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Abstract

pregnancy, it has been associated with not only acute increased risk for complications

of pregnancy but also long-term disease risks for both mother and baby due to
inflammation that plays a key role in the pathogenesis of GDM. The need of a reliable early
test to diagnose and predict GDM earlier is important for development of useful intervention
therapies that may impact not only on the acute but long-term health outcomes.
Objective: We performed this survey to investigate the predictive value of the of first-
trimester serum CRP as screening test of gestational diabetes mellitus and, to evaluate the
correlation between high CRP and body mass index (BMI).
Patients and Methods: A prospective cohort study design was conducted in AL -Qadisia
City in Iraq from January 2012 to January 2015. Data for the study was collected from
patients attending the department of Obstetrics and Gynaecology ,outpatient and private
clinic. It included 110 low risk pregnant women at first trimester(8-13 weeks). Study was
included after meeting inclusion and exclusion criteria. Venous blood was screened for
plasmatic C reactive protein by CLIA system to measure C reactive protein in values with
cut- off point of high level more than 3mg/L , fasting blood sugar by photometric method
and in addition to routine antenatal tests. They were followed up to delivery by continue to
measure fasting blood sugar between 24-28 week and after 28 week of gestation . Also for
assessing of complications (10 women were lost to follow ,so only 100 women were finally
available).
Results: In total, 100 low risk pregnant women at first trimester with high CRP(>3mg\L),
(mean+sD 5.33+1.61), 88% of them developed GDM, 53women developed between 24-
28week(early GDM, groupl),35women developed >28 week(late GDM ,group2),while 12 of
them remain normal(group3). CRP was significantly high in groupl comparing to group2
and group3 ( mean+sD 6.383+ 1.439 , p< 0.001). BMI was also significantly high in groupl
comparing to group2 and group3 (100% versus14.8%). Maternal and fetal complications
were significantly less frequent in women with groupl than group2 (1.88%, 11.32% and
17.14%, 28.57%) (p=0.010, 0.040) respectively.
Conclusions: We did find a significant correlation between high maternal serum CRP level
at first trimester and subsequent development of gestational diabetes and also, our study
showed a significant correlation between pre-pregnancy BMI and CRP in early gestational
diabetic women.
Key words: C-reactive protein, gestational diabetes mellitus, body mass index, pregnancy:

Background: GDM is glucose intolerance with onset or first recognition during

Introduction intolerance during pregnaney.® and those
that had pre-existing diabetes whichzhad
Gestational diabetes mellitus GDM |, is a not been diagnosed before pregnancy ®:

condition  characterized by glucose
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Its prevalence in pregnant women is 4.7%
@4 This estimate will likely increase in
the future, given the alarming view.
Gestational ~ diabetes  mellitus  is
associated with a variety of adverse birth
outcomes, including congenital anomalies,
excessive fetal weight gain ,
polyhydroamnious , preterm labour , late
stillbirth and related increases in the rate of
cesarean delivery and perinatal injury.
Neonatal  hypoglycemia,  hyperbiliru-
binemia, hypocalcemia, polycythemia and
newborn respiratory distress syndrome are
also an important complications ©.
Although women with gestational
diabetes mellitus (GDM) usually revert to
normal status after delivery ©, GDM
increases the risk for a number of long-
term  adverse  outcomes, including
progression to type 2 diabetes (T2D) in the
mother 8 which is itself an important risk
factor of cardiovascular diseases and the
latter is a leading cause of death among
these patients . As well as increased risk
of obesity, diabetes, and possibly adult
cardiovascular disease in the infant 9.
Non-pharmacologic  medical  nutrition
therapy, including dietary changes, meal
planning, and increased physical activity,
is recognized as the cornerstone of
treatment for GDM @
Pathophysiology of GDM :
In pregnancy, the placenta (the blood
source for the baby) produces hormones
that help the baby grow and develop.
Some of these hormones block the action
of the mother’s insulin which is called
insulin resistance.
During pregnancy, to keep the blood
glucose levels normal, mothers need to
make 2 to 3 times the normal amount of
insulin due to this insulin resistance. If the
body is unable to produce the extra insulin
or becomes more resistant, gestational
diabetes develops. When the baby
requirements fall, glucose levels return to
normal and diabetes usually disappears .
Risk factors for gestational diabetes:
As has already been stated, the risk factors
for GDM share similarities with those for

type 2 diabetes. The traditional, and most

cited, risk factors for GDM are high

maternal age, weight and parity (which are

often correlated), a family history of type 2

diabetes and the previous birth of a

macrosomic baby V. Of the more recently

described risk factors, high or low

maternal birth weights 2 .

Pregnancy and Gestational Diabetes

Screening :

All pregnant women should be screened

for gestational diabetes during their

pregnancy. Screening may be done by
taking the woman's medical history and
examining certain risk factors, but an oral
1I?’l)Jcose tolerance test is also recommended

What is the aim of Oral Glucose Tolerance
Test for Gestational Diabetes?
The oral glucose tolerance test is used to
screen for gestational diabetes. Gestational
diabetes is a specific type of diabetes that
can develop in some women late in
pregnancy (usually after the 24th week).
Women who develop this complication do
not have diabetes before becoming
pregnant.
When should Oral Glucose Tolerance Test
Performed?
The test is generally given between the
24th and 28th week of pregnancy. If
women have had gestational diabetes
before, or if the health care provider is
concerned about the risk of developing
gestational diabetes, the test may be
performed before the 13th week of
pregnancy.*?

Diagnosis of Gestational Diabetes:

GDM diagnosed by WHO 2006 if one or

more of the following criteria are met:

e fasting plasma glucose > 7.0 mmol/l
(126 mg/ dl)

e 2-hour plasma glucose > 11.1 mmol/l
(200 mg/dl) following a 75g oral
glucose load

e random plasma glucose > 11.1 mmol/l
(200 mg/ dl) in the presence of
diabetes symptoms 4.

Now days it seems that GDM-affected

women are  more prone to metabolic
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syndrome (MS) too ®®.  Inflammation

may be the missing link between GDM ,
type 2 diabetes and MS, as it is associated
with insulin resistance 7.

It has been indicated that increased
inflammation is an independent risk factor
for the development of type 2 DM 819,

It has become increasingly evident that
endocrine/metabolic  hormones such as
leptin, adiponectin, resist in, prion-
flammatory mediators including C-reactive
protein (CRP) are strongly linked with
abnormal carbohydrate metabolism 7 .

In recent times a number of first trimester
studies have shown association of different
biomarkers with the development of
GDM. These include elevated serum or
plasma C reactive protein *°.

Recent studies have focused on C-reactive
protein  (CRP) more than other
inflammatory markers. CRP is a protein
that is synthesized by liver which is then
secreted into circulation. It is a critical
component of the immune system and is
one of the acute phase proteins that is
increased during systemic
inflammation.®®
However , even CRP levels tend to rise
during pregnancy “® since there is
evidence that normal pregnancy itself
stimulates the maternal inflammatory
response and CRP levels are elevated in
healthy pregnant women @Y, but this rise
will occur during late second and third
trimester. On average, CRP levels tend to
be normal or low level during first
trimester similar to non-pregnant healthy
adult women (0.2-3mg/L) “? . The cut-
point for diagnosis of high first trimester

gzl)?P level was defined as CRP>3 mg/dl

Patients and Method

This study was conducted as a prospective
cohort design from January 2012 to
January 2015 at Maternity and Pediatrics
teaching hospital in AL_Qadisia city, Iraq.
Among patients who attended the
antenatal care , outpatients and private

clinic in the first trimester (gestational age
was based on the date of last menstrual
period and confirmed by first trimester
ultrasound scan). All subjects gave
written informed consent for participation
in the study which was approved by the
local ethics committee . We considered the
ethical issues and described to recruited
subjects for the study and obtained the
consent to take blood samples. From their
medical records, we got some information
including maternal age, height, pre-
pregnancy weight, reproductive and
medical histories, and pre-pregnancy body
mass index BMI (kg/m2) and entered
them in analysis of the data as covariates.

Maternal height and weight were measured

by standard methods and body mass index

(BMI) was calculated by dividing the

weight in kilograms by the height in

meters to the power of two. Pre-pregnancy
weight was obtained by history. After
exclusion of:

1. Major uterine or fetal anomalies and
maternal diseases that may alter the
immune response including any
infective or inflammatory process.

2. Known diabetics or history of GDM in
past pregnancy.

3. The level of CRP at first trimester
(<3mg\L) .

4. Other associated endocrine diseases

like , thyroid or adrenal disease

Women taking corticosteroid therapy

6. Restriction of intrauterine growth,
placenta previa, pregnancy induced
hypertension and twin pregnancy.

We include 110 low risk women with high

first trimester CRP (>3mg/L) , forty-seven

percent of the women were primigravidas
and the mean age of women in the study
was 30+-5.83. Lowest body mass index

(BMI) was 19 kg/m2 and the highest 30

kg/m2. All women  were tested for

presence and level of CRP in blood,
fasting blood sugar, in addition to the
standard antenatal tests of first trimester.

All assays were performed in a single

private laboratory to increase reliability

and minimize the wvariance between

o
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laboratories. Ten women were lost to
follow-up and the records of only 100
women were finally available.  These
women were continue to follow up in the
antenatal clinic and underwent fasting
blood sugar every two weeks starting from
24 weeks of gestation and till the time of
delivery. CRP was tested by the
chemiluminescent immunoassay (CLIA)
test kit. This test kit is standardized to
detect CRP concentrations of
approximately 3 mg/L or higher in diluted
serum samples as a cut point of high test
% Maternal fasting plasma samples were
collected in10-mL tubes, Plasma glucose
concentrations were measured in certified
clinical laboratories using photometric
method @Y. After diagnosis of GDM
depending on fasting blood sugar*® the
study sample divided into 3 groups(gruopl
those women developed early GDM
between 24 28 weeks,group2 those
women developed late GDM>28 weeks
and group3 those women did not
developed GDM and considered normal,
we continue to follow all these women till
delivery to assess for maternal and
perinatal complications.

Statistical analysis

Data were analyzed using SPSS (Chicago
version 20) and Microsoft Office Excel
2010. Numeric variables were expressed
as mean +SD while nominal data were
expressed as number and percent. One way
ANOVA and post hoc LSD test was used
to compare mean CRP among groups. Chi-
square test was used to compare frequency
distribution among groups. P-value was
considered significant when it was less
than or equal to 0.05.

Results

Mean age of women enrolled in the
present study was 30.48+5.83 years.
Median parity of patients was 2 with a
range of 0 to 5. Mean body mass index
(BMI) was 24.80+3.15 kg/m2. Mean
fasting blood sugar (FBS) in the 1%

trimester was 94.08+8.51 mg/dl. Mean
CRP in the first trimester was 5.33+1.61,
as shown in table 1.

Table 1. Characteristics of the study

sample
Parameter* Mean SD Median (range)
Age 30.48 5.83
Parity 2.00(0-5)
BMI 2480 3.15

FBS1sttrimester 94.08 8.51
CRP1sttrimester 5.33 1.61

After follow up of women enrolled in the
present study, 53 pregnant lady (53%)
developed gestational diabetes at 24-28
weeks gestation. Those women were
regarded as having early gestational
DM(groupl). Another group, consisting
of 35 women, developed gestational DM
after 28 weeks gestation. Those ladies
were regarded as having late gestational
DM(group2). twelve women did not
develop DM till end of pregnancy and
subsequently  classified as  being
normal(group3), as shown in table 2.

Mean serum CRP was significantly higher
in patients with early gestational
DM(groupl) than that of normal
one(group3) (highly significant difference;
P<0.001).on the other hand mean CRP of
patients with late gestational DM(group2)
was not significantly different from that of
normal one (group3) (P>0.05). Even
though, patients with early gestational DM
(groupl) showed a significantly higher
serum CRP than patient with late
gestational DM(group2) (P<0.001), as
shown in table 2.

Mean BMI of patients with early
gestational DM (groupl) was significantly
higher than that of normal
subjects(group3) and patients with late
gestational DM(group2), as shown in
figure land table 3.

Maternal and fetal complications were
significantly less frequent in women with
early gestational DM(groupl) than late
gestational DM(group2), as shown in table
4.
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Table 2. Classification of study sample according to FBS after follow up
Groups No. (%) MeanCRP SD
Normal (group3) 12 (12) 4.058 0.624
Early gestational diabetes(groupl) 53 (53) 6.383 1.439
Late gestational diabetes(group2) 35 (35) 4.180 0.791
total 100 (100) 5.333 1.613
P1: Early versus normal (<0.001)
P2: late versus normal (0.757)
P3: Early versus late (<0.001)
( )
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Figure 1. Comparison of mean BMI between Early gestational DM( groupl) and rest of
pregnant women
Table 3. Frequency of overweight and obesity in women enrolled in the present study
Normal and late (n =47) (group3and Early (n=>53) Total (n =
group?) (groupl) 100)
BMI No. % No. % No. %
Normal 40 85.11 0 0.00 40 | 40.00
Overweight or 7 14.89 53 100.00 60 | 60.00
obese
Total 47 100.00 53 100.00 100 | 100.00
P<0.001

Table 4. Maternal and fetal complications in patients with early(groupl) and late
(group?2)gestational diabetes

Early Gestational Late Gestational
Complications DM(groupl) DM(group2) P-value
(n=53) (n=35)
Maternal complications* 1 (1.88%) 6 (17.14%) 0.010
Fetal complications** 6 (11.32%) 10 (28.57%) 0.040

*preterm labour ,increase rate of cesarean delivery ,shoulder dystocia and perineal injury . **macrosomia
,polyhydroamnious,late stillbirth and preterm labour and its complications.

Discussion

Gestational diabetes mellitus (GDM)
usually manifests itself in the latter half of
pregnancy and is characterized by
carbohydrate intolerance of variable
severity. The presence of GDM has

implications for both the mother and the
baby. Perinatal morbidity includes
macrosomia, hypoglycaemia, hyperbiliru-
binaemia and  respiratory  distress
syndrome, which in turn may generate
subsequent complications ®. Longer term
consequences for the offspring may
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include obesity and diabetes independent
of genetic factors . For the mother, there
is an increased risk of overt Type 2
diabetes later in life ©". If GDM is
diagnosed, women will usually be
counseled and advised to adopt a healthy
lifestyle for the duration of their pregnancy
and where it is deed appropriate, women
may also be required to undergo
pharmacologic or insulin therapy.

During this time, increased surveillance of
the pregnancy is undertaken to help
ameliorate the consequent maternal and
fetal morbidity associated with GDM. The
clinical importance of this surveillance is
highlighted by recent published findings
that demonstrate that even mild
hyperglycaemia over a prolonged period is
associated  with  numerous  adverse
perinatal outcomes ®.

Therefore, there is a growing need to
diagnose and manage pregnancy-induced
diabetes earlier if the short-term and long-
term risks to the fetus are to be minimized
, and it is important to recognize that by
the time GDM is diagnosed in the late
second or early third trimester of
pregnancy, the ‘pathology’ is probably
established and that reversal of the
potential adverse perinatal outcomes may
be limited. Numerous GDM risk-factor
assessments have been attempted during
first trimester pregnancy such as

family history of GDM and/or diabetes,
fasting plasma glucose, 1-h glucose
challenge test %, oral glucose tolerance
test ®¥ and hemoglobin Alc ©V and
although some have been able to provide a
good negative predictive measure for
subsequent GDM ©?, all tests suffer from
poor positive predictive values and are of
limited-efficacy.

The second and third trimesters of
pregnancy represent a physiological type
of insulin resistance . Insulin resistance
is associated with dysfunction of
endothelial and inflammation as well as
increased production of cytokines by
adipose tissue and CRP, a sensitive marker
of inflammation, by the liver. Y. A G

Taba’kl,2, M Kivima'kil et al (2010)
studies show that high C-reactive protein
(CRP) levels predict diabetes type 2 .
Gestational diabetes is a biochemical and
epidemiological condition similar to type 2
diabetes ©®  so  pro-inflammatory
cytokines such as CRP may be associated
with GDM. In our study of a middle-aged
pregnant women, we observed elevated
first trimester CRP levels in people who
developed gestational diabetes , and the
risk of developing GDM was earlier(24-
28weeks) among women with highest
CRP level, these findings are consistent
with Wolf et al * found that CRP
concentrations in the first trimester
predicted the development of GDM in the
ongoing pregnancy and first trimester CRP
levels were significantly increased among
women who subsequently developed first
GDM compared with control subjects (3.1
vs. 21 mg/l, P < 0.01). The risk of
developing GDM among women in the
highest CRP tertile compared with the
lowest tertile was 3.2 (95% CI 1.2-8.8).
After adjusting for age, race/ethnicity,
smoking, parity, blood pressure, and
gestational age at CRP sampling, the risk
of developing GDM among women in the
highest compared with the lowest tertile
was 3.6 (95% CI 1.2-11.4).

Bhattacharya Sudhindra Mohan ©” study
shows that C-reactive protein in early
months as an inflammatory marker is not a
dependable screening test for gestational
diabetes developing in later months of
pregnancy, and these finding are disagree
with our findings. Also, in our study CRP
concentrations correlated with BMI before
pregnancy in women who early developed
gestational diabetes. This result is
consistent with the study of Leipold et al
®8 that showed a significant correlation
between pre-pregnancy BMI and CRP
level.

In our study the maternal and fetal
complications were significantly less
frequent in women with early gestational
DM than late gestational DM ,we can
explain this result , the early detection and
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intervention of GDM the less the
complications . This result consistent with
Crowther, et al., 2005, Landon, et al., 2009
(9400 study which show that early
detection and intensive intervention
therapy can significantly reduce maternal
and fetal morbidity .However if we study
each complication alone we can get low
rate of complications in late group
comparing to the reported rates.

Conclusion and recommendation

Screening for glucose intolerance during
pregnancy provides an  opportunity to
offer management to those women
diagnosed with  gestational diabetes
mellitus. However, there is a need to
diagnose  gestational diabetes early to
minimize exposure of the developing fetus
to suboptimal conditions and prevent
perinatal complications and their sequelae.
From our study we identify potential
proinflammatory biomarkers based on first
trimester CRP for impending gestational
diabetes that appear in the plasma before
impaired glucose tolerance.These results
are more significant in women with high
BMI. The development of such test will
provide data that better informs clinical
decision-making and patient management
that will not only directly benefit the
immediate pregnancy, but will also help
mitigate the longer-term ramifications of
these conditions for both mother and baby.
larger randomized controlled trials are
needed to confirm the clinical usefulness
of this proinflammatory marker as early
predictor for developing gestational
diabetes mellitus.
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