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ABSTRACT

BACKGROUND

C-reactive protein (CRP) is a sensitive marker of systemic inflammation and maternal plasma concentrations of C-reactive protein
have been studied as an aid in diagnosing subclinical infection in pregnant women who experience preterm labour and premature
rupture of membranes.

Objectives- To study the association of plasma C-reactive protein levels in early pregnancy with subsequent preterm delivery.

MATERIALS AND METHODS

This study was carried out in the Department of obstetrics and gynaecology, Lalla-Ded hospital, Srinagar Kashmir from July 2008 to
November 2010. A prospective nested case-control approach was used, in which cases were participants who experienced preterm
delivery and controls were those women who delivered at 37 weeks or more. 200 pregnant women with singleton pregnancy were
recruited for study and were followed till delivery. Maternal plasma C-reactive protein levels were measured in early pregnancy
(<22 weeks of gestation) and were correlated with the time of delivery (preterm/term). The characteristics of cases and controls
were compared by using descriptive statistics. Comparative evaluation was done by using Chi-Square test and Odds ratio. All p-
values of <0.05 were regarded as significant. Conditional logistic regression analysis was performed to evaluate the risk of preterm
delivery.

RESULTS

We found statistically significant differences in the C-reactive protein levels measured in early pregnancy between the women who
delivered preterm and those delivering at term. Plasma CRP levels were higher in cases than in controls. Mean CRP level was
5.2#2.9 mg/L in cases and 2.4+1.2 mg/L in controls. Median CRP concentration was also higher in cases (4.8 mg/L) than in controls
(2.0 mg/L). The sensitivity, specificity, PPV and NPV of CRP in predicting preterm delivery were found to be 61.0%, 88.7%, 58.1%
and 89.8% respectively, at a cut-off value of 3.6 mg/L.

CONCLUSION
Elevated CRP level in early pregnancy is associated with preterm delivery. Therefore, measurement of plasma CRP level in early
pregnancy can serve as a predictive tool for subsequent preterm delivery.
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BACKGROUND

Preterm birth, defined as birth before 37 weeks gestation, is
an important cause of neonatal and infant morbidity and
mortality.

Overall incidence of preterm labour is reported to be 6-
15%.1 Nearly 50-60% preterm births occur following
spontaneous labour, 30% due to preterm premature rupture
of membranes and the rest are iatrogenic terminations for
maternal or foetal benefit. Four different pathways have been
identified that can result in preterm birth and have
considerable evidences: precocious foetal endocrine
activation, uterine over distension, decidual bleeding and
intrauterine inflammation/infection.

Financial or Other, Competing Interest: None.
Submission 11-12-2016, Peer Review 04-01-2017,
Acceptance 10-01-2017, Published 16-01-2017.
Corresponding Author:

Dr. Asima Afzal,

Senior Resident,

Postgraduate,

Department of Obstetrics and Gynaecology,
Government Medical College, Srinagar.

E-mail: drasmamantoo@gmail.com

DOI: 10.14260/jemds/2017/84

@oge

J. Evolution Med. Dent. Sci./eISSN- 2278-4802, pISSN- 2278-4748/ Vol. 6/ Issue 05/ Jan. 16, 2017

Activation of one or more of these pathways may happen
gradually over weeks, even months.(2)

Maternal plasma concentrations of C-reactive protein
have been studied as an aid in diagnosing subclinical infection
in pregnant women who experience preterm labour and
premature rupture of membranes.34)

C-reactive protein (CRP) is a sensitive marker of systemic
inflammation and is primarily synthesised in hepatocytes in
response to infection and tissue injury.) It plays many roles
in the inflammatory process. It binds to the surface of
pathogens and opsonises them for uptake by phagocytes. C-
reactive protein can also activate the classical complement
cascade by binding to complement protein C1q.(6) Another
proinflammatory function of C-reactive protein includes the
induction of cytokines and tissue factor in monocytes.(”)
However, its main function is anti-inflammatory by
decreasing neutrophil migration to the site of inflammation,
preventing adhesion of neutrophils to endothelial cells(® and
affecting clearance of nuclear antigens released from
apoptotic or necrotic cells.(9)

The median normal concentration of C-reactive protein is
0.8 mg/L, with 90% of apparently healthy individuals having
a value less than 3 mg/L and 99% less than 12 mg/L. Higher
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values are abnormal and indicate the presence of organic
disease.(10)

The present study was undertaken to evaluate the
usefulness of early pregnancy plasma C-reactive protein in
the prediction of preterm delivery.

MATERIALS AND METHODS

This study was carried out in the Department of Obstetrics
and Gynaecology, Lalla-Ded Hospital, Government Medical
College, Srinagar from year 2008-2010. A total of 200
pregnant women were recruited for study and were followed
till delivery (preterm/term). Maternal plasma C-reactive
protein levels were measured in early pregnancy (<22 weeks
gestation) and were correlated with the time of delivery
(preterm/term).

The research protocol was approved by the institutional
ethical committee. All participants received a detailed
explanation of the study before providing their signed
consent.

Type of Study
Prospective nested cohort study.

Data Collection

At the initial prenatal visit, plasma sample was drawn from
each participant, collected in ethylenediamine-tetraacetic
acid, refrigerated for several hours and then transported to
the laboratory where it was centrifuged and frozen until the
time of analysis. Gestational age at blood sampling was 6-22
weeks.

Original Research Article

Case-Control Selection

In this analysis, a prospective nested case-control approach
was used, in which cases were participants who experienced
preterm delivery (<37 weeks gestation). Controls were those
women who delivered at gestational age of 37 weeks or more.
CRP levels were done in the Biochemistry Laboratory,
Government Medical College, Srinagar, with a validated high-
sensitivity immunoturbidimetric assay on the Siemens Fully
Automated Biochemistry Analyser.

Statistical Analysis

The baseline and delivery characteristics of cases and
controls were compared by using descriptive statistics.
Comparative evaluation was done by using Chi-Square test
and Odds ratio. All p-values of < 0.05 were regarded as
significant.

RESULTS
A prospective study was carried out on 200 women with
singleton pregnancy. Women who delivered before 37 weeks
of gestation (preterm) constituted the cases and who
delivered at term constituted the controls.

Majority of the study subjects were in the age group of 20-
34 years. Mean age was found to be 28.6+6.7 years and
28.9+5.3 years among cases and controls respectively. There
was no statistical significance of age between the cases and
controls. Mean BMI was found to be slightly higher among
controls (23.9+3.3 kg/m2) as compared to the cases (23.5+3.4
kg/m?2). The difference in BMI between cases and controls
was found to be statistically insignificant (Table 1).

Preterm (Cases) Term (Controls)
p value
n=41 % n=159 %
<20 1 2.4 15 9.4
Age (vears) 20to 34 27 65.9 115 72.3 0.794
=235 13 31.7 29 18.3
Mean+SD 28.6+6.7 (18, 39) 28.9+£5.3 (17,41)
<20.0 2 49 8 5.0
20.0 to 24.9 28 68.3 104 65.4
BMI (kg/m2) 25.0t029.9 9 22.0 38 23.9 0.763
>30.0 2 49 9 5.7
Mean+SD 23.5+3.4(18.6, 32.4) 23.9+3.3(18.0,33.9)
Table 1. Delivery Type with respect to Age and BMI of the Studied Subjects

BMI=Body Mass Index, P value < 0.05 statistically significant.

As depicted in the Table 2, we found a statistically significant risk of preterm delivery in women with a gravidity of greater than
three. With regard to history of previous abortion(s), there was statistically significant difference between the cases and controls.
In case of multigravidas (n=121), mean interpregnancy interval was found to be shorter (12.3+8.0 months) in cases as compared to
the controls (14.0+5.8 months). Pregnant women with a short inter pregnancy interval had a statistically significant risk of preterm
delivery. Among multigravida subjects who delivered preterm (cases), 30.4% had a history of previous preterm delivery whereas
in the case of multigravida subjects who delivered at term (controls), only 4.1% had such history. A statistically significant risk of
recurrent preterm delivery in the next pregnancy was found in our study. In case of multigravidas, no history of previous caesarean
section was seen in 82.6% and 87.8% among cases and controls respectively, whereas a history of previous caesarean section was
seenin 17.4% and 12.2% among cases and controls respectively. The difference was found to be statistically insignificant.
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Preterm (Cases) Term (Controls)
n=41 % n=159 % p value
Gravidity <3 20 48.8 125 78.6 0.000
>3 21 51.2 34 21.4
Nil 15 36.6 100 62.9 0.002
Abortion(s) 1-2 22 53.7 53 33.3
23 4 9.7 6 3.8
Interpregnancy Interval < 6 months 7 30.4 7 7.1 0.002
(months)(in multigravidas) 2 6 months 16 69.6 oL 92.9
Mean+SD 12.38.0 (4,36) 14.0+5.8 (4,32)
H/O Previous Preterm Delivery Yes 7 30.4 4 4.1 0.000
(in multigravidas) No 16 69.6 94 95.9
H/O Previous LSCS No 19 82.6 86 87.8 0.683
(in multigravidas) Yes 4 17.4 12 12.2
Table 2. Delivery Type with respect to Obstetric History of the Studied Subjects

LSCS=Lower segment caesarean section, P value < 0.05 statistically significant.

As depicted in the Table 3, mean plasma CRP levels were high (5.2 £2.9 mg/L) in the subjects who delivered preterm as
compared to the CRP levels in subjects who delivered at term (2.4 +1.2 mg/L). Median CRP levels were also found to be higher (4.8
mg/L) among cases as compared to controls (2.0 mg/L). We found a statistically significant risk of preterm delivery in women with
raised CRP levels.

Plasma CRP (mg/L) Preterm (cases) Term (controls) p value
Mean + SD 5.2+2.9 (1.4,14.2) 2.4+1.2(0.8,8.2) 0.000
Median(IQR) 4.8 (2.6,6.9) 2.0 (1.6,2.8) 0.000
Table 3. Delivery Type with respect to CRP Levels of the Studied Subjects

SD=Standard deviation, IQR= Inter Quartile Range, P value<0.05 statistically significant.

As shown in the Table 4, among subjects who delivered preterm, mean CRP levels were higher in those who delivered before 34
weeks of gestation (7.3 mg/L) than the subjects who delivered between 34-36 weeks of gestation (4.1 mg/L). The difference was
again found to be statistically significant. Mean CRP level in multigravidas with previous history of preterm delivery was found to
be higher (5.4 mg/L) as compared to the multigravidas with no such history (2.7 mg/L). The difference was found to be statistically
significant.

Min Max Mean SD p value
. Preterm 1.4 14.2 5.2 2.9
Delivery Type Term 0.8 10.2 2.4 1.2 0.000
<34 2.4 14.2 7.3 2.8
Gestational Age (weeks) 34-36 1.4 10.4 4.1 2.3 0.000
=37 0.8 10.2 2.4 1.2
) . Yes 2.4 10.2 5.4 2.8 0.000
H/O Previous Preterm Delivery No 08 104 27 1.9
<20.0 1.4 6.2 3.0 1.5
20.0 - 24.9 1.2 10.4 2.9 2.0
2
BMI (kg/m?) 25.0-29.9 1.2 14.2 3.0 2.3 0915
>30.0 0.8 10.2 3.3 2.8
Table 4. Plasma CRP Levels (mg/L) in the Studied Subjects

BMI= Body Mass Index, P value <0.05 statistically significant.

As depicted in the Table 5, if cut-off value for plasma CRP is taken as 1.6 mg/L for preterm delivery, the sensitivity is 95.1% and
specificity is 20.8%, with Odds ratio(95%CI) = 5.1(1.2-22.2). If we take cut-off value as 2.2 mg/L, the sensitivity and specificity are
87.8% and 51.6% respectively, with Odds ratio(95%CI) = 7.7(2.9 - 20.5). Similarly, for CRP level of 3.6 mg/L as cut-off, the
sensitivity, specificity and Odds ratio(95%CI) are 61.0%, 88.7% and 12.2(5.5-27.1) respectively.

Sensitivity/Specificity - Prete”f; - Term ’ OR (95 % CI)
0 0
Ist Quartile Plasma CRP (mg/L) iiz 329 945('31 13236 ;gé 5.1(1.2 to 22.2)
2nd Quartile Plasma CRP (mg/L) i;; 356 ?;2 g; g?g 7.7(2.9 to0 20.5)
3rd Quartile Plasma CRP (mg/L) igg ig g;g 11481 ;éi 12.2(5.5t0 27.1)
Table 5. Sensitivity, Specificity, Odds ratio and 95% CI of Preterm
delivery according to Maternal Plasma CRP Levels measured in early pregnancy
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As depicted in the Table 6, if cut-off value for plasma CRP is taken as 1.6 mg/L for preterm delivery, the PPV is 23.6% and NPV
is 94.3%, with Odds ratio(95%CI) = 5.1(1.2-22.2). If we take cut-off value as 2.2 mg/L, the PPV and NPV are 31.9% and 94.3%
respectively, with Odds ratio(95%CI) = 7.7(2.9 - 20.5). Similarly, for CRP level of 3.6 mg/L as cut-off, the PPV, NPV and Odds

ratio(95%CI) are 58.1%, 89.8% and 12.2(5.5-27.1) respectively.

PPV/NPV Preterm Term OR (95 % CI)
n % n % ’
21.6 39 23.6 126 76.4
Ist ile_PI RP L 1(1.2to0 222
Quartile_Plasma CRP (mg/L) <16 > =7 33 943 51(1.2to )
22.2 36 31.9 77 68.1
2nd ile_PI RP L 7.7 (2.9 to 20.
Quartile_Plasma CRP (mg/L) =2 5 57 82 943 (2.9 to 20.5)
23.6 25 58.1 18 419
rd i
3rd Quartile_Plasma CRP (mg/L) 36 16 102 121 898 12.2 (5.5t0 27.1)
Table 6: PPV, NPV, Odds ratio and 95% CI of Preterm delivery according
to Maternal Plasma CRP Levels measured in early pregnancy

DISCUSSION

Preterm delivery, defined as delivery prior to the completion
of 37 weeks gestation, is an important determinant of
neonatal and infant morbidity and mortality. Therefore,
prediction and prevention of preterm delivery is very
important for improvement in neonatal outcome.

Today, several clinical and biochemical markers like C-
reactive protein, fetal fibronectin, interleukin-8, alpha-
fetoprotein, granulocyte elastase, insulin-like growth factor
binding protein-1, measurement of cervical length and
detection of cervical funnelling etc have been reported to be
associated with preterm delivery. Among these, elevated
levels of maternal plasma C-reactive protein are significantly
correlated with an increased risk of preterm delivery.(11.12)

The published results of various authors like Foulon W et
al,(11) Gitte B et al,(12) Reron A et al,(13) Waranuch P et al,(14
Vitool L et al,(15) Grgic G et al,(16) Riboni F et al(?”) and more
recently Shabdika Kulshreshtha,(18) all point towards the
usefulness of maternal plasma C-reactive protein in the
prediction of preterm delivery. In our present study, we also
achieved similar encouraging results with regard to the
effectiveness of maternal plasma C-reactive protein levels in
predicting preterm delivery.

In the present study, majority of subjects were in the age
group of 20-34 years among both cases and controls (65.9%
among cases and 72.3% among controls). Mean age in the
cases was 28.6+6.7 years while as in controls it was 28.9+5.3
years. There was no significant statistical difference in age
between the cases and controls. Our study was comparable to
other studies. Vitool L et al(1%) in their study of 1769 patients,
found that majority of patients were in the age group of 20-34
years (65% among cases and 70.6% among controls). Mean
age in cases was 32.2+0.46 years and in controls was
32.1+0.11 years. The difference in age was statistically
insignificant. In the study done by Mirzaie F et al,(19 mean age
in patients delivering preterm was 26.7 years and in patients
delivering at term was 26.5 years, and the difference was
statistically insignificant. In a similar study done by Fatima A
et al,(20) median age in cases and controls was found to be
27.6 years and 27.7 years respectively. The difference was
statistically insignificant.

The study subjects were analysed as per their gravidity.
Among the cases 48.8% had a gravidity of < 3 whereas among
the controls 78.6% had a gravidity of < 3. Gravidity of > 3 was
seen in 51.2% of cases and 21.4% of controls. The difference
in gravidity between the cases and controls was found to be
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statistically significant. Our study showed a significant risk of
preterm delivery in women with gravidity > 3. No study was
available for comparison.

The correlation of previous abortion(s) with subsequent
preterm delivery was analysed. In our study, 36.6% subjects
among cases and 62.9% subjects among controls had no
history of previous abortion(s); 53.7% subjects among cases
and 33.3% among controls had history of 1-2 abortion(s); and
9.7% subjects among cases and 3.8% among controls had
history of = 3 abortions. We found a statistically significant
difference between the cases and controls with regard to the
history of previous abortion(s). Brown JS et al,(21) Chung-Chin
L et al,(22) Freak-Poli R et al(23) and Gordon CS et al(24) in their
study found that preterm delivery was more common among
patients with history of = 3 abortions than those with no
history of previous abortion(s), which is consistent with our
study.

Out of a total of 200 study subjects, 121 were
multigravidas, in whom the relationship between
interpregnancy interval and preterm delivery was analysed.
In our study 30.4% cases and 7.1% controls had an
interpregnancy interval of < 6 months whereas 69.6% cases
and 92.9% controls had an interpregnancy interval = 6
months. We found a statistically significant risk of getting
preterm delivery when interpregnancy interval was < 6
months. Our study was comparable to the study done by
Fatima A et al,(20) Smith G et al(25) and Kontantinos C et al(26)
who also studied the relationship of interpregnancy interval
with preterm delivery. They concluded that a short
interpregnancy interval (<6 months) is an independent risk
factor for preterm delivery.

In the present study, 30.4% multigravidas among cases
and 4.1% multigravidas among controls had a history of
previous preterm delivery. We found a statistically significant
risk of getting recurrent preterm delivery in the next
pregnancy. Our study was comparable to the study done by
Gitte B et al(12) who also found a statistically significant
difference between the preterm and term delivery patients
with regard to the history of previous preterm delivery. In the
study done by Esplin_ MS, O'Brien E et al,(2% it was found that
history of a spontaneous birth before 34 weeks of gestation is
a strong predictor of subsequent spontaneous preterm birth,
which is consistent with our study. Mirzaie F et al(19) in their
study of 988 patients found that previous history of preterm
delivery was more common among the patients delivering
preterm than the patients delivering at term.
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In a similar study done by Fatima A et al(20), previous
history of preterm delivery was present in 23% of cases
(patients delivering preterm) and in only 7% of controls
(patients delivering at term). They also found a statistically
significant risk of getting recurrent preterm delivery in the
successive pregnancies.

In the present study, the plasma CRP levels among the
cases and controls were compared. Mean CRP level in cases
and controls was found to be 5.2+2.9 mg/L and 2.4+1.2 mg/L
respectively. Median CRP level was found to be 4.8 mg/L and
2.0 mg/L in cases and controls respectively. The difference in
plasma CRP between cases and controls was found to be
statistically significant. Waranuch P et al(!4 in their study of
234 patients, found a median CRP level of 3.2 mg/L and 2.4
mg/L in cases and controls respectively. Vitool L et al(15) in
their study found a median CRP level of 4.4 mg/L and 3.9
mg/L in cases and controls respectively. In the study done by
Gitte B et al,(12) the median CRP levels were found to be 3.8
mg/L and 3.2 mg/L among cases and controls respectively.
These studies showed a statistically significant risk of
preterm delivery in patients with raised CRP levels, as also
revealed by our study.

The correlation of plasma CRP levels with the gestational
age at delivery was studied. Mean CRP level was higher in
women who delivered before 34 weeks gestation (7.3 mg/L)
than the women who delivered between 34 and less than 37
weeks (4.1 mg/L) and those who delivered at term (2.4
mg/L). We found a statistically significant difference in the
CRP levels of the subjects who delivered preterm from those
who delivered at term. Waranuch P et al(4) in their study
found a median CRP level of 5.0 mg/L in patients who
delivered before 34 weeks gestation, 2.8 mg/L in the patients
who delivered between 34 and less than 37 weeks and 2.4
mg/L in those who delivered at term. They found a
statistically significant difference in the CRP levels of these
three groups of patients, as seen in our study as well.

In our study of 200 pregnant women, we correlated
plasma CRP levels with previous history of preterm delivery.
The mean CRP in subjects with and without history of
previous preterm delivery was found to be 5.4 mg/L and 2.7
mg/L respectively. The difference was statistically significant.
Our study was comparable to the study done by Waranuch P
et al(14) who found a median CRP in patients with and without
history of previous preterm delivery to be 4.8 mg/L and 2.5
mg/L respectively. They concluded that patients with history
of previous preterm delivery have higher CRP levels as
compared to the patients without such history.

In the present study, sensitivity, specificity, positive
predictive value and negative predictive value for different
cut-off values of CRP in predicting preterm delivery were
calculated. At a cut-off value of 3.6 mg/L of CRP, the
sensitivity, specificity, positive predictive value and negative
predictive value were 61.0%, 88.7%, 58.1% and 89.8%
respectively. Our results are consistent with the study done
by Sorahiro S, Kimiyo T et al.(27) In their study of 119 patients,
they found the sensitivity, specificity, positive predictive
value and negative predictive value of CRP in prediction of
preterm delivery as 50%, 85.7%, 55.6% and 82.8%
respectively. In the study done by Mazor M, Kassis A et al,(28)
the sensitivity, specificity, positive predictive value and
negative predictive value of CRP in predicting preterm
delivery due to intra-amniotic infection were found to be
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71.5%, 73.2%, 31.3% and 93.8% respectively. Zou L, Zhang H
et al(30) in their study of 75 patients, found the sensitivity,
specificity, positive predictive value and negative predictive
value of CRP in predicting preterm delivery due to premature
rupture of membranes as 81%, 73.5%, 65.4% and 86.2%
respectively.

CONCLUSION

Based on these observations, it is concluded that elevated
plasma C-reactive protein level in early pregnancy is
associated with preterm delivery. Therefore, measurement of
plasma C-reactive protein level in early pregnancy can serve
as a predictive tool for subsequent preterm delivery, as it is a
simple, rapid and cost-effective test.

Abbreviations

BMI = Body Mass Index.

CI = Confidence Interval.

CRP = C - Reactive Protein.

IQR = Interquartile Range.

LSCS = Lower Segment Caesarean Section.
NPV = Negative Predictive Value.

OR = 0dds Ratio.

PPV = Positive Predictive Value.
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