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Abstract

Background: Metabolic syndrome (MetS) was a risk factor for cardiovascular diseases, yet the prevalence of MetS
among nonagenarians and centenarians was rarely reported. Here we investigated the prevalence of MetS and its
components among nonagenarians and centenarians in our Zhuang population from Bama, Guangxi Zhuang
Autonomous Region, China.

Method: In Bama area, there registered 881 individuals who lived more than 90 years old in 269,800 local residents
and our study involved 307 long-lived participants and 486 local younger (35–68 years) persons, as controls. MetS was
defined according to the revised National Cholesterol Education Program’s Adult Treatment Panel III (NCEP ATPIII)
criteria.

Results: The overall prevalence estimates of MetS among longevity group were 28.0% based on NCEP ATPIII
criteria. The most common metabolic component was elevated blood pressure (61.1%), followed by raised
fasting glucose (39.1%) and low high-density lipoprotein cholesterol (low HDL-C) (28.0%). The prevalence of
MetS and abdominal obesity in women (33.6% and 22.1% respectively) was higher than that of men (19.8%
and 3.7% respectively) (Prange < .001–0.019). Compared with controls, long-lived individuals were more likely
to have two or more metabolic abnormalities (Prange < 0.001), and less likely to have zero or one metabolic
abnormality (Prange < 0.001–0.020).

Conclusion: This study showed substantiality the prevalence and clinical profile of MetS in longevity
population in Guangxi Zhuang Autonomous Region, China.
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Background
Individuals who live the longest are of broad interest to re-
searchers in recent years. In 2010, there were 1,948,286
nonagenarians (people aged 90–99) and 35,934 centenar-
ians (people aged 100 and more) in China [1]. As the
population of China aging, the number of people aged 90
or more is expected to grow. Since persons who live into
their 90s and over 100 are a testament to longevity, studies
about their unique characteristics will expand our know-
ledge on how to extend life expectancy. Bama County is

an autonomous county under the jurisdiction of Hechi
City, Guangxi Zhuang Autonomous Region. It is located
in the northwest of Guangxi Zhuang Autonomous Region
with a total area of 1966 km2 and a population of 269,800
in 2010 [2]. Of which, 881 individuals have lived more
than 90 years old [3].
Metabolic syndrome (MetS), a constellation of meta-

bolic disorders including obesity, raised blood pressure,
dyslipidemia (raised triglycerides and lowered high-
density lipoprotein cholesterol), and raised fasting glu-
cose, may be of special interest because of the increased
prevalence with age [4, 5]. Studies about longevity popu-
lation also revealed different types of metabolic distur-
bances [6–12], but that the results varied across
different countries and ethnics. Study from Croatia
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suggesting that nonagenarians and centenarians had
lower prevalence of overweight, obesity and lower blood
pressure [6]. Instead, centenarians from Poland showed
that mildly elevated blood pressure is a marker for better
health status [7]. Recent study of familial longevity from
China revealed decreased diastolic blood pressure but
increased systolic blood pressure in centenarians [8].
Similar discrepancy can also be found among studies of
lipid profile and longevity. Biological study for longevity
demonstrated that centenarians and their offspring have
significantly larger high-density lipoprotein (HDL) levels
and particle sizes and low-density lipoprotein (LDL)
levels compared with controls [9, 10]. However, other
studies did not find significant association of HDL-C
levels with centenarians [11, 12].
All of these studies indicated that individuals with

longevity might have different metabolic phenotypes
from those general individuals under different ethnic
background. But no reports on these metabolic items
research integrated were seen now yet. Furthermore,
the prevalence of MetS increased in Chinese popula-
tion aged 60–95 [13]. Thus we perform the study to
investigate the prevalence and clinical profile of MetS
in longevity in Guangxi Zhuang Autonomous Region,
China.

Methods
Study population
The project is a cross-sectional study within the frame-
work of the “Longevity and Health of Aging Population
in Guangxi China (LHAPGC)” [14]. In this study, “lon-
gevity” subjects were classified as participants who had
survived to age 90 years or more, with “unrelated youn-
ger controls” aged 35–68 years. A random sample of 793
individuals belonged to the Zhuang population from
Bama (total population: 269,800) was recruited, includ-
ing 307 long-lived individuals (256 nonagenarians and
51 centenarians) and 486 local and unrelated younger
controls. Zhuang population is one of the largest ethnic
groups in mainland China, second only to the Han
population. The individuals with longevity included 226
women and 81 men (mean age: 95.06 ± 4.91 years and
94.60 ± 4.09 years old for women and men, respectively;
range: 90–111 years old). The control group comprised
185 women and 301 men (mean age: 47.98 ± 4.07 and
47.24 ± 3.70 years old for women and men, respectively;
range: 35–68 years old).
The survey was conducted using a uniform standard-

ized protocol. All participants were examined by a senior
physician and underwent extensive neuropsychological
test as well as taking instrumental examination such as
electrocardiogram and ultrasound examination. Individ-
uals with longevity as well as controls were excluded if
they had chronic disease such as malnutrition, hepatic

disease, kidney disease and cancer. All controls refer to
local and unrelated younger participants in general
population.
The study was conducted according to the principles

expressed in the Declaration of Helsinki. The Ethics
Committee of Beijing Hospital, Ministry of Health ap-
proved the study protocol. Written informed consent
was obtained from each of the participants.

Measurements
MetS was diagnosed as three or more of the following
five factors as defined by the revised National Choles-
terol Education Program’s Adult Treatment Panel III
(NCEP ATPIII) criteria for Asians (the American Heart
Association and the National Heart, Lung, and Blood In-
stitute (AHA/NHLBI) revised in 2005 [4], the same as
the joint interim statement in 2009 [5]: (1) waist circum-
ference ≥ 90 cm in males and ≥80 cm in females; (2) sys-
tolic blood pressure (SBP) ≥ 130 mmHg or diastolic
blood pressure (DBP) ≥ 85 mmHg or taking anti-
hypertensive drugs; (3) fasting blood glu-
cose ≥ 5.6 mmol/L or taking drugs for diabetes; (4) tri-
glycerides ≥ 1.7 mmol/L or taking antihyperlipidemic
drugs; (5) HDL-C < 1.03 mmol/L in males and
<1.29 mmol/L in females or taking antihyperlipidemic
drugs.
Body mass index (BMI) was determined as weight (kg)

divided by height (m) squared. Waist circumference was
measured at the mid-point between the lowermost rib
and the iliac crest.

Laboratory measurements
Blood samples were collected after at least eight hours
overnight fast for serum biochemistry, lipid profile, and
plasma glucose in all participants. Clinical biomarkers
including fasting plasma glucose (FPG), triglyceride
(TG), and high-density lipoprotein cholesterol (HDL-C)
were determined following standard laboratory proce-
dures. Blood pressure was measured using a standard
mercury sphygmomanometer on the right arm after at
least 10 min of rest.

Statistical analysis
All statistical analyses were conducted using the SPSS
18.0 software package. One-Way ANOVA and a chi-
squared test were used to compare demographic and
clinical data between longevity and controls. Age- and
sex- adjusted were applied according to the 2010 popu-
lation census of the people’s republic of China from Na-
tional Bureau of Statistics [1]. A two-tailed P < 0.05 was
considered statistically significant.
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Results
Demographic and metabolic characteristics in two groups
Data for demographic characteristics were showed as
numbers, and data for metabolic characteristics were
presented as median and interquartile range (INR) in
Table 1. Except for frequency of alcohol intake
(P = 0.772), there were significant difference for fre-
quency of cardiovascular disease, smoking status and sex
ratio between the longevity group and the control one
(Prange < .001). The study consisted of 793 participants
with a female preponderance in the longevity group
(Male: Female =1:2.79). Generally, subjects in the long-
lived individuals cohort had significantly lower levels of
height, body mass index (BMI), weight, waist circumfer-
ence (WC), and TG than controls (Prange < .001–0.002),
except for systolic blood pressure (SBP), diastolic blood

pressure (DBP), and FPG (Prange < .001) (see Table 1).
There was no difference of HDL-C level between two
groups (P = 0.766).

Overall prevalence of metabolic profile
Table 2 showed the prevalence of MetS among the lon-
gevity of Zhuang Population from Guangxi Zhuang
Autonomous Region. The prevalence of MetS was sig-
nificantly higher in the longevity group (28.0%) than it is
in the local general control group (5.1%) (0R:0.139,
95%CI: 0.087–0.224, P < .001) regardless of the used cri-
teria (Prange < .001) (see Table 2). The most common
metabolic component in longevity individuals was high
blood pressure (61.1%), followed by raised fasting glu-
cose (39.1%) and lowHDL-C (28.0%). In addition, the
prevalence of high blood pressure (HBP) (0R:0.106,

Table 1 Demographic and metabolic characteristics of the study samples between longevity and controls

Variables Longevity(N = 307) Control(N = 486) P

Cardiovascular disease(N) 17 0 <.001

Smoking status(N)

Never 295 420 <.001

Former 12 15

Current 0 51

Cigarettes per day (current)(N)

≤ 10 0 35 -

≥ 11 0 31

Frequency of alcohol intake(N)

1–3 times/month 6 10 0.772

1–2 times/week 23 44

3–4 times/week 8 20

Nearly 1 time/day 5 6

Drugs(N)

Antidyslipidemic 0 0 -

Antihypertensive 2 0

Antidiabetic 0 0

Gender(M/F)(N) 81/226 301/185 <.001

Age (Median(INR)) 94(91–98) 48(45–49) <.001

Height (Median(INR)) 145.0(140.0–151.0) 164.5(158.0–169.5) <.001

Weight (Median(INR)) 38(34–45) 66(58–72) <.001

BMI (Median(INR)) 18.35(16.41–20.93) 24.11(22.57–26.00) <.001

SBP (Median(INR)) 146(132–160) 120(110–130) <.001

DBP (Median(INR)) 80(72–90) 76(70–84) <.001

WC (Median(INR)) 71.0(65.0–78.0) 80.5(75.0–86.0) <.001

FPG (Median(INR)) 5.08(4.30–6.16) 4.89(4.47–5.24) <.001

TG (Median(INR)) 1.08(0.77–1.55) 1.52(1.22–1.86) 0.002

HDL-C (Median(INR)) 1.40(1.10–1.81) 1.46(1.30–1.68) 0.766

INR interquartile range, BMI body mass index, SBP systolic blood pressure, DBP diastolic blood pressure, WC waist circumference, FPG fasting plasma glucose, TG
triglyceride, HDL-C high-density lipoprotein cholesterol
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95%CI: 0.075–0.150, P < .001), raised fasting glucose
(0R:0.121, 95%CI: 0.080–0.183, P < .001), and lowHDL-
C (0R:0.241, 95%CI: 0.166–0.350, P < .001) was signifi-
cantly higher in long-lived individuals than it is in
control subjects. On the contrary, the prevalence of
highTG (0R:1.980, 95%CI: 1.426–2.749, P < .001) was
much lower in people with longevity than the controls
(see Table 2). There was no difference of the abdominal
obesity between longevity individuals and controls
(0R:0.753, 95%CI: 0.508–1.116, P = 0.157) (see Table 2).

Prevalence of metabolic profile in longevity
Since numbers of male and female in longevity group
are not equal, we compared the prevalence of clinical
metabolic data among male and female participants. We
did not find significant difference of age, height, weight,
BMI, SBP, DBP, WC, FPG, TG and HDL-C among male
and female long-lived individuals (Prange > 0.05).
Compared to males, the estimated odds of having

MetS were 2.057 times higher in female longevity sub-
jects (0R: 2.057, 95%CI: 1.118–3.787, P = 0.019) (see
Table 3). At the same time, females were more likely to
have abdominal obesity compared to males (P < .001)
(see Table 3). No significant difference of prevalence for
elevated BP, raised fasting glucose, highTG, and
lowHDL-C among male and female individuals aged 90+
years were noted in this study (see Table 3).

Trend for frequency of metabolic abnormalities in two
groups
In this study, people aged 90+ have much higher preva-
lence of MetS than that of the controls (28.0% vs. 5.1%)
(See Table 2). For further analyzing the trend of MetS,
we researched the prevalence of having zero, one, two,
three, four, and five MetS components in the two
groups. Table 4 showed that Compared with controls,
long-lived individuals were more likely to have two or
more components of MetS (for longevity: 36.2% and
28.0% respectively; for controls: 21.2% and 5.1% respect-
ively; Prange < 0.001), and less likely to have zero or one
components of MetS (for longevity: 6.2% and 29.6% re-
spectively; for controls: 32.1% and 41.6% respectively;
Prange < 0.001–0.020).

Discussion
The present study provided the information on the over-
all prevalence estimates of MetS in longevity group been
28.0% based on NCEP ATPIII criteria. The most com-
mon metabolic component was high blood pressure,
followed by raised fasting glucose and lowHDL-C. The
prevalence of MetS and abdominal obesity in women
was higher than that of men. No significant difference of
metabolic components among longevity participants
were found after stratified by gender. The prevalence of
MetS among longevity individuals was significantly

Table 2 Clinical metabolic characteristics between longevity and controls

Longevity Control 95%CI

n = 307(100%) n = 486 (100%) χ2 OR Lower Upper P

AOB 17.3% 13.6% 2.002 0.753 0.508 1.116 0.157

Elevated BP 61.1% 38.9% 183.15 0.106 0.075 0.150 <.001

RFG 39.1% 7.2% 121.65 0.121 0.080 0.183 <.001

highTG 21.8% 35.6% 16.910 1.980 1.426 2.749 <.001

lowHDL-C 33.2% 10.7% 61.005 0.241 0.166 0.350 <.001

MetS 28.0% 5.1% 81.740 0.139 0.087 0.224 <.001

95%CI 95% Confidence Interval, AOB abdominal obesity, Elevated BP elevated blood pressure, RFG raised fasting glucose, highTG high triglyceride, low HDL-C low
high-density lipoprotein cholesterol, MetS metabolic syndrome

Table 3 MetS and its components in longevity individuals stratified by gender

Male Female 95%CI

N = 81(100%) N = 226(100%) χ2 OR lower upper P

AOB 3.70 22.10 - 7.386 2.236 24.405 <.001*

Elevated BP 79.00 83.60 0.876 1.357 0.715 2.574 0.349

RFG 43.20 37.60 0.785 0.792 0.473 1.327 0.376

highTG 18.50 23.00 0.705 1.315 0.693 2.495 0.401

lowHDL-C 27.20 35.00 1.641 1.441 0.823 2.525 0.200

MetS 19.80 33.60 5.507 2.057 1.118 3.787 0.019
*: P value according to Fisher’s Exact Test
95%CI 95% Confidence Interval, AOB abdominal obesity, Elevated BP elevated blood pressure, RFG raised fasting glucose, highTG high triglyceride, low HDL-C low
high-density lipoprotein cholesterol, MetS metabolic syndrome
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higher than the local general control individuals. Inter-
estingly, we found that compared with controls, longe-
vous individuals were more likely to have two or more
components of MetS, and less likely to have zero or one
components of MetS.
To the best of our knowledge, rare studies examined

the prevalence of MetS in longevity subjects. Studies
from Sichuan Province, China, reported a prevalence
rate of MetS with 9.3% to 10.8% in the total participants
among individuals aged 90+ years old [15, 16], which
was lower than ours. However, another Chinese cross-
sectional study reported the prevalence rate of MetS was
50.4% in 2001 and 58.1% in 2010 among subjects aged
60–95 years [13], which was much higher than ours.
The difference prevalence rate of MetS may be due to
different ethnics and different human age stages. Further
multicenter large-scale sample for longevity are needed
to address this problem.
The most common metabolic component among lon-

gevity subjects in our Zhuang population was inconsist-
ent with studies from other ethnic population [17, 18].
For example, studies performed in Korea found that the
most common component was high blood sugar levels,
followed by elevated triglyceride levels and high blood
pressure in males, and that elevated triglyceride levels,
followed by high blood sugar levels and high blood pres-
sure in females in a 66-year-old population [18]. In
China, it has been shown that the most common com-
ponent was elevated blood pressure, followed by central
obesity and raised fasting glucose among Chinese aged
60 years or older[19]. Since the age for the participants
in these studies were much younger than ours, it is pos-
sible that these inconsistent findings regarding different
prevalence of metabolic components could be age differ-
ences. Another possible explanation may be explained
by ethnic differences.
Females with longevity had higher prevalence of

MetS than the male participants, which were consist-
ent with several studies from different countries and
ethnic population [13, 17, 18]. It is interesting that

women had higher prevalence rates of MetS com-
pared with men. According to the National Bureau of
Statistics of China, the female/male ratio of longevity
population were 2.02:1 (648,588 male nonagenarians,
1,299,698 female nonagenarians, 8852 male centenar-
ians and 27,082 female centenarians in 2010) [1]. In
our study, females also occupied a larger proportion
(female/male: 2.79/1) in the longevity population.
Thus, this group may be more representative of an
ordinary group for longevious people, and they may
be more sensitive to the risk factors from MetS than
men. In addition, women who become postmeno-
pausal had a significantly increased visceral abdominal
fat [20, 21], accompanied by insulin resistance and
hypertriglyceridemia, ultimately meeting the diagnosis
of metabolic syndrome[22]. However, for females aged
90+ years and for who had menopause for more than
40 years, it is hard to say hormonal regulation had an
effect on their metabolic state. Additional consider-
ation is required for sex differences between men and
women among the oldest old.
In this study, women were more likely to have abdom-

inal obesity than men in the longevity group. No signifi-
cant difference of prevalence for high BP, dysglycemia,
highTG, and lowHDL-C among male and female individ-
uals aged 90+ years were observed in this study. This re-
sult was inconsistent with other studies. For example,
studies performed in China shown that the prevalence of
TG, HDL-C, and WC among females is higher than the
prevalence in males among Chinese aged 60–95 years
old [19]. In Turkey, researchers found that older adult
females had higher SBP, larger WC, and lowHDL-C than
older males [23]. In Korea, prevalence of abdominal
obesity and lowHDL-C in females were higher than
males, while prevalence of highTG, high BP, and dysgly-
cemia in males were higher than females [18]. The dif-
ference among different countries may be due to
different ethnics and sample size. Multicenter Collabor-
ation across different countries is needed to address this
question.

Table 4 Frequency of metabolic abnormalities in two groups

Longevity Control

MetS components (N) Frequency Percent Mean ± Sd. Frequency Percent Mean ± Sd. P OR

0 19 6.2 95.21 ± 4.662 156 32.1 47.05 ± 4.030 <.001 0.117–0.317

1 91 29.6 95.21 ± 4.682 202 41.6 47.53 ± 3.341 0.02 0.536–0.949

2 111 36.2 94.88 ± 4.810 103 21.2 47.79 ± 4.144 0.001 1.259–2.232

3 63 20.5 94.63 ± 4.867 22 4.5 49.36 ± 5.141 <.001 2.733–7.519

4 19 6.2 94.68 ± 4.372 3 0.6 48.00 ± 4.359 <.001* 2.942–34.165

5 4 1.3 95.25 ± 2.986 0 0 - 0.023* -

Total 307 100 94.94 ± 4.702 486 100 47.52 ± 3.859 - -
* P value according to Fisher’s Exact Test
Std standard deviation
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In our study, the high prevalence of MetS in longevity
group could be linked to the observed higher prevalence
of high BP, raised fasting glucose and lowHDL-C and
lower prevalence of highTG compared to the control
group. These findings were supported by previous stud-
ies which demonstrated nonagenarians and centenarians
had higher prevalence of confirmed hypertension, dia-
betes mellitus as well as dyslipidemia [6–8, 24]. More-
over, a study investigating frailty and metabolic
syndrome in a Chinese community sample showed that,
in those aged 90 years and older, frailty was a significant
risk for near-term death, regardless of the metabolic syn-
drome [16]. Furthermore, another cross-sectional study
implicated that metabolic syndrome may be associated
with better cognitive function among nonagenarians and
centenarians [15]. Thus, it seemed that MetS was not a
risk factor for the oldest old. However, it is well estab-
lished that MetS is strongly related to increased inci-
dence of cardiovascular events in people aged 60–95
[13, 25]. One possible explanation of why MetS has a
different effect among different stages of human beings
might be because of “natural selection effect.” It is pos-
sible that those with more severe MetS have died of car-
diovascular diseases before reaching an older age.
Another possible explanation is that MetS components
are associated with better health status among the oldest
old [7, 9, 26]. Specifically, low prevalence of highTG
might contribute a lot to longevity in our study, as low
TG level has been identified as a marker for human lon-
gevity [26, 27]. Lastly, there was a possibility that trad-
itional cardiovascular risk factors, such as an elevated
cholesterol and hypertension, might do not automatic-
ally apply to the very old.
Moreover, we found that long-lived individuals had

higher frequency for having two or more metabolic ab-
normalities and lower frequency for having zero or one
metabolic abnormality than the controls, which was con-
sistent with previous studies that prevalence of MetS in-
creased with age [13, 28]. More research is needed for
the oldest old with MetS.
In our study, the control individuals had higher fre-

quency of smoking than the longevity participants,
which might explain the possibility for fewer controls
having MetS, as smoking is a risk factor for younger
people [29, 30].
However, our study has some limitations. Firstly, this

was a cross-sectional study. Many variables were mea-
sured at a single time point and may be subject to condi-
tions at the time of measurement. Since some of the
study population had several risk factors including
hyperlipidemia, we could not eliminate the possible ef-
fect of underlying diseases and medications used for
these diseases. Secondly, the data came from a single re-
gion, which may limit generalizability. Thirdly, the

sample size was not big enough in our study. Fourthly,
the prevalence of various lipid and hematological param-
eters was based on a single assessment of blood, which
may introduce a misclassification bias. Lastly, we have
excluded Individuals with chronic disease such as mal-
nutrition, hepatic disease, kidney disease and cancer,
which might underestimate the prevalence of MetS in
our population, especially in long-lived individuals. Mul-
ticenter collaboration in prospective research of preva-
lence for MetS in longevity group is needed to address
these questions.

Conclusions
In conclusion, our study analyzed the prevalence of
MetS and its components distribution in longevity indi-
viduals in Zhuang population. We also reported that
there existed the markedly differences of MetS rates by
sex-specific groups in the population, and that long-
lived individuals were more likely to have two or more
metabolic abnormalities, and less likely to have zero or
one metabolic abnormality than the controls.
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