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Abstract 
    Background: Blood sampling is expensive, time-consuming, invasive, and requires technical facilities, which can be replaced by 
more convenient samples such as saliva. C-reactive protein (CRP) is a widely used biomarker in the management of many disorders and 
plasma CRP (pCRP) is suggested to be replaced by salivary CRP (sCRP). This study aimed to systematically review all available 
literature on the sCRP levels in systemic and oral disorders and how sCRP and pCRP levels correlate among these patients and healthy 
individuals.  
   Methods: In this systematic review, a PubMed, Embase, Scopus, and Google Scholar search was conducted on October-2021 to 
identify all research investigating sCRP levels in systemic and oral disorders.  
   Results: A total of 130 publications were analyzed in the review. Most of the studies reported that sCRP and pCRP levels are correlated, 
and sCRP is a reliable alternative for pCRP level for the diagnosis and management of medical conditions. sCRP has been measured in 
many different medical and oral disorders and significantly correlated with disease activity in most cases. 
   Conclusion: Salivary CRP is a good alternative for Plasma CRP levels in most cases.  
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Introduction 
Blood sampling is one of the most widely used methods 

for the diagnosis and management of many different medi-
cal disorders (1, 2). This is because the levels of most of the 
biomarkers in the human body are directly represented in 
blood and plasma samples and correlate well with their total 
body levels (1, 2). Although any of the body fluids or tis-
sues can be used for this purp ose, plasma is yet the most 
widely accepted and used sample in this regard  (2). Taking 
a plasma sample is invasive, painful, expensive, and needs 
expertise, professional staff, and technical facilities (1). 
Therefore, the replacement of this sampling method with 

other less-invasive, lower-priced, easier, more accessible, 
and more accepted patients samples have been of specific 
interest to researchers and clinicians in recent years (1). Sa-
liva is one of the body fluids which is a great replacement 
for a blood sample in many cases (1, 2). A great number of 
plasma proteins and biomarkers are secreted in saliva in a 
considerable amount, with a significant correlation with 
their plasma and total body concentrations, though their sal-
ivary levels can greatly reflect their plasma levels and 
greatly inform us about the different aspect of a disorder (1, 
3, 4).  
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↑What is “already known” in this topic: 
Plasma biomarkers are important in the diagnosis and 
management of disorders which is painful, invasive, and 
expensive. Therefore, new sampling methods such as saliva are 
introduced. CRP is a widely used biomarker, which can be 
measured in saliva instead of plasma.   
 
→What this article adds: 

- Salivary CRP in diagnosis and management of disorders 
- Correlation between salivary and plasma CRP levels  
- Suggestions for further research 

 

 [
 D

O
I:

 1
0.

47
17

6/
m

jir
i.3

6.
13

8 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 m

jir
i.i

um
s.

ac
.ir

 o
n 

20
25

-0
4-

04
 ]

 

                             1 / 16

https://orcid.org/0000-0003-3806-7940
https://crossmark.crossref.org/dialog/?doi=10.47176/mjiri.36.138
http://dx.doi.org/10.47176/mjiri.36.138
http://mjiri.iums.ac.ir/article-1-8117-en.html


    
 Salivary CRP in Systemic and Oral Disorders 

 
 

 http://mjiri.iums.ac.ir 
Med J Islam Repub Iran. 2022 (19 Nov); 36:138. 
 

2 

One of the biomarkers which is highly potential to be 
measured in saliva instead of plasma in order to diagnose, 
and monitor many different systemic and oral disorders is 
C-Reactive Protein (CRP) (1, 2, 4-7). This inflammatory 
cytokine is being widely measured in plasma for diagnostic 
and therapeutic purposes in many different medical condi-
tions (1, 4, 6). Measuring the salivary CRP levels instead of 
plasma levels is an innovative and applicable method be-
cause this biomarker is directly transferred from blood to 
saliva in most cases and salivary concentrations of this bi-
omarker have well correlated with the plasma levels in 
many studies  (1, 2, 4-7). While its salivary and plasma lev-
els are highly correlated, measuring it in saliva samples is 
a novel method for the evaluation and management of these 
conditions in a less invasive and more convenient way and 
many studies have investigated and approved its applicabil-
ity (1, 4). This protein significantly increases in plasma and 
saliva during various medical conditions such as systemic 
inflammation (8), infection (9), myocardial infarction (1, 2, 
4), autoimmune disorders (10), oral inflammation (11), per-
iodontitis (11), and sepsis (8). Studies have also presented 
interesting findings regarding salivary CRP levels among 
healthy individuals and some of them have investigated sal-
ivary CRP levels among patients of different ages (1, 2, 12).  

These findings and the expansion of such easy and acces-
sible methods are expandable to other biomarkers and 
many other medical conditions. This can also be widely 
used by other disciplines such as Forensic Medicine (13). 
CRP measurements in human tissue samples are of specific 
importance because, besides being easy, measurable, viable 
and inexpensive in a forensic setting, in cases of doubt, 
CRP level displays the natural mode of death, or in cases of 
trauma, indicates vital reaction .This is also useful for a pre-
autopsy screening and a more extensive search for diseases 
not easily diagnosed, such as sepsis or ketoacidosis . There-
fore, measurement of sCRP levels in forensic settings is 
more accessible, applicable, easier, and useful than any 
other human sample (13).  

To the best of our knowledge, this is the first study to 
comprehensively review all performed research evaluating 
salivary CRP levels in different medical conditions and oral 
disorders to provide conclusions and suggest further com-
ments for future studies. Further research in this area can 
greatly help science and open a newer door to the develop-
ment of less invasive, more acceptable, and faster diagnos-
tic methods for the diagnosis and management of systemic 
disorders, especially important conditions such as acute MI 
(1, 2, 4, 6).  

This study reviews all publications assessing CRP in hu-
man saliva and reports their findings regarding sCRP levels 
in different systemic and oral disorders, indications of the 
assessment of sCRP levels in the evaluation, diagnosis, and 
management of medical conditions, and the relationship be-
tween salivary and plasma CRP levels, besides providing a 
general overview of what has been done in this area and 
what needs to be done by the future scientists, as well as 
suggestions for future researchers. 

 
Methods 
This systematic review was performed according to the 

Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) 2009 guidelines (14).  

 
Eligibility Criteria 
Inclusion criteria for search and review were case-control 

and cross-sectional studies that directly investigated sali-
vary CRP levels in association with medical conditions 
and/or oral disorders. There was no study exclusion based 
on publication year. Studies with animal subjects, case re-
ports, reviews, and studies in languages other than English 
were excluded. 

 
Search strategy  
A PubMed search using the terms (“Saliva”[Mesh] OR 

salivary) AND (“C reactive protein”[Mesh] OR CRP) AND 
(“disease”[Mesh] OR diseases OR systemic disease[Mesh] 
OR systemic disorders OR oral disease OR oral disorders) 
and an Embase search using the terms ((saliva) OR (sali-
vary)) AND ((C reactive protein) OR (C-reactive protein) 
OR (CRP)) AND( disease OR diseases OR systemic dis-
ease OR systemic disorders OR oral disease OR oral disor-
ders)  were conducted on October 2021. Moreover, a Sco-
pus search using the terms was performed ((saliva) OR (sal-
ivary)) AND ((C reactive protein) OR (C-reactive protein) 
OR (CRP)) AND (disease OR diseases OR systemic dis-
ease OR systemic disorders OR oral disease OR oral disor-
ders) for records published before or on October 2021. Be-
sides, A Google Scholar search was performed (“Saliva” 
OR salivary) AND (“C reactive protein” OR CRP) AND 
(“disease” OR diseases OR systemic disease OR systemic 
disorders OR oral disease OR oral disorders) for records 
published before or on October 2021.  

 
Quality of selected studies and assessment of the risk 

of bias 
Since we aimed to investigate all performed studies in 

this regard from two valid sources PubMed and Embase 
and look into what has been done so far,  the quality assess-
ment process was time-consuming. We agreed not to per-
form this process and report the existing literature with as 
detailed and possible data as possible and gather a compre-
hensive overview of the literature in this regard. We mainly 
aimed to report the existing research and ideas in this field 
and wouldn’t want to exclude any potential report which 
could be a great lead and potential idea for future research-
ers. 

 
Data 
Data extracted from included records are summarized 

and presented in tables for reference and simplicity. Tables 
were created according to the number of disorders investi-
gated in relation to sCRP levels and then were arranged 
temporally based on publication dates (Table 1). 

 
Results  
Literature search results  
A total of 440 records were identified through a primary 

PubMed search. After title and abstract analysis, a total of 
117 records were included. Moreover, a total of 1107 rec-
ords were identified through a primary Embase search, and 
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after the title and abstract analysis, a total of 203 records 
were included in the study. Besides, a total of 767 records 
were identified through Scopus search, from which a total 
of 201 studies were included after abstract and full-text as-
sessment, and a total of 744 studies were identified through 
Google Scholar search, from which a total of 116 records 
were included. Excluded records were either irrelevant to 
the review question, case reports, animal subjects, irrele-
vant systematic review, or were inaccessible even after con-
tacting the authors. 

After duplicate removal, a total of 184 full-text records 
were analyzed, and a total of 132 records that met all inclu-
sion criteria were included for final review. No studies were 
excluded based on study type (e.g. cross-sectional versus 
randomized). Studies that didn’t assess and report salivary 
CRP levels in relation to any medical or oral condition or 
health status were excluded (Fig. 1). 

  
1. Oral Disorders 
Twenty-nine studies investigating salivary CRP among 

patients with oral disorders went under full-text analysis.  
1.1. Periodontal Inflammation and Disorders 
A total of 25 studies investigated sCRP levels in relation 

to periodontal inflammation and periodontal disorders. 
Fourteen of them concluded that there is a significantly pos-
itive relationship between oral inflammation and periodon-
titis with sCRP levels, 6 studies revealed non-significant 
associations between these variables, and 5 studies didn’t 
find any relationship between them.  

As investigated by Shojaee et al.(15) in a sample of 90 
subjects (30 healthy individuals, 30 gingivitis patients, and 
30 chronic periodontitis patients) there were significantly 
higher sCRP levels among periodontitis patients compared 
to the controls, and there were significantly positive asso-
ciations between periodontitis and sCRP levels. Kinney et 
al. (16) also studied 83 adults (15 healthy(H), 24 gingivi-
tis(G), 24 mild chronic periodontitis(MP), and 20 moder-
ate-severe periodontitis(SP)) over 12 months and showed 
that sCRP levels significantly decreased within 2 months 
after treatment among gingivitis patients. Moreover, ac-
cording to a study by Zambon et al. (17) on 62 women with 
singleton pregnancies, it was concluded that periodontal 
pathology in pregnancy is related to significantly higher 
sCRP levels. Aurer et al. (18) in a sample of 20 veterans 
with Rapidly Progressive Periodontitis (RPP) with signs 
and symptoms of Post-Traumatic Stress Disorder (PTSD) 

Table 1. Conclusion and summary of studied articles  
Category of study Number of the stud-

ies in each category 
The number of studies re-
porting a significant corre-
lation between sCRP and 

pCRP levels 

The number of studies re-
porting a non-significant 

correlation between sCRP 
and pCRP levels 

The number of studies re-
porting no correlation be-
tween sCRP and pCRP 

levels 
1. Oral Disorders 29 18 6 5 
2. Psychological factors 19 19 - - 
3. Stress  14 14 - - 
4. Cardiovascular Disorders 12 12 - - 
5. Obesity 10 10 - - 
6. Physical Activity 8 6 1 1 
7. Sleep and Circadian 
Rhythm  

6 6 - - 

8. Diet  5 2 - 3 
9. Sepsis  4 4 - - 
10. Healthy individuals 4 - - 4 
11. Physical health 3 3 - - 
12. Diabetes Mellitus  3 2 - 1 
13. Tuberculosis  2 2 - - 
14. Systemic inflammation  2 2 - - 
15. Pneumonia  2 2 - - 
16. Metabolic syndrome  2 2 - - 
17. COPD 2 2 - - 
18. Age  2 1 - 1 
19. Smoking 1 1 - - 
20. Sickle Cell Anemia 1 1 - - 
21. Sexual Activity 1 1 - - 
22. Neonatal Disorders  1 1 - - 
23. Renal Disorder  1 1 - - 
24. Rheumatic Disease 1 1 - - 
25. Osteoporosis  1 - - 1 
26. Using Electronic De-
vices 

1 - 1 - 

27. HIV/AIDS 1 - 1 - 
28. Headache 1 - 1 - 
29. Covid 19  1 1 - - 
30. Asthma and Allergy 1 - 1 - 
31. Acute Respiratory Ill-
ness 

1 1 - - 

32. Dermatologic disorders 1 1 - - 
33. Polycystic Ovarian Syn-
drome 

1 1 - - 
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and 20 Acute Periodontitis (AP) non-PTSD patients 
demonstrated that sCRP levels were significantly higher 
among the RPP group compared to the AP group. Shahidi 
et al. (19) in a study on 62 subjects (32 OLP, 15 biopsy-
confirmed OSCC, 10 healthy matched controls) showed 
that sCRP levels are significantly higher among OSCC and 
OLP patients compared to the control group. Then they 
confirmed that sCRP can be used as a non-invasive predic-
tive tool for dysplastic OLP. As shown by Aurer et al.(20) 
in a sample of 9 edentulous persons, 10 chronic periodon-
titis patients, 10 patients with aggressive periodontitis, and 
14 periodontally healthy controls showed that there were 
significant differences between sCRP levels among the 
groups. The aggressive periodontitis patients had the high-
est sCRP levels, while Chronic periodontitis and edentu-
lous patients had significantly lower sCRP levels compared 
to other groups. They concluded that patients with chronic 
periodontitis generally had lower inflammatory biomarkers 
including sCRP in their saliva samples. Eebersole et al. (21) 
in a study on 91 patients with acute Myocardial Infarction 
(MI), and 111 age and gender-matched non-MI controls, 
showed that sCRP levels significantly increased only 
among AMI patients with a greater number of teeth and 
they also concluded that the relationship between sCRP 
levels with physical disorders including MI and BMI is di-
rectly affected by oral health status. Besides, Altingoz et al. 
(22) studied a sample of 32 periodontally healthy diabetic 

patients, 35 diabetic patients with periodontitis, 26 system-
atically healthy with periodontitis, and 28 periodontally and 
systematically healthy subjects and revealed that sCRP lev-
els are significantly higher among the periodontitis groups 
compared to periodontally healthy individuals, and con-
cluded that the effects of oral inflammation on sCRP level 
are much higher and distinctive than systemic disorders 
such as diabetes. Moreover, Kalkan et al.(23) studied 54 
subjects (18 gingivitis patients, 18 chronic periodontitis pa-
tients, and 18 periodontally healthy) and showed that sCRP 
levels are significantly higher among the patients with 
chronic periodontitis compared to the other two groups, and 
sCRP levels are also significantly higher among gingivitis 
samples compared with healthy subjects. They also con-
cluded that sCRP level is a reliable and non-invasive 
method for determining the severity of periodontal disease. 
Pederson et al. (24) in a study on 45 adults showed that 
there are significant differences between sCRP levels 
among participants with gingivitis, periodontitis, edentu-
lous, and healthy subjects. They concluded that as the oral 
health status gets worsened, sCRP levels increase accord-
ingly, and there are significantly higher sCRP levels among 
patients with chronic periodontitis than in the other groups. 
Shiva et al. (25)in a sample of 22 OLP patients and 22 
healthy controls revealed that there were statistically sig-
nificant CRP levels in both serum and saliva samples of 
OLP patients compared to healthy controls, and Buzatu et 

 
Fig. 1. Search and Study Selection Process  
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al. (26) in a sample of 18 patients undergoing fixed ortho-
dontic appliances revealed that wearing the appliance can 
significantly increase local oral inflammation and increase 
sCRP levels.  

Six studies revealed non-significant associations between 
sCRP levels with oral inflammation, including a study by 
Haug et al.(27) on a sample of 42 patients with pulpal or 
peri-apical inflammation, who suffered from pain, and 39 
healthy controls without dental pain or problem, indicating 
that sCRP levels were higher among patients compared to 
controls, but the difference wasn’t significant. In a study by 
Savitha & Shasmitha (28) on a small sample of 10 perio-
dontally infected patients and 5 healthy controls, it was re-
vealed that sCRP levels are higher among patients com-
pared with controls. Moreover, Zogakis et al.(29), in a 
study on 21 orthodontic patients, showed that sCRP levels 
slightly increased 6 weeks after bonding the orthodontic ap-
pliance compared to one hour after bonding the appliance, 
but the difference wasn’t significant, and Stratul et al.(30) 
in a study on 16 patients with chronic periodontitis who 
were treated with non-surgical periodontal therapy and ad-
junctive systemic antibiotic therapy in two groups includ-
ing a test group (n=8, scaling & root planning + systemic 
antibiotic) and a control group (n=8, scaling & root plan-
ning + placebo) showed that sCRP levels decreased among 
the test group more than the control group by the difference 
wasn’t significant. Lee et al. (31) also investigated a sample 
of 34 severe chronic periodontitis patients and 20 partici-
pants without periodontal destruction and showed that 
sCRP levels are higher among the periodontitis patients 
compared to controls but the difference wasn’t significant. 
Besides, according to Bosnjak et al. (32) a sample of 16 
patients with advanced periodontal disease and otherwise 
healthy showed that sCRP levels increase in oral inflamma-
tion and decrease with healing, but the differences weren’t 
significant.  

A total of 5 studies also revealed that there are no associ-
ations between sCRP levels with oral inflammation and 
periodontitis. Accordingly, Yang et al.(33) in a study on 34 
African-American women in their third trimester of preg-
nancy (22 healthy gingivae and 12 gingivitis) showed that 
sCRP levels didn’t differ significantly between the groups. 
In a study by Lee et al.(34) on 121 subjects (28 periodon-
tally healthy subjects, 24 Stage I periodontitis, 24 Stage II, 
23 Stage III, and 22 Stage IV) there were no significant as-
sociations between the groups in terms of sCRP levels and 
the authors attributed it to the low sensitivity of the detec-
tive capacity of ELISA and suggested to use more sensitive 
techniques. Moreover, Gawron-Skarbek et al. (35) in a 
study on 60 older adults (>60 years old) showed that there 
were no relationships between sCRP levels and any of the 
oral health status variables, including a number of decayed, 
missing and filled Teeth, plaque index, dental treatment 
needs, and periodontal health status, and Redman et al.(36) 
in a sample of 83 old adults with rheumatic disease and os-
teoporosis reported that sCRP levels weren’t significantly 
different between the patients with and without periodonti-
tis. Wu et al. (37) also studied a sample of 57 community 
adults (30 with periodontitis and 27 without periodontitis) 

and reported that there was no significant difference be-
tween sCRP levels among the groups observed.  

 
1.2. Oral Premalignant and Malignant Disorders  
Four studies investigated sCRP levels in oral malignant 

or pre-malignant disorders. All of them concluded that 
sCRP levels are suitable non-invasive tools for the predic-
tion of oral malignant changes.  

Metgud & Bajaj (38) performed a study on 20 normal in-
dividuals, 20 patients with oral premalignant lesions 
(OPML), and 20 patients with oral squamous cell carci-
noma (OSCC) and concluded that sCRP levels were signif-
icantly higher among patients with OSCC than OPML and 
healthy individuals, and significantly higher sCRP levels 
among OPML group than healthy individuals. Besides, el-
evated sCRP levels among OSCC patients were associated 
with advanced tumor stage. Moreover, no association was 
found between sCRP levels with oral sub-mucous fibrosis 
(OSMF) and leukoplakia in this study. Similarly, in a study 
by Uppal et al. (39) on a sample of 10 leukoplakia patients, 
10 Oral Lichen Planus patients, 10 OSMF patients, and 30 
healthy age and gender-matched controls it was revealed 
that sCRP levels are significantly higher among the patients 
than healthy controls. moreover, sCRP and pCRP levels 
were significantly correlated among all subjects. As shown 
by Honarmand et al. (40) in a study on 55 cases (15 patients 
with OSCC, 20 patients with OLP, and 20 healthy con-
trols), sCRP levels were significantly higher in OSCC pa-
tients than OLP patients and were higher in OLP subjects 
than in the control group, but the difference was not signif-
icant. Additionally, Tvarijonaviciute et al. (41) in a sample 
of 20 patients with OLP,19 with burning mouth syndrome 
(BMS), and 31 control subjects found that sCRP levels are 
significantly higher among the OLP patients than in BMS 
and healthy controls (42, 43).  

 
2. Psychological factors 
Nineteen studies investigated sCRP levels in relation to 

several psychological factors, including stress, anxiety, de-
pression, emotions, and early life experiences. Almost all 
of them reported associations between sCRP and psycho-
logical factors, especially emotional domain, among both 
patients and healthy individuals, of all ages.  

Nelson et al. (44) in their study on a sample of 37 male 
adolescents, showed that temperament is correlated with 
sCRP levels. They reported that effortful control was sig-
nificantly associated with lower sCRP levels, while higher 
levels of negative emotionality were associated with higher 
levels of sCRP. Condon et al. (45) in a study on 54 mater-
nal-child dyads in a low-income neighborhood of the USA 
measured the relationship between sCRP and maternal ex-
periences of discrimination and didn’t find any significant 
correlations. In a study by Boss et al. (46) on a sample of 
88 old adults investigating the relationship between three 
psychosocial factors (loneliness, stress, depression) and 
sCRP, they found that greater loneliness significantly pre-
dicted higher sCRP levels.  Moreover, Cicchetti et al. (47) 
reported that in a sample of 276 maltreated and 222 non-
maltreated children of low-income areas, there was a sig-
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nificant relationship between sCRP with child maltreat-
ment and internalizing symptoms. They also revealed that 
CRP gene variations significantly affect this relationship. 
Keller et al. (48) studied several factors in relation to sCRP 
among a sample of 20 children being reared by their grand-
parents, aged between 5 to 18 years old. They showed a 
significantly positive relationship between sCRP and child 
sibling-related stress and a significantly negative relation-
ship between sCRP levels and grandparent age. They also 
revealed that there are no significant relationships between 
sCRP with the children’s depression, anxiety, overall 
stress, grandparent-related stress, sibling-related stress, re-
active aggression, physical health, grandparent age, and fe-
male gender. They also revealed that there are no signifi-
cant relationships between sCRP with the grandparents’ 
number of Children <18, formal custody, education, poor 
perceived financial status, religious service attendance, pri-
vate religious activity, physical health, mental health, de-
pression, parenting stress, social support, emotional/infor-
mational, tangibility, affectionate positive social interac-
tion, and positive parenting. Measelle and Ablow (49) in a 
study on 49 children, who aged 17 months old, showed that 
familial stress, maternal depression, and security of attach-
ment were directly associated with higher salivary inflam-
mation especially sCRP levels. According to Yennurajalin-
gam et al. (50), who investigated the effects of Cranial 
Electrotherapy Stimulation (CES) Among 33 patients with 
advanced cancer for the management of depression, anxi-
ety, sleep disturbance, and pain, sCRP didn’t change sig-
nificantly after a period of 4 week CES therapy. Further-
more, Pace et al. (51) conducted a study on 71 adolescents 
(cases and controls) with early life adversity, to investigate 
the effect of Cognitively Based Compassion Training 
(CBCT) on their sCRP levels after 6 weeks. They found 
reductions in sCRP levels after this period. In a study on 49 
mother-infant dyads, performed when children were 17 
months old, Measelle et al. (52) showed that early life ad-
versity and caregiving relationships affect children’s life-
long physical development and salivary inflammatory pro-
file. They showed that children’s histories of attachment 
with their mothers correlate with their sCRP levels, and dis-
organized and avoidant regulatory behaviors were associ-
ated with significantly higher levels of salivary CRP when 
facing a stressor. Grasser et al. (53) conducted a study on 
36 incoming Iraqi and Syrian refugees and found that 
greater symptom severity of anxiety, depression, and PTSD 
were associated with higher levels of sCRP. The relation-
ship between the variables weren’t significant. In a differ-
ent study by Simpson et al. (54), sCRP moderated the asso-
ciations between several bacterial component with depres-
sion and anxiety among a sample of 66 young participants, 
who aged 14-18. According to a study by Slavish et al. (55), 
on a sample of 108 young adults, it was revealed that posi-
tive affect was associated with lower levels of sCRP, while 
negative affect wasn’t associated with any variations in 
sCRP levels. Moreover, Ross et al. (56) conducted a study 
on a total of 15 grandmothers who were their grandchil-
dren’s caregivers and 15 grandmothers who weren’t care-
givers. They concluded that sCRP had clearly increased 

from morning to bedtime, more prominently among care-
giver grandmothers. They also found a negative association 
between sCRP and anxiety and a positive association be-
tween sCRP and subjunctive demand burden, while none of 
them reached to statistical significance. Moreover, there 
were no significant relationships found between sCRP with 
anxiety, stress, depression, and ways of coping in this 
study. As Rubin et al. (57) investigated in a sample of 65 
patients with HIV, sCRP levels were higher among those 
with Major Depressive Disorder (MDD) than those without 
this disorder. This study also indicated that sCRP relates to 
cognition among the patients with HIV. Additionally, 
Lopez-Jornet et al. (58) reported that among a sample of 51 
patients with burning mouth syndrome and 31 controls, 
they found a negative correlation between hospital-ac-
quired anxiety and depression with sCRP. According to 
Landau et al. (59) sCRP was temporally stable among a 
sample of 86 adolescents at risk for depression. As Nelson 
et al. (60) revealed in their study, a secure attachment was 
associated with lower sCRP levels among 12 to 18 months 
old infants. Interestingly, pace et al. (61) studied 22 dyads 
of Latina breast cancer survivors and their informal care-
givers and found weak correlations between sCRP with fa-
tigue in the physical domain and positive and negative af-
fect in the psychological domain. In contrary with their pre-
liminary hypothesis, they found a strong association be-
tween emotional support and sCRP concentrations among 
the caregivers. In a study by Cullen et al. (62) on 107 chil-
dren aged between 11 to 14 years, recruited from commu-
nity, elevated sCRP was associated with poorer cognitive 
functioning in early life, but this association wasn’t moder-
ated with their concurrent psychopathology. 

 
2.1.  Depression  
A total of 3 studies investigated sCRP levels in relation 

to depression. Two of them reported no associations, and 
one reported significant associations between the variables. 
According to Byrne et al. (63) in a study on 17 depressed 
adolescents and 18 non-depressed controls, there were sig-
nificant positive associations between sCRP and pCRP lev-
els, while there were no associations between depressive 
symptoms and sCRP levels. As shown by Cubala & Jerzy 
Landowski (64) in a sample of 20 patients with major de-
pressive disorder (MDD) and 20 non-MDD controls, there 
were significant positive associations between sCRP and 
pCRP levels, while there were no associations between de-
pressive symptoms and sCRP levels. On the other hand, 
Delany et al.  in a sample of 103 community adolescents 
and children aged between 8 to 11 years old, showed that 
sCRP is significantly and positively associated with nega-
tive mood/ physical symptoms. 

In another study on 500 female high school students, it 
was revealed that sCRP levels significantly increased 
among depressed individuals (65).  

 
3. Stress  
A total of 14 studies investigated the associations be-

tween sCRP levels with stress and stress-related factors, 
and almost all of them indicated positive associations be-
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tween HPA-Axis activity, sympathetic activity, cortisol re-
sponse to stress, and psychosocial stress with sCRP levels.  

According to Lucas et al. (66), a sample of 118 healthy 
African American adults showed that individual-level and 
contextual justice factors affect inflammatory biomarkers, 
including sCRP in response to psychological stress. In other 
words, participants with a strong belief in justice had higher 
sCRP and stress levels when justice was low. Besides, 
Campisi et al. (67) in a sample of 15 undergraduate college 
students, showed that although exposure to acute psycho-
social stressors significantly activates sympathetic activity, 
sCRP showed no change over this one-day experiment of 
acute stress. In a small sample of 10 ICU admitted old (>60 
years old) adults, Branson et al. (68) revealed that animal-
assisted activity did not significantly affect the participants’ 
bio-behavioral stress. According to David et al. (69) in a 
sample of 49 mother-infant dyads, it was concluded that the 
experiences of early life adversity, maternal psychosocial 
stress, and socioeconomic disadvantage were associated 
with higher infant CRP levels. As shown in a study by Cic-
chetti et al. (47) among 267 maltreated and 222 non-mal-
treated children, sCRP levels were associated with HPA 
axis activity in response to stress, while this relationship 
showed temporal variations. In other words, the timing and 
chronicity of the stress due to maltreatment affected the lev-
els of sCRP. Accordingly, Laurent et al. (70) in a sample of 
115 healthy African-American adults, showed that HPA 
axis activity in response to social stress is associated with 
an inflammatory response. They also revealed that negative 
affect predicted greater alignment with sCRP levels. 
Cubala et al. (64) in a sample of 20 major depressive pa-
tients and 20 healthy controls, showed a significant positive 
correlation between the stress marker of cortisol and sCRP 
levels among subjects and controls, both. Additionally, 
Goetz and Lucas (71) in a sample of 118 community Afri-
can Americans, showed that sCRP and dried blood spot 
CRP positively associated with each other at baseline, 
while only sCRP increased in response to an acute stressor 
task. Moreover, according to Halpern et al. (72) intimate 
partner violence as a stressor was significantly associated 
with increasing levels of sCRP among a sample of 37 com-
munity African-American women. Moreover, Berndt et al. 
(73) showed that in a sample of 20 ballroom dancers 
chronic stress was associated with more inflammatory re-
sponse including sCRP levels which is highly dependent on 
the timing of chronic stress. In other words, the sCRP levels 
increase more in response to more chronic stress. Accord-
ing to Nelson et al. (12) in a sample of 48 mother-infant 
dyads, it was concluded that although there were no cross-
sectional associations between maternal factors of stress 
and infant sCRP, maternal parenting stress and social sup-
port when infants were 12 months old predicted infant 
sCRP levels at 18 months old. Therefore, maternal stress 
could predict infant sCRP changes between 12 to 18 
months of age.  Hellewell and Cernak (74) also showed that 
sCRP significantly correlates with maladaptive stress re-
sponse among a sample of 116 military personnel exposed 
to stress. Furthermore, Lucas et al. (75) showed that stress 
response was associated with variations in sCRP levels in a 
sample of 118 African-American women. Besides, there 

were significant positive associations between perceived 
discrimination and sCRP and significantly negative associ-
ations between racial identity and sCRP at baseline. Fur-
thermore, as shown in a study by ESQUIRE et al. (76) in a 
small sample of 5 subjects, sCRP levels are significantly 
correlated with plasma CRP levels, and in response to acute 
environmental-auditory- stressor, concomitant declines in 
sCRP and plasma CRP levels while cortisol increased were 
observed. A potential role for sCRP was suggested in this 
study to signal catecholamine release. 

 
4. Cardiovascular Disorders 
A total of 12 studies investigated salivary CRP levels in 

patients with cardiovascular disorders (CVD), and gener-
ally concluded that sCRP significantly correlates with 
plasma CRP levels and can be used for the management of 
cardiovascular events.  

According to Out et al. (77), sCRP correlates with plasma 
CRP concentrations and can be used for the screening of 
cardiovascular risk status. Their sample consisted of 107 
women exposed to domestic violence, who were at high 
risk of cardiovascular diseases. In a study by Justino et al. 
(2) on 15 healthy subjects and 15 patients with a recent his-
tory of CVD, sCRP was highly correlated with pCRP lev-
els, and sCRP was highly potential to be measured instead 
of pCRP for the management of CVD risk. Moreover, Hira-
saki et al. (78) showed that sCRP was significantly higher 
among patients with heart diseases than healthy controls 
among a sample of 38 patients with heart disorders and 10 
healthy controls. Naidoo et al. (79) showed that poor car-
dio-respiratory fitness was independently associated with 
higher sCRP levels and was an independent predictor of 
sCRP levels. As shown by Labat et al. (80) in a sample of 
2059 community individuals, in an age-adjusted and sex-
adjusted analysis, sCRP was significantly and positively 
correlated with mean arterial blood pressure, pulse pres-
sure, pulse wave velocity, and intima-media thickness. In a 
study by Punyadeera et al. (81) among a sample of 55 
healthy individuals and 28 cardiac patients, they showed 
that sCRP is significantly correlated with pCRP and sCRP 
is adequately capable of distinguishing between healthy in-
dividuals and CVD patients. Moreover, in a sample of 91 
acute myocardial infarction (MI) patients and 111 non-MI 
controls, Ebersole et al. (21) showed that sCRP and pCRP 
are significantly and positively correlated and sCRP 
showed significant increases among MI patients rather than 
healthy controls. According to Foley et al. (82) in a study 
on 21 patients undergoing Alcohol Septal Ablation (ASA) 
and 97 healthy controls, sCRP was significantly and posi-
tively correlated with pCRP. There was a significant eleva-
tion of sCRP levels among the patients than in controls, and 
this study suggested that sCRP reflects the changes that oc-
cur during and after myocardial necrosis following ASA. In 
a study by Dekker et al. (83) on 75 hospitalized patients 
with heart failure, a significantly positive correlation be-
tween sCRP and pCRP levels was found. Furthermore, Jab-
ber and Ahmed (84) showed that in a sample of 22 patients 
with heart diseases taking warfarin and 20 healthy controls, 
the mean sCRP was significantly higher among the patients 
than in the control group.  As shown by Jamshidpour et al. 
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(85), in a sample of 40 volunteer male patients with CAD, 
phase III cardiac rehabilitation could effectively improve 
sCRP and pCRP levels independent of anthropometric 
measures. In these cases, the measurement of sCRP is a re-
liable replacement for pCRP assessment. Interestingly, 
Miller et al. (86) analyzed several salivary biomarkers in-
cluding troponin I, B-type natriuretic peptide (BNP), and 
creatine kinase-MB (CK-MB), and CRP in saliva and se-
rum of 92 acute MI patients and 105 asymptomatic healthy 
controls.  

 
4.1.  Blood pressure  
Two studies have investigated the relationship between 

sCRP levels and blood pressure among children, one of 
them indicating significant associations and the other find-
ing no relationships between them. According to Rice et al. 
(87) in a sample of 27 Black children and their mothers, it 
was revealed that there was a significantly positive relation-
ship between child sCRP and child diastolic blood pressure. 
Jones et al. also showed that in a sample of 151 community 
children and their parents (57 children, 57 mothers, 37 fa-
thers), there were no significant associations between sCRP 
level and hypertension risk.  

 
5. Obesity  
A total of 10 studies investigated the relationship be-

tween overweight/obesity with sCRP levels and found a 
significant relationship. Almost all of them concluded that 
overweight/obesity and BMI are associated with higher 
sCRP levels.  

According to a study by Shi & Goodson (88) in a sample 
of 726 Kuwait children, it was revealed that obesity, as 
measured using Wrist Circumference (WC) and Body Mass 
Index (BMI) was associated with higher sCRP levels. 
Moreover, Selvaraju et al. (89) in a study on 40 normal chil-
dren and 36 overweight/obese children, showed that sCRP 
was significantly high among overweight/obese children 
than in normal children and had good discrimination power 
among the groups. Besides, there were significant associa-
tions between BMI, WC, and waist-to-height ratio with 
sCRP, and the authors concluded that increasing levels of 
sCRP may be an indicator of obesity/overweight and risk 
of metabolic dysregulation. In a study by Naidoo et al. (79) 
on 170 South African children, it was revealed that over-
weight/obesity is an independent predictor of high sCRP. 
Zambon et al. (17) in their study on 62 singleton pregnant 
women, showed that sCRP was significantly higher among 
obese participants especially in association with Gesta-
tional Diabetes Mellitus. As shown by Labat et al. (80), in 
a sample of 2059 community individuals, sCRP was signif-
icantly and positively correlated with BMI, metabolic syn-
drome, and waist-to-hip ratio. Moreover, Goodson et al. 
(90) showed that in a sample of 744 children aged 11 years 
old, sCRP was significantly higher among obese subjects 
compared to normal subjects. According to a study by 
Tvarijonaviciute et al. (91) in a sample of 129 children aged 
between 8 to 12 years old, there was a significantly positive 
correlation between sCRP and PCRP levels, and obesity 
and diet composition were both positively associated with 
sCRP levels. Furthermore, Ebersole et al. (21) in a study on 

92 patients with acute MI and 111 age and gender-matched 
controls, concluded that sCRP levels are related to the par-
ticipants' BMI. 

  
6. Physical Activity 
In total, 8 studies have investigated the sCRP levels in 

relation to physical activity. Six of them concluded that 
physical activity is significantly associated with sCRP var-
iations and one study didn’t find any relationship.  

According to Qian et al. (92) rest-activity rhythms were 
significantly associated with sCRP levels in a sample of 
411 healthy children who wore a wrist accelerometer for 7 
days consecutively. Moreover, as shown by Tauler et al. 
(93) in a sample of 107 participants participating in two ul-
tra-endurance exercises, sCRP significantly increased after 
the exercise, while the time to complete the exercise was 
not related to the sCRP levels. In a study by Gawron-
Skarbek et al. (94) on 42 subjects who were middle and 
older aged adult patients with acute MI, it was revealed that 
a single cardiac rehabilitation exercise did not change sCRP 
levels within the 4 weeks of the program.  As shown by 
Izawa et al. (95) in a sample of 1042 male police officers 
engaged in a system of 24-hours working shifts, more effort 
was significantly associated with higher sCRP levels. 
Moreover, in a study by Harnett et al. (96) a sample of 38 
athlete rugby players was assessed over 17 weeks when 
they were encompassing competitions. The results indi-
cated that more muscle soreness due to physical activity 
was associated with significantly higher levels of sCRP lev-
els. Tvarijonaviciute et al. (91) also in a sample of 129 
healthy children aged between 8 to 12 years, investigated 
the relationship between sCRP and physical activity and 
found no significant relationships between them. Further-
more, Willoughby et al. (97) studied 19 healthy females 
aged between 40 to 60, categorized into two groups with 
either increased or decreased activity within 10 days of the 
study. This study showed that short-term changes in daily 
movement behavior could significantly affect sCRP levels 
in a way that increased steps per day can decrease sCRP 
levels and vice versa. Moreover, as shown by Roca et al. 
(98) in a sample of 41 male marathon runners sCRP levels 
significantly increased 48 hours after marathon. 

  
7. Sleep and Circadian Rhythm  
A total of 6 studies investigated the variations of sCRP 

levels in relation to sleep patterns and circadian rhythm.  
Accordingly, Dolsen & Harvey (99) in a sample of 165 

adolescents, showed interactions between short sleeping 
time and emotional problems in the context of higher sCRP 
levels and suggested that these two factors are related to 
each other and this relationship is more significant among 
the adolescents with higher sCRP levels. In a study by Nag 
& Pradhan (100) in a sample of 2105 community popula-
tion, it was revealed that although higher sCRP levels were 
observed among evening types, but morningness/evening-
ness didn’t have any significant relationship with sCRP lev-
els.  Moreover, Andrianome et al. (101) showed that in a 
sample of 30 electro-hypersensitive individuals and 25 
matched control groups aged between 22 and 66, sCRP lev-
els significantly increased in the morning for both groups. 
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Harnett et al. (96) found that there are associations between 
decreased sleep quality and sleep quantity with increased 
sCRP levels among a sample of 19 rugby player athletes. 
As shown by Nag & Pradhan (102) in a sample of 2105 
community individuals, significantly higher sCRP levels 
were observed among sleep-deprived individuals and those 
with excessive sleepiness during day time. According to 
Izawa et al. (103) in a study on 27 students who provided 
saliva samples 8 times a day for two consecutive days, it 
was revealed that sCRP levels peak at awakening and are 
lower during the daytime. Besides, sCRP levels showed 
moderate to high stability over 2 days of sample collection. 

 
8. Diet  
Regarding dietary intake, 3 studies showed that there are 

no short-term changes in sCRP levels after using dietary 
supplements or oral methadone, while 2 studies showed 
significant associations between long-term dietary change 
with sCRP levels.  

A study by Gawron-Skarbek et al. (104) on a sample of 
80 old adults revealed that dietary vitamins C, E and Beta 
Carotene intake didn’t have any relationship with sCRP 
levels. Moreover, as shown by Roca et al. (98) in a sample 
of 41 male marathon runners sCRP levels didn’t change af-
ter usage of a standardized polysaccharide-based multi-in-
gredient supplement. 

According to Akbari et al. (105), in a sample of 40 heroin 
abusers who underwent Maintenance Methadone Therapy, 
sCRP levels didn’t change significantly one month after 
withdrawal compared to the time before the therapy.  

On the contrary, Tvarijonaviciute et al. (91) studied a 
sample of 129 children aged between 8 to 12 years and 
showed that dietary composition is positively associated 
with sCRP levels. According to their results, energy intake 
(kcal), fat intake, protein intake, Monounsaturated fatty ac-
ids intake, and Saturated fatty acid intake are positively and 
significantly related to sCRP level, while there are no sig-
nificant relationships between Cholesterol intake, Carbohy-
drate intake, Polyunsaturated fatty acid intake, and Fibre 
intake with sCRP. 

In a study by Brett et al. (106) on a total of 262 school 
children, it was revealed that regular probiotic intake is sig-
nificantly associated with lower sCRP levels.  

Another study assessed and compared sCRP levels 
among a total of 15 vegans and 15 omnivore adults and in-
dicated that there is no significant difference between these 
groups in terms of sCRP levels (107). 

 
9. Sepsis  
A total of 4 studies investigated sCRP levels among sep-

sis patients and compared them with non-septic controls, 
and all of them concluded that sCRP levels are directly re-
lated to pCRP levels and sCRP is a great representative of 
sepsis.  

According to Datla et al. (108) in a sample of 135 neo-
nates ≤28 days of life who were suspected to sepsis or with 
perinatal risk factors for sepsis, it was revealed that sCRP 
significantly and positively correlates with pCRP levels. 
Besides, CRP was detectable in the saliva of neonates with 
sepsis and showed significantly elevation compared to 

those with only suspicion of sepsis but with non-elevated 
biomarkers. Moreover, Lin et al. (109) showed that among 
a sample of 18 septic neonates and 22 healthy controls, a 
significantly positive correlation was found between sCRP 
and pCRP levels and sCRP is a reliable indicator of neona-
tal sepsis. As shown by Galhardo et al. (9) in a sample of 
26 hospitalized patients in an intensive care unit with the 
diagnosis of sepsis and 26 controls without sepsis, it was 
revealed that sCRP levels are higher among sepsis patients 
but not in a significant way. Additionally, according to Om-
ran et al. (110) in a study on 35 septic neonates and 35 con-
trols, sCRP levels significantly increase among septic neo-
nates. They concluded that sCRP has a good positive accu-
racy for predicting elevated pCRP levels among septic ne-
onates and can be used as a diagnostic marker for neonatal 
sepsis.  

 
10. Healthy individuals 
Variations in sCRP level have also been considered and 

investigated among healthy individuals in 4 studies. They 
showed that sCRP levels didn’t change significantly over 
time among healthy individuals, and there were no correla-
tions between sCRP levels and pCRP levels in all of the 
studies.  

According to Dillon et al. (111), in a sample of 55 healthy 
adults, there was no significant correlation between sCRP 
and pCRP levels. While sCRP levels were measurable, sim-
ilarly, as shown by Wetterö et al. (112) in a sample of 107 
middle-aged individuals from the general population, sCRP 
levels didn’t straightforwardly reflect pCRP levels. Moreo-
ver, Nam et al. (113) showed that sCRP levels didn’t sig-
nificantly correlate with pCRP levels in a sample of 37 
healthy young male participants over 3 days, and Idris et al. 
(114) showed that in a sample of 20 healthy young males, 
sCRP levels remained stable throughout 4 times sampling 
over a day.  

 
11. Physical health 
Three studies have reported that sCRP levels are related 

to physical health status. 
According to Dolsen et al. (99) in a sample of 165 ado-

lescents, a lower baseline sCRP level was related to re-
duced physical health risk. In a study by pace et al. (61) on 
22 Latina survivor-caregiver, it was revealed that there is a 
weak positive correlation between sCRP and physical fa-
tigue. Additionally, Siavoshi et al. (115) in a sample of 20 
subjects, found a significantly negative relationship be-
tween sCRP concentrations and fitness exercises.   

 
12. Diabetes Mellitus  
Three studies have investigated sCRP levels in diabetes 

patients and compared them with healthy controls. Accord-
ingly, 2 studies found significant relationships between 
sCRP levels and diabetes mellitus, while one didn’t find 
any associations between them.  

In a study by Agho et al. (116) on 39 community individ-
uals with type 2 diabetes mellitus and 36 healthy controls, 
sCRP level was significantly higher among diabetic sub-
jects, and Dezayee & Al-Nimer (117) in a sample of 50 
Type 2 diabetes patients, 25 Type 1 diabetes patients, and 
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25 healthy subjects showed that sCRP was related to the 
glycemic index. On the contrary, Valle et al. (118) in a sam-
ple of 25 children with type1 diabetes and 25 non-diabetic 
controls, showed that sCRP levels didn’t vary significantly 
among the groups (119).   

 
13. Tuberculosis  
As shown by Loxton et al. (120), in a sample of 38 indi-

viduals with pulmonary tuberculosis (TB) symptoms that 
11 of them were TB positive after sputum culture. It was 
revealed that the sCRP level was significantly higher 
among TB patients and this is a potential diagnostic bi-
omarker.  

According to Jacobs et al. (121) in a sample of 104 pa-
tients with pulmonary TB symptoms that 32 cases were pul-
monary TB positive, and there were significantly higher 
sCRP levels among TB-positive patients. they also pro-
vided a biosensor including sCRP and 6 other biomarkers 
that could positively and validly predict pulmonary TB.  

 
14. Systemic inflammation  
Two studies reported a significant positive relationship 

between sCRP levels and systemic inflammation.  
According to Out et al. (77) in a sample of 107 women 

exposed to domestic violence, systemic inflammation as in-
dicated by higher pCRP levels was moderately associated 
with higher sCRP levels.   

 Naidoo et al. (79) showed that in a sample of 170 Black 
South-African children, there was a significantly positive 
association between inflammatory status and sCRP levels. 

  
15. Pneumonia  
Two publications investigated and revealed that there is 

a significantly positive association between pneumonia and 
sCRP levels.  

According to Omran et al. (110), among a sample of 70 
full-term neonates including 35 with late-onset neonatal 
pneumonia and 35 healthy controls, sCRP could accurately 
predict elevated pCRP levels in neonates with pneumonia 
and was suggested as a suitable diagnostic marker for late-
onset neonatal pneumonia. Additionally, Tsai et al. (122) in 
a sample of 106 children with pneumonia and 60 healthy 
controls aged between 2-17 years, showed that sCRP levels 
significantly and positively correlated with pCRP levels 
among these groups and sCRP level could be a valid alter-
native for pCRP especially among pediatric patients with 
pneumonia. Interestingly, in this study, as pneumonia im-
proved both sCRP and pCRP levels decreased as well.  

 
16. Metabolic syndrome  
Two studies investigated and found a significant positive 

relationship between metabolic syndrome measures and 
sCRP levels.  

According to Labat et al. (80) in a sample of 2059 com-
munity individuals, sCRP and pCRP levels were signifi-
cantly and positively correlated, and there was a signifi-
cantly positive correlation between sCRP level and mean 
arterial blood pressure, pulse pressure, pulse wave velocity, 
BMI, metabolic syndrome, waist-to-hip ratio and intima-
media thickness. Dezayee & Al-Nimer (117), in a sample 

of 50 Type 2 diabetes patients, 25 Type 1 diabetes patients, 
and 25 healthy subjects, showed that sCRP was related to 
anthropometric measurements, blood pressure, and glyce-
mic index and it can be used as an indicator of metabolic 
syndrome.  

 
17. COPD 
Two studies investigated sCRP levels among COPD pa-

tients and both of them found a significant relationship be-
tween patient symptoms and sCRP levels.  

Patel et al. (123), in a sample of 143 subjects (including 
98 COPD patients, 20 never-smokers, and 25 smokers with 
normal spirometry) showed that there was a significant pos-
itive correlation between sCRP and pCRP levels. They also 
concluded that in COPD patients, sCRP levels positively 
correlated with breathing scores. Moreover, according to 
Bhavsar et al. (124) in a sample of 100 COPD patients and 
100 age and sex-matched non-COPD controls, there was a 
significant positive correlation between sCRP and pCRP 
levels, and sCRP level was significantly higher among 
COPD patients than controls.  

 
18. Age  
Two studies have investigated and reported sCRP levels 

in relation to age.  
Andrianome et al. (101), in a sample of 55 adults aged 

between 22 and 66, showed that sCRP level was negatively 
correlated with age. Moreover, Jones et al. (125) in a sam-
ple of 151 community children and adults, didn’t find any 
associations between sCRP level with age.  

 
19. Smoking  
According to Azar and Richard (126), in a sample of 45 

healthy youth (including 10 active smokers, 22 passive 
smokers, and 13 non-smokers), there was a dose-response 
relationship between tobacco smoke exposure and sCRP 
levels, while sCRP and cotinine level weren’t correlated. 
Interestingly, they concluded that smokers and passive 
smokers both had significantly higher sCRP levels than 
non-smokers, while sCRP levels didn’t differ significantly 
among smokers and passive smokers. 

   
20. Sickle Cell Anemia 
According to Pradhan et al. (127), among 30 subjects (10 

sickle cell disease patients, 10 trait sickle cell individuals, 
and 10 healthy controls), the sCRP level is significantly 
higher among sickle cell patients compared to healthy indi-
viduals. Moreover, sCRP levels significantly fluctuated 
among traits of sickle cell individuals in the absence of 
chronic inflammation.  

 
21. Sexual Activity 
According to a study by Lorenz et al. (128) on 32 healthy 

premenstrual women, it was revealed that higher inter-
course frequency predicted greater mid-cycle decreases in 
CRP among sexually active women.   

 
22. Neonatal Disorders  
According to Iyengar et al. (129), among a total of 40 ne-
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onates admitted to NICU for different reasons, it was re-
vealed that sCRP levels significantly correlated with pCRP 
levels and sCRP is a feasible tool for screening pCRP level 
among this population.  

 
23. Renal Disorder  
According to a study by Pallos et al. (130) on 119 sub-

jects (38 Chronic Renal Failure (CRF) patients undergoing 
hemodialysis, 34 CRF non-hemodialysis patients, and 47 
non-CRF non-hemodialysis controls), sCRP levels among 
the CRF with hemodialysis group was significantly higher 
than CRF non-hemodialysis and non-CRF non-hemodialy-
sis group. Besides, there were no significant differences be-
tween the sCRP levels of the CRF non-hemodialysis group 
and the non-CRF group. Therefore, they concluded that he-
modialysis of CRF patients significantly affects sCRP lev-
els and salivary inflammatory components.  

 
24. Rheumatic Disease 
According to Sikorska et al. (10), in a sample of 19 pa-

tients with rheumatic disease, who underwent anti TNF-α 
therapy sCRP levels were measured before and 12 weeks 
after therapy. This study showed that sCRP levels signifi-
cantly correlated with pCRP levels and decreased signifi-
cantly after successful treatment. Accordingly, sCRP is a 
potential indicator of rheumatic disease activity. 

  
25. Osteoporosis  
Twardowski et al. (131), in a study on 567 community 

women, investigated the association between sCRP levels 
and plasma 25(OH)D and found no significant associations.  

 
26. Using Electronic Devices 
Hasehmipour et al. (132) in a sample of 80 healthy com-

munity individuals using Samsung mobile phones showed 
that long-term use of the mobile phone was associated with 
higher sCRP levels but the association wasn’t significant.  

 
27. HIV/AIDS 
Rogers et al. (133) in a study on 103 HIV/AIDS partici-

pants, showed that generally, sCRP levels were higher 
among these patients than general healthy population, but 
this relationship wasn’t significant. 

  
28. Headache  
Bougea et al. (134) in a sample of 30 migraineurs, 30 ten-

sion-type headache patients, and 30 age-matched healthy 
controls, showed that sCRP levels didn’t vary significantly 
among tension-type headache patients and migraine head-
ache patients. Moreover, higher sCRP levels were corre-
lated with lower symptom scores of anxiety and depression 
prior to or immediately after the participants’ headache pe-
riod. 

 
29. Environmental Factors 
In a study by Zhu et al. (135) on 40 healthy nonsmoking 

adults, it was revealed that exposure to fine particle matter 
(PM2.5, particulate matter with aerodynamic diameter _ 2.5 
mm) was associated with higher sCRP levels. 

30. COVID 19  
According to Azzi et al. (136) in a study on 25 Covid19 

patients, it was revealed that there is an inverse tendency 
between viral load and sCRP levels.  

 
Asthma and Allergy 
According to Krasteva et al. (5), in a sample of 32 chil-

dren with allergic asthma and 20 control children, it was 
concluded that there were significantly higher sCRP levels 
among children with asthma/allergy compared to healthy 
controls. Besides, there were elevated sCRP levels among 
allergic children treated with corticosteroids and sCRP lev-
els were significantly higher among children treated with 
antihistamines compared to controls.  

 
31. Acute Respiratory Illness 
Gofin et al. (137) showed that in a sample of 104 children 

aged between 2 and 18 diagnosed with acute respiratory ill-
ness, sCRP level was highly specific for predicting high 
pCRP level. Therefore, sCRP is a potential alternative for 
pCRP in acute pediatric settings. 

  
32. Dermatologic disorders (Acne Vulgaris) 
Monib et al. (138) in a study on 84 acne vulgaris patients 

and 105 healthy controls, showed that acne vulgaris pa-
tients had significantly higher sCRP levels than non-acne 
Vulgaris controls. moreover, sCRP and pCRP levels were 
significantly correlated in this study (139). 

  
33. Polycystic Ovarian Syndrome 
In a sample of women with PCOS and 26 healthy women, 

it was revealed that PCOS women had a significant increase 
in Salivary CRP levels compared with the control group 
(140).  

 
Discussion  
Sialochemistry as an alternative for blood biochemical 

analysis offers many advantages like Non-invasive nature, 
the feasibility of collection, good patient cooperation, cost-
effectiveness, and low risk of infection. (141) CRP is a very 
useful and important biomarker in the diagnosis and man-
agement of several medical conditions, which is secreted in 
saliva in considerable and measurable amounts.  

According to the results, sCRP levels have been meas-
ured among patients with several different disorders. The 
results and the existing literature indicate that many of the 
systemic and oral inflammatory processes are remarkably 
represented in saliva, like sCRP concentrations.  

To date, most of the studies have investigated sCRP lev-
els among patients with oral inflammation, psychological 
disorders, and cardiovascular disorders, and a limited num-
ber of studies have provided evidence that sCRP levels are 
reliably correlated with the status of many other medical 
conditions such as oral malignancies, infections, diabetes, 
renal failure, pulmonary disorders including asthma and 
COPD, blood pressure disorders, metabolic syndrome, 
rheumatic disease, headache, Covid19, and dermatologic 
disorders.  
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Moreover, results revealed that sCRP levels are remark-
ably affected by several factors, including demographic 
features, environmental factors, health status, physical ac-
tivity, dietary habits, smoking, sleep patterns, and mobile 
phone usage. Therefore, future studies are recommended to 
control these associating factors as much as possible to 
reach more accurate results.   Although saliva is proven to 
be a useful specimen in forensic medicine for drug testing, 
sCRP levels in this context were not investigated thor-
oughly (142). 

This review also provided evidence that sCRP levels sig-
nificantly correlate with pCRP levels in most cases with a 
good temporal relation, and further investigation of the con-
ditions that didn’t have correlated levels of sCRP and pCRP 
can answer many questions and fill the gap of controversies 
in this regard. Hence,  sCRP is a potential alternative for 
invasive pCRP sampling. Therefore, this is suggested that 
future researchers investigate this relationship in larger 
samples and meticulously controlled design. The temporal 
relationship between variations in pCRP levels and the sub-
sequent changes in sCRP levels is also another interesting 
gap that needs further investigation.  Moreover, a limited 
number of studies mentioned that sCRP levels and salivary 
components vary among different sampling sites of the mu-
cosa. Therefore, this is another interesting finding which 
may affect the results and requires careful consideration in 
future studies.  

Results of the search for the existing literature about the 
level and role of sCRP in systemic and oral disorders are 
briefly presented in Table 1. As shown in this table, most 
of the studies have found a correlation between sCRP and 
pCRP levels and have suggested sCRP as an alternative for 
pCRP levels. 

 
Conclusion  
Measurement of salivary CRP levels can be a promising 

novel method for assessment, diagnosis, monitoring, and 
therapeutic purposes of various medical and oral condi-
tions. Although inconsistent, various studies suggest that 
salivary CRP levels can well demonstrate the plasma CRP 
concentrations. Therefore, as a less-invasive, inexpensive, 
easier, and faster method of sampling, salivary CRP can be 
used instead of plasma CRP samples for most  cases in the 
future.  

 
Limitations and Suggestions  
Since most of the previous studies in this area were not 

controlled or didn’t have a satisfactory sample size for ob-
taining a general conclusion, further research in this area is 
suggested to be controlled and have a satisfactory sample 
size and cases. For most of the disorders, there were a lim-
ited number of studies performed in this regard, which 
makes it difficult to obtain a reliable conclusion.  
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