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ABSTRACT 

Background: There is limited information on the role of salivary C- reactive protein as a non 

invasive diagnostic marker in hypertensive disorders of pregnancy and its correlation with 

periodontal status. The study was aimed at evaluating and comparing the salivary CRP levels 

and clinical parameters in pregnant women with hypertensive disorders of pregnancy and in 

normotensive pregnant women. 

Methods: One hundred pregnant women were randomly selected and divided into 2 groups: 

Group 1, pregnant women with hypertensive disorders of pregnancy ; Group 2, pregnant 
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women with normal blood pressure. Clinical periodontal parameters were recorded and 

biochemical assessment of salivary CRP levels were assessed and compared between both the 

groups.  

Results: The outcome revealed higher mean salivary CRP levels and clinical parameters in 

pregnant women with hypertensive disorders of pregnancy compared with normotensive 

pregnant women. Also there was a significant correlation of salivary CRP with periodontal 

parameters. 

Conclusion:  Findings of our study provide support for the hypothesis that periodontal 

disease might increase the risk for hypertensive disorders of pregnancy, where salivary CRP 

might be a plausible mediator of association between both the diseases and thus could be 

used as a non invasive diagnostic tool in early detection and prevention of hypertensive 

disorders of pregnancy. 

Keywords: C reactive protein, hypertensive disorders of pregnancy, periodontal disease. 

 

INTRODUCTION 

Hypertensive pregnancy disorders are a prominent cause of maternal and foetal morbidity and 

mortality, affecting 10% of all pregnancies.
1
 These include Preeclampsia- eclampsia, Chronic 

Hypertension (CH), Chronic hypertension with superimposed preeclampsia and Gestational 

Hypertension (GH).
2
 Among different types of hypertensive pregnancy disorders,  

preeclampsia (PE) a life threatening condition for both the mother and the foetus
3
, is a 

pregnancy-specific disorder, whose impact have become one of the primary cause of 

maternal and foetal morbidity and mortality around the world, accounting for roughly 40% of 

all preterm births before 35 weeks of pregnancy. Although considerable amount of resources 

have been dedicated in prevention and treatment of different hypertensive disorders of 

pregnancy, it's still tough to anticipate, and thus tough to cure. Although the pathogenesis of 
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PE is uncertain, endothelial dysfunction of the maternal vascular system and infection are 

thought to play a role in the disease's clinical manifestations.
4-9 

Early treatment of urinary and vaginal infections can reduce the risk of pre-eclampsia
10

, 

implying that infection may play a role in the pathophysiology of pre-eclampsia. And 

periodontal disease one of the most prevalent chronic oral infection causes persistent 

inflammation by exposing the host to microbial challenge, bacterial antigens, and virulence 

factors
11

. When it comes to hypertensive disorders during pregnancy, women with 

periodontal disease had a greater chance of developing PE than those who did not. 

Furthermore, the association has been linked to the severity of periodontal disease, when 

periodontitis is severe, the risk of PE is increased.
12

 However, the biological mechanism 

underlying the link between periodontitis and PE is yet unknown.
13 

Periodontal disease is caused by oral bacteria, however periodontal destruction is 

predominantly regulated by the host's inflammatory response.
14,15

 Daily episodes of 

bacteraemia or the spread of bacterial endotoxins originating from periodontal lesions have 

been suggested to activate the inflammatory response systemically
16,17

 and cause the 

production of pro-inflammatory cytokines.
18

 These cytokines further activate the 

inflammatory response, resulting in the up-regulation of interleukin-6 (IL-6), tumour necrosis 

factor (TNF-alpha), and C-reactive protein (CRP)
17,19-21

, as well as generate a chronic low-

grade systemic effect. Studies have shown that long-term exposure to periodontal pathogen 

generate a host response that may result in systemic maternal and placental pro-inflammatory 

endothelial activation and dysfunction, which is a major risk factor for vascular diseases like 

pre-eclampsia
22

, one of the hypertensive disorders of pregnancy.
 

C-reactive protein (CRP) is an acute phase reactant produced by liver in response to the pro-

inflammatory cytokines IL-6 and TNF. It is a marker of ongoing inflammation and tissue 

damage. CRP can be utilised as an early indicator of low-grade inflammation and can also aid 
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in the early detection of pathophysiological processes in pregnancy.
23

 Therefore, CRP might 

be a plausible mediator of association between periodontitis and unfavourable pregnancy 

outcomes like preeclampsia and other hypertensive disorders of pregnancy.
24

 

In this respect, periodontal disease in pregnant women may be another factor that influences 

the development of hypertensive disorders as a result of an increase in pro-inflammatory 

molecules both locally and systemically. Attempts are undertaken on a regular basis to have 

screening tests so that prompt preventive prophylactic interventions can be tried to avert 

unfavourable pregnancy outcomes. 

Moreover, saliva is referred to as a "mirror of the body." Because of its origin, serum-like 

composition, and connections with other organs, salivary analysis has become an important 

tool for monitoring general health and disease. It contains biochemicals derived locally and 

systemically that has a high diagnostic value and could be utilised to diagnose several oral 

and systemic conditions. And, when compared to serum, salivary biomarkers have a number 

of advantages, including being a simple and non-invasive technique of collection, being quick 

and easy to collect, being cost effective, and so being an ideal substitute for serum.
25,26

 

Therefore, measurement of salivary inflammatory markers may provide an alternative 

method of detecting women at risk for developing Hypertensive disorders of pregnancy. 

So, the aim of present study is to evaluate the role of salivary C- reactive protein (CRP) as a 

diagnostic marker in hypertensive disorders of pregnancy and to correlate it with periodontal 

status. 

AIMS & OBJECTIVES 

1. To assess the level of salivary CRP in hypertensive disorders of pregnancy and in 

pregnant women with normal blood pressure. 

2. To assess the periodontal status in hypertensive disorders of pregnancy and in pregnant 

women with normal blood pressure. 
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3. To correlate salivary CRP level with periodontal status   

MATERIAL AND METHODS 

STUDY DESIGN 

The present study was designed as cross sectional observational study. The study was done 

by the Department of Periodontics and Community Dentistry, Dr. Z.A. Dental College & 

Hospital, AMU, Aligarh in collaboration with the Department of Obstetrics & Gynaecology 

and the Department of Biochemistry Jawaharlal Nehru Medical College and Hospital 

(JNMCH), Faculty of  Medicine, AMU, Aligarh, India. The protocol was approved by 

Institutional Ethics Committee (IEC) of the institute with letter no. dated 16.10.20. The study 

was conducted in accordance with the ethical standards outlined in the declaration of 

Helsinki
27 

(1975) as revised in 2013. 

STUDY POPULATION 

Subjects for this study were randomly selected from the Out-patient Department of Obstetrics 

& Gynaecology of the Jawaharlal Nehru Medical College and Hospital (JNMCH), AMU, 

using convenient sampling method. After the strict inclusion and exclusion criteria applied, a 

total of 100 patients were selected for the study without any bias on the basis of cast, religion 

or socioeconomic status and were asked to sign the informed consent form. They were further 

divided into two groups: 

 Group I: Pregnant women with hypertensive disorders of pregnancy  

Group II: Pregnant women with normal blood pressure 

SUBJECT SELECTION  

Adequate sample of patients visiting the Department of Gynaecology & Obstetrics JNMC, 

AMU, Aligarh were randomly selected on the following basis-  pregnant women in 3
rd

 

trimester of gestation  of age group  >18 and < 35years belonging to  Indian ethnicity. 

Pregnant women with history of renal diseases, diabetes mellitus, cardiovascular diseases, 
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symptomatic infectious diseases, premature rupture of membranes, clinical chorioamnionitis, 

Invitro fertilisation were excluded.  

Clinical Periodontal Measurements 

Clinical periodontal measurements assessed included : Gingival bleeding index (Ainamo and 

Bay 1975)
28

 and CPI Index (Community Periodontal Index) : by Jukka Ainamo
29

, David 

Barmes, George Beagrie ,Terry Cutress, Jean Martin, and Jennifer Sardo –Infirri for joint 

working committee of the World Health Organisation (WHO) and Federation Dentaire 

Internationale (FDI) in 1982. 

Saliva Sampling 

The procedure as described by Navazesh 
30 

et al was followed for proper saliva collection –

Patients were explained about the procedure and seated comfortably on a chair in an upright 

position and asked to rinse gently with water to remove any suspended impurities in the 

mouth. They were asked to relax for 5 minutes and thereafter 2 ml of unstimulated whole 

expectorated saliva was collected into 2ml saliva collecting tubes. Collected samples were 

labeled and stored at -20ºC in deep freezer.  

Biomarker analysis 

Salivary C-Reactive Protein (CRP) levels were determined for each subject utilizing 

commercially available human CRP ELISA kit provided by ELK Biotechnology (Cat : 

ELK1040).   

 

Examination for hypertensive disorders of pregnancy 

Examination for hypertensive disorders of pregnancy i.e. Gestational hypertension, chronic 

hypertension, chronic hypertension with superimposed preeclampsia, preeclampsia-eclampsia 

was performed by Gynaecologist in D/O Obstetrics & Gynaecology, JNMC, AMU, Aligarh 

according to ACOG Guidelines
31

. 
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Statistical analysis 

The normality of the data was tested using the Shapiro Wilk (SW) test. A p value less than 

0.05 was considered to be statistically significant. The data was entered in a Microsoft excel 

spreadsheet and all the statistical analysis were performed with the help of SPSS (Statistical 

Package for Social Sciences) Version 23.0   

RESULTS 

Socio-Demography: The mean age, gestational age and body weight was compared between 

Group 1 and Group 2 using the unpaired t-test.  Age, gestational age, educational level, socio-

economic status and body weight were similar between the two groups. The mean age of 

participants in Group 1 and Group 2 were 28.14±2.77 and 27.40±2.56 years respectively, 

which was statistically insignificant (p=0.169). The percentage of smokers was comparable 

between both the groups (6% in group 1 and 4% in group 2), and did not affected the 

outcome of our study. 

Salivary CRP levels (mg/l)  

The mean CRP (mg/l) was compared between Group 1 (1.65±1.24) and Group 2 

(0.55±0.70) using the unpaired t-test. The mean CRP (mg/l) was significantly more among 

Group 1 compared to Group 2 (p<0.001) 

Periodontal status: Mean score of GBI (p<0.001), CPI (p<0.001), CPI-LOA (p<0.003), 

were significantly higher in group 1 compared to group 2. 

A significant positive correlation of salivary CRP with periodontal parameters and blood 

pressure was noted. The results of our regression analysis (∆R
2
= 0.68 for SBP, 0.192 for 

DBP) for mediation of CRP between periodontal parameters and  blood pressure in 

Hypertensive pregnant women  showed that periodontal parameters have direct as well as 

indirect effect on  Blood pressure, whereas CRP has strong indirect effect on blood pressure. 

 



Evaluation of the role of salivary C- reactive protein (CRP) as a diagnostic marker in hypertensive 
disorders of pregnancy and its correlation with periodontal status 

    Section A-Research paper 

2284 
Eur. Chem. Bull. 2023,12(8), 2277-2298 
 

DISCUSSION 

The present study was conducted to evaluate the role of salivary C-reactive protein (CRP) in 

hypertensive disorders of pregnancy and its correlation with periodontal status. Salivary C-

reactive protein and periodontal parameters were assessed in hypertensive disorders of 

pregnancy and compared with normotensive pregnant women. The mean concentration of 

both salivary CRP levels and periodontal parameters were significantly higher in Group1 

compared to Group 2. There was a significant correlation between salivary CRP and 

periodontal parameters. And interestingly the results of regression analysis (∆R
2
= 0.68 for 

SBP, 0.192 for DBP) also showed the same. The findings of our study and those from 

previous studies provide support for the hypothesis that periodontal disease might increase 

the risk for hypertensive disorders of pregnancy, where salivary CRP might be a plausible 

mediator of association between both the diseases and thus could be used as a non invasive 

diagnostic tool in early detection and prevention of hypertensive disorders of pregnancy. 

However , since periodontal parameters have direct as well as indirect effect on blood 

pressure as the results of mediation analysis found(∆R
2
= 0.68 for SBP, 0.192 for DBP) , 

hence  some other mechanism could also be involved through which periodontal disease can 

cause hypertensive disorders of pregnancy. 

There is accumulating evidence to show a link between periodontal disease in pregnant 

women 

 and the risk of unfavourable pregnancy outcomes such preterm birth
32

, low birth weight
11

,an

dpre-eclampsia1
33

,
21,34-36

 and this link is reinforced by the discovery that periodontal disease 

activates the immune inflammatory response via a local increase in pro-

inflammatory mediators like interleukin-1b, prostaglandin E2, IL-6, and TNF-a. Periodontal 

disease is linked to an increase in C-reactive protein, which appears to be linked to the 

severity of the illness.
20

 Furthermore; this molecule may play a role in the link between 
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periodontal disease and other systemic illnesses. Preeclampsia and periodontal disease have 

been linked epidemiologically in several studies.
12,37

 The underlying process, however, is 

unknown, and the link between the two disorders has to be investigated further. 

 Boggess et al.
12

 found that the presence of periodontal illness  was related with a two-fold 

increase in the incidence of pre-eclampsia compared to women without periodontal infection 

in a longitudinal analysis of over 1000 women. In a research by Chaparro et al
38

, patients 

with periodontitis who later had PE had higher plasma levels of CRP and a local increase in 

IL-6 in the GCF during early pregnancy. In this regard, periodontal disease in pregnant 

women may play a role in the development of hypertensive diseases by causing an increase in 

pro-inflammatory molecules both locally and systemically. In this respect, periodontal 

disease in pregnant women may be another factor that influences the development of 

hypertensive disorders as a result of an increase in pro-inflammatory molecules both locally 

and systemically.  

To the best of our knowledge, we didn’t find any previous studies which used CPI index, in 

context to role of CRP in hypertensive disorders of pregnancy and its correlation with 

periodontal status. Thus, we cannot compare our findings much. But since probing depth and 

loss of attachment are a part of CPI index, so we tried to compare our findings to a certain 

extent. In the study done by  Contreras et al
37

   reported that Probing Depth (PD) and 

Clinical Attachment Loss (CAL) was more in pre-eclamptic group compared to control, 

which was statistically significant, which is in agreement with our study. Studies of Cota 

LOM et al
39

, Canacki et al
22

, Swati Pralhad et al
40

 also found that pre-eclamptic women 

had worse periodontal health than normotensive women, which further supports are study.    

In contrary to our study, Khader et al
41

 and Lohsoonthorn et al
42

 found no statistical 

differences between pre-eclamptic cases and normotensive controls with regard to mean 

periodontal probing depth, mean clinical attachment loss and bleeding on probing.   However, 
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studies of Khader et al
41

 and Lohsoonthorn et al
42

 et al did not support our study, but the 

possible explanation for this could be due to: Firstly, as they have assessed only clinical 

parameters which are subjected to examiner based error or bias that can change upon 

examination by different examiner on contrary to a biomarker which is a more valuable 

predictor of hypertensive disorders of pregnancy. Moreover, the timing of the assessment of 

these parameters in relation to hypertensive disorders was inconsistent. Secondly, 

heterogeneity in type of population might also be attributable to differences in findings. 

Salivary CRP status  

The mean CRP (mg/L) was significantly more among Group 1 compared to Group 2 

(p<0.01), which is in accordance with the study done by Chapparo et al.
38

 There are studies 

which had evaluated the role of CRP levels in hypertensive pregnant women but  they had not 

included and or correlated with periodontal disease. Studies of Rashmi RR et al
43

 K. 

Kameswaramma
44 

and Raio
 
Luigi et al

45
 are few of them which also found significantly 

raised CRP levels in hypertensive group, which is in agreement with our study. 

 Understanding the pathogenesis of both diseases may aid us to recognize pregnant women 

who are at risk, so as to minimise the risk during treatment.
46

 Furthermore, interventional 

studies examining the effect of periodontal treatment on systemic markers revealed a 

decrease in serum CRP levels and an improvement in endothelial function over the course of 

6 months
47

. Hence, periodontal treatment could be started at least 6 months before conception 

or at the start of pregnancy to minimise poor birth outcomes like PE and other hypertensive 

disorders of pregnancy.  
 

To the best of our knowledge , studies of Herrera et al,
48

 Chapparo et al
38

 and N Chitra et 

al
49

  are the only few researches that have looked into the role of CRP in the link between 

periodontal disease and PE. But our study is unique in the sense that, till date it is the only 

study that involves role of salivary CRP in hypertensive disorders of pregnancy and its 
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correlation with periodontal status. The present study was conducted on unstimulated saliva 

rather than serum/ plasma which has been used in above mentioned studies, as the detection 

of salivary biomarker has several advantages compared to serum, including the simple and 

non- invasive method of collection, rapid and easy to collect, cost effective and no special 

equipment and expertise required. Several studies have examined the relationship between 

salivary and serum CRP. One study reported  the corresponding sensitivity and specificity for 

salivary CRP to discriminate a serum CRP is found to be 0.64 and 0.94, respectively. And 

statistically significant correlation has been found between serum and salivary CRP (r = 

0.62, p < 0.001)
50

.
 

Hence salivary CRP as a non invasive tool is more advantageous 

compared to serum. 

Our study’s strength was that we had the stringent inclusion and exclusion criteria and study 

population was derived from the same ethnic background. Also along with the clinical 

periodontal parameters (GBI, CPI, CPI-LOA) we have reinforced our findings with the 

biochemical analysis of salivary CRP which is considered a more valuable predictor of 

hypertensive disorders of pregnancy and is not subjected to any examiner based error or bias 

contrary to clinical parameters that can change upon examination by different examiner.  

But still careful interpretation of our data should be employed, as the etiology of both 

periodontal disease and preeclampsia is likely multifactorial.  Also some important 

limitations should be kept in mind when evaluating the results of present study:  the study had 

a small sample size, cross sectional study design, moreover we did not categorise different 

hypertensive disorders of pregnancy into different groups and assessment accordingly. And 

also we did not categorise periodontal status based on severity. Therefore, we feel that  

prospective longitudinal studies with a larger sample size are required to evaluate the role of 

salivary CRP as a possible mediator of association between hypertensive disorders of 
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pregnancy and periodontal disease and also their predictive value for the development of 

hypertensive disorders of pregnancy. 
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FLOW CHART 1: SUBJECT ALLOCATION AND STUDY DESIGN 
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for sample collection n= 
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study,n=100(divided into 2 groups 

with 50 subjects each,according to 

inclusion & exclusion criteria 
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TABLE 1: Socio-Demographic Profile of Participants under Study 

Socio-demographics 

Mean ±SD 

p-value 

Group 1 Group 2 

1. Age 28.14±2.77 27.40±2.56 

0.169 

 

2. Gestational Age(weeks) 34±2.05 32±2.77 

0.980 

 

3. Illiterate(percentage) 60 65 

0.075 

 

4. Socioeconomic status 

(percentage) 

Lower(20) 

Middle(65) 

Lower(22) 

Middle(68) 

 

0.296 

GROUP 1 

HYPERTENSIVE 

DISORDERS OF 

PREGNANCY 

(50) 

GROUP  2 

NORMOTENSIVE 

PREGNANT 

WOMEN 

(50) 

Clinical periodontal parameters 

Recorded and Collection of 

Saliva Samples 

ELISA Testing for CRP 

Interpretation of results 

Analysis    

n=100 

 

N= 
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Upper(15) Upper(10) 

5. Smoking (percentage) 6 4 0.860 

6. Body weight (Kg) 78.12±6.56 78.86±4.36 0.946 

Unpaired t- test           #Non- significant difference 

  

 

  

 

Graph 1: Bar Graph for Frequency Distribution of CPI in Two Groups 

**significant at .01 level of significance 

Note: χ
2
 is chi-square test and df is degree of freedom; percentages are out of 100%; 

CPI is Community Periodontal Index. 
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Graph 2: Bar Graph for Frequency Distribution of CPI-LOA in Two Groups 

**significant at .01 level of significance 

Note: CPI-LOA is Loss of Attachment. 

 

Table 2: Correlation Coefficient between Different Variables under Study and their 

Significant Level in Both the Groups 

 

Variables 

Group 1 

n=50 

Group 2 

n=50 

Overall 

r p r p r P 

CRP-CPI .388** .005 .507** .000 .563** .001 

CRP-GBI .416** .003 .653** .000 .642** .001 

CRP-CPILOA .339* .016 .880** .000 .561** .001 

CRP-Systolic .434** .002 .398** .004 .577** .001 

CRP-Diastolic .574** .001 .397** .004 .596** .001 
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*significant at .05 level of significance 

**significant at .01 level of significance 

Note:  r is the value of correlation. 

Table 3 : Regression Analysis for Mediation of CRP between Periodontal Parameters 

and Systolic and Diastolic Blood Pressure in Hypertensive Group (Group 1) 

 

 

 

Variable 

B 95% CI SEB Β R
2 

∆R
2 

Step 1 

Constant 

Periodontal 

parameters 

136.16** 

.220** 

(129.35,142.966) 

(0.101,0.338) 

3.385 

.059 
.474** .225 .225** 

Step 2 

Constant 

Periodontal 

parameters 

CRP 

 

136.71 

.165 

 

1.530 

 

(130.11,143.30) 

(.039,.290) 

 

(.081,2.979) 

 

3.277 

.063 

 

.720 

 

 

.355** 

 

.286* 

.293 .068* 

B.Mediation 

of CRP 

between 

Periodontal 

Parameters 

and 

Diastolic 

Blood 

Pressure  

      

 

 

Variable 

B 95% CI SEB Β R
2 

∆R
2 

Step 1 

Constant 

Periodontal 

 

88.43** 

 

 

(85.27,91.60) 

 

 

1.574 

 

.370** .137 .137** 
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parameters .076** (0.020,0.131) .027 

Step 2 

Constant 

Periodontal 

parameters 

CRP 

 

90.41** 

.076** 

 

1.351** 

 

(89.26,91.56) 

(0.020,0.131) 

 

(.791,1.910) 

 

.573 

.027 

 

.278 

 

 

.370** 

 

.574** 

.329 .192** 

 

Note CI= Confidence interval 

* p< .05 level of significance. 

** p < .01 level of significance. 

 


