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Background: The ultrasensitive C-reactive protein (us-CRP) is used for the diagnosis of 

cardiovascular disease, but it is not well described as a marker for the diagnosis of metabolic 

syndrome (MS).

Methods: An observational and transversal study of bank employees evaluated anthropomet-

ric, hemodynamic, and biochemical data. CRP values were determined using commercial kits 

from Roche Diagnostics Ltd, and MS criteria were analyzed according to National Cholesterol 

Education Program’s – Adult Treatment Panel III (NCEP/ATP III).

Results: A total of 88 individuals had MS, and 77.3% (n=68) of these showed alterations of 

us-CRP (P=0.0001, confidence interval [CI] 0.11–0.34). Individuals with MS had higher mean 

values of us-CRP in global measures (P=0.0001) and stratified by sex (P=0.004) than individuals 

without the syndrome. This marker exhibited significant differences with varying criteria for MS, 

such as waist circumference (P=0.0001), triglycerides (P=0.002), and diastolic blood pressure 

(P=0.007), and the highest levels of us-CRP were found in individuals with more MS criteria.

Conclusion: us-CRP was strongly associated with the presence of MS and MS criteria in this 

group of workers. us-CRP is a useful and effective marker for identifying the development of 

MS and may be used as a reference in routine care.

Keywords: C-reactive protein, bank employees, metabolic syndrome, inflammation mediators, 

occupational health

Introduction
Metabolic syndrome (MS) is a complex disorder that is characterized by a set of car-

diovascular risk factors such as hypertension related to centripetal fat distribution and 

insulin resistance.1 The prevalence of MS is increasing in developed and developing 

countries as a result of genetic interactions with metabolic and environmental factors.2 

There are no data on the Brazilian prevalence of MS, but several studies investigated 

MS in local situations or specific groups. A population-based study in Vitória, Espírito 

Santo, Brazil, observed an MS prevalence of 29.8%.3 The US demonstrated an increase 

in MS from 23% to 34.5% between 1988 and 2002.4

MS is directly related to increased cardiovascular risk and diabetes mellitus type 

2 (DM 2), and MS is a growing source of concern worldwide, primarily because of 

its relationship to the increased risk of cardiovascular disease (CVD) and its close 

association with cardiovascular morbidity and mortality.5−7

The ultrasensitive C-reactive protein (us-CRP) is associated with the development 

of CVD, even mild elevations within the reference range.8,9 This protein has been used 

for the diagnosis of inflammatory and infectious states since the 1970s.10,11 Moreover, 
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studies indicate a positive correlation between serum CRP 

levels and the existence of MS or its components. However, 

few studies performed a deeper analysis of this relationship 

to determine differences between sex and age and estimate 

more accurate cutoff points for the use of CRP as a predictor 

of cardiovascular risk in MS patients.

The population of our study was evaluated and already 

published, and the results showed an MS prevalence of 

17.2% (n=86, 95%) in a group of 501 bank employees 

using National Cholesterol Education Program’s – Adult 

Treatment Panel III (NCEP/ATP III) criteria. In these 

employees with MS, high levels of CRP (4.4±4.7 mg/dL, 

P=0.001) were observed in employees with MS compared 

with those without MS. These factors demonstrate a high 

risk for CVD in this group.12

MS damages an individual’s health and generates costly 

expenditures to public health. Therefore, the measurement 

of CRP levels may be an easily applied and reproducible 

method in clinical settings and epidemiological studies.13 

Determinations of the relationship between CRP levels and 

the presence of MS may be useful to implement preventive 

strategies and rapid therapies and assist in the identification 

of MS. Therefore, this study evaluated the relationship of 

CRP levels with the presence of MS in bank employees in 

the city of Vitória, Espírito Santo, Brazil.

Methods
We performed an observational and cross-sectional study 

of employees of a government bank network in Vitória, 

Espírito Santo; anthropometric, hemodynamic, and bio-

chemical variables were analyzed. The study was approved 

by the Research Ethics Committee (number 059/08) of the 

Center for Health Sciences, Federal University of Espirito 

Santo. Written informed consent was obtained from all of 

the participants.

Data were collected during 2008 and 2009, from employ-

ees of a state-owned banking network located in southeastern 

Brazil, who were aged between 20 and 60 years. Employees 

answered a questionnaire of investigative questions, and 

blood pressure data, anthropometric measurements, and 

blood samples were collected for subsequent biochemical 

analyses. Trained researchers conducted the entire study 

procedure.

Systolic blood pressure (SBP) and diastolic blood pres-

sure (DBP) were measured using a OMRON 742H digital® 

(OMRON Healthcare Inc, Shanghai, People’s Republic of 

China) following the protocol of the Joint National Com-

mittee on Prevention (2003). Blood pressure was classified 

according to the VI Guidelines on Hypertension.14 Waist 

circumference was measured at the natural waist using a 

metal inextensible tape (Sanny®; American Medical do Brasil, 

Ltda, São Bernardo do Campo, Brazil).15

Biochemical tests were performed in an accredited net-

work reference laboratory using the COBAS E601 analyzer 

(Roche Diagnostics International Ltd, Rotkreuz, Switzerland) 

to measure glucose levels, high-density lipoprotein choles-

terol (HDL-c), triglycerides (TAG), and CRP. Blood samples 

were obtained by venipuncture in patients who fasted for 

12 hours, and approximately 10 mL of blood was collected 

into tubes without anticoagulants (ie, dry tube).16

Data collection in the initial group revealed an MS 

prevalence of 17.2% (n=86, 95%).12 The presence of MS 

was classified according to the NCEP/ATP III, which 

identifies the presence of MS when at least three of the 

following criteria are present: central obesity, measured 

as a waist circumference (PC) .102  cm for men and 

.88 cm in women; SBP/ DBP $130/85 mmHg; fasting 

blood glucose $110 mg/dL; TAG $150 mg/dL; and HDL-c 

,40 mg/dL for men and ,50 mg/dL for women.17 The use 

of medication for regulation of blood pressure, and of lipids 

and blood glucose levels should also be considered in the 

diagnosis of MS.6 This methodology is recommended by 

the I Brazilian Guidelines for Diagnosis and Treatment of 

Metabolic Syndrome.1

Patients who reported having an infection did not have 

their blood collected initially, but the collection was extended 

by 2 weeks until the infection was cured. Patients with colds, 

flu, emphysema, bronchitis, arthritis, or CRP values above 

10 mg/dL were excluded from the study. The latter patients 

may indicate transient changes in CRP levels because of an 

infection and/or an acute inflammatory condition.6 Therefore, 

data were initially collected from 521 bank employees. Fifty-

eight of these employees were excluded because they had a 

chronic infection, 26 employees had CRP values .10 mg/dL 

and 25 employees did not undergo evaluations of biochemi-

cal and anthropometric tests that allowed their classification 

according to the criteria for MS, for a total of 412 employees 

with valid data.

The us-CRP classification was assigned for altered us-

CRP values .1  mg/dL, and adequate CRP was assigned 

for values #1 mg/dL, according to the Centers for Disease 

Control and the American Heart Association (Atlanta, USA, 

2003). Controls exhibited the following classifications, which 

were also recommended by the American Heart Association: 

low risk ,1 mg/dL; medium risk: 1–3 mg/dL; and high risk: 

.3–10 mg/dL.18
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The Kolmogorov–Smirnov normality test was initially 

applied to determine parametric and nonparametric variables. 

The us-CRP values underwent logarithmic transforma-

tion to reduce the asymmetry of the distribution using the 

natural logarithm of us-CRP and the Pearson correlation 

coefficient.

We used frequency and measures of central tendency 

to characterize the sample. We used the mean ± standard 

deviation for symmetric distributions and median and inter-

quartile ranges for asymmetric distributions. Comparisons 

of different categories were performed using the chi-square 

test (χ²). Student’s t-test was used for parametric variables, 

and the Mann–Whitney U test was used for nonparametric 

variables. In all cases, P-values ,0.05 were considered 

significant. The statistical package SPSS for Windows 

version 17.0 (SPSS Inc., Chicago, IL, USA) was used for 

all analyses.

Results
A total of 217 (52.7%) of the 412 individuals who par-

ticipated in the study were male, and 195 patients (47.3%) 

were female. A total of 336 (81.6%) patients were aged ,50 

years. The sample group had high levels of education; 76% 

(n=313) had a college degree and/or postgraduate degree in 

an upper-middle socioeconomic class, with a predominance 

of socioeconomic class A/B (n=230, 55.8%). Socioeconomic 

class is classified on a scale ranging from A (highest) to 

E (lowest) using the Economic Classification Criterion of 

Brazil, which assesses the presence and quantity of some 

household items and the level of education of the head of 

the household Most employees were Caucasian (n=246, 

59.7%), lived with a partner (n=260, 63.3%), and worked 8 

hours or more daily (n=244, 59.2%). A total of 291 (70.6%) 

of the bank employees studied, reported consuming or have 

already consumed an alcoholic beverage, and men reported 

the most consumption (P=0.000). Tobacco use in females was 

higher (P=0.002), but 67.6% (n=278) of the group did not use 

tobacco. Most individuals (52.2%, n=215) were physically 

active, with no difference between sexes (Table 1).

A total of 251 individuals (60.9%) showed elevated 

us-CRP levels, and 161 (39.1%) individuals had adequate 

us-CRP. These individuals with elevated us-CRP levels, 

revealed that 96 (23.3%) had high risk, 155 (37.6%) had 

moderate risk, and 161 (39.1%) had low risk.

The mean value of us-CRP was 2.176±2.12  mg/

dL, with a minimum of 0.01  mg/dL and a maximum of 

9.7 mg/dL. The variable was not normally distributed, and a 

log-transformation was performed. 

A total of 77.3% (n=68) of the 88 individuals with MS in 

the present study exhibited altered us-CRP levels, and this 

difference was significant (P=0.0001, confidence interval 

[CI]: 0.11–0.34). Figure 1 shows the serum levels of us-CRP 

in individuals with and without MS stratified by sex. Notably, 

individuals without MS exhibited lower us-CRP values than 

subjects with MS, in females (P=0.004), males (P=0.004), 

and the general MS population (P=0.0001).

The prevalence of MS in analyses of the association of CRP 

levels into quartiles exhibited an upward trend of the prevalence 

of MS with increasing quartiles. However, this trend was not 

observed when the results were stratified by age (Figure 2).

Figure 3 shows an increasing trend of altered us-CRP 

levels with increasing criteria for MS. It is clear that normal 

Table 1 Characteristics of the samples of the bank employees

Characteristics Male Female Total P-value

n % n % N %

Age 0.002
,50 years old 165 76.0 171 87.7 336 81.6

$50 years old 52 24.0 24 12.3 76 18.4
Education 0.176
Until high school 58 26.7 41 21.0 99 24.0
Higher education 159 73.3 154 79.0 313 76.0
Race/color 0.605
White 127 58.5 119 61 246 59.7
Non-white* 90 41.5 76 39 166 40.3
Marital status** 0.0001
Living with life partner‡ 157 72.4 103 53.1 260 63.3
Not living with life 
partner§

60 27.6 91 46.9 151 36.7

Socioeconomic class† 0.712
A/B 123 56.7 107 54.9 230 55.8
C/D 84 43.3 88 45.1 182 44.2
Working hours 0.484
,6 hours/day 85 39.2 83 42.6 168 40.8

$8 hours/day 132 60.8 112 57.4 244 59.2
Alcohol 
consumption

0.0001

Drinks or has drunk in  
the past

174 80.2 117 60.0 291 70.6

Does not drink 43 19.8 78 40.0 121 29.4
Tobacco use 0.002
Smokes or has smoked  
in the past

85 39.2 48 24.7 133 32.4

Does not smoke 132 60.8 146 75.3 278 67.6
Physical activity 0.658
Active 111 51.2 104 53.3 215 52.2
Inactive 106 48.8 91 46.7 197 47.8

Notes: Chi-square test; n=412; *non-white individuals included those of indigenous 
race and those with black, brown, or yellow skin color; **N=411; ‡lives with partner – 
married or not; §does not live with a partner – single, separated, divorced, or widowed. 
†Socioeconomic class is classified on a scale ranging from A (highest) to E (lowest) 
using the Economic Classification Criterion of Brazil, which assesses the presence 
and quantity of some household items and the level of education of the head of the 
household. Study undertaken in Vitória, Espírito Santo, Brazil, in 2016.
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us-CRP levels tended to decrease with the presence of more 

criteria (on a scale 0–5). Individuals with all five criteria for 

MS exhibited no change in us-CRP levels.

Figure 4 shows the frequency of the number of MS criteria 

and the average values of CRP stratified by sex. us-CRP levels 

increased in females and males with an increased number of 

MS criteria.

We also evaluated the association of us-CRP levels 

that were log-transformed with different socioeconomic 

variables and lifestyle habits. Smoking was associated with 

us-CRP; employees who smoked had higher mean us-CRP 

levels (P=0.009). Other factors were not associated with 

us-CRP: age (P=0.178), educational level (P=0.987), race/

color (P=0.921), marital status (P=0.250), socioeconomic 
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status (P=0.934), hours of work per day (P=0.426), alcohol 

consumption (P=0.118), stress (P=0.864), and physical 

activity (P=0.764).

Figure 5 shows box plots of the behavior of MS criteria 

and the presence or absence of alterations in us-CRP levels. 

One highest average trend in the variables was observed 

when us-CRP values were outside the normal range, and 

the following variables were significantly different: PC 

(P=0.0001), TAG (P=0.002), and DBP (P=0.007). Spearman 

correlation analyses revealed that no variable had a medium 

or strong correlation, but PC (P=0.0001) and TAG (P=0.000), 

SBP (P=0.01), and DBP (0.0001) exhibited positive weak 

correlations.

Discussion
The present study demonstrated that 251 (60.9%) of the 

412 individuals studied exhibited changes in us-CRP levels. 

A total of 77.3% (n=68) of the 88 employees who had MS 

exhibited alterations in us-CRP levels, and this difference was 

significant (P=0.0001) compared to individuals without MS. 

This association demonstrates the capacity of us-CRP for 

predicting the risk of developing MS. We observed a trend 

of higher MS prevalence in the larger us-CRP quartiles of 

both sexes. Women (P=0.004), men (P=0.004), and indi-

viduals of both sexes (P=0.0001) without MS exhibited 

lower us-CRP values than individuals with MS. Therefore, 

this variable is useful and effective to presume a risk of MS 

development in females and males regardless of age, in this 

group of workers.

MS is a growing concern worldwide because it is associ-

ated with cardiovascular comorbidities. Discrete elevations 

in us-CRP concentrations, even within the reference range, 

may predict the appearance of CVD and DM.9,12 us-CRP 

has received special attention because of its characteristic as 

a highly specific marker for coronary events and its potential 

role in pathogenesis.19

The general prevalence of MS in population-based 

study in Vitória, Espírito Santo was 29.8% (95% CI: 

28%–32%), with no difference between sexes. This study 

also identified a high prevalence of this syndrome in 

younger individuals, which may contribute to subsequent 

mortality during productive ages and following invalidity 

or retirement.3 This result demonstrates the importance of 

us-CRP as a marker to predict and monitor the develop-

ment of MS in a population, which includes our results 

in bank employees. The productive restructuring process 

and globalization of the market economy cause significant 

impacts on the conditions of employment and wages, as 

well as the health of workers,20 especially in the profes-

sion of banking, which is recognized for being highly 

affected by work diseases due to its extremely hectic 

routine, in which anxiety and haste can influence their 

health standards.21
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The median us-CRP of our study of bank employees was 

similar to previous studies, such as the secondary analysis of 

the Encuesta Nacional de Salud (ENSA) 2000 data, in which 

the median CRP level was 2.26 mg/dL.20 However, the study 

by Silva et al2 in Inhaumas (Santa Maria da Vitória, Bahia, 

Brazil) reported a lower average CRP value (1.8 mg/dL), 

which is similar to a study of patients from a public hospital 

in a province of Buenos Aires, Argentina (2012), in which 

the median CRP concentration was 1.3 mg/dL.6

We emphasize the association of MS criteria with CRP 

values and quartiles. Silvia et  al6 also observed that CRP 

levels rose with an increased number of MS components.

The criteria for MS in the present study of bank employees 

that exhibited some association with us-CRP levels were TAG, 

SBP, and waist circumference. These criteria were also exam-

ined in a study in the communities of Virgem das Graças and 

Caju, Vale do Jequitinhonha, Minas Gerais, Brazil, and age, 

SBP and DBP, body mass index, PC, TAG, total cholesterol, 
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and low-density lipoprotein cholesterol positively correlated 

with CRP. Education and HDL-c variables were inversely cor-

related with CRP levels9. Flores et al22 demonstrated that CRP 

concentrations were positively associated with age, fasting 

glucose, hypertension, DM, body mass index, PC, and PAS. 

However, menopause, alcohol consumption, and smoking 

were not related. Similarly, Zeba et al23 reported that us-CRP 

levels in Ouagadougou (Burkina Faso’s capital, a country 

in Sub-Saharan Africa) were significantly different between 

subjects who exhibited overweight, abdominal obesity, high 

fat percentage body, more criteria for MS, high low-density 

lipoprotein cholesterol, low HDL-c, and high TAG only in 

women (P=0.049).

Very similar data to our study of bank employees were 

found in a semirural suburb in the city of Camaçari/BA/BR, in 

which the group had a low education and low monthly income, 

which is the opposite of the current study. The median level of 

us-CRP in Camaçari was 2.0 mg/dL. Overweight individuals 

showed higher us-CRP levels than individuals with normal 

weight, smokers, and hypertensive individuals. us-CRP lev-

els were not associated with sex, ethnicity, education level, 

income, physical activity, or DM.10

The association of CRP with the excess body fat, over-

weight, abdominal obesity, and elevated TAG levels may 

be associated with the metabolic character of the adipose 

tissue. Adipose tissue is responsible for the production 

of ∼30% of the proinflammatory cytokine interleukin-6 

(IL-6). Adipocytes also express tumor necrosis factor α 

(TNF-α) and IL-1. CRP synthesis occurs in the liver, and it 

is primarily modulated by IL-6, although IL-1 and TNF-α 

also participate in this modulation. Therefore, the resulting 

increase in these proinflammatory cytokines from adipose 

tissue leads to an increase in hepatic synthesis of CRP. The 

presence of insulin inhibits CRP and cytokine production 

mechanisms, but the insulin resistance state leads to a fail-

ure of this control mechanism by increasing the synthesis 

of hepatic CRP.6,9,11

Other socioeconomic variables and lifestyle habits, in 

addition to MS criteria, were also analyzed. Only smoking 

was associated with CRP levels. Individuals who smoked 

had a higher average us-CRP concentration (0.009 mg/dL, 

P=0.002). Other factors were not associated with us-CRP 

levels.

A study of the Virgem das Graças and Caju communities 

revealed no association between smoking and serum CRP 

levels.9 However, tobacco distribution showed a significant 

positive association with CRP levels in Pelotas/BR but only 

in men.19

We observed no distinction between polymeric and 

monomeric us-CRP, and our sample was limited to a specific 

group of working bank employees. However, we can inves-

tigate this variable in other population groups based on the 

result of our group.

This study of bank employees identified an association 

of us-CRP levels with the presence of MS. We also observed 

that us-CRP was a useful and effective variable to predict the 

risk of developing MS. The connection of this variable and the 

number of criteria for MS was also clear because us-CRP levels 

increased in the presence of more MS factors, and the us-CRP 

levels in normal individuals decreased. The same trend was 

noted in quartiles of us-CRP in the presence of MS.

Conclusion
The measurement of serum us-CRP levels is easily used to 

detect subclinical and clinical inflammation, and these lev-

els revealed an increased risk of cardiovascular events. The 

early detection of altered us-CRP is an interesting marker 

because it would be possible to implement therapeutic and 

prophylactic measures quickly. The determination of us-CRP 

levels is simple and accessible for any laboratory of average 

complexity.

Therefore, these results support the realization of the 

us-CRP test in routine care as a marker to predict the risk of 

complications of MS and other cardiovascular comorbidities, 

such as hypertension and dyslipidemia. Further studies can 

investigate the possible inclusion of this marker to the clas-

sification criteria of MS because of the strong association we 

observed in this group of workers.
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