
© 2016 Fu et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php  
and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work you 

hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For permission 
for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Clinical Interventions in Aging 2016:11 1531–1538

Clinical Interventions in Aging Dovepress

submit your manuscript | www.dovepress.com

Dovepress 
1531

O r I g I n A l  r e s e A r C h

open access to scientific and medical research

Open Access Full Text Article

http://dx.doi.org/10.2147/CIA.S109583

Deep analyses of the associations of a series of 
biomarkers with insulin resistance, metabolic 
syndrome, and diabetes risk in nondiabetic 
middle-aged and elderly individuals: results from 
a Chinese community-based study

shihui Fu1,2,*
Ping Ping3,*
leiming luo1

Ping Ye1

1Department of geriatric Cardiology, 
2Department of Cardiology and 
hainan Branch, 3Department of 
Pharmaceutical Care, Chinese People’s 
liberation Army general hospital, 
Beijing, People’s republic of China

*These authors contributed equally 
to this work

Objective: The current study was designed to perform deep analyses of the associations of 

biomarkers, including high-sensitivity C-reactive protein (hs-CRP), N-terminal prohormone of 

brain natriuretic peptide (NT-proBNP), and homocysteine (Hcy), with insulin resistance (IR), 

metabolic syndrome (MetS), and diabetes risk and evaluate the abilities of biomarkers 

to identify IR, MetS, and diabetes risk in Chinese community-dwelling middle-aged and 

elderly residents.

Participants and methods: A total of 396 participants older than 45 years underwent physi-

cal examinations and laboratory analyses following standardized protocol.

Results: Serum hs-CRP concentrations were able to identify MetS, Chinese diabetes risk 

score (CDRS) 4, high-density lipoprotein-cholesterol (HDL-c) 0.9/1.0 mmol/L, and 

HDL-c 1.0/1.3 mmol/L (P0.05 for all). Serum NT-proBNP concentrations were able to 

identify homeostasis model assessment of IR 1.5, CDRS 4, overweight, and blood pres-

sure (BP) 140/90 mmHg (P0.05 for all). Serum Hcy concentrations were able to identify 

CDRS 4, general obesity, overweight, and BP 140/90 mmHg (P0.05 for all). Serum hs-CRP 

concentrations were independently associated with MetS as well as HDL-c 1.0/1.3 mmol/L 

and HDL-c 0.9/1.0 mmol/L (P0.05 for all). Serum NT-proBNP concentrations were inde-

pendently associated with BP 140/90 mmHg (P0.05). Serum Hcy concentrations were 

independently associated with CDRS 4 (P0.05).

Conclusion: Serum HDL-c levels were the major determinant of the associations between serum 

hs-CRP levels and MetS and the key link between inflammation and MetS. There was no other 

association of these biomarkers with IR, MetS, and diabetes risk after full adjustment.

Keywords: biomarkers, diabetes risk, insulin resistance, metabolic syndrome, middle-aged 

and elderly

Introduction
Metabolic syndrome (MetS) is a constellation of interrelated metabolic risk factors 

that appear to directly promote the development of diabetes and cardiovascular 

diseases.1 Identification of biomarkers associated with MetS and diabetes is desirable 

to establish screening programs, preventive interventions, and therapeutic strategies 

most appropriately directed at MetS and diabetes, which can reduce the increased 

prevalence of MetS and diabetes worldwide and attenuate the morbidity and mortality 
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of diabetes and cardiovascular disease.2,3 Although several 

studies have analyzed the associations of MetS and diabetes 

risk with biomarkers, including high-sensitivity C-reactive 

protein (hs-CRP), N-terminal prohormone of brain natriuretic 

peptide (NT-proBNP), and homocysteine (Hcy), there have 

been too much controversial results.4–14 To our knowledge, 

a limited amount of information is available regarding these 

associations in non-Caucasian populations, particularly 

among Chinese community-dwelling residents.15,16

Recent studies have more and more focused on the signifi-

cant role of insulin resistance (IR) in linking cardiovascular risk 

factors.17 Studies about the associations of IR with biomarkers 

representing diverse biological roles and pathological phe-

nomena can help us to understand the mechanisms underlying 

the development of MetS and diabetes. Notably, few studies, 

especially Chinese community-based studies, concerning the 

associations of IR with biomarkers, including hs-CRP, NT-

proBNP, and Hcy, have been conducted, and it is a long way 

to go for the definite answer.10,18–22

Therefore, the aim of the current study was to perform 

deep analyses of the associations of biomarkers, including 

hs-CRP, NT-proBNP, and Hcy, with IR, MetS, and diabetes 

risk and evaluate the abilities of biomarkers to identify IR, 

MetS, and diabetes risk in Chinese community-dwelling 

middle-aged and elderly residents.

Participants and methods
study participants and information 
collection
The current study was conducted as part of a large health 

checkup program in Beijing, People’s Republic of China, 

during the period from May 2007 to July 2009. The partici-

pants were restricted to the community-dwelling residents of 

Han origin older than 45 years at the time of health exami-

nation. There were a total of 396 participants in the current 

analysis after excluding 63 participants due to the diagnosis 

of diabetes. A stratified cluster sampling design was used 

in this survey. In the first stage of sampling, three districts 

(Fengtai, Shijingshan, and Daxing) were selected from 

18 districts in Beijing. In the second stage of sampling, four 

communities were selected from these districts. In the third 

stage of sampling, participants were selected from these 

communities. The study protocol was approved by the ethics 

committee of Chinese People’s Liberation Army General 

Hospital (Beijing, People’s Republic of China). Each par-

ticipant provided written informed consent to be included 

in the study. The participants underwent routine clinical 

physical examinations, which included measurements of 

height, weight, waist circumference (WC), and resting 

blood pressures (BPs). All data for each participant were 

evaluated by well-trained physicians in Chinese People’s 

Liberation Army General Hospital. Standing height was 

determined using a wall-mounted measuring tape without 

shoes. Body weight was determined using a digital scale 

with the participants lightly clothed and without shoes. 

Body mass index (BMI) was calculated as the ratio of the 

weight (kg) to the square of height (m2). WC was measured 

using a soft tape while the subjects stood balanced on both 

feet, with the feet touching each other and both arms hang-

ing freely. Measurements were taken midway between 

the lowest rib and the iliac crest. Systolic blood pressure 

(SBP) and diastolic blood pressure (DBP), measured using 

a standard mercury sphygmomanometer, were taken at the 

first and fifth Korotkoff sounds in the seated position after 

participants rested for at least 5 minutes. Two measurements 

were performed at 1-minute intervals, and the mean of two 

readings was used for analyses.

laboratory analyses
Blood samples were withdrawn between 8 am and 10 am 

after an overnight fast of at least 12 hours, routinely stored, 

and submitted to the central laboratory in the Department of 

Biochemistry, Chinese People’s Liberation Army General 

Hospital, on the same day. Fasting blood glucose (FBG), 

triglyceride (TG), low-density lipoprotein-cholesterol 

(LDL-c), and high-density lipoprotein-cholesterol (HDL-c) 

were checked by qualified technicians blinded to clinical 

data using enzymatic assays (Hoffman-La Roche Ltd., Basel, 

Switzerland) on a fully automatic biochemical analyzer 

(Cobas c6000; Hoffman-La Roche Ltd.). The participants 

attending the collection of fasting blood sample subsequently 

performed the standard oral glucose tolerance test and 

obtained the postprandial blood glucose (PBG), which was 

done 2 hours after consumption of 75 g glucose. Concentra-

tions of hs-CRP were determined by an immunoturbidimetric 

assay using a Dimension RxL Max analyzer (Siemens Health-

care Diagnostics Inc., Munich, Germany). Concentrations of 

NT-proBNP were measured with an electrochemilumines-

cence immunoassay (Hoffman-La Roche Ltd.) using an ana-

lyzer (Cobas c6000). Concentrations of Hcy were determined 

by high-performance chromatography with fluorometric 

detection. Fasting insulin (FINS) levels were determined by 

DPC kit (DPC cirrus Inc., Los Angeles, CA, USA) on a fully 

automatic chemiluminescence analyzer (DPC IMMULITE 

1000; DPC cirrus Inc.). All assays were performed without 

knowledge of participants’ clinical data.
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Variable definitions
IR was assessed by the homeostasis model assessment of IR 

(HOMA-IR) using the following formula: HOMA-IR = FINS 

(mIU/L) × FBG (mmol/L)/22.5.23 According to the worldwide 

consensus on the definition of MetS recommended by the 

International Diabetes Federation,24 for a person to be defined 

as having the MetS, he or she must have central obesity 

plus any two of four additional factors: TG 1.7 mmol/L, 

HDL-c 1.0 mmol/L in males and 1.3 mmol/L in 

females (or specific treatment for these lipid abnormalities), 

SBP 130 mmHg or DBP 85 mmHg (or treatment of 

previously diagnosed hypertension), and FBG 5.6 mmol/L 

(or previously diagnosed diabetes). General obesity, over-

weight, and central obesity were defined as BMI 28 kg/m2, 

BMI 24 kg/m2, and WC 85 cm for men and 80 cm for 

women based on the Guidelines for Preservation and Control 

of Overweight and Obesity in Chinese Adults, respectively.25 

More recently, our hospital set up the first risk score of the 

People’s Republic of China identifying individuals who 

were likely to develop diabetes in the near future, named the 

Chinese diabetes risk score (CDRS), which consisted of age 

(66: coded 0; 66–75: coded 1; 76: coded 2), hypertension 

(coded 1), history of high blood glucose (coded 3), BMI (24: 

coded 0; 24: coded 1), high FBG (coded 2), high TG (coded 

1), and low HDL-c (coded 2). Hypertension was defined as 

having the SBP 140 mmHg, DBP 90 mmHg, or the use of 

antihypertensive medications. Diabetes was defined as being 

present if FBG was 7.0 mmol/L, PBG was 11.1 mmol/L, 

or insulin or oral hypoglycemic medications were used.  

FBG 5.6 mmol/L was considered as high FBG. 

TG 1.7 mmol/L was defined as high TG. HDL-c 0.9 mmol/L 

in men or HDL-c 1.0 mmol/L in women was considered as 

low HDL-c. The total score value ranged from 0 to 12, and a 

cutoff score of 4 indicated optimum sensitivity and specificity 

for detecting diabetes.26

statistical analyses
Categorical variables were reported as number with percent-

age, normally distributed continuous variables as mean with 

standard deviation, and nonnormally distributed continuous 

variables as median with interquartile range. Differences 

between groups were analyzed with chi-squared test for cat-

egorical variables, independent t-test for normally distributed 

continuous variables, and Mann–Whitney test for nonnor-

mally distributed continuous variables. Bivariate correlations 

of biomarkers with each component of MetS and CDRS, MetS 

component numbers, CDRS, and HOMA-IR were determined 

using the Pearson’s (normal distribution) and Spearman’s 

(abnormal distribution) coefficients. Receiver operating 

characteristic curves and area under the curve were used to 

evaluate whether the biomarkers were capable to identify 

each component of MetS and CDRS, HOMA-IR, MetS, 

and CDRS. The logistic regression procedures were applied 

to assess the risk of each component of MetS and CDRS, 

HOMA-IR, MetS, and CDRS according to biomarkers. All 

reported P-values were two tailed, and confidence intervals 

were calculated at the 95% level. All statistical analyses were 

performed using Statistic Package for the Social Sciences 

(version 17.0; SPSS Inc., Chicago, IL, USA) software.

Results
Baseline characteristics
For the total population, the median age was 66 years 

(58–71 years), and 53% were male, with median hs-CRP, 

NT-proBNP, and Hcy concentrations of 0.29 mg/dL 

(0.17–0.38 mg/dL), 41.42 pg/mL (17.34–80.72 pg/mL), 

and 17.20 μmol/L (14.10–21.58 μmol/L), respectively. 

The prevalence of MetS and general obesity was 33% and 

21%, respectively. The median level of HOMA-IR was 1.5 

(1.0–2.1), and 25% of participants had CDRS 4.

simple comparisons
The characteristics of the whole cohort grouped by the 

levels of HOMA-IR and the presence of MetS are provided 

in Table 1. The individuals with HOMA-IR 1.5 and 

MetS were more likely to have higher levels of BMI, WC, 

DBP, FINS, PBG, TG, and hypertension and lower HDL-c 

levels than others (P0.05 for all). The levels of SBP in 

the individuals with MetS and the levels of FBG in the 

individuals with HOMA-IR 1.5 were higher than those of 

others (P0.05 for all). In spite of no difference in sex ratio 

between the individuals with and without HOMA-IR 1.5 

(P0.05), there were more males with MetS (P0.05). The 

levels of LDL-c were similar between the individuals with 

and without MetS and HOMA-IR 1.5 (P0.05 for all). 

Both groups were similar with regard to history of high blood 

glucose (P0.05 for all). Serum hs-CRP concentrations in 

the individuals with MetS were higher than those of others 

(P0.05), but they were similar between the individuals with 

and without HOMA-IR 1.5 (P0.05). Serum NT-proBNP 

concentrations in the individuals with HOMA-IR 1.5 were 

lower than those of others (P0.05), but they were similar 

between the individuals with and without MetS (P0.05). 

There was no difference in serum Hcy concentrations 

between the individuals with and without HOMA-IR 1.5 

and MetS (P0.05 for all).
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The characteristics of the whole cohort based on the 

levels of CDRS and the presence of general obesity are 

described in Table 2. The individuals with CDRS 4 and 

general obesity tended to have higher levels of BMI, WC, 

SBP, FINS, PBG, TG, and hypertension and lower levels 

of HDL-c than others (P0.05 for all). Both groups were 

similar with regard to sex ratio and LDL-c levels (P0.05 

for all). The levels of DBP in the individuals with general 

obesity were higher than those of others (P0.05), but 

they were similar between the individuals with and without 

CDRS 4 (P0.05). The levels of serum FBG and history 

of high blood glucose in the individuals with CDRS 4 were 

Table 1 Baseline characteristics of entire population according to the levels of hOMA-Ir and the presence of Mets

Characteristics HOMA-IR 1.5  
(n=198)

HOMA-IR 1.5  
(n=198)

P-value Without MetS  
(n=293)

With MetS  
(n=103)

P-value

Age (years) 66 (60–72) 65 (57–70) 0.041 65 (57–71) 67 (60–71) 0.105
Males (%) 101 (51.0) 110 (55.6) 0.365 152 (57.1) 59 (45.4) 0.028
BMI (kg/m2) 23.81 (21.66–25.98) 26.71 (24.66–28.71) 0.001 24.35 (22.17–26.42) 27.21 (24.90–28.87) 0.001
WC (cm) 84.50 (77.75–90.25) 92.00 (87.00–97.00) 0.001 86.00 (79.00–91.00) 94 (90–99) 0.001
hypertension (%) 73 (36.9) 93 (47.0) 0.042 92 (34.6) 74 (56.9) 0.001
sBP (mmhg) 132 (120–144) 134 (125–145) 0.055 130 (118–141) 139 (130–150) 0.001
DBP (mmhg) 76 (70–84) 80 (70–90) 0.003 77 (70–85) 80 (71–90) 0.003
history of high blood glucose 9 (4.5) 11 (5.6) 0.646 11 (4.1) 9 (6.9) 0.234
FBg (mmol/l) 4.60 (4.30–4.91) 4.97 (4.63–5.35) 0.001 4.73 (4.42–5.12) 4.81 (4.42–5.48) 0.081
FIns (mIU/l) 4.79 (3.61–6.02) 9.96 (8.35–12.90) 0.001 6.26 (4.29–9.10) 9.09 (6.95–12.29) 0.001
PBg (mmol/l) 5.88 (4.98–7.12) 6.68 (5.55–8.21) 0.001 6.01 (5.03–7.39) 7.10 (5.72–8.55) 0.001
Tg (mmol/l) 1.27 (0.96–1.71) 1.55 (1.22–2.07) 0.001 1.23 (0.96–1.57) 1.96 (1.49–2.61) 0.001
hDl-c (mmol/l) 1.44 (1.16–1.73) 1.21 (1.04–1.49) 0.001 1.49 (1.24–1.73) 1.07 (0.93–1.18) 0.001
lDl-c (mmol/l) 2.91 (2.42–3.39) 2.79 (2.33–3.26) 0.173 2.80 (2.33–3.26) 2.91 (2.47–3.48) 0.056
hs-CrP (mg/dl) 0.27 (0.15–0.38) 0.30 (0.18–0.40) 0.056 0.26 (0.15–0.36) 0.33 (0.22–0.45) 0.001
nT-proBnP (pg/ml) 47.14 (20.79–87.20) 35.80 (14.93–67.10) 0.004 41.40 (17.40–78.11) 41.74 (17.28–86.98) 0.462
hcy (μmol/l) 17.20 (14.18–21.73) 16.90 (13.90–21.50) 0.709 16.90 (13.60–21.23) 17.85 (14.30–22.43) 0.174

Notes: Data presented as median (interquartile range) or n (%).
Abbreviations: hOMA-Ir, homeostasis model assessment of insulin resistance; Mets, metabolic syndrome; BMI, body mass index; WC, waist circumference; sBP, systolic 
blood pressure; DBP, diastolic blood pressure; FBg, fasting blood glucose; FIns, fasting insulin; PBg, postprandial blood glucose; Tg, triglyceride; hDl-c, high-density 
lipoprotein-cholesterol; lDl-c, low-density lipoprotein-cholesterol; hs-CrP, high-sensitivity C-reactive protein; nT-proBnP, n-terminal prohormone of brain natriuretic 
peptide; hcy, homocysteine.

Table 2 Baseline characteristics of entire population according to the levels of CDrs and the presence of general obesity

Characteristics CDRS 4 
(n=298)

CDRS 4  
(n=98)

P-value Without general 
obesity (n=313)

With general 
obesity (n=83)

P-value

Age (years) 64 (57–70) 68 (63–72) 0.001 66 (59–72) 63 (57–69) 0.083
Males (%) 161 (54.0) 50 (51.0) 0.605 167 (53.4) 44 (53.0) 0.956
BMI (kg/m2) 24.68 (22.50–26.90) 26.82 (24.88–28.31) 0.001 24.35 (22.22–26.08) 29.88 (28.72–30.93) 0.001
WC (cm) 87.00 (81.00–93.00) 93.00 (88.00–98.00) 0.001 86.00 (81.00–92.00) 97 (93–102) 0.001
hypertension (%) 109 (36.6) 57 (58.2) 0.001 114 (36.4) 52 (62.7) 0.001
sBP (mmhg) 131 (120–142) 139 (126–150) 0.001 131 (120–143) 140 (130–150) 0.001
DBP (mmhg) 78 (70–85) 80 (70–90) 0.203 77 (70–84) 84 (76–91) 0.001
history of high blood glucose 1 (0.3) 19 (19.4) 0.001 17 (5.4) 3 (3.6) 0.696
FBg (mmol/l) 4.71 (4.39–5.08) 5.03 (4.50–5.85) 0.001 4.74 (4.42–5.22) 4.80 (4.44–5.22) 0.738
FIns (mIU/l) 6.63 (4.37–9.25) 9.23 (6.31–12.36) 0.001 6.45 (4.33–9.12) 10.00 (7.73–14.40) 0.001
PBg (mmol/l) 5.98 (5.00–7.42) 7.17 (5.98–8.72) 0.001 6.12 (5.09–7.69) 7.04 (5.55–8.38) 0.009
Tg (mmol/l) 1.31 (0.99–1.66) 1.93 (1.40–2.61) 0.001 1.34 (1.00–1.76) 1.66 (1.35–2.91) 0.001
hDl-c (mmol/l) 1.42 (1.17–1.68) 1.06 (0.87–1.23) 0.001 1.35 (1.12–1.66) 1.19 (1.02–1.42) 0.001
lDl-c (mmol/l) 2.82 (2.36–3.30) 2.86 (2.45–3.37) 0.298 2.80 (2.36–3.35) 3.00 (2.52–3.40) 0.164
hs-CrP (mg/dl) 0.27 (0.16–0.36) 0.32 (0.17–0.43) 0.035 0.27 (0.16–0.38) 0.31 (0.18–0.47) 0.075
nT-proBnP (pg/ml) 39.11 (15.95–76.98) 49.35 (21.74–116.60) 0.009 41.40 (17.25–78.53) 42.35 (17.50–95.33) 0.674
hcy (μmol/l) 16.70 (13.60–21.23) 18.80 (15.65–22.45) 0.008 16.90 (13.60–21.20) 18.90 (15.10–22.60) 0.018

Notes: Data presented as median (interquartile range) or n (%).
Abbreviations: CDrs, Chinese diabetes risk score; BMI, body mass index; WC, waist circumference; sBP, systolic blood pressure; DBP, diastolic blood pressure; FBg, fasting 
blood glucose; FIns, fasting insulin; PBg, postprandial blood glucose; Tg, triglyceride; hDl-c, high-density lipoprotein-cholesterol; lDl-c, low-density lipoprotein-cholesterol; 
hs-CrP, high-sensitivity C-reactive protein; nT-proBnP, n-terminal prohormone of brain natriuretic peptide; hcy, homocysteine.
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higher and more than those of others (P0.05 for all), but 

they were similar between the individuals with and without 

general obesity (P0.05). Serum hs-CRP concentrations in 

the individuals with CDRS 4 were higher than those of 

others (P0.05). Serum NT-proBNP concentrations in the 

individuals with CDRS 4 were higher than those of others 

(P0.05), but they were similar between the individuals with 

and without general obesity (P0.05). Individuals who did 

not have CDRS 4 and general obesity were likely to have 

higher serum Hcy concentrations compared with those who 

had CDRS 4 and general obesity (P0.05 for all).

Correlation analyses
Correlation coefficients for biomarkers in relation to the 

components of MetS and CDRS, MetS component numbers, 

CDRS, and HOMA-IR are presented in Table 3. Serum 

hs-CRP concentrations were related to the levels of BMI, WC, 

FBG, HDL-c, MetS component numbers, and CDRS (P0.05 

for all). Serum NT-proBNP concentrations were correlated 

with the levels of SBP, DBP, TG, CDRS, and HOMA-IR 

(P0.05 for all). Serum Hcy concentrations were linked 

to the levels of BMI, WC, SBP, FBG, HDL-c, and CDRS 

(P0.05 for all). However, no other significant relationship 

was observed in the correlation analyses (P0.05 for all).

receiver operating characteristic curve 
analyses
Area under the curve values of biomarkers for identify-

ing the components of MetS and CDRS, HOMA-IR, 

MetS, and CDRS are shown in Table 4. Serum hs-CRP 

concentrations were able to identify MetS, CDRS 4, 

HDL-c 0.9/1.0 mmol/L, and HDL-c 1.0/1.3 mmol/L 

(P0.05 for all). Serum NT-proBNP concentrations were 

able to identify HOMA-IR 1.5, CDRS 4, overweight, 

and BP 140/90 mmHg (P0.05 for all). Serum Hcy con-

centrations were able to identify CDRS 4, general obesity, 

overweight, and BP 140/90 mmHg (P0.05 for all).

logistic regression analyses
The results from logistic analyses for biomarkers with the 

components of MetS and CDRS, HOMA-IR, MetS, and 

CDRS are displayed in Table 5. Serum hs-CRP concentra-

tions were independently associated with MetS as well as 

HDL-c 1.0/1.3 mmol/L and HDL-c 0.9/1.0 mmol/L 

after adjustment shown in Table 5 (P0.05 for all). Serum 

NT-proBNP concentrations were independently associ-

ated with BP 140/90 mmHg after adjustment shown 

in Table 5 (P0.05). Serum Hcy concentrations were 

independently associated with CDRS 4 after adjustment 

shown in Table 5 (P0.05). However, other associations for 

biomarkers did not reach statistical significance with adjust-

ment (P0.05 for all).

Discussion
MetS is a cluster of metabolic risk factors associated with 

an increased risk for developing diabetes and cardiovascular 

diseases.1 The prevalence of MetS and diabetes is increas-

ing worldwide, thus creating an urgent need for evaluating 

biomarkers that can be used to further identify and treat 

individuals at greatest risk for MetS and diabetes and reduce 

Table 3 Correlation analyses for biomarkers in relation to the components of Mets and CDrs, Mets component numbers, CDrs, 
and hOMA-Ir

Characteristics hs-CRP (mg/dL) NT-proBNP (pg/mL) Hcy (μmol/L)

Correlation  
coefficient

P-value Correlation  
coefficient

P-value Correlation  
coefficient

P-value

BMI (kg/m2) 0.111 0.027 −0.085 0.091 0.174 0.001
WC (cm) 0.163 0.001 −0.050 0.324 0.162 0.001

sBP (mmhg) 0.097 0.053 0.114 0.023 0.167 0.001
DBP (mmhg) 0.026 0.609 −0.144 0.004 0.075 0.134

FBg (mmol/l) 0.153 0.002 −0.070 0.164 −0.170 0.001

Tg (mmol/l) 0.052 0.303 −0.124 0.013 0.094 0.063

hDl-c (mmol/l) −0.162 0.001 0.058 0.247 −0.170 0.001

lDl-c (mmol/l) 0.038 0.448 0.008 0.870 0.014 0.788
Mets component numbers 0.133 0.008 0.041 0.421 0.077 0.124
CDrs 0.101 0.045 0.138 0.006 0.239 0.001
hOMA-Ir 0.096 0.057 −0.158 0.002 −0.013 0.791

Abbreviations: Mets, metabolic syndrome; CDrs, Chinese diabetes risk score; hOMA-Ir, homeostasis model assessment of insulin resistance; hs-CrP, high-sensitivity 
C-reactive protein; nT-proBnP, n-terminal prohormone of brain natriuretic peptide; hcy, homocysteine; BMI, body mass index; WC, waist circumference; sBP, systolic 
blood pressure; DBP, diastolic blood pressure; FBg, fasting blood glucose; Tg, triglyceride; hDl-c, high-density lipoprotein-cholesterol; lDl-c, low-density lipoprotein-
cholesterol.
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Table 4 rOC curve analyses of biomarkers for identifying the components of Mets and CDrs, hOMA-Ir, Mets, and CDrs

Characteristics hs-CRP (mg/dL) NT-proBNP (pg/mL) Hcy (μmol/L)

AUC (95% CI) P-value AUC (95% CI) P-value AUC (95% CI) P-value

hOMA-Ir 1.5 0.556 (0.499–0.612) 0.056 0.415 (0.359–0.471) 0.004 0.489 (0.432–0.546) 0.709
Mets 0.625 (0.566–0.684) 0.001 0.523 (0.462–0.584) 0.462 0.542 (0.481–0.603) 0.174
CDrs 4 0.571 (0.502–0.640) 0.036 0.588 (0.522–0.653) 0.009 0.590 (0.527–0.652) 0.008
general obesity 0.564 (0.491–0.636) 0.075 0.515 (0.444–0.586) 0.674 0.584 (0.515–0.653) 0.018
Overweight 0.545 (0.486–0.603) 0.142 0.426 (0.368–0.485) 0.015 0.577 (0.519–0.635) 0.012
Central obesity 0.541 (0.482–0.599) 0.180 0.506 (0.447–0.565) 0.839 0.509 (0.450–0.568) 0.773
BP 130/85 mmhg 0.540 (0.482–0.598) 0.190 0.545 (0.487–0.604) 0.136 0.556 (0.497–0.614) 0.066
BP 140/90 mmhg 0.520 (0.462–0.579) 0.488 0.582 (0.526–0.639) 0.005 0.616 (0.560–0.672) 0.001
Tg 1.7 mmol/l 0.525 (0.462–0.588) 0.418 0.455 (0.394–0.517) 0.153 0.530 (0.469–0.590) 0.344
hDl-c 0.9/1.0 mmol/l 0.626 (0.535–0.717) 0.008 0.505 (0.410–0.600) 0.916 0.499 (0.409–0.589) 0.988
hDl-c 1.0/1.3 mmol/l 0.592 (0.531–0.653) 0.003 0.534 (0.474–0.595) 0.271 0.509 (0.447–0.570) 0.781
FBg 5.6 mmol/l 0.556 (0.466–0.645) 0.220 0.534 (0.443–0.626) 0.450 0.515 (0.428–0.602) 0.745

Abbreviations: rOC, receiver operating characteristic; Mets, metabolic syndrome; CDrs, Chinese diabetes risk score; hOMA-Ir, homeostasis model assessment of 
insulin resistance; hs-CrP, high-sensitivity C-reactive protein; nT-proBnP, n-terminal prohormone of brain natriuretic peptide; hcy, homocysteine; BP, blood pressure; 
TG, triglyceride; HDL-c, high-density lipoprotein-cholesterol; FBG, fasting blood glucose; AUC, area under the curve; CI, confidence interval.

Table 5 logistic regression analyses for biomarkers with the components of Mets and CDrs, hOMA-Ir, Mets, and CDrs

Characteristics 
(statistical indices)

MetSa MetS MetSb CDRS 4c

HR (95% CI) P-value HR (95% CI) P-value HR (95% CI) P-value HR (95% CI) P-value

hs-CrP (mg/dl) 1.822 (1.181–2.812) 0.007 1.925 (1.040–3.563)d 0.037 1.611 (0.799–3.249) 0.183 1.558 (0.979–2.479) 0.061
nT-proBnP (pg/ml) 0.833 (0.526–1.320) 0.437 1.532 (0.731–3.212)e 0.259 1.296 (0.583–2.881) 0.524 1.379 (0.863–2.204) 0.179
hcy (μmol/l) 1.277 (0.807–2.021) 0.296 1.390 (0.680–2.842)f 0.367 1.450 (0.636–3.303) 0.377 1.857 (1.147–3.007) 0.012

CDRS 4 CDRS 4b HOMA-IR 1.5g General obesityh

HR (95% CI) P-value HR (95% CI) P-value HR (95% CI) P-value HR (95% CI) P-value

hs-CrP (mg/dl) 1.548 (0.822–2.913)e 0.176 1.598 (0.784–3.255) 0.197 1.569 (0.997–2.472) 0.052 1.172 (0.685–2.005) 0.563
nT-proBnP (pg/ml) 1.450 (0.694–3.029)d 0.323 1.350 (0.614–2.968) 0.455 0.737 (0.451–1.205) 0.224 1.505 (0.830–2.731) 0.179
hcy (μmol/l) 1.704 (0.779–3.730)f 0.182 1.500 (0.675–3.336) 0.320 0.671 (0.409–1.102) 0.115 1.603 (0.905–2.841) 0.106

Overweighth Central obesityh BP 130/85 mmHgi BP 140/90 mmHgi

HR (95% CI) P-value HR (95% CI) P-value HR (95% CI) P-value HR (95% CI) P-value

hs-CrP (mg/dl) 1.317 (0.814–2.131) 0.263 0.858 (0.530–1.388) 0.532 0.961 (0.613–1.505) 0.861 0.879 (0.569–1.360) 0.563
nT-proBnP (pg/ml) 0.705 (0.422–1.175) 0.180 0.717 (0.422–1.218) 0.219 1.571 (0.965–2.557) 0.069 1.837 (1.141–2.957) 0.012
hcy (μmol/l) 1.632 (0.969–2.748) 0.066 1.019 (0.605–1.714) 0.944 0.691 (0.420–1.137) 0.146 1.105 (0.691–1.765) 0.678

TG 1.7 mmol/Lj HDL-c 1.0/1.3 mmol/Lk HDL-c 0.9/1.0 mmol/Lk FBG 5.6 mmol/Lg

HR (95% CI) P-value HR (95% CI) P-value HR (95% CI) P-value HR (95% CI) P-value

hs-CrP (mg/dl) 0.869 (0.518–1.458) 0.595 1.778 (1.034–3.059) 0.037 2.598 (1.155–5.840) 0.021 1.280 (0.661–2.477) 0.464
nT-proBnP (pg/ml) 0.852 (0.489–1.485) 0.572 1.154 (0.641–2.079) 0.632 0.562 (0.243–1.298) 0.177 1.202 (0.583–2.477) 0.618
hcy (μmol/l) 1.271 (0.722–2.239) 0.406 1.062 (0.587–1.921) 0.842 0.728 (0.316–1.680) 0.457 0.882 (0.435–1.790) 0.728

Notes: aregression model adjusted by age, sex, and lDl-c (without the components of Mets). bregression model adjusted by age, sex, BMI, WC, hypertension, history of 
high blood glucose, sBP, DBP, FBg, PBg, Tg, hDl-c, and lDl-c (with all variables, including the components of Mets and CDrs). cregression model adjusted by sex and 
lDl-c (without the components of CDrs). dregression model adjusted by age, sex, BMI, WC, hypertension, history of high blood glucose, sBP, DBP, FBg, PBg, Tg, and lDl-c 
(without hDl-c associated with hs-CrP shown as follows). eregression model adjusted by age, sex, BMI, WC, history of high blood glucose, FBg, PBg, Tg, hDl-c, and lDl-c 
(without hypertension, sBP, and DBP associated with nT-proBnP shown as follows). fregression model adjusted by age, sex, hypertension, history of high blood glucose, sBP, 
DBP, FBg, PBg, Tg, hDl-c, and lDl-c (without BMI and WC associated with hcy shown as follows). gregression model adjusted by age, sex, BMI, WC, hypertension, 
sBP, DBP, Tg, hDl-c, and lDl-c (without history of high blood glucose, FBg, and PBg). hregression model adjusted by age, sex, hypertension, history of high blood glucose, 
sBP, DBP, FBg, PBg, Tg, hDl-c, and lDl-c (without BMI and WC). iregression model adjusted by age, sex, BMI, WC, history of high blood glucose, FBg, PBg, Tg, hDl-c, and 
lDl-c (without hypertension, sBP and DBP). jregression model adjusted by age, sex, BMI, WC, hypertension, history of high blood glucose, sBP, DBP, FBg, PBg, hDl-c, and 
lDl-c (without Tg). kregression model adjusted by age, sex, BMI, WC, hypertension, history of high blood glucose, sBP, DBP, FBg, PBg, Tg, and lDl-c (without hDl-c).
Abbreviations: Mets, metabolic syndrome; CDrs, Chinese diabetes risk score; hOMA-Ir, homeostasis model assessment of insulin resistance; hr, hazard ratio; 
hs-CrP, high-sensitivity C-reactive protein; nT-proBnP, n-terminal prohormone of brain natriuretic peptide; hcy, homocysteine; BP, blood pressure; Tg, triglyceride; 
hDl-c, high-density lipoprotein-cholesterol; FBg, fasting blood glucose; BMI, body mass index; WC, waist circumference; sBP, systolic blood pressure; DBP, diastolic blood 
pressure; PBG, postprandial blood glucose; LDL-c, low-density lipoprotein-cholesterol; CI, confidence interval.

morbidity and mortality associated with diabetes and car-

diovascular diseases.2,3 CRP is a protein that is synthesized 

by liver and then secreted into circulation. It is a critical 

component of immune system and one of acute phase proteins 

that increase during systemic inflammation. Previous studies 

have revealed that serum hs-CRP levels were strongly related 

to MetS.4,5 On the contrary, other studies have discovered 

that serum hs-CRP levels were associated with MetS due to 
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Biomarkers with Ir, Mets, and diabetes risk

and CDRS have been described recently,29–31 but they lost 

independence after full adjustment in the current study. 

Meanwhile, although serum Hcy levels were able to identify 

several components of MetS, they were not independently 

related to them in the current study, which was in accordance 

with the results from previous studies.32,33

Conclusion
The current study performed deep analyses of the associations 

of biomarkers, including serum hs-CRP, NT-proBNP, and 

Hcy levels, with IR, MetS, and diabetes risk in non-diabetic 

Chinese community-dwelling middle-aged and elderly 

population, which possess significant clinical implications. 

In the current study, serum HDL-c levels were the major 

determinant of the association between serum hs-CRP levels 

and MetS and the key link between inflammation and MetS. 

There was no other association of these biomarkers with IR, 

MetS, and diabetes risk after full adjustment.
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