higher concentration in the cases group, 4.77±1.14mmol/L vs
3.58±0.78mmol/L respectively, p <0.001. The results were consistent with the study
of Wani AA et al.50 and Tian et al.6 where mean fasting blood glucose in the study
group was 5.36±0.44mmol/L and 5.31±0.43mmol/L and in control group it was
4.84±0.64mmol/L and 4.98±0.57mmol/L respectively.

The difference in mean gestational ages was not significant between the two groups,
10.68±1.52 weeks vs 11.19±1.87 weeks for cases and controls respectively, p =
0.066. This is consistent with the results of Tamara et al.51 in which mean
gestational ages of 7.20±0.80 and 7.50±0.60 weeks were reported among cases
and controls respectively with a p value of 0.615.
Insulin resistance was found to be significantly associated with first trimester
recurrent spontaneous miscarriages in this study, p = 0.009. The mechanisms by
which insulin resistance causes miscarriage is not clearly known. One hypothesis is
that insulin resistance causes uncontrolled diabetic-like state in the foetal
environment resulting in increased first trimester loss.5 High insulin levels have been
shown in vitro to increase the transport of glucose by first trimester cytotrophoblast
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independent of the glucose level (probably by up regulation of the GLUT-1 transport
system).52A second possibility involves plasminogen activator inhibitor (PAI-1).Insulin
resistance has been demonstrated to increased expression of PAI-1.18It has been
suggested that increased plasminogen activator inhibitor promote recurrent abortion
through thrombotic induction of placenta insufficiency. Other postulated pathways
are hypercoagulable state (impaired fibrinolysis), increased inflammatory cytokine
levels and decreased expression of glycodelin24 and insulin-like growth factor binding
protein-1 (IGFBP-1) and increase levels of androgens. Insulin resistance is known to
play a critical role in the ovarian androgen excess and therefore might promote
miscarriage by increasing circulating testosterone concentrations. The expression of
glycodelin and of IGFBP-1 is decreased by the hyperinsulinemia at the implantation
site.23Glycodelin plays an immune role, inhibiting the endometrial response towards
the embryo, while the IGFBP1 facilitates the adhesion process of the blastocyst at
the foetomaternal interface.

6.2 CONCLUSION
This study suggests that women with recurrent first trimester miscarriages are more
likely to be insulin resistant with higher fasting blood glucose levels compared to
normal controls.
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6.3 LIMITATIONS OF THE STUDY
1.

This was hospitals-based study; therefore the findings may not reflect the
findings in the entire population of women with first trimester recurrent
spontaneous miscarriages in Nigeria.

2.

Inability to exclude genetic causes of first trimester miscarriages.

6.4 RECOMMENDATIONS
1.

Women with recurrent first trimester miscarriages presenting for evaluation
should have their oral glucose tolerance test (OGTT) assessed.

2.

Women with recurrent miscarriages of unknown cause should be assessed for
insulin resistance as it may require treatment which includes life style changes,
exercise and insulin sensitizing drugs like metformin.

3.

A larger local study should be done to determine HOMA-Index cut-off that
defines insulin resistance in our population.
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APPENDIX A
INFORMED CONSENT
I am Dr Adikpe Emmanuel Edugbe, a Senior Registrar with the department of
Obstetrics and Gynaecology Jos University Teaching Hospital.
I am carrying out a study on the relationship of insulin resistance among women
with unexplained pregnancy loss compared with normal pregnant women at Jos
University Teaching Hospital. Insulin resistance and compensatory hyperinsulinemia
have been reported to pose significant threat to the success of pregnancy. They
have been implicated in women with two or more unexplained pregnancy loss at
≤13 weeks of gestation.
The association between unexplained pregnancy loss and insulin resistance is lacking
in Jos and Northern Nigeria. This study is aimed at determining this association in
other to manage these patients better.
The study is in partial fulfilment of the requirement for Part II examinations of the
National Postgraduate Medical College of Nigeria.
You will be required to fast for 8 to 12 hours and five millilitres (5ml) of your blood
will be taken for serum estimation of fasting glucose and fasting insulin. I will pay for
the laboratory test. You will feel a little pain while the sample is being collected, but
it is temporary. Any information that will be provided for this study will be treated as
confidential.
The study is voluntary and you should feel free to participate or decline. Your
decision not to participate in this study will not affect your care in the hospital. All
information provided will be strictly confidential and your identity would not be
disclosed.
I (initials please)…………………..understand the purpose of the study and I volunteer
to participate in the study. Thank you.
Signature of patient……………………

Date…………………..

Signature of witness…………………..

Date…………………..

Signature of investigator……………..

Date…………………..
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APPENDIX B
QUESTIONNAIRE
ASSOCIATION BETWEEN INSULIN RESISTANCE AMONG WOMEN WITH
EARLY SPONTANEOUS MISCARRIAGE AND WOMEN WITH NORMAL
PREGNANCY IN JUTH
DD

MM

YY

DATE

SERIAL

HOSPITAL

NUMBER

NUMBER

CASES (A) CONTROLS (B)
1.

Age (Years)……………..

2.

Ethnicity (a) Hausa/Fulani (b) Igbo (c) Yoruba (d) others (specify) ……………

3.

Level of education (a) none (b) primary (c) secondary (d) tertiary

4.

Occupation (a) housewife (b) student (c) trader (d) self-employed (e) Civil
servant (f) Others (specify) ……………….

5.

Parity……………….

6.

Gestational age at current pregnancy loss (weeks) (a) <10 weeks (b) 10 – 13
weeks

9.

Gestational age at previous pregnancy loss 1)......... 2)........ 3)........ 4)........

10.

Height (m)………………………………………………………………

11.

Weight (Kg)…………………………………………………………….

12.

BMI (Kg/m2)……………………………………………………………..

13.

Family history of diabetes mellitus

(a) Yes (b) No

15.

History of macrosomic babies

(a) Yes (b) No
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