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Original Research

Introduction

Hypertension is a prevalent and growing public health prob-
lem that is managed in the primary care setting on a regular 
basis. Forty-six percent of the U.S. adult population is affected 
by hypertension. Hypertension is a major risk factor for 
stroke, cardiovascular disease, and other vascular diseases. 
Despite current medical therapies, hypertension remains a 
prevalent cardiac, renal, and cerebrovascular risk factor.1

As per the current hypertension guidelines, hypertension is 
diagnosed as a measurement of systolic blood pressure of 
130 mmHg, or greater, and/or diastolic pressure of 80 mmHg, 
or greater. The guidelines goal systolic blood pressure is below 
120 mmHg and diastolic blood pressure is below 80 mmHg.2

Hypertension, smoking, diabetes, and hyperlipidemia, are 
all risk factors for development of cardiovascular diseases. 
There is ample evidence that reduction of these risk factors 
results in improved cardiovascular morbidity and mortality. 
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Abstract
Introduction: The correlation between inflammation and vascular disease is widely accepted. High levels of C-reactive 
protein (CRP) have been shown to play a role in the process of endothelial dysfunction. Hypertension is described as an 
inflammatory vascular disease, and is 1 of the most commonly encountered diseases in the outpatient setting. We studied 
the association between the elevated high sensitivity-CRP (hs-CRP) level and hypertension, as well as other comorbid 
conditions. Methods: Electronic medical records of 169 adult patients in our internal medicine office were reviewed 
for hs-CRP levels, and divided into 2 groups: elevated hs-CRP (≥2 mg/L; n = 110) and normal hs-CRP (<2 mg/L; n = 59). 
Independent T-Test was used to compare the means of continuous variables between the groups if they were normally 
distributed. Mann Whitney U-Test was used to compare the continuous variables that were non-parametric. Logistic 
regression was used to compare the dependent and independent variables. Results: Among subjects with elevated hs-
CRP, 58.2% had hypertension while 47.5% of subjects with normal hs-CRP levels had hypertension (P = .182). There were 
higher frequencies of association of coronary artery disease (CAD), cerebrovascular disease and hypothyroidism in elevated 
hs-CRP group but the differences were not statistically significant. Mean white blood cell count was statistically higher in 
elevated hs-CRP group (P < .05), while alcohol use was significantly higher (P < .05) and statin use was higher in the normal 
hs-CRP group. There was an inverse relationship between HDL-C and hs-CRP. Conclusions: There was no statistically 
significant correlation between hs-CRP level and hypertension. Hs-CRP has statistically significant associations between 
alcohol use, dementia, white blood cell count, and HDL levels. Promising but not statistically significant correlations were 
observed between hs-CRP and statin therapy, hypothyroidism, coronary artery disease, and cerebrovascular disease.
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However, these risk factors are not present in up to half of the 
patients with clinical manifestations of cardiovascular dis-
ease.3 Hence, identification of other modifiable cardiovascu-
lar risk factors in persons without an overt diagnosis of 
hypertension may allow for further interventions to prevent 
development of hypertension and cardiovascular events.

Hypertension is an inflammatory disease that is triggered 
by angiotensin II.4,5 Angiotensin II triggers an inflammatory 
response which increases vascular permeability, cause migra-
tion and adhesion of inflammatory markers, increases levels 
of VEG-F causing proliferation of vasculature, and increases 
levels of endothelin causing stiffening of vasculature.4 As it is 
an inflammatory process, studies postulate that measurement 
of high-sensitive C-reactive protein (hs-CRP) may be a 
marker for early development of hypertension. Remodeling 
of the vasculature causes arterial stiffness and leads to pro-
gression of hypertension.6-8 Inflammatory markers, specifi-
cally hs-CRP levels, have correlated with high systolic and 
diastolic pressures.1,5

The purpose of our retrospective study was to investigate 
the correlation between hs-CRP levels and hypertension in 
clinical practice. Based on the available studies it appears 
that early detection and initiation of anti-hypertensive agents 
at the onset of elevated hs-CRP in patients that have not yet 
met the clinical criteria for hypertension may help prevent 
the progression of the inflammatory response and prevent 
the development of further vascular complications.7-9 We 
hypothesized that elevated hs-CRP levels would be associ-
ated with hypertension.

Methodology

Study Sample

We reviewed electronic medical records of the patients 
18 years and older who had hs-CRP levels completed 
between January 1, 2019 and December 31, 2019 at a 
single primary care practice ran by a sole provider. Given 
that the number of patients in our study who had hs-CRP 
tests, were not as high as expected, we conducted a popu-
lation study in which we examined 420 patients as per 
the recommended sample size of the full population, and 
selected 169 patients who fit within the study inclusion 
criteria. The study was approved by the Institutional 
Review Board (IRB). As our study was a retrospective 
review of patients’ medical records, informed consent 
was not required by the IRB.

Data Collection

For each patient we gathered the following data: age (years), 
gender, race, (non-Hispanic Caucasian/ African American/
Asian/Hispanic/other), social history (tobacco use, alcohol 
use, recreational drug use), family history of illness (demen-
tia, mild cognitive impairment, cognitive impairment), 

associated medical conditions, such as hypertension, diabetes 
mellitus, hyperlipidemia, hypothyroidism, coronary artery 
disease, cerebrovascular accident, peripheral arterial disease, 
carotid artery stenosis, congestive heart failure, arthritis and 
other rheumatologic disorders, mental health disorder, chronic 
obstructive pulmonary disease, asthma, chronic kidney dis-
ease, liver disease, colorectal disorder, immunocompromised 
host, medication use (aspirin/non-steroidal anti-inflammatory 
drugs, statin, steroid, and immunosuppressive agents), and 
other parameters, such as systolic and diastolic blood pres-
sures, hs-CRP (elevated hs-CRP ≥2 mg/L, or normal hs-CRP 
<2 mg/L), white blood cell count, erythrocyte sedimentation 
rate, antinuclear antibody, rheumatoid factor, total cholesterol, 
low density lipoprotein cholesterol (LDL-C), high density 
lipoprotein cholesterol (HDL-C), and triglyceride levels.

Statistical Study

We entered all collected data into a Microsoft Excel (2019, 
Redmond, Washington, USA) spreadsheet. We performed 
statistical analysis by using SPSS (Statistical Package for 
the Social Sciences, version 20, IBM, Armonk, New York, 
USA). As our study was a population study we looked to 
obtain all patients during our set time period that met our 
inclusion criteria. There were 169 patients of 420 patients 
who had an hs-CRP test during the study period that met our 
inclusion criteria. The IRB accepted our sample size, and 
our study progressed as planned.

The tests that were used to determine the distribution of 
the data were the Shapiro Wilk test and the test of skewness. 
There was no power analysis completed as the full popula-
tion of those who fit the inclusion criteria was used. 
Independent t-test compared the means of continuous vari-
ables between the study groups if they were normally distrib-
uted. The Mann-Whitney U-test was used to compare the 
continuous variables that were non-parametric. A discrimi-
nant function analysis was done which showed that the model 
is not significant in that the variables in the model, including 
systolic blood pressure, diastolic blood pressure, body mass 
index, total cholesterol, triglyceride, and white blood cell 
count, are not significant discriminators between normal and 
elevated hs-CRP. Logistic regression was also used which 
verified that none of the above mentioned variables were 
shown to be significant. The dependent variable was hyper-
tension. The independent variable of interest was hs-CRP 
level, which was dichotomized to be labeled “high” versus 
“normal”. Other independent variables that were used in the 
model were age, body mass index, sex, race, history of recre-
ational drug use, diabetes mellitus, chronic obstructive pul-
monary disease, and asthma.

Results

A total of 169 patient medical records were included. 
Among them, 110 (65.0%) patients had elevated hs-CRP 
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levels and 59 (34.9%) patients had normal hs-CRP levels. 
The age range of patients with hs-CRP levels in our study 
was 38 to 70 years. The majority of the patients with hs-
CRP levels were in the 50 to 53 years of age range. The 
mean age of the patients with elevated hs-CRP levels was 
57.9 + 16.1 years and the mean age of the patients with nor-
mal hs-CRP levels was 53.9 years + 16.8. There was no sta-
tistically significant difference in the mean ages between 
the 2 groups (Table 1). We found that for every increased 
year of age, there was 1.1 times greater odds of having 
hypertension (95% CI 1.02-1.09). Gender analysis revealed 
a higher frequency of female patients with elevated and nor-
mal hs-CRP levels compared to males but the difference 
was not statistically significant. There were 63.3% females 
with high hs-CRP levels compared to 36.4% of males and 
54.2% females with normal hs-CRP levels compared to 
45.8% of males (P = .234; Table 1). We found that men had 
2.7 times greater odds of having hypertension (95% CI 
1.2-6.2).

The analysis of race showed that the majority of the 
patients in both groups were Caucasian (60% in High hs-
CRP group, and 67.8% in normal hs-CRP group), followed 
by African American (25.5% in high hs-CRP group, 18.6% 
in normal hs-CRP group), and other races (14.5% in high 
hs-CRP group, 13.6% in normal hs-CRP group; Table 1). 
These differences were not statistically significant.

We found that 47.5% of patients with normal CRP levels 
used alcohol, and 28% of patients with high CRP levels 
used alcohol. The difference was statistically significant 
(P < .05). We also found that 42.4% of patients with normal 
hs-CRP levels smoked cigarettes, where as 41.8% of people 

with high hs-CRP smoked cigarettes. Illicit drug use was 
equally present in the high hs-CRP level group and normal 
hs-CRP group as 15%. Neither of these differences regard-
ing smoking cigarettes or illicit drug use were statistically 
significant (Table 1). There was a higher association of 
dementia in patients with normal hs-CRP levels compared 
to the patients with high hs-CRP (5.5% vs. 0.0%). Likewise, 
there was a higher association seen with mild cognitive 
impairment and high hs-CRP levels but the number of 
patients was too small (Table 1).

Analysis of vital parameters and diagnostic tests showed 
that the mean body mass index (BMI) of patients with high 
hs-CRP levels was lower at 26.9 kg/m2 compared to 27.9 kg/
m2 in the normal hs-CRP group; however this was not sta-
tistically significant (Table 2). There was no statistical sig-
nificant difference seen in systolic blood pressure or 
diastolic blood pressure between the 2 groups (Table 2). 
However, lipid analysis showed a higher mean level of 
HDL cholesterol level in the normal hs-CRP group 
(53.66 mg/dL) compared to the high hs-CRP group 
(47.56 mg/dL) (P = .050; Figure 1 and Table 2). There was 
no statistically significant difference in the mean levels of 
total cholesterol, LDL cholesterol, and triglycerides 
between the groups. We also discovered that the mean white 
blood cell count was higher in the high hs-CRP group com-
pared to the normal hs-CRP group (8.9 × 109/L vs 
7.6 × 109/L; P < .05; Figure 1 and Table 2).

In regards to the medication use, we found no significant 
difference between the 2 groups in use of aspirin, non-ste-
roidal anti-inflammatory drugs, steroids, or immunosup-
pressive agents. However, a higher percentage of statin 

Table 1.  Population Characteristics.

Variable High hs-CRP (n = 110) Normal hs-CRP (n = 59) P-value

Age
  Mean (SD) 57.89 (16.07) 53.97 (16.76) .138*
Gender
  Male (n, %) 40 (36.4) 27 (45.8) .234**
  Female (n, %) 70 (63.3) 32 (54.2)
Race
  Caucasian (n, %) 66 (60.0) 40 (67.8) .557**
  African American (n, %) 28 (25.5) 11 (18.6)
  Other (n, %) 16 (14.5) 8 (13.6)
Social factors
  Alcohol (n, %) 31 (28.2) 28 (47.5) .012**
  Cigarettes (n, %) 46 (41.8) 25 (42.4) .944**
  Illicit drug use (n, %) 17 (15.5) 9 (15.3) .973**
Family Hx of illness
  Dementia (n, %) 0 (0.0) 3 (5.1) .041**
  Mild cognitive impairment (n, %) 1 (0.9) 0 (0.0) 1.000**
  Cognitive impairment (n, %) 0 (0.0) 0 (0.0) No incidence

Abbreviation: SD, standard deviation.
*Independent t-Test. **Chi-squared test.
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users were seen in the normal hs-CRP group (35.6%) com-
pared to 19.1% seen in the elevated hs-CRP group (P = .053; 
Table 3).

Analysis of comorbid medical conditions showed a 
higher association of hypertension in the subjects with ele-
vated hs-CRP (58.2%) compared to 47.5% of subjects in the 
normal hs-CRP group, but the difference was not statisti-
cally significant (P = .182; Figure 2 and Table 4). Among 
patients with elevated hs-CRP levels 13.6% had coronary 
artery disease while only 8.5% of patients with normal hs-
CRP levels had CAD (P = .322; Table 4). Similarly, 13.6% 
of people with elevated hs-CRP values had hypothyroidism 
whereas 5.1% of the patients with normal hs-CRP values 
had hypothyroidism. This finding was not statistically sig-
nificant (P = .086; Table 4).

The association of cerebrovascular accident was higher 
(11.8%) in the patients with elevated hs-CRP levels com-
pared to 6.8% patients with normal hs-CRP levels, the dif-
ference was not statistically significant (P = .299; Table 4). 
There was no statistically significant difference between the 
2 groups in the association of other comorbid conditions, 
such as diabetes mellitus, hyperlipidemia, peripheral arte-
rial disease, carotid artery stenosis, congestive heart failure, 
arthritis, other rheumatologic disorders, mental health dis-
order, chronic obstructive pulmonary disease, asthma, 
chronic kidney disease, liver disease, colorectal disorder, 
and immunocompromised host. We found that subjects with 
diabetes had 4.3 times greater odds of having hypertension 
(95% CI 1.6-11.6), while those with asthma had 6.3 times 
greater odds of having hypertension (95% CI 2.1-18.7).

Table 2.  Vitals and Diagnostic Tests.

Variable High hs-CRP (n = 110) Normal hs-CRP (n = 59) P-value*

Systolic blood pressure (mmHg) (mean, SD) 131.65 (20.88) 132.88 (17.04) .679
Diastolic blood pressure (mmHg) (mean, SD) 74.46 (12.31) 76.83 (12.95) .244
Body mass index (kg/m2) (mean, SD) 26.99 (7.68) 27.97 (5.41) .384
Total cholesterol (mg/dL) (mean, SD) 162.06 (51.01) 174.42 (41.65) .160
LDL cholesterol (mg/dL) (mean, SD) 88.92 (38.70) 95.06 (34.40) .373
HDL cholesterol (mg/dL) (mean, SD) 47.56 (16.24) 53.66 (17.36) .050
Triglyceride (mg/dL) (mean, SD) 130.54 (89.45) 124.06 (75.23) .655
White blood cell count (mean, SD) 8.97 (4.42) 7.60 (3.82) .045

Abbreviations: LDL, low density lipoprotein; HDL, high density lipoprotein; SD, standard deviation.
*Independent t-test.

Figure 1.  Relationship between hs-CRP levels and common diagnostic test parameters.
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Discussion

While we did not find a statistically significant correlation 
between hs-CRP and hypertension further studies may be nec-
essary to truly evaluate the correlation between these 2 vari-
ables. Harrison et  al4 supported a role of inflammation and 
immunity in hypertension and cardiovascular disease in their 
review of the relationship between inflammation, immunity, 
and hypertension. The proposed mechanism includes the role 
of T cells and inflammation in hypertension. This results in 
activation of the stimulants of hypertension, such as angioten-
sin II and sodium, resulting into modest elevation in the blood 
pressure which in turn leads to neo-antigen formation that pro-
motes T cell activation which enters the kidney and blood ves-
sels. Interleukin-17, a T cell derived signal, facilitates the 
recruitment of macrophages that release cytokines causing 
vasoconstriction, enhance sodium and water absorption, result-
ing into development of hypertension.4 Smith et al8 reported 

that hypertension caused an inflammatory response with ele-
vated hs-CRP levels, hence elevated hs-CRP levels could have 
been a predictive marker for early hypertension. Other studies 
have either directly, or indirectly, shown similar associations.5-8 
Promising but not statistically significant associations were 
observed between hs-CRP and statin therapy, hypothyroidism, 
coronary artery disease, and cerebrovascular disease. We 
believe that with a larger sample of subjects the difference in 
our study would have achieved statistical significance. Further 
research could be beneficial, as this would allow hs-CRP to be 
used as a screening tool for early detection of risk of develop-
ment of hypertension. Ideally this may help physicians in the 
outpatient setting with managing and mitigating the risks of 
hypertension prior to disease onset.8

Several studies have reported that inflammation plays a 
role in the pathogenesis of vascular disease, coronary artery 
disease in particular. Habib and Al Masri9 concluded that 
hs-CRP could be used as a predictor for vascular changes 

Table 3.  Medication Usage.

Variable High hs-CRP (n = 110) Normal hs-CRP (n = 59) P-value*

Aspirin (n, %) 30 (27.3) 14 (23.7) .617
Non-steroidal anti-inflammatory drugs (n, %) 14 (12.7) 9 (15.3) .648
Statin (n, %) 21 (19.1) 21 (35.6) .053
Steroid (n, %) 12 (10.9) 7 (11.9) .851
Immunosuppressive agents (n, %) 5 (4.5) 2 (3.4) 1.000

*Chi-squared test.

Figure 2.  Relationship between hs-CRP levels and common comorbid conditions.
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and coronary events. Their study founds a positive correla-
tion between hs-CRP and coronary artery disease (r = .423, 
P = .018).9 Another study examined the association between 
hs-CRP levels and severity of coronary disease, and found a 
strong association between the extent of disease of the coro-
nary vessels and the level of hs-CRP.10

Statins are known to decrease low-density lipoprotein 
(LDL) levels, and they also have pleomorphic effects that 
help in the reduction of vascular disease. We found a higher 
association between statin therapy in subjects with normal 
hs-CRP levels compared to the subjects with elevated hs-
CRP levels (P = .053). A study found that statin treatment 
was associated with lower levels of hs-CRP.11 Another 
study found that Simvastatin decreased hs-CRP levels sig-
nificantly within 2 weeks (P = .011).12 The JUPITER study 
evaluated whether Rosuvastatin therapy was beneficial in 
patients with elevated levels of hs-CRP who did not meet 
routine criteria for initiation of a statin. Due to the pleomor-
phic effects of statins, they found that after a year of 
Rosuvastatin therapy, the median hs-CRP level decreased 
by 37%.13 We, once again, believe that with a larger sample 
of subjects this difference in association in our study could 
have achieved statistical significance.

While not statistically significant we found an associa-
tion of cerebrovascular accident in subjects with elevated 
hs-CRP compared to subjects with normal hs-CRP levels. 
Liu et al14 found that elevated hs-CRP levels were associ-
ated with a higher risk of ischemic stroke. Another study 
demonstrated that elevated levels of hs-CRP in patients 
with small-artery occlusion, were a predictor of poor 

prognosis in patients under 75 years of age.15 In this study 
patients with hs-CRP levels over 2.77 mg/L were at 
increased risk of poor outcomes (P = .034) when compared 
to the patients who had normal hs-CRP levels.15 Another 
study found that not only elevated hs-CRP levels were sig-
nificantly associated with a greater risk for stroke, but that 
men who were hypertensive, had elevated hs-CRP levels, 
and were more likely to have stroke than any other demo-
graphic group.16

Another non-statistically significant association was 
seen in patients with hypothyroidism and elevated hs-CRP 
levels. A study reported that subclinical hypothyroidism is 
associated with increased inflammatory markers, such as 
CRP, along with dyslipidemia compared to those without 
subclinical hypothyroidism.17 Hypothyroidism can be indi-
rectly related to cardiovascular disease, and it has therefore 
been recommended that subclinical hypothyroidism be 
treated to reduce the risk of cardiovascular disease.17

We found a statistically significant correlation between 
elevated mean white blood cells in subjects with elevated 
hs-CRP levels compared to the subjects with normal hs-
CRP levels. In concordance with our study, Ajala and 
Everett18 showed that vascular inflammation contributes to 
increased cardiovascular risk. Biomarkers such as hs-CRP 
have been seen to be associated with major cardiovascular 
events such as myocardial infarction and stroke despite 
having an appropriate lipid panel. With a rise in inflamma-
tory markers comes a rise in white blood cell count as this 
is part of a significant inflammatory response, and thus 
reflects the association in our research.18

Table 4.  Associated Medical Conditions.

Variable High hs-CRP (n = 110) Normal hs-CRP (n = 59) P-value*

Hypertension (n, %) 64 (58.2) 28 (47.5) .182
Diabetes mellitus (n, %) 29 (26.4) 12 (20.3) .384
Hyperlipidemia (n, %) 45 (40.9) 28 (47.5) .413
Hypothyroidism (n, %) 15 (13.6) 3 (5.1) .086
Coronary artery disease (n, %) 15 (13.6) 5 (8.5) .322
Cerebrovascular accident (n, %) 13 (11.8) 4 (6.8) .299
Peripheral arterial disease (n, %) 9 (8.2) 1 (1.7) .088
Carotid artery stenosis (n, %) 4 (3.6) 3 (5.1) .696
Congestive heart failure (n, %) 13 (11.8) 2 (3.4) .066
Arthritis (n, %) 16 (14.5) 7 (11.9) .628
Other rheumatologic disorders (n, %) 10 (9.1) 5 (8.5) .089
Mental health disorder (n, %) 8 (7.3) 0 (0.0) .520
Chronic obstructive pulmonary disease (n, %) 13 (11.8) 9 (15.3) .527
Asthma (n, %) 19 (17.3) 15 (25.4) .208
Chronic kidney disease (n, %) 10 (9.1) 5 (8.5) .893
Liver disease (n, %) 15 (13.6) 7 (11.9) .744
Colorectal disorder (n, %) 5 (4.5) 2 (3.4) 1.000
Immunocompromised host (n, %) 7 (6.4) 2 (3.4) .498

*Chi-squared test.
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We also found an inverse relationship between high den-
sity lipoprotein cholesterol (HDL-C) and hs-CRP. 
Chrysohoou et al19 found that HDL-C was inversely corre-
lated with hs-CRP (r = −.68, P = .018). Our findings suggest 
that HDL-C may play an anti-inflammatory role as sup-
ported by Chrysohoou et al findings.19

Interestingly, we found that subjects in the normal hs-CRP 
group had a significantly higher frequency of alcohol use 
compared to the subjects in the elevated hs-CRP group. Our 
findings contrast with the findings of Ojima et al20 in their 
study of association of risk factors for atherosclerosis, which 
included alcohol use as a risk factor for elevated hs-CRP and 
arterial disorder. Our correlation between alcohol use and 
normal hs-CRP represents an anti-inflammatory effect and is 
a unique finding, which should be further studied.

There were several limitations in our study. Being a retro-
spective review, the information obtained was through 
review of our electronic medical record, which fully 
depended on documentation by patient care teams. Many 
differences in associations were close to being statistically 
significant, which could have been achieved by recruiting a 
larger sample of subjects. One of the strengths of our study 
is that we further examined background factors, which may 
have played a role as confounding factor in the study. The 
other major strength of our study was the review of clinical 
data of our established patients in our primary care office 
who followed at scheduled intervals and were treated by the 
same care provider. This allowed us to analyze the provider 
specific management strategies, adherence and outcomes; as 
well as inclusion of a multitude of associated medical condi-
tions that could have influenced the management outcomes.

Conclusion

Although a higher frequency of association of hypertension 
was observed in elevated hs-CRP group compared normal 
hs-CRP group, the difference in the frequencies was not sta-
tistically significant. Hs-CRP had statistically significant 
associations between alcohol use, white blood cell count, and 
HDL levels. Promising but not statistically significant asso-
ciations were observed between hs-CRP and statin therapy, 
hypothyroidism, coronary artery disease, and cerebrovascu-
lar disease. Our study highlights the potential utilization ben-
efits that hs-CRP levels may be able to provide physicians 
with when managing common medical conditions such as 
hypertension, coronary artery disease, cerebrovascular dis-
ease, and hypothyroidism. Hs-CRP has the potential to be 
used as not only a screening tool, but also as a measure of 
treatment efficiency. Hypertension is a significant risk factor 
for both cardiovascular and cerebrovascular disease. Further 
studies with a larger sample size would be beneficial in 
assessing whether hs-CRP can be used to manage hyperten-
sion as well as other critical vascular diseases.
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