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Abstract 

Objec�ve  To describe the distribu�on of plasma high sensi�vity C-reac�ve protein (hsCRP) and 
explore the rela�onship between hsCRP and metabolic risk factors among residents living in longevity 
areas of China. 

Methods  268 individuals aged between 40 and 59 years and 506 individuals aged over 90 years were 
selected from 5 longevity areas of China to par�cipate in a cross sec�on longitudinal cohort study. The 
par�cipants were interviewed with general health related ques�onnaire to collect their demographic, 
behavioral and lifestyle data, as well as their chronic condi�ons, and meanwhile their physical and 
biomedical parameters including waist circumference (WC), blood pressure (BP), hsCRP, plasma lipids, 
and fas�ng blood glucose (FBG) were measured. 

Results  The median of hsCRP was 0.99 mg/L in the middle-aged group and 1.76 mg/L in the oldest old 
group. No significant gender difference was observed between the above two groups. Among the oldest 
old individuals, 36.56% had an hsCRP level >3.0 mg/L. The prevalence of high hsCRP was 16.79% in the 
middle-aged group. The results of stepwise mul�ple linear regression analyses showed that HDL-C was 
independently associated with ln (hsCRP) concentra�on in the middle-aged group, whereas ln (TG), 
HDL-C and FBG were correlated a�er adjustment for gender, study site, smoking, drinking, educa�on 
and BMI in the oldest old group. 

Conclusion  HDL-C is a stronger predictor of elevated hsCRP than other metabolic factors in the 
middle-aged popula�on. For the oldest old persons, high TG, low HDL-C, and FBG predict elevated 
plasma hsCRP. 
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INTRODUCTION

ow grade systemic inflamma�on is common 
in elderly popula�ons[1]. Advanced age 
generally aggravates the low-grade systemic 

inflammatory status[2]. High sensi�vity C-reac�ve 
protein (hsCRP), an acute-phase protein, is an 
extremely sensi�ve marker of systemic inflamma�on. 
Accumula�ng evidence has shown that elevated CRP 
increases the risk of coronary heart disease events[3], 
hypertension[4], type 2 diabetes, metabolic 
syndrome[5-6], depressive symptomatology[7] and 
cogni�ve decline[8]. In a cohort of elderly men, 
higher CRP and lower albumin levels strongly predict 
both vascular and non-vascular mortality, 
independent of other characteris�cs[9]. 

Numerous factors may affect CRP 
concentra�ons, such as aging, lifestyle and metabolic 
indicators[10-11]. CRP levels were posi�vely related 
with smoking status of adolescents[12] and adults[13]. 
Physical ac�vity may reduce CRP concentra�on, 
which is a cri�cal process in the pathogenesis of 
cardiovascular diseases[14]. Recent evidence suggests 
that central obesity, rather than total body fat, is a 
stronger contributor to elevated CRP[15] and that 
central adiposity may be more detrimental for 
women than men[16]. Lakoski et al.[17] found that 
hypertension was independently associated with 
CRP in both men and women. Low high-density 
lipoprotein cholesterol (HDL-C) is a predictor, among 
the plasma lipid parameters, for elevated plasma 
CRP in Taiwanese women[10]. These links between 
CRP concentra�on and most major health problems 
support our hypothesis that high levels of CRP are a 
common marker of many degenera�ve condi�ons 
linked to aging[18]. 

However, CRP levels vary among different 
popula�ons[11,19-23]. The rela�onship between hsCRP 
and the previously men�oned metabolic risk factors 
is primarily based on researches done in Western 
popula�ons that generally focused on adults and 
younger elderly people. The associa�on between 
hsCRP and metabolic risk factors is rela�vely 
unknown in the se�ng of a developing country or 
among the oldest old people. This study evaluated 
middle-aged and oldest old adults residing in 
longevity areas of China. It is important to 
understand the poten�al risk factors underlying 
elevated CRP levels among a longevity popula�on. In 
this study, we examined the rela�onship between 
metabolic biomarkers and circula�ng CRP level in a 
popula�on-based cross sec�onal study. 

METHODS 

Subjects and Design 

The data were derived from the fi�h round of 
the Chinese Longitudinal Healthy Longevity Survey 
(CLHLS). The goal of CLHLS is to determine which 
factors, out of a large set of social, behavioral, 
biological, and environmental risk factors, play an 
important role in healthy longevity. The baseline 
survey was conducted in 1998, with follow-up field 
surveys with replacements for deceased elders 
conducted in respec�ve years of 2000, 2002, 2005, 
and 2009. The CLHLS a�empted to interview all 
centenarians who voluntarily agreed to par�cipate in 
the study. For each centenarian, one near-by 
octogenarian (aged 80-89) and one near-by 
nonagenarian (aged 90-99) of pre-designated age 
and sex were interviewed. “Near-by” is loosely 
defined-it could be in the same sampled town or 
county or city. The predefined age and sex, used to 
iden�fy the approximately equal numbers of male 
and female nonagenarians and octogenarians, were 
randomly determined, based on the code numbers 
of the centenarians. The goal was to have 
comparable numbers of male and female 
octogenarians and nonagenarians at each age from 
80 to 99. The detailed study design has been 
described elsewhere[24]. The fi�h round of CLHLS was 
conducted in March-June 2009 in five longevity 
areas of China: Xiayi county in Henan province, 
Zhongxiang city in Hubei province, Mayang county in 
Hunan province, Yongfu county in Guangxi province, 
and Sanshui district of Foshan city in Guangdong 
province. The goal of the fi�h survey was designed 
to evaluate the health status of Chinese elderly, 
especially the oldest old (aged 80 and above) and 
centenarians compared with middle aged popula�on, 
and to explore the determinants of healthy longevity. 
The longevity areas were formally designated by the 
Chinese Society of Gerontology based on 17 
criteria[25]. The three key criteria are 1) more than 7 
per 100 000 local residents are centenarians (aged 
100 years old or above), 2) the average life 
expectancy of local residents is ≥3 years older than 
the na�onal average, and 3) ≥1.4% of the local 
residents are oldest old (≥ 80 years old). All 
centenarians and older were invited to par�cipate in 
the study. The sample size was expanded to those 40 
years old. An equal number of their neighbors in 
each of the 4 age groups (40-59, 60-79, 80-99, and 
100+) matched by sex and closest residence were 

L



Biomed Environ Sci, 2012; 25(3): 257-266 259

also invited to par�cipate. The subjects included 398 
centenarians and 1 967 neighbors aged 40-99 years 
(Figure 1). The protocol was approved by the Ethics 
Commi�ee of Peking University. All of the recruited 
subjects (or their proxies) gave informed consent. 
Considering the difficulty to match the control group 
of the oldest old popula�on and the limita�on of 
budget to biochemical analyses, we chose the 
middle-aged people as the control. So, this study 
was limited to the 774 par�cipants whose hsCRP 
data were available, i.e. only the middle-aged (40-59 
years old) and oldest old (90+) par�cipants. 

1 247 were in age groups of
40-59 and 90 years old.

Figure 1. Enrollment of study par�cipants. 

Data Collec�on 

The study included two components: an 
in-house face-to-face ques�onnaire interview and a 
physical examina�on. The in-house interview was 
conducted by trained physicians or public health 
workers from the local centers for disease control 
and preven�on and community hospitals. The 
ques�onnaire elicited informa�on related to 
demographics, behavioral and lifestyle parameters, 
self-rated health status and self-reported chronic 
diseases. The physical exam was performed by 
clinicians by using standardized instruments to 
measure weight, waist circumference (WC), and 
blood pressure (BP). These clinicians also ascertained 
the par�cipants’ personal and family disease history 
and current medica�ons. WC was measured to the 
nearest 0.1 cm by using a non-elas�c plas�c tape at 
the level of the midpoint of the waist between the 
lower rib margin and the iliac crest. An average BP 
was calculated from two measurements by a mercury 
sphygmomanometer. The measurement was carried 
out on the right arm of the seated par�cipant a�er 
the individual rested for five minutes. 

Biochemical Analyses 

Par�cipants were required to fast overnight.  

Venous blood samples were collected in heparin 
an�coagulant vacuum tubes, and then centrifuged at 
20 °C, 2 500 rpm for 10 min. Plasma was isolated and 
frozen in -20 °C, and then the samples were shipped 
on wet ice to the central laboratory, Capital Medical 
University in Beijing, where they were stored at  
-80 °C un�l analysis. Plasma lipids/lipoproteins (TC, 
TG, HDL-C, and LDL-C), glucose and hsCRP were 
measured by an Automa�c Biochemistry Analyzer 
(Hitachi 7180, Japan) by using commercially available 
diagnos�c kits (Roche Diagnos�c, Mannheim, 
Germany). Plasma hsCRP was measured through an 
immunoturbidimetric assay. The minimal detectable 
concentra�on of hsCRP was 0.11 mg/L. The inter- 
and intra-plate CVs were 0.43% and 2.7% for High 
value QC serum and 0.41% and 3.45% for low value 
QC serum.  

Key Variables and Defini�ons 

Abdominal obesity was defined as WC values of 
85 cm or greater for males and 80 cm or greater for 
females[26]. Hypertension was defined as systolic 
blood pressure (SBP) ≥ 140 or diastolic blood 
pressure (DBP) ≥90 mmHg, or receiving treatment 
for previously diagnosed hypertension[27]. Elevated 
total cholesterol (TC) was defined as≥6.22 mmol/L. 
Elevated triglycerides (TG) were defined as≥2.26 
mmol/L. Elevated LDL cholesterol (LDL-C) was 
defined as ≥4.14 mmol/L. Reduced HDL cholesterol 
(HDL-C) was defined as <1.04 mmol/L[28]. Diabetes 
was defined as a fas�ng blood glucose (FBG) ≥7.0 
mmol/L or previously diagnosed type 2 diabetes[29].
Elevated hsCRP was defined as >3.0 mg/L[30].

Smoking was classified as “yes” if the par�cipant 
was a current smoker, and as “no” if the par�cipant 
was a nonsmoker or former smoker. For alcohol 
drinking, a current drinker was categorized into 
“yes” while no drinking or a former drinker into “no”. 
Current drinker (regular drinking) was defined as 
drinking at least once a week on average, no ma�er 
wine, liquor or beer, and not including drinking 
occasionally on holidays. 

Sta�s�cal Methods 

The mean or median were calculated for 
con�nuous variables, and percentage was calculated 
for categorical variables. Covariance analyses were 
performed to compare con�nuous variables 
between the two age groups while adjus�ng for 
gender and study site. Cochran-Mantel-Haenszel 
(CMH) sta�s�cs for categorical variables were 
applied for the comparison by age group while 
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adjus�ng for study site. As the distribu�on of hsCRP 
levels was highly skewed, they were expressed as 
the geometric mean, median and interquar�le range. 
HsCRP and TG were natural log-transformed for all 
other analyses. Par�al Spearman correla�on 
coefficients, adjusted for gender and study site, were 
calculated for ln (hsCRP) with variables of metabolic 
risk factors, such as WC, BMI, BP, TC, TG, HDL-C, and 
FBG. Stepwise mul�ple linear regression analyses 
were performed in the two age groups to determine 
whether the metabolic factors were associated with 
ln (hsCRP) level. The criterion for inclusion or 
exclusion in the model was a p-value of 0.10 or less. 
Data management and sta�s�cal analyses were 
performed with the SAS sta�s�cal package Version 
9.1 (SAS Ins�tute, Cary, NC, USA). Sta�s�cal tests 
were 2-sided, and a P value<0.05 was considered 
sta�s�cally significant. 

RESULTS 

Characteris�cs of Study Par�cipants 

A total of 774 par�cipants were included in the 
analysis, including 268 in the middle-aged group  
and 506 in the oldest-old group. The average ages of 
the par�cipants in these two groups were 50.5 and 
97.4 years, respec�vely. The middle-age par�cipants 
were more likely to smoke and drink alcohol than the 
oldest-old par�cipants; they had significantly higher 

values of WC, TG, TC, and LDL, but lower SBP levels 
than the oldest-old (P<0.001). There were no 
sta�s�cal differences with respect to DBP, FBG, 
HDL-C, and prevalence of chronic diseases in these 
two age groups (Table 1). 

The Distribu�on of hsCRP and Prevalence of High 
hsCRP 

The median hsCRP was 0.99 mg/L in the 
middle-aged group and 1.76 mg/L in oldest-old 
group. Oldest-old par�cipants had a significantly 
higher hsCRP level than middle-aged people (ln 
(hsCRP): mean 2.12 in oldest-old vs. 1.89 in 
middle-aged group) a�er adjustment for study site 
and gender. No significant difference in the hsCRP 
concentra�ons was observed between men and 
women in both age groups (Table 2).  

More oldest-old par�cipants (36.6%) had the 
hsCRP level >3.0 mg/L than middle-aged par�cipants 
(16.8%) a�er adjus�ng for study site and sex 
(P<0.001). The difference was also observed 
between the two age groups among males (43.0% vs. 
14.4%) and females (34.8% vs. 19.7%) (Table 3). 

We also analyzed the rela�onship between 
elevated hsCRP and different chronic condi�ons 
(Table 4). 25.9% of the middle-aged popula�on with 
high FBG had an hsCRP concentra�on >3.0 mg/L. 
That percentage is significantly higher than in people 
with normal FBG (14.3%) (P<0.05). 

Table 1. Comparison of Characteris�cs among Middle Aged and Oldest-old Residents in Chinese Longevity 
Areas 

Characteris�cs 
Middle-aged (40-59) 

(n=268) 
Oldest-old (90+) 

(n=506) 
Sta�s�cal 

Value 
P Value 

Age (years)* 50.5(5.7) 97.4 (5.0)   
Educa�on†     

Illiterate 83 (31.0) 484 (95.7) 

384.3086 <0.0001 

Primary School  46 (17.2) 11 (2.2) 

Junior high school and above 139(51.8) 8 (1.6) 

Not answer  3 (0.6) 
Family Income yuan/year* 23494.3 (26395.4) 23638.8 (30655.5) 0.01 0.9116 
WC (cm)* 83.3 (11.7) 75.5 (11.5) 67.07 <0.0001 
SBP (mmHg)* 128.5 (19.1) 139.2 (26.8) 51.42 <0.0001 
DBP (mmHg)* 81.2 (12.9) 79.4 (14.8) 0.02 0.8855 
FBG (mmol/L)* 5.60 (2.31) 5.47 (1.79) 0.86 0.3551 
TG (mmol/L)* 1.79 (2.02) 1.14 (0.51) 46.71 <0.0001 
TC (mmol/L)* 4.54 (1.08) 4.08 (1.07) 32.29 <0.0001 
LDL-C (mmol/L)* 2.51 (0.76) 2.17 (0.80) 32.93 <0.0001 
HDL-C (mmol/L)* 1.31 (0.40) 1.31 (0.32) 0.00 0.9864 
Current smoker† 111 (41.4) 136 (26.9) 16.6623 <0.0001 
Alcohol drinker † 107 (39.9) 122 (24.1) 20.7305 <0.0001 

Note. *Data listed as mean±SD devia�on for con�nuous variables, were tested for differences by age 
group by using covariance analysis a�er adjustment for study site. †Data listed as n (%) for categorical 
variables were tested by CMH sta�s�cs by age group a�er adjustment for study site. 
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Table 2. HsCRP Concentra�ons (mg/L) in Middle-aged and Oldest-old Groups 
n Geometric mean Median (IQR) Ln (hsCRP) (mean±SD) 

Middle-aged group 268 1.08 0.99 (0.52-1.98) 1.89 (0.33)*

Male 146 1.13 1.08 (0.55-1.83) 1.89 (0.31)†

Female 122 1.03 0.92 (0.45-2.07) 1.90 (0.35)†

Oldest-old group 506 1.96 1.76 (0.68-4.52) 2.12 (0.54)*

Male 107 2.52 2.33 (0.94-5.14) 2.20 (0.58)‡

Female 399 1.84 1.55 (0.65-4.16 ) 2.10 (0.52)‡

Note. SD, standard devia�on. *P value<0.0001, was calculated by comparing ln (hsCRP) between the 
middle-aged group and the oldest-old group, a�er adjustment for study site and gender. †P value=0.7202, 
was calculated by comparing ln (hsCRP) between males and females in the middle-aged group, a�er 
adjustment for study site. ‡P value=0.0869, was calculated by comparing ln (hsCRP) between males and 
females in the oldest-old group, a�er adjustment for study site. 

Table 3. Comparison of the Percentage of High hsCRP Level in Middle-aged and Oldest-old Groups 

Male Female Total 

n % n % n %

Middle-aged group 21 14.38 24 19.67  45 16.79

Oldest-old group 46 42.99 139 34.84 185 36.56

χ2 24.7839 9.8552 32.9597 

P value <.0001 0.0017 <.0001 

Note. The criterion of high hsCRP was >3.0 mg/L. P value was calculated by comparing the middle-aged 
group with the oldest-old group, a�er adjustment for study site and gender. 

Table 4. The Percentage of Elevated hsCRP in different Chronic Condi�ons in Middle-aged and Oldest-old 
Groups 

   Abdominal Obesity  Hypertension High TG Low HDLc  High FBG 

Yes No P Value  Yes No P Value Yes No P Value Yes No P Value  Yes No P Value

Middle-aged group                 

Normal hsCRP 82.43 84.17 0.5085 79.80 85.21 0.1619 80.43 83.78 0.5815 73.21 85.85 0.0719 74.14 85.71 0.0464*

Elevated hsCRP 17.57 15.83  20.20 14.79   19.57 16.22   26.79 14.15  25.86 14.29  

Oldest-old group                 

Normal hsCRP 64.24 63.10 0.5427 64.85 61.50 0.5294 80.95 62.68 0.0899 58.42 64.69 0.123 60.19 64.32 0.3956

Elevated hsCRP 35.76 36.90  35.15 38.50   19.05 37.32   41.58 35.31  39.81 35.68  

Note. *P<0.05.

The Rela�onship between hsCRP Level and 
Metabolic Factors 

We examined the rela�onship between ln 
(hsCRP) and metabolic factors while adjus�ng for 
gender and study site (Table 5). Among the 
oldest-old persons, ln (hsCRP) was nega�vely 
correlated with HDL-C (P<0.05). The strongest 
correla�on was observed between ln (hsCRP) and 
WC in the middle-aged group (r=0.23, P<0.0001). 

Associa�on between hsCRP and Metabolic Factors 

In the stepwise mul�ple linear regression 
models, we considered age, SBP, ln (TG), HDL-C, and 
FBG as poten�al correlates of hsCRP. HsCRP and TG 
were natural log-transformed (Table 6).  

In Model 1, the confounding factors included 
gender, study site, smoking behavior, alcohol 
consump�on and educa�on. HDL-C was 
independently associated with ln (hsCRP) levels in 
the middle-aged group, whereas ln (TG), HDL-C 
and FBG were associated with the ln (hsCRP) in 
the oldest-old group. BMI and SBP were not 
included in Model 1, according to the significance 
level (P<0.10). We further adjusted BMI in Model 
2 due to known associa�ons of BMI with lipid 
parameters and FBG that could confound the 
rela�onship of hsCRP with ln (TG), HDL-C, and FBG. 
The results show that HDL-C and FBG were 
associated with ln (hsCRP) for both age groups, 
but the coefficient for ln (TG) was not significant 
in the oldest-old group. 
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Table 5. Spearman Par�al Correla�on Coefficients between ln (hsCRP), WC, SBP, DBP, 
 TC, ln (TG), HDL-C, and FBG 

Middle-aged group Ln (hsCRP) WC SBP DBP TC Ln(TG) HDL-C 

WC 0.23*

SBP 0.12* 0.22*      

DBP 0.03 0.25* 0.73*     

TC 0.01 0.22* 0.16* 0.16*    

Ln(TG) 0.15* 0.32* 0.21* 0.18* 0.33*   

HDL-C -0.18* -0.21* -0.03 -0.01 0.35* -0.42*

FBG 0.07 0.19* 0.19* 0.10 0.35* 0.37* -0.04 

Oldest-old group        

WC 0.00       

SBP -0.04 0.20*      

DBP -0.06 0.15* 0.65*     

TC -0.03 0.04 0.11* 0.18*    

Ln(TG) -0.01 0.09 0.05 0.07 0.36*   

HDL-C -0.12* -0.10* 0.13* 0.13* 0.54* -0.17*

FBG 0.08 0.04 -0.01 -0.07 0.10* 0.13* 0.04 

Note. The data were adjusted for gender, age and study site. *P<0.05. 

Table 6. Mul�ple Linear Regression of ln (hsCRP) with Relevant Factors,  
in the Middle-aged and Oldest-old Groups Separately 

Variable β SE Standardized β P Value Model R2 (%) 

Middle-aged group, n=218 

Model 1* HDL-C -0.117  0.053  -0.141  0.0287 3.22 

Oldest-old group, n=417 

Model 1* Ln(TG) -1.351  0.555  -0.111  0.0152  

HDL-C -0.206  0.080  -0.122  0.0097  

FBG  0.036  0.014   0.119  0.0088 4.22 

Model 2† HDL-C -0.226      0.094 -0.128 0.0172  

FBG  0.039      0.018  0.116 0.0260 3.45 

Note. *Model 1 was adjusted for gender, study site, smoking, drinking, and educa�on. †Model 2 was 
adjusted for gender, study site, smoking, drinking, educa�on, and BMI.

DISCUSSION 

Oldest-old Chinese have a higher hsCRP Level than 
Middle-aged Persons Residing in Longevity Areas 

The present study demonstrated that hsCRP was 
significantly higher with advancing age. However, no 
significant gender-related differences in hsCRP levels 
were observed in the middle-aged or oldest-old 
groups. The results are in agreement with Car�er et 
al.[31], who observed a significant posi�ve rela�on 
between age and CRP among Canadian men aged 
18-72 years (r=0.36). CRP levels also vary among 
different popula�ons[11,19-23]. Absolute values, 
however, may not be comparable since 
measurements were made with different methods. 
In Koreans aged 18-64 years, the median CRP values 

were 0.6 mg/L for males and 0.4 mg/L for females[10].
The lowest hsCRP levels were reported in Japanese 
with the average age of 52, the medians were 0.28 
mg/L for males and 0.20 mg/L for females[20].

There were also several studies that give the 
distribu�on of hsCRP among Chinese popula�ons. Ye 
et al.[19] found that the median CRP level was 0.68 
mg/L among the study popula�on aged 50-70, and 
no gender differences were observed. Yen et al.[21]

also observed that the median of CRP was 1.5 mg/L 
among 8 374 healthy Chinese men aged 20-80 in 
Taiwan, and this distribu�on of serum CRP levels was 
similar to Western studies. The geometric mean of 
CRP concentra�ons was 2.58 mg/L in men and 2.75 
mg/L in women in a large Chinese popula�on study 
(aged 50-85)[32]. Ford et al.,[22-23] reported that the 
median of CRP concentra�on was 2.7 mg/L and 1.6 
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mg/L among adult U.S. women and men (age≥20 yr). 
Although the hsCRP level in our study cannot be 
compared directly with other studies, in general, the 
par�cipants in our study had a trend of higher hsCRP 
levels than Koreans and Japanese, but lower than 
Americans.  

A high prevalence of elevated hsCRP could 
indicate a state of chronic inflamma�on in the 
popula�on. Wen et al.[33] reported that 19.0% had an 
hsCRP concentra�on >3 mg/L among 4 940 rural 
Chinese persons aged 30-97. Michos et al.[34] found 
the adjusted prevalence of high CRP among 
individuals with a normal lipid profile was 28.6%. The 
prevalence of high CRP increased with age and was 
higher among women and Mexican-American 
par�cipants. In the same study, the prevalence of 
high CRP was associated with increasing BMI, with a 
prevalence of 31.4%-35.1% for overweight people 
and 52.5%-60.9% for obese par�cipants. In this study, 
one third of the oldest-old in China appeared to have 
chronic inflamma�on. We also found that the 
percentage of elevated hsCRP in the popula�on with 
high FBG was significantly higher than in people with 
normal FBG (25.86% vs. 14.29%, P<0.05) in the 
middle-aged group. Furthermore, oldest-old 
par�cipants with high TG had a lower prevalence of 
high hsCRP than the subjects with normal TG (19.1% 
vs. 37.3%), but that was not significantly different 
(P<0.10). So, we supposed that there would be 
different rela�onship between hsCRP and metabolic 
factors in middle-aged and oldest-old groups and 
further analysis of the data would be needed on this 
point.  

Correla�ons between HDL-C, TG, and FBG 

In this study, a sta�s�cally significant posi�ve 
correla�on existed between hsCRP and ln (TG) 
(r=0.15) and a nega�ve correla�on existed between 
hsCRP and HDL-C (r=-0.18) in the middle-aged group. 
Our findings are in line with observa�ons from the 
following two studies. Lim et al[35] demonstrated that 
the CRP level was significantly correlated with TG 
(r=0.14) and HDL-C (r=-0.10) in 9 773 Koreans aged 
40-69. Significant inverse associa�ons were 
observed between HDL-C (r=-0.22) in Indian women 
aged 35-80[36].

Plasma HDL-C showed a stronger nega�ve 
associa�on with plasma hsCRP levels than TG in the 
oldest-old group (standardized β coefficient -0.122 
vs. -0.111) a�er adjustment for smoking, drinking 
and educa�on. Furthermore, a�er adjustment for 
gender, study site, smoking, drinking, educa�on and 

BMI, the rela�onship between hsCRP and TG 
disappeared. Tsai et al.[10] reported that hsCRP 
appeared to have a stronger nega�ve correla�on 
with HDL-C than with other lipid parameters 
examined among Taiwanese women aged 65 and 
older. However, the opposite results were found in a 
study of Korean adults. Ln (TG) was independently 
and posi�vely associated with ln (CRP) levels in 
Korean females aged 18-64 (β coefficient= 0.217)[11].
Yen et al.[21] also observed a significant posi�ve 
correla�on between CRP and TG (β coefficient 
=0.00188) in a study of Chinese men aged 20-80. We 
further analyzed and found the prevalence of high 
TG was 4.3%, which was lower than the results from 
a na�onal sample survey in 2002 (14.8%[37]). TG level 
could reflect the nutri�onal status. Our oldest-old 
par�cipants lived to a ripe old age with an average 
age of 97.4 years. Although they were long-lived, 
their health and nutri�on status was not good. On 
the other hand, the oldest-old par�cipants in our 
study had a low TG level, but a high hsCRP level. So, 
we inferred that TG was not a sensi�ve factor for 
reflec�on of the health outcome in oldest-old people. 
This may explain why some of our results differ from 
previous researches, and therefore, further study is 
needed to evaluate the inflammatory effect of blood 
lipid markers among the oldest-old persons.

We also found that FBG was a predictor of 
elevated hsCRP a�er adjustment for confounders in 
the oldest-old group, but not in the middle-aged 
group. In our study, FBG levels were not measured at 
the local sites, but were stored at -80 °C un�l being 
assayed in the central laboratory in Beijing. Whether 
or not that process would influence the results is not 
clear. But the result of our study supported the 
theory related to diabetes and inflamma�ons. Some 
previous studies have demonstrated that CRP levels 
increased in subjects with diabetes or impaired 
glucose tolerance[5,38-39]. Pitsavos et al.[5] reported a 
posi�ve associa�on between CRP and diabetes in a 
popula�on without cardiovascular disease. Çoban et 
al.[39] suggested that the levels of serum hsCRP were 
correlated with fas�ng glucose in type 2 diabetes 
and impaired fas�ng glucose groups (P<0.05). 
Fukuhara et al.[40] found that the hemoglobin A1c 
(HbA1c) level was significantly and independently 
associated with the CRP level. Based on the above 
analysis, we found that hsCRP had much closer 
rela�onship with metabolic factors in the oldest-old 
group than in the middle-aged group. We could 
strengthen the use of hsCRP to assess the health 
status of the oldest-old people. And further study is 
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needed to evaluate the rela�onship between hsCRP 
and health outcomes, such as coronary artery 
disease and diabetes in the oldest-old people.   

Rela�onship with Waist Circumference and Blood 
Pressure 

Several studies have found that obesity may be 
a key independent contributor to chronic systemic 
inflamma�on[1,14-15,41]. The present study suggested 
that there was a significant and posi�ve correla�on 
between hsCRP and WC in the middle-aged group 
(r=0.23, P<0.0001), rather than in the oldest-old 
group (r=0.00). There were age-related differences in 
the associa�on between hsCRP and WC in this 
popula�on. The average WC was 79.2 and 75.8 in 
males and females aged 90-99 yrs, and 79.4 and 76.0 
in males and females aged 100 yrs[42]. Since the 
oldest-old individuals usually had a slim body, the 
rela�onship between hsCRP and WC could not be 
found in this popula�on. Furthermore, in the 
mul�ple linear regression analysis, WC was not 
sta�s�cally significant enough to be included in the 
model for the middle-aged sample (P=0.6228). There 
was no sta�s�cally significant difference in the 
percentage of high hsCRP between the par�cipants 
with abdominal obesity and those with normal WC in 
the two age groups. Tsai et al.[10] reported a marginal 
associa�on between WC and CRP among elderly 
Taiwanese women aged 65 and older. Waist-to-hip 
ra�o (WHR) is a be�er indicator of body fat than WC 
or BMI in reflec�ng the elevated plasma CRP in 
elderly Taiwanese[10]. On the other hand, Lapice et 
al.[43] reported that abdominal adiposity was 
associated with hsCRP, independent of age and BMI 
among healthy non-obese persons. HsCRP values 
and the propor�on of people with elevated hsCRP 
were significantly higher in those with abdominal 
adiposity than in control subjects. Choi et al.[11]

found that abdominal obesity was the strongest 
predictor of CRP levels among Korean adults aged 
18-64. Excess adipose �ssue releases inflammatory 
cytokines which increase CRP levels, and fat 
accumula�on in the liver also s�mulates hepa�c 
cytokine produc�on, leading to further enhanced 
CRP level[44]. Thus, it appears that the rela�onship 
between hsCRP and abdominal obesity is 
inconsistent between the middle-aged and 
oldest-old groups.  

In the present study, SBP (r=0.12) but not DBP 
(r=0.03) was correlated with hsCRP levels in the 
middle-aged group. This result is similar to a study 
conducted on subjects in Japan aged 30 and older[3].

We found that neither SBP nor DBP was related to 
hsCRP levels in the oldest-old group. Different 
age-related associa�ons between hsCRP and BP 
appeared in this popula�on. Tamakoshi et al.[45]

reported that SBP (r=0.12), DBP (r=0.11) and fas�ng 
glucose (r=0.088) were posi�vely correlated with 
serum CRP in Japanese adult men.  

Limita�ons 

There were several limita�ons in our study. 
Firstly, the hsCRP assay was only performed in the 
middle-aged and oldest-old groups. So, we cannot 
describe the whole age distribu�on of hsCRP among 
Chinese persons residing in longevity areas. Secondly, 
our study was cross-sec�onal, and hence was unable 
to establish a causal rela�onship between hsCRP and 
metabolic risk factors. Further analyses, as a part of 
the longitudinal study, can be conducted in the next 
round of our survey in 2012. Thirdly, study 
specimens were stored on wet ice during shipment 
from the study site to the central lab in Beijing 
where fas�ng blood glucose was measured, and the 
storage and shipping procedures may have affected 
the accuracy of the results.  

CONCLUSION 

Our study showed that the oldest-old Chinese 
had a higher prevalence of high hsCRP than 
middle-aged individuals, a�er adjustment for study 
site and gender. Based on these results, one third of 
the oldest-old popula�on in China exhibit evidence 
of chronic inflamma�on. The study suggests that age 
differences exist in the associa�on of hsCRP with 
metabolic risk factors. HDL-C is a stronger predictor 
for elevated hsCRP than other metabolic factors in 
the middle-aged group. For the oldest-old people, 
high TG, low HDL-C, and high FBG predict elevated 
plasma CRP.  
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