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Objective: The purpose of this study is to observe the correlation between high sensitivity C-reactive protein (hs-CRP) and metabolic
syndrome (MetS) in hemodialysis patients, determine its optimal cut-off point value, and compare the diagnostic ability of different
inflammatory markers for MetS.
Methods: This cross-sectional study finally included 860 long-term hemodialysis patients (male 524, average age 61.5 years) from
seven dialysis centers in Shanghai, China. The International Diabetes Federation metabolic syndrome guidelines were used to define
MetS, including high waist circumference, elevated blood pressure, elevated fasting blood glucose, elevated triglycerides, and reduced
HDL cholesterol. Serum hs-CRP was determined by the immunonephelometric assay. The association with MetS was observed
according to the quartile of inflammatory markers, and then the optimal cut-off point value of the hs-CRP was determined by ROC
analysis.
Results: The overall prevalence of MetS was 55.1% (46.6% in males and 68.5% in females). In the final logistic regression model, there
was a significant, graded positive association between hs-CRP and MetS (p for trend = 0.010). The traditional inflammatory markers
leukocytes, neutrophils, lymphocytes, monocytes and neutrophil-to-lymphocyte ratio (NLR) were not associated with MetS. The results of
the ROC analysis showed that the optimal cut point value of hs-CRP for the diagnosis of MetS was 1.58 mg/L. In the components of MetS
and hs-CRP was significantly positively associated with high waist circumference, elevated TG and low HDL (p < 0.05).
Conclusion: The increase in hs-CRP concentration is significantly associated with the risk of MetS, and the diagnostic ability of
hs-CRP for MetS is better than traditional inflammatory markers.
Keywords: metabolic syndrome, inflammatory markers, high sensitivity C-reactive protein, hemodialysis

Introduction
Metabolic syndrome (MetS) is common in hemodialysis patients, with a prevalence of 40–74.5%.1–3 As an important risk
factor for cardiovascular disease and death, the risk of cardiovascular events in dialysis patients is 6.42 times higher than
in the normal population and the risk of cardiovascular death is 20 times higher than in the normal population.4,5 Given
the high prevalence and serious consequences of MetS in the dialysis population, the identification of individuals at risk
who are eligible for early intervention is of clinical and public health importance.

Although the mechanisms associated with the development of the MetS remain unclear, chronic low-grade inflammation
is thought to be a central mechanism in the pathophysiology of the MetS and insulin resistance.6 As the best biomarker of
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inflammation, the increase in high-sensitivity C-reactive protein (hs-CRP) concentration is significantly associated with
MetS.7 In addition, some studies have proposed to add hs-CRP as the clinical standard of MetS.8 However, some studies
have shown that hs-CRP is not associated with metabolic syndrome after further adjusting obesity indicators, and the addition
of hs-CRP to obesity indicators could not improve the ability to predict metabolic syndrome.9 Therefore, the relationship
between hs-CRP and metabolic syndrome needs further study. In addition, chronic low-grade inflammation is a common
comorbidity in dialysis patients and is independently associated with multiple adverse clinical outcomes.10 Studies have
shown that the increase in inflammatory markers is also significantly associated with MetS in hemodialysis patients.11,12

However, the correlation between hs-CRP and MetS in hemodialysis patients has rarely been explored.
Therefore, the purpose of this study is to observe the correlation between hs-CRP and MetS in hemodialysis patients,

determine its optimal cut-off point value, and compare the diagnostic ability of different inflammatory markers for MetS.

Methods
Study Participants
The cross-sectional study recruited hemodialysis patients who were older than 18 years of age from seven dialysis units
in Shanghai, China, and had undergone hemodialysis at least 3 months between July 2020 and April 2021. Participants
with the following conditions were excluded from the study: (1) unable to communicate with interviewers or to grant
informed consent; (2) no blood samples were collected. Following these exclusions, the final analyzed population
comprised 860 subjects (524 men). The study was approved by the Ethics Committee of Shanghai University of
Medicine and Health Sciences and the methods were carried out in accordance with the principles of the Declaration
of Helsinki. All participants were informed and signed consent prior to enrollment in the study.

Baseline Variable
Demographic characteristics (including age and gender) and health behaviors (including smoking and drinking) were
obtained from a standardized questionnaire by face-to-face interview. Anthropometric parameters (including height and
weight) were measured by trained personnel using standardized protocols. Physical activity was assessed using the short
form of the International Physical Activity Questionnaire (IPAQ).13 Nutritional status assessment using the Malnutrition
Inflammation Score (MIS).14 Charlson Comorbidity Index (CCI) was used to assess the comorbidity risk associated with
several conditions.15 Pre-dialysis laboratory measures were examined, including serum uric acid, creatinine, hemoglobin,
albumin, calcium, phosphate and Kt/V.

Inflammatory Markers
Inflammatory markers, including white blood cell (WBC), neutrophil, lymphocyte and monocyte counts, were assessed
by a hematology analyzer XE-2100 (Sysmex), and NLR values were calculated. hs-CRP was determined by the
immunonephelometric assay using the Roche/Hitachi 917 analyzer (Roche). The detection limit of the hs-CRP concen-
tration was 0.01 mg/L.

Definition of MetS
According to the International Diabetes Federation (IDF), people with MetS are defined by having central obesity (WC
≥90 cm in men and ≥80 cm in women) along with two or more of the following abnormalities: (1) elevated triglycerides
(≥150 mg/dL); (2) reduced HDL cholesterol (<40 mg/dL in men and <50 mg/dL in women); (3) elevated blood pressure
(≥130/85 mm Hg or known treatment for hypertension); (4) elevated FPG (≥100 mg/dL, or known treatment for diabetes).16

Analysis of Blood Samples and Blood Pressure
Blood samples were obtained from the antecubital vein of patients who fasted overnight for at least 10 h. Blood sample
analysis and blood pressure collection methods have been explained in our previous studies.17
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Statistical Analysis
The continuous variables with a normal distribution are expressed as the mean ± standard deviation (SD), whereas data
with an abnormal distribution are expressed as the median, with the 25–75% interquartile range given in parentheses.
Differences in the characteristics according to MetS status were analyzed using t-tests, chi-square test, and Kruskal
Wallis rank tests. Participants were divided into four groups by quadrisection based on the results of inflammatory
markers.18,19 Logistic regression analysis was used to determine odds ratios (ORs) and 95% CIs and to assess whether
participants with MetS were independently associated with inflammatory markers when compared with those without
MetS. A linear trend across the quartiles of inflammatory markers were tested by using the median value of each category
as an ordinal variable. Linear regression was used for calculating p for trend in the logistic binary models.20 ROC curves
were constructed to assess the ability of the inflammatory markers in diagnosing MetS. The optimal cut-off points used
are the peaks of the curve, where the sum of sensitivity and specificity is at maximum. Using logistic regression analysis
to assess the ORs of MetS and its components associated with inflammatory markers, several confounding factors were
adjusted: age, sex, BMI, Kt/V, dialysis vintage, smoking status, drinking, MIS, physical activity level and CCI.
Differences were defined as significant when p < 0.05. All statistical analyses were performed with the SPSS V22.0
software.

Result
General characteristics of 860 participants (524 men; mean age: 61.5±12.6 years) are given in Table 1. The overall
prevalence of MetS was 55.1% (46.6% in males and 68.5% in females). Subjects with MetS had a higher percentage of
high waist circumference, elevated blood glucose, and dyslipidemia than subjects without MetS (all p<0.01). Moreover,
compared with subjects free of MetS, those with MetS were older and tended to have higher BMI, WBC, neutrophils, hs-
CRP, phosphorus and incidence rate of diabetes and hyperlipidemia (all p<0.05). However, subjects with MetS had
significantly lower Kt/V, hemoglobin, and albumin than subjects without MetS (all p<0.05).

The association between WBC, neutrophils, and hs-CRP and MetS is displayed in Table 2. The results showed that in
the unadjusted model, although elevated hs-CRP was associated with increased risk of MetS, the trend was not
statistically significantly different (p for trend >0.05). In the final logistic regression model, subjects with higher quartiles
for hs-CRP had a significantly higher risk of MetS than those with the lowest quartile, as shown below: 1.76(0.86–3.61);
2.49(1.22–5.08); and 4.31(2.03–9.14) (p for trend <0.05). The association of WBC and neutrophil counts with MetS was
not statistically significant (p for trend >0.05).

Receiver operating characteristic (ROC) curves were used to quantify the sensitivity, specificity, area under the ROC
curve (AUC) and optimal threshold of hs-CRP, and the results are shown in Figure 1 and Table 3. The results showed
a certain correlation between hs-CRP and MetS, with an area under the curve of 0.638. To evaluate the diagnostic
performance of hs-CRP for MetS, the ROC yielded an optimal threshold value of 1.58 mg/L, with sensitivity and
specificity of 74.4% and 46.8%, respectively.

Table 4 presents the odds ratios for MetS and its components associated with hs-CRP. After multifactorial adjustment,
elevated hs-CRP was significantly associated with MetS, high waist circumference and elevated triglyceride (TG), with
OR values of 2.46(1.44–4.18), 2.20(1.29–3.77), and 1.55(1.06–2.26), respectively.

Discussion
This cross-sectional study examined the association between inflammatory markers such as WBC, neutrophils and hs-
CRP and MetS in a population of hemodialysis patients. A significant, graded inverse association between hs-CRP and
the risk of MetS was observed. However, there was no significant association between leukocytes, neutrophils,
lymphocytes and NLR and the risk of metabolic syndrome. When the cut point values were divided according to the
area under the ROC curve, elevated hs-CRP was significantly associated with high waist circumference and elevated TG.

There is a high prevalence of MetS in hemodialysis patients. According to the current epidemiological survey, the
prevalence is between 40% and 74.5%.1,2 The major difference in prevalence is due to the difference in diagnostic
criteria of MetS. In our study, the overall prevalence of MetS was 55.1%, slightly higher than that of a hemodialysis
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population in Southwest China.21 This may be that the average age of our population is slightly higher than that of
patients in the region (61.5 vs 54.6 years). Among all MetS components, the prevalence of central obesity, elevated blood
pressure, elevated glucose, elevated triglycerides, and reduced HDL were 56.8%, 98.4%, 75.7%, 50.1%, and 74.0%,
respectively. Elevated blood pressure contributed the most to the cause of MetS in hemodialysis patients, which was
consistent with the results of previous studies. Young et al found high prevalence of hypertension (99%) and low HDL

Table 1 General Characteristics of Participants with and without MetS

Variables Non-MetS (n= 386) MetS (n= 474) P value

Age (years) 60.4±12.9 62.3±12.3 0.029
Sex (%) <0.001

Male 53.4 46.6

Female 31.5 68.5
BMI (kg/m2) 20.8±2.4 25.4±3.6 <0.001

Kt/V 1.42±0.33 1.32±0.31 <0.001

Dialysis vintage (months) 48.1(23.9–92.9) 47.0(25.1–95.1) 0.894
Smoking (%) 53.4 49.2 0.320

Drinking (%) 52.6 51.1 0.774
IPAQ (Met/week) 1386(693–3353) 1386(424–3066) 0.376

MIS 4.62±3.0 4.08±2.76 0.006

CCI 3.79±1.62 3.90±1.69 0.341
MetS components (%)

Waist circumference (cm) 79.5±8.0 95.3±8.9 <0.001

Systolic pressure (mmHg) 153.4±25.3 152.5±27.3 0.630
Diastolic pressure (mmHg) 84.8±16.4 81.1±15.0 0.001

Fasting glucose (mmol/L) 7.26±3.35 8.50±4.37 <0.001

Triglycerides (mmol/L) 1.40(0.94–1.90) 2.15(1.42–3.28) <0.001
HDL cholesterol (mmol/L) 1.07±0.30 0.89±0.24 <0.001

LDL cholesterol (mmol/L) 2.19±0.74 2.39±0.85 <0.001

Laboratory parameters
WBC (×103/μL) 6.06±1.76 6.65±1.97 <0.001

Neutrophils (×103/μL) 4.13±1.50 4.62±1.58 <0.001

Lymphocytes (×103/μL) 1.20±0.57 1.28±0.60 0.123
NLR 4.01±2.13 4.18±2.34 0.420

Monocytes (×103/μL) 0.40(0.32–0.51) 0.44(0.31–0.55) 0.065

Eosinophils (×103/μL) 0.20(0.11–0.36) 0.20(0.10–0.30) 0.382
Basophils (×103/μL) 0.03(0.01–0.05) 0.02(0.00–0.04) 0.394

hs-CRP (mg/L) 1.83(0.81–4.18) 3.42(1.51–7.11) <0.001

Hemoglobin (g/dL) 112.4±16.8 109.5±16.4 0.015
Albumin (g/L) 39.3±3.3 39.9±3.8 0.010

Creatinine(μmol/L) 954.2±285.5 973.6±289.3 0.358

Uric acid 441.3±86.1 450.7±102.0 0.026
Calcium (mg/dL) 2.25±0.64 2.27±0.27 0.630

Phosphorus (mg/dL) 1.89±0.64 2.00±0.63 0.014

Chronic conditions (%)
Stroke 51.4 55.8 0.264

CHD 52.4 55.7 0.274

Heart failure 18.4 23.0 0.099
Hypertension 45.8 53.0 0.562

Diabetes 47.3 61.9 <0.001

Hyperlipidemia 46.8 64.1 <0.001

Note: Data are presented as mean ± SD or n (%).
Abbreviations: BMI, body mass index; Kt/V, fractional clearance index for urea; MIS, malnutrition inflammation score; IPAQ,
International Physical Activity Questionnaire; WC, waist circumference; MetS, metabolic syndrome; WBC, white blood cells;
NLR, neutrophil-to-lymphocyte ratio; hs-CRP, high-sensitivity C-reactive protein; CHD, coronary heart disease.
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(66%) in dialysis patients.22 These differences in results across studies can be attributed to the different populations and
healthcare settings between these studies and the current study.

The association between hs-CRP, the best marker of chronic low-grade inflammation, and MetS and cardiovascular
disease has been demonstrated in several studies.23 However, the association with MetS in hemodialysis patients has not
been agreed upon in several studies. An Iranian hemodialysis population study showed a significant linear increase in hs-
CRP levels based on the number of MeS components.11 In contrast, no significant association was shown between hs-
CRP and MetS in the Japanese study.24 The association between hs-CRP and MetS in hemodialysis patients has not been
further investigated. In our study, the risk of MetS gradually increased with increasing hs-CRP concentrations,
confirming the positive association between hs-CRP and MetS in the hemodialysis patient population. The above
differences may be the reason for the small sample size in the Japanese study. There are only 20 hemodialysis patients.
In our study, the association between hs-CRP and MetS has been verified in a multicenter and large patient population,
but its mechanism still needs further research. Furthermore, serum uric acid levels were shown to be associated with an
elevated risk of death in the general population and in hemodialysis patients25,26 and were significantly associated with
ejection fraction preserved heart failure and exercise-induced pulmonary hypertension,27,28 which are common in

Table 2 Logistic Regression Analyses of the Association of WBC, Neutrophils, and hs-CRP Quartiles with MetS

Q1 Q2 Q3 Q4 P for Trend

WBC (×103/μL, range) 1.50–5.10 5.11–6.20 6.21–7.47 >7.47
Crude Ref 0.87(0.66–1.41) 1.86(1.27–2.74) 1.80(1.23–2.63) 0.201

Adjusted model Ref 0.95(0.51–1.76) 1.84(0.95–3.54) 1.43(0.75–2.74) 0.402

Neutrophils (×103/μL, range) 0.43–3.28 3.29–4.15 4.16–5.21 >5.21
Crude Ref 0.86(0.52–1.42) 2.16(1.31–3.56) 2.13(1.29–3.52) 0.168

Adjusted model Ref 0.58(0.28–1.23) 2.02(0.91–4.47) 1.33(0.61–2.90) 0.546

hs-CRP (mg/L, range) 0.17–1.06 1.07–2.54 2.55–5.95 >5.95
Crude Ref 1.74(1.17–2.59) 2.43(1.62–3.64) 3.25(2.15–4.92) 0.060

Adjusted model Ref 1.76(0.86–3.61) 2.49(1.22–5.08) 4.31(2.03–9.14) 0.010

Notes: Data are presented as adjusted OR, with 95% CI in parentheses, unless otherwise stated. Adjusted model is adjusted with age, sex, BMI, Kt/V,
Uric acid, dialysis vintage, smoking, drinking, MIS, physical activity level, CCI.
Abbreviations: WBC, white blood cells; hs-CRP, high-sensitivity C-reactive protein; MetS, metabolic syndrome; Q, quartiles.
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Figure 1 Receiver operating characteristic (ROC) curves of hs-CRP in identifying subjects with metabolic syndrome.
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hemodialysis patients. In our study, serum uric acid levels were also significantly higher in hemodialysis patients with
MetS than in patients without MetS; therefore, serum uric acid was further added to the adjusted model, and the final
results remained stable. The possible mechanisms by which hs-CRP affects the MetS are as follows: first, a large body of
data suggests that hs-CRP induces endothelial activation and dysfunction in vitro and in vivo,29,30 and that various
components of the MetS are associated with endothelial dysfunction.31 Second, oxidative stress, mainly superoxide,
plays a key role in the pathogenesis of MetS parameters.32 Recent studies suggest that CRP stimulates superoxide
production in macrophages through the upregulation of NADPH oxidase and may have implications for the risk of
MetS.33

Traditional inflammatory markers such as leukocytes, neutrophils, and lymphocytes were also included in our study.
Although leukocyte and lymphocyte counts were significantly higher in the MetS group compared to non-MetS group, no
significant trend was observed in association with MetS based on quartile distribution. This finding differs from the
results in non-hemodialysis patients.34 The possible reasons for this are as follows: a previous Japanese study showed
that hs-CRP was superior to WBC as an inflammatory component of MetS, suggesting a more stable association with the
MetS. At the same time, considering the complexity of disease levels in hemodialysis patients, ultimately, hs-CRP
preserves a stable cascade association with the MetS.35

This study has several significant advantages. First, to our knowledge, this is the first large-scale study based on
hemodialysis population in China to observe the diagnostic efficiency of hs-CRP for MetS and compare it with other
traditional inflammatory markers. In addition, the best cut-off value for identifying MetS in Chinese hemodialysis
population also has guiding value in clinical practice. Finally, our study is of great significance for the treatment and
prevention of MetS. As an important natural immune system regulator, hs-CRP may play an important role in the
pathogenesis of MetS. Therefore, the development of drugs targeting hs-CRP may be an effective method for the
treatment of MetS.

Although this study has its advantages, it still has some limitations. First, this is a cross-sectional study, so we cannot
determine the causal relationship between inflammatory markers and MetS. Secondly, some potentially important
markers, such as tumor necrosis factor-α, Interleukin-6, leptin and other proinflammatory cytokines have not been
studied. Finally, all participants in the present study came from one city, which means this study has a certain degree of
regional limitations. Future work will need to increase the sample size, perform follow-up in this population to further
verify the causal relationship, and validate these findings in other populations.

Table 4 Logistic Regression Analyses of the Association of hs-CRP with MetS and Its Components

Variable Odds Ratio(95% CI)

Crude P value Adjusted Model P value

hs-CRP

Metabolic syndrome 2.56(1.90–3.46) <0.001 2.46(1.44–4.18) 0.001

High waist circumference 2.47(1.83–3.34) <0.001 2.20(1.29–3.77) 0.004
Elevated blood pressure 0.56(0.15–2.03) 0.374 0.93(0.19–4.61) 0.929

Elevated fasting glucose 1.28(0.92–1.80) 0.146 1.24(0.82–1.88) 0.308

Elevated TG 1.89(1.40–2.55) <0.001 1.55(1.06–2.26) 0.024
Low HDL 1.83(1.32–2.55) <0.001 1.43(0.94–2.16) 0.094

Notes: Data are presented as adjusted OR, with 95% CI in parentheses, unless otherwise stated. Adjusted model is adjusted with age, sex, BMI,
Kt/V, Uric acid, dialysis vintage, smoking, drinking, MIS, physical activity level, CCI.

Table 3 AUC and Cutoff Point of hs-CRP in Identifying Subjects with Metabolic Syndrome

Variable AUC Optimal Cutoff Point Sensitivity Specificity

hs-CRP 0.638(0.596–0.680) 1.58 74.4% 46.8%

Abbreviations: hs-CRP, high-sensitivity C-reactive protein; AUC, area under curve.
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Conclusion
The increase of hs-CRP concentration is significantly associated with the risk of MetS, and the diagnostic ability of hs-
CRP for MetS is better than traditional inflammatory markers.
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