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Abstract 
 
Background/Aim. There is growing evidence suggesting 
that high-sensitivity C-reactive protein (hs-CRP) is a reliable 
biomarker in patients with hypertension. While the relation-
ship between hypertension and age is well established, the 
connection between hs-CRP and age remains unclear. The 
aim of the study was to determine a relationship between hs-
CRP and age, body mass index (BMI), and blood pressure in 
middle-aged people. Methods. This cross-sectional survey 
was conducted in Shanghai, China, and it included data from 
1,677 healthy male participants aged 18 to 50 years and 1,127 
healthy female participants aged 19 to 49 years recruited dur-
ing routine health examinations. The hs-CRP, BMI, systolic 
blood pressure (SBP), and diastolic blood pressure (DBP) 
were recorded. Results. The participants were first separated 
into four age quartile groups, in which an increase in BMI, 
SBP, and DBP was observed but not in hs-CRP. Afterward, 
the participants were divided into four hs-CRP quartile 
groups, in which an increase in BMI, SBP, and DBP was not-
ed, but not in age. Finally, using Pearson correlation, positive 
correlations were found between hs-CRP, BMI, SBP, and 
DBP, but no correlation was discovered between age and hs-
CRP. Conclusion. The authors showed that age is likely a 
confounding factor that correlates with SBP, DBP, and BMI, 
but it does not directly correlate with hs-CRP.  
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Apstrakt 
 
Uvod/Cilj. Sve više dokaza ukazuje na to da je visoko 
osetljivi C-reaktivni protein (high-sensitivity C-reactive protein ˗ hs-
CRP) pouzdan biomarker kod bolesnika sa hipertenzijom. 
Dok je veza između hipertenzije i životnog doba dobro 
utvrđena, veza između hs-CRP i životnog doba još uvek nije 
dovoljno jasna. Cilj rada bio je da se utvrdi povezanost 
između hs-CRP i životnog doba, indeksa telesne mase (ITM) 
i krvnog pritiska kod osoba srednjih godina. Metode. Ova 
studija preseka sprovedena je u Šangaju, u Kini i uključila je 
podatke o 1 677 zdravih muških ispitanika, od 18 do 50 
godina, i 1 127 zdravih ženskih ispitanika, od 19 do 49 
godina, koji su prikupljeni tokom redovnih zdravstvenih 
pregleda. Beleženi su hs-CRP, ITM, sistolni krvni pritisak 
(SKP), i dijastolni krvni pritisak (DKP). Rezultati. Ispitanici 
su prvo bili podeljeni prema životnom dobu u četiri grupe, 
kvartilno, u kojima je utvrđen porast BMI, SKP i DKP, ali ne 
i hs-CRP. Zatim su ispitanici podeljeni kvartilno u četiri 
grupe, prema hs-CRP u kojima je utvrđen porast vrednosti 
BMI, SKP i DKP, ali ne i starosti. Na kraju, korišćenjem 
Pearson-ove korelacije, nađena je pozitivna korelacija između 
hs-CRP, ITM, SKP i DKP, ali ne i korelacija između životnog 
doba i hs-CRP. Zaključak. Životno doba je verovatno 
pridruženi faktor, jer je u korelaciji sa SKP, DKP i ITM, ali 
nije u direktnoj korelaciji sa hs-CRP. 
 
Ključne reči: 
životno doba, faktor; biomarkeri; krvni pritisak;  
telesna masa, indeks; c-reaktivni protein.  

 

Introduction 

C-reactive protein (CRP), a low-weight protein pro-
duced by the liver, is considered a classic acute-phase protein 
that increases in response to stress, inflammation, and vari-
ous illnesses 1. CRP detection is a standard test performed in 

clinical practice. However, standard CRP detection has lim-
ited sensitivity with a lower detection limit of 3–8 mg/L, 
making it an unreliable prediction biomarker 2. To address 
this, a more sensitive assay for CRP, known as high-
sensitivity CRP (hs-CRP), has been developed and proved to 
be a useful biomarker in various conditions such as Parkin
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son’s disease 3, diabetes 4, postoperative complications 5, 
sepsis 6, and chronic obstructive pulmonary disease 
(COPD) 7. In the realm of hypertension or cardiovascular 
disease, the hs-CRP has been widely studied and is recog-
nized as one of the key risk factors in assessing cardiovascu-
lar risk 8, 9. 

Most of the diseases involved in the hs-CRP studies are 
age-related. Age has typically been considered a confounding 
factor that is accounted for in hs-CRP studies. However, the 
relationship between age and hs-CRP has not been thoroughly 
explored, which results in varying findings from different 
studies. Some studies have found a positive correlation 
between hs-CRP and patient age. For instance, Demirbas et 
al. 10 reported a positive correlation between hs-CRP and age 
in psoriasis patients. Milan-Mattos et al. 11 reported that the 
natural aging process increased IL-6 and hs-CRP levels. In 
patients with carotid intima-media thickness, Kim et al. 12 
reported a significant positive correlation between hs-CRP 
and age. In young children with cardiovascular risk, Rondo et 
al. 13 reported that age is positively correlated with hs-CRP 
levels. In infants and young adults with diabetes, Coulon et 
al. 14 reported a significant correlation between hs-CRP and 
age or duration of diabetes. 

However, other studies did not find any relationship 
between hs-CRP and age. For instance, there was no 
relationship between serum hs-CRP and age or weight both in 
smokers and nonsmokers in COPD patients 15. In patients with 
atrial fibrillation, Hermida et al. 16 reported no obvious 
multiplicative interaction between hs-CRP and age, gender, or 
race. In an investigation of 213 systemic lupus erythematosus 
patients and 134 controls, Barnes et al. 17 did not find a 
relationship between hs-CRP and age, gender, race, etc. Song et 
al. 3 reported that age is not correlated with hs-CRP in patients 
with de novo Parkinson’s disease. Liu et al. 18 reported that age 
is not correlated with hs-CRP in patients with depression. 
Feldman and Sbong 19 reported no relation between hs-CRP 
and age in patients with inflammatory or infectious disorders. 
Allam et al. 20 found no obvious correlation between serum hs-
CRP and age in patients with bronchial asthma. 

Moreover, in addition to being a biomarker of a variety 
of diseases, hs-CRP has been shown to be not only a marker of 
various illnesses but also a risk factor in healthy individuals 
for non-alcoholic fatty liver 21, abdominal obesity 22, 
hypoadiponectinemia 23, etc. Despite this, most studies on hs-
CRP and hypertension have focused on patients with the 
abnormalities, leaving the relationship between hs-CRP level 
and blood pressure (BP) in healthy individuals largely 
unstudied. 

In this investigation, the relationship between hs-CRP 
and age, body mass index (BMI), and BP was evaluated by 
recruiting healthy adults aged 18 to 50 years in Shanghai, 
China. The recruitment process was conducted during 
routine physical examinations and involved a medical history 
inquiry, hematological and clinical chemistry, and 
electrocardiograph (ECG) by certificate doctors. The levels 
of hs-CRP, BMI, systolic BP (SBP), and diastolic BP (DBP) 
were measured in healthy adults and analyzed for any 
correlations. 

Methods 

Study population 

In total, 1,677 males and 1,127 females aged 18 to 50 
years, with a median age of 29 and 28 years, respectively, 
were recruited from Yangpu Hospital in Shanghai, China, 
during a routine health examination conducted between 
April and May 2019. Participants were asked to complete a 
questionnaire covering their personal information, career, 
life habits, and medical history. All participants were 
subjected to physical examination, medical history inquiry, 
hematology, clinical chemistry, electrocardiograph, 
urinalysis, etc. After being reviewed by certificated medical 
physicians, participants who showed no abnormalities in 
any of the parameters except for BP were included in the 
study. The investigation complied with the Declaration of 
Helsinki and was approved by the Ethics Committee of the 
Yangpu Hospital, Tongji University School of Medicine 
(No LL-2017-SCI-002). Oral or written informed consent 
forms were obtained from all the participants in this 
investigation. 

Laboratory measurements 

After overnight fasting, body weights and heights were 
measured in the morning, and body weight mass calculation 
was conducted using the equation “BMI = body weight 
(kg)/height (m2)”. After at least 10 min relaxation in the 
medicine ward of the hospital, the participants were manual-
ly measured for SBP and DBP from the right arm by a physi-
cian using a mercurial sphygmomanometer (Yuyue Co., Ltd, 
Jiangsu, China) with a stethoscope. For hs-CRP detection, 
venous blood (approximately 2 mL) was collected from the 
participants and processed into serum via centrifugation; the 
samples were kept at 2–8 °C until analysis. Then, hs-CRP 
was detected by using Dimension RXL Analyzer (Siemens 
Healthcare, Germany) with the method of particle-enhanced 
turbidimetric immunoassay (PETIA) as described else-
where 24. The C-reactive Extended Range Flex reagent was 
also brought from Siemens (Germany). The detection range 
was 0.5 to 250.0 mg/L. Calibration and quality control sam-
ples were included in each run of the analyses. 

Statistical analysis 

Data were statistically analyzed using SPSS V20.0 for 
Windows (SPSS Inc., Chicago, IL, USA). Values below the 
limit of detection (LOD) were considered negative and given 
an arbitrary value of LOD/√2 25. Based on age or hs-CRP 
levels, participants were divided into four quartile groups: 
Q1 (1st quartile), Q2 (2nd quartile), Q3 (3rd quartile), and Q4 
(4th quartile). The differences in BMI, SBP, DBP, and hs-
CRP or age between the groups were examined using one-
way ANOVA followed by T-test or post-hoc test. Then, a 
Pearson correlation analysis was applied for the relationship 
between age, hs-CRP, gender, BMI, SBP, and DBP. Cut-off 
values for statistical significance were set at p < 0.05. 
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Results 

Participants 

The results of the measurements are presented in Table 1, 
revealing that the average age of the participants was 30.9 
years, with no significant difference between males (30.9 
years) and females (31.0 years, p > 0.05). The average hs-
CRP level was 1.87 mg/L, with no significant difference 
between males (1.89 mg/L) and females (1.85 mg/L, 
p > 0.05). The average BMI was 23.4 kg/m2, with a slightly 
higher average in males (24.0 kg/m2) than in females 
(22.6 kg/m2, p < 0.01). The average SBP was 119.3 mmHg, 
with a higher average in males (123.0 mmHg) than in 
females (113.7 mmHg, p < 0.01). Similarly, the average 
DBP was 81.5 mmHg, with a higher average in males 
(83.1 mmHg) than in females (79.1 mmHg, p < 0.01). All 
participants were considered healthy with no known 
underlying diseases. 

Changes among the age-quartile groups 

Initially, the participants were divided into four age-
quartile groups: 18–23 years (1st quartile), 24–28 years 
(2nd quartile), 29–36 years (3rd quartile), 37–50 years 
(4th quartile). Differences in hs-CRP, BMI, SBP, and DBP 

were examined between the age-quartile groups. No 
statistical significance was noted for the hs-CRP between the 
groups, while data of BMI, SBP, and DBP increased with 
age from the 1st to the 4th quartile (Table 2). 

Changes among the hs-CRP-quartile groups 

Similarly, the participants were then divided into four 
hs-CRP-quartile groups: 0.36–0.95 mg/L (1st quartile), 0.96–
1.31 mg/L (2nd quartile), 1.32–1.99 mg/L (3rd quartile), 2.00–
3.00 mg/L (4th quartile). Differences in age, BMI, SBP, and 
DBP were examined between the hs-CRP-quartile groups. 
No statistical significance was noted for the age between 
groups, while data of BMI, SBP, and DBP increased as the 
hs-CRP escalated from the 1st to the 4th quartile (Table 3). 

Pearson correlation analysis 

Pearson correlation analysis was utilized to assess the 
interdependence between age, hs-CRP, BMI, SBP, and DBP. 
Table 4 revealed that age positively correlated with BMI, 
SBP, and DBP but not with hs-CRP. Similarly, hs-CRP 
positively correlated with BMI, SBP, and DBP but not with 
age. Positive correlations were observed between BMI, SBP, 
and DBP. 

Table 1 
Summary results of hs-CRP, BMI, SBP, and DBP in the participants 

Gender Number Age 
years 

hs-CRP 
mg/L 

BMI 
kg/m2 

SBP 
 mmHg 

DBP 
mmHg 

Male 1,677 30.9 ± 7.8 1.89 ± 1.78 24.0 ± 3.7* 123.0 ± 13.4* 83.1 ± 9.7* 
Female 1,127 31.0 ± 8. 6 1.85 ± 1.92 22.6 ± 3.5 113.7 ± 13.1 79.1 ± 8.6 
Total 2,804 30.9 ± 8.1 1.87 ± 1.84 23.4 ± 3.7 119.3 ± 14.0 81.5 ± 9.5 

hs-CRP – high-sensitivity C-reactive protein; BMI – body mass index; SBP – systolic blood pressure; 
BDP – diastolic blood pressure.  
Data are presented as mean ± standard deviation. Student t-test was used for comparison between 
males and females. *p < 0.01. 

 
Table 2 

Comparisons of hs-CRP, BMI, SBP, and DBP between age-quartile cohorts 
Quartile 
cohort 

Age 
years Number hs-CRP 

mg/L 
BMI* 
kg/m2 

SBP* 
mmHg 

DBP* 
mmHg 

1st  18–23 594 1.88 ± 1.82 22.6 ± 4.0 115.5 ± 12.7 78.4 ± 8.2 
2nd  24–28 737 1.83 ± 1.64 23.0 ± 3.8 116.2 ± 13.2 79.7 ± 8.8 
3rd  29–36 743 1.94 ± 1.98 23.9 ± 3.6 120.3 ± 14.0 82.1 ± 9.5 
4th  37–50 730 1.85 ± 1.89 24.0 ± 3.0 124.4 ± 14.1 85.1 ± 9.9 

Data are presented as mean ± standard deviation. A one-way Analysis of Variance 
(ANOVA) was used for parameter comparison among quartiles. *p < 0.01. 
For abbreviations, see Table 1. 

 
Table 3 

Comparisons of age, BMI, SBP, and DBP between hs-CRP-quartile cohorts 
Quartile 
cohort 

hs-CRP 
mg/L Number Age 

years 
BMI* 
kg/m2 

SBP* 
mmHg 

DBP* 
mmHg 

1st  0.36–0.95 690 30.7 ± 8.3 21.8 ± 3.0 116.3 ± 13.5 79.8 ± 9.0 
2nd  0.96–1.31 705 30.7 ± 8.1 22.4 ± 3.1 117.7 ± 13.6 80.2 ± 8.9 
3rd  1.32–1.99 701 31.7 ± 8.2 23.9 ± 3.3 120.2 ± 14.0 82.0 ± 9.7 
4th  2.00–3.00 708 30.6 ± 7.9 25.5 ± 4.0 122.9 ± 14.1 83.9 ± 9.6 

Data are presented as mean ± standard deviation. A one-way Analysis of Variance 
(ANOVA) was used for parameter comparison among quartiles. *p < 0.01. 
For abbreviations, see Table 1. 
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Discussion 

The aim of this study was to examine the role of hs-
CRP as a biomarker of hypertension in young, healthy 
adults and to assess the impact of age on hs-CRP levels. 
Results showed that hs-CRP levels were positively 
correlated with SBP, DBP, and BMI in healthy participants 
with an average age of 30.9 years (ranging from 18 to 50 
years), which was in line with previous studies on 
hypertension 26 and other cardiovascular disorders 27. By 
including young, healthy adults, we sought to minimize the 
bias between age and underlying disease. Analysis of the 
data using ANOVA and Pearson correlation analysis 
revealed that changes in hs-CRP were not related to age, 
and there was no correlation or trend observed between age 
and hs-CRP levels. 

The hs-CRP level of 1.87 mg/L obtained in this 
investigation is in line with other studies in Chinese young 
adults. As reported by Wang et al. 28, the average hs-CRP 
was determined as 1.89 mg/L in 14,046 healthy adults aged 
35 to 64 years. The mean SBP of 119.3 mmHg and the mean 
DBP of 81.5 mmHg were considered normal values, which is 
consistent with the results in the nationwide survey 
conducted in China from October 2012 to December 2015; 
the mean SBP and DBP in 88,540 adults aged 25–34 years 
were calculated as 118.9 mmHg and 73.2 mmHg, 
respectively 29. The mean BMI in this investigation was 
23.4 kg/m2, which is consistent with the mean BMI (20.8–
25.1 kg/m2) obtained from approximately 100,000 residents 
in China mainland 30 and the mean BMI of 24.1 kg/m2 in 
2,893 Chinese subjects in Hong Kong 31. 

Inflammation is widely recognized as the key 
contributor to the development of atherosclerosis, which 
in turn can lead to hypertension. Hs-CRP is a significant 
marker of inflammation and has been strongly linked to 
cardiovascular disease. Not only does hs-CRP serve as an 
inflammatory biomarker, but it also has a direct impact on 
the pathogenesis of hypertension. That is because hs-CRP 
can promote vasoconstriction, leukocyte adherence, 
platelet activation, oxidation, thrombosis, and 
upregulation of angiotensin type-1 receptor expression. 
These actions all contribute to the development of 
hypertension 32. 

Although inflammation is observed in many age-
dependent diseases, there is no direct correlation between in-
flammation and age. In healthy children under 12 years old 
(mean age 5.2 years), the inflammatory cytokines of IL-1Ra, 
IP-10, and TNF-α decreased with age 33. In participants aged 
24 to 90 years, Lin et al. 34 demonstrated that the rates of 
change of T cells (CD4+ and CD8+), B cells and NK cells 
were relatively stable throughout life. In a review including 
more than 50 studies, researchers did not find evidence of 
age-related changes in any of the Th1 (IL-2, IFN-γ), Th2 (IL-
4, IL-6, and IL-10), or proinflammatory cytokines (IL-1β, 
IL-8, TNF-α) 35. 

Several other risk factors for arterial hypertension are 
equally important, such as genetics, kidney function, 
endocrine status, family history, overweight/obesity, poor 
diet, tobacco use, alcohol consumption, chronic conditions, 
and gender. The subjects in this investigation with genetic 
predisposition were from Shanghai, China. The authors 
separated the parameters of overweight/obesity and gender 
from the assessment of the relationship between hs-CRP 
and hypertension. All subjects were considered healthy and 
free of any abnormalities in the parameters of kidney 
function, family history, poor diet, tobacco use, and alcohol 
consumption after being thoroughly reviewed by certified 
medical physicians. Endocrine status and chronic 
conditions were not included in the routine physical 
examination, and their role in both hs-CRP and 
hypertension has not been addressed in this investigation. 

One limitation of this investigation is that the 
demographic of the participants was not evenly distributed 
between males and females. The data showed that males had 
a higher BMI, SBP, and DBP than females. Despite this 
imbalance, the analysis found no significant differences in 
hs-CRP between the genders, indicating that this imbalance 
did not impact the data interpretation. Additionally, 
participants were considered healthy based on a variety of 
examinations but not on their BP values. As a result, 
participants with a BMI ≥ 30 kg/m2 (159 individuals), SBP ≥ 
140 mmHg (204 individuals), and DBP ≥ 90 mmHg (501 
individuals) were still included in the investigation, even 
though they may have underlying health issues. 

These individuals were considered part of the targeted 
population for the investigation. 

Table 4 
Pearson correlation coefficient 

Parameters Age hs-CRP BMI SBP DBP 
Age 1 0.019 0.198* 0.259* 0.270* 
hs-CRP  1 0.387* 0.188* 0.167* 
BMI   1 0.446* 0.351* 
SBP    1 0.736* 
DBP     1 

Correlation between age, hs-CRP, BMI, SBP, and DBP were analyzed by 
using Pearson correlation analysis. *p < 0.01. 
For abbreviations, see Table 1. 
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Conclusion 

In the present investigation, by evaluating the levels of 
hs-CRP, BMI, SBP, and DBP in a sample of young, healthy 
adults in Shanghai, China, we found that age does not 
directly correlate to hs-CRP. Instead, hs-CRP may serve as 
a risk factor that correlates to BP. 
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