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ABSTRACT

Objective: The objective of this study is to determine the prevalence of elevated high-sensitivity C-reactive protein (hs-CRP)
in normal pregnancy and gestational diabetes mellitus (GDM) and to compare the prevalence in both groups.
Materials and Methods: We conducted a case-control study between April 2015 and April 2016. Statistical analysis was performed
by the SPSS program version 17. Categorical variables were analyzed using either the Chi-square test or Fisher’s exact test. Pregnant
women who underwent oral glucose tolerance test at 24-28 weeks of gestation were enrolled. We took 25 women with GDM as cases
and 25 normal pregnant as control. These patients were analyzed for the level of hs-CRP. Results: The prevalence of elevated hs-CRP
in controls was 28% whereas in cases was 76%, with a P= 0.002 which is significant in this study. When compared to elevated hs-CRP
in GDM with body mass index and gravid state a P = 0.430, 0.378 was obtained respectively which was not significant whereas age
had a P= 0.049 which was significantly associated with elevated hs-CRP (>3 mg/L). Conclusion: Our result shows an increased level
of hs-CRP in GDM as compared to normal pregnant subjects. In this study, we also observed an association of increasing age with
elevated level of hs-CRP in GDM. Therefore, hs-CRP can be used as a screening tool for early detection and risk assessment of GDM.
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Introduction

The consequences of pregnancy and childbirth are still the
leading cause of disease, disability, and death among women of
reproductive age group in developing countries.

Pregnancies are identified as “low” or “high” risk based on the
chances of adverse maternal or neonatal outcome.!! Pregnancy
is a condition associated with profound inflammatory changes.?
Therefore, it is important to have an integrated patient assessment
during antenatal visits using maternal history and characteristics,
and biochemical tests which can better define risk for pregnancy
complications including fetal abnormalities, miscarriage, stillbirth,
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preeclampsia, preterm birth, gestational diabetes mellitus (GDM),
intrauterine growth restriction (IUGR), and macrosomia.P!
This would define patient-specific tisk,” and would allow eatly
commencement of preventive therapies, institution of appropriate
models of antenatal care and optimal level of surveillance.
There will be a better recruitment of high-risk populations to
trails of interventions to develop better strategies for prevention
of pregnancy complications and for improvement of maternal
and fetal outcomes.!! Infective or inflammatory conditions such
as obesity, GDM, and other conditions of insulin resistance,
when superimposed on pregnancy, may change this balance and
compromise normal development.[*?

There is insulin resistance during normal pregnancy which
is further enhanced in pregnancy complications such as
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GDM, disturbed placental function such as preeclampsia and
IUGR."! Thetre has been an association between abnormal
high-sensitivity C-reactive protein (hs-CRP) and pregnancy
specific complications.” The importance of measuring maternal
circulating hs-CRP in diagnosing subclinical infection and/or
inflammation in women with preterm rupture of membrane,® in
predicting the risk of preterm delivery® and preeclampsial has
been shown by some studies. As most pregnancy complications
appear in later part of pregnancy but underlying pathophysiology
starts early in pregnancy therefore, an early hs-CRP determination
may help in the prediction of adverse pregnancy outcome. The
level of hs-CRP provides a better sensitivity in establishing
inflammation than levels of C-reactive protein (CRP).I'!

Pregnancy is hyperglycemic period of life and is associated
increasing insulin resistance starting at midgestation.'? In
GDM, an increased severity of insulin resistance can disrupt
the intrauterine milieu, leading to abnormal fetal growth.!"!
When increased insulin secretion cannot compensate for the

pregnancy-induced insulin resistance then GDM results.!!

The present study was conducted to examine the prevalence of
clevated hs-CRP, an oxidative stress biomarker and acute phase

reactant in normal pregnancy and GDM. In this study, IADPSG
criteria were taken for diagnosis of GDM.

Materials and Methods
Study design

Case—control study.

Study population

The study population included pregnant women between 24 and
28 weeks of gestation presenting at the outpatient of Obstetrics
and Gynaecology Department who consent to participate in the
study and fulfilled the inclusion criteria.

Study period
April 2015 to April 2016.

Sample size

There are two groups of patients in this study, namely, normal
pregnancy as controls and pregnancy with GDM as cases. From
the past record and discussion with consultants and research
group, it was found that number of women reported with
GDM were around 42 in our hospital from February 2013 to
December 2014. Based on this estimate, we did a census study
to cover all the women reported with GDM in 1 year time
(April 2015 to April 2016). The sample size taken was 25 with
normal pregnancy and 25 with GDM.

Inclusion criteria

e Pregnant patients with age >20 years at 24-28 weeks of
gestation.
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Exclusion criteria

e Patient with history of type 2 diabetes mellitus (DM),
hypertension, coronary artery disease

* History of smoking/alcohol abuse

* History of acute/chronic liver diseases

* History of chronic obstructive pulmonary disease/respiratory
illness

* History of chronic kidney disease/any renal illness

* History of nonsteroidal anti-inflammatory drugs’s ingestion
in past 10 days

* Al other conditions which cause an increase in hs-CRP ate
to be excluded as patients with acute infections, connective
tissue disorder or as arthritis, scleroderma, polymyositis,
dermatomyositis, inflammatory bowel disease, and peripheral
arterial disease.

Data collection technique and tools

Those women who underwent screening test with oral glucose
tolerance test (OGTT) at 24-28 weceks of gestation were enrolled
for the study. Full explanation was given to the study subjects in
alanguage preferred by them. Those subjects who agreed to take
part in the study gave a verbal and informed written consent.
During the study, each participant’s demographic data such as age,
gender, address was noted in the pro forma. A detailed present,
past, and obstetric history was taken followed by general and
systemic examinations with relevant investigations.

After initial investigations, Women with impaired OGTT
diagnosed as GDM. Then a baseline hs-CRP was done in both
normal pregnancy and GDM which could be normal or elevated.
We classified them into two groups (case and control) based on
serum hs-CRP level. A reference value of hs-CRP concentration
below 3 mg/L is considered normal for this study."”

1. Case-serum hs-CRP level above ot equal to 3 mg/L

2. Control-serum hs-CRP level below 3 mg/L.

Parameters of patients including parity, period of gestation,
vitals, height, weight, body mass index (BMI), and OGTT were
recorded as observational data.

At the end prevalence of elevated hs-CRP was determined in
both cases and control then prevalence of elevated hs-CRP was
compared in both cases and control.

Statistical analysis

Statistical analysis was performed by Using the SPSS statistical
package (version 17.0, SPSS Inc., Chicago, I, USA). Continuous
variables are presented as mean T standard deviation (SD), and
categorical variables are presented as absolute numbers and
percentage. Data were checked for normality before statistical
analysis. Normally distributed continuous variables were
compared using the unpaired ~test, whereas the Mann—Whitney
U-test was used for those variables that were not normally
distributed. Categorical variables were analyzed using either the
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Chi-square test or Fisher’s exact test. For all statistical tests, a
P < 0.05 was taken to indicate a significant difference.

Observations and Results

Serum level of hs-CRP was done in all patients. Mean value of
hs-CRP in control and cases were compared and a P = 0.001
which is significant in this study as shown in Table 1 and Figure 1.

The prevalence of elevated hs-CRP (=3 mg/L) in controls was
28% whereas in cases is 76%, whereas hs-CRP (<3 md/L) was
seen in 72% of controls and 24% of cases, with a P = 0.002
which is significant in this study.

Thus, it was observed that the prevalence of elevated
hs-CRP (=3 mg/L) was significantly high in cases as compared
to controls (P = 0.002) as shown in Table 2 and Figure 2.

In this study, it was observed that the level of hs-CRP (=3 mg/L)
when compared with age, BMI, and gravida in controls, a
P = 0.490 for age, 0.156 for BMI, and 0.673 for gravida was
obtained which was not significantly associated with age, BMI,
and gravid state in controls as shown in Table 3 and Figure 3.

The association of elevated hs-CRP (=3 mg/L) in cases with
age, BMI, and gravid state was observed and it was found that
BMI and gravida had a P = 0.430, 0.378, respectively which was
not significantly associated with the level of hs-CRP (=3 mg/L)
whereas Age had a P = 0.049 which was significantly associated
with elevated hs-CRP as shown in Table 4 and Figure 4.

The prevalence of patients with age <25 is only 8% in control
and 12% in cases whereas age >25 is 92% in control and 88%
in cases with P = 1.000 which is not significant in this study.

In this study, it was observed that prevalence of
BMI <23 is 32% in controls and 8% in cases whereas BMI >23
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is 68% in control and 92% in cases with a P = 0.044 which
is significant.

In our study, mean gestational age is 26.44 £ 1.29 SD in control
and 25.84 = 1.55 SD in cases with a P = 0.143 which was not
significant.

The prevalence of primigravida in control is 64% and 48% in
cases whereas the prevalence of multigravida in control is 36%
in control and 52% in cases with a P = 0.254 which shows that
there is no significant difference in gravid state between cases
and controls.

Discussion

Common pathologic state like GDM had increased the incidence
of complications both in the mother and the fetus."”l In addition,
GDM and pregnancy related dysregulation of blood glucose
levels expose the women affected to higher risk for subsequent
development of type 2 DM and cardiovascular disease later in
their lives,'” the risk being proportional to the degree of the
dysregulation.

The present study primarily examined the prevalence of elevated
hs-CRP an oxidative stress indicator with GDM in pregnant
women at 24-28 weeks of gestation. As reduced ability to
compensate for oxidative stress found among these women
was associated with increased insulin resistance which might be
important factors in GDM.

In this case—control study, we calculated the prevalence of
elevated hs-CRP in normal pregnant women and GDM. We
found that the prevalence of elevated hs-CRP is 28% in normal
pregnant women (controls) and 76% in GDM when values
of elevated hs-CRP compared in both normal pregnancy and
GDM, it was significantly (P = 0.002) associated with GDM.
In a study conducted by Maged ¢/ 4/, in which a comparative
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Figure 1: Comparison of mean of high-sensitivity C-reactive protein
in cases and controls

Figure 2: Comparison of high-sensitivity C-reactive protein distribution
in cases and controls

Table 1: Mean of high-sensitivity C-reactive protein in cases and controls

Control (n=25) Cases (n=25) P
MeantSD Median Minimum-maximum MeantSD Median Minimum-maximum
hs-CRP 2.43+2.08 1.82 0.3-7.50 5.06%3.08 4.60 0.5-10.5 0.001

hs-CRP: High-sensitivity C-reactive protein; SD: Standard deviation
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Figure 3: Association of high-sensitivity C-reactive protein with age,
body mass index, and gravida in controls

Table 2: Prevalence of high-sensitivity C-reactive protein
in cases and controls

hs-CRP Frequency (%) P
Control Cases

<3 18 (72.0) 6 (24.0) 0.002

>3 7 (28.0) 19 (76.0)

Total 25 (100) 25 (100)

Hs-CRP: High-sensitivity C-reactive protein

Table 3: Association of high-sensitivity C-reactive
protein with age, body mass index, and gravida in controls

Controls Frequency (%) P
hs-CRP <3 (n=18) hs-CRP 23 (n=7)

Age (years)
<25 1(5.6) 1(14.3) 0.490
>25 17 (94.4) 6 (85.7)

BMI
<23 4(222) 4(57.1) 0.156
>23 14 (77.8) 3 (42.9)

Gravida
Primi 12 (66.7) 4(57.1) 0.673
Multi 6 (33.3) 3 (42.9)

Hs-CRP: High-sensitivity C-reactive protein; BMI: Body mass index

Table 4: Association of high-sensitivity C-reactive
protein with age, body mass index, and gravida in cases

Cases Frequency (%) P

hs-CRP <3 (n=6)  hs-CRP >3 (n=19)

Age (years)

<25 2 (33.3) 0 0.049
>25 4 (66.7) 19 (100.0)

BMI
<23 1 (16.7) 1(5.3) 0.430
>23 5(83.3) 18 (94.7)

Gravida
Primi 4 (66.7) 8 (42.1) 0.378
Multi 2(33.3) 11 (57.9)

Hs-CRP: High-sensitivity C-reactive protein; BMI: Body mass index

study done between different biomarkers for early prediction
GDM which showed the hs-CRP sensitivity 89% and specificity
55%." Therefore, making hs-CRP an important marker for eatly
prediction for GDM.
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Figure 4: Association of high-sensitivity C-reactive protein with age,
body mass index, and gravida in cases

In another case—control study conducted by Zhu ¢ al., in 2015
which showed the association of elevated hs-CRP with GDM
in pregnant women."’!

A well-known fact is that inflammatory and stress responses
mediate insulin resistance,? and inflaimmatory mediators play
an important role in the development and progression of GDM.
CRP, is a sensitive marker of the inflammation and a classical
acute phase reactant, in numerous pathologic conditions,
and elevated CRP levels have been associated with abnormal
metabolic conditions such as insulin resistance, hyperglycemia,
and type 2 DM.P!

A study conducted by Bo e @/, on CRP and tumor necrosis
factor-a in gestational hyperglycemia which showed that during
pregnancy, increased CRP levels are associated with insulin
tesistance, maternal dysglycemia, and GDM.? As Asians have
a higher percentage of body fat than Caucasian people of the
same age, sex, and BMI. The occurrence of type 2 diabetes is
more in lower BMI than the WHO cut-off limit of 25 kg/m?.
Therefore, WHO has recommended that for many Asians the
limits of BMI should be 23 kg/m? Suggested categories for
Asians are: <18.5 kg/m? (underweight); 18.5-23 kg/m? (normal);
23-27.5kg/m? (overweight); and 27.5 kg/m? or higher (obesity).

In this study, we observe that mean BMI of cases (GDM) was
higher when compared to controls which was significantly
associated with GDM (P = 0.008), and this was similat to the
study conducted by Makgoba 7 a/, in 2012 ¥ which states that
there is strong link between GDM and BMI in all the racial

groups.

In the present study, there was no association between age, BMI,
and gravida with the prevalence of elevated hs-CRP(=3 mg/L)
in controls whereas when compared to cases (GDM) there was
a significant correlation between increasing age and elevated
hs-CRP with a P value of 0.049. As no direct study has shown
the association of elevated hs-CRP with increasing age in GDM,
therefore on the basis of study and reference mentioned below
we have tried to explain the outcome of this study result.
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A study conducted by Lao ¢ al., in 2003, in which their findings
indicates that the risk of GDM becomes significantly and
progressively increased from 25 years onward. This supports the
American Diabetes Association recommendation on the use of
age =25 years as the cutoff for screening and the observation
that maternal age =25 years is the factor most predictive of
GDMP*! and as elevated hs-CRP is significantly related to
GDM in this study (P = 0.002) as well as a case—control study
conducted by Zhu ¢7 al., in 2015 which showed the association
of elevated hs-CRP with GDM in pregnant women.!”) Hence,
we can indirectly relate the association of elevated hs-CRP with
increasing age in GDM.

Conclusion

Induction of an inflammatory state in pregnancy, and worsening
of insulin resistance is further exacerbated by obesity, gestational
weight gain, and may result in GDM. GDM is now common
these days and had an adverse impact on short and long-term
maternal and child health.

Our result shows an increased level of hs-CRP (an inflammatory
marker) in GDM as compared to normal pregnant subjects.
In this study, we also observed an association of increasing
age with elevated level of hs-CRP in GDM. These results
suggest that there is decreased ability of pregnant women with
GDM to compensate for oxidative stress which manifested as
increased insulin resistance, reduced insulin sensitivity, and 3-cell
dysfunction, all of which may play important roles in GDM.

Therefore, hs-CRP can be used as a screening tool for early
detection and risk assessment of GDM, and this would allow
early commencement of preventive therapies, institution of
appropriate models of antenatal care in pregnant women with
GDM to prevent maternal and fetal complications related to
GDM.

Recommendations/suggestions

* Risk prediction in GDM is mostly based on maternal history
and clinical risk factors and may not optimally identify
high-risk pregnancies. Hence, screening with hs-CRP is widely
recommended

*  We suggest that there is a clear need for additional studies
on markers that can be used to identify and monitor GDM

e Our data were collected at 24—28 weeks of gestation, methods
for prevention of GDM may have been more effective if
employed before this unstable period (24-28 weeks) of
pregnancy, and further research is needed to identify women
at this stage of disease development

e Another important limitation is small number of patients
which may have affected the study result. Despite the
relatively small sample size, the validity of our results ate
strengthened by close matching of control subjects against
GDM subjects

e Itis recommended that women who develop GDM and are
predispose to develop type 2 DM later in life, they should

Journal of Family Medicine and Primary Care

adopt a lifestyle modifications, dietary habits, primary
health-care strategies to prevent or delay the appearance of
glucose intolerance states.
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