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Abstract

BACKGROUND: The cluster of multiple metabolic disorders, namely
raised blood pressure, overweight or obesity, raised triglyceride level, re-
duced high density lipoprotein cholesterol (HDL-C) level were the predic-
tor of type 2 diabetes mellitus (DM). However, similar data especially the
old people’s data is relatively rare in China.

OBJECTIVE: To analyze the relationship between the components of
metabolic syndrome (MetS), their clusters and the risk of diabetes among
Chinese old population.

DESIGN: Cross-sectional study. ;

SETTING :Beijing Institute of Genatrics, Beijing Hospital, Ministry of
Public Health.

PARTICIPANTS: The study was carried out from February 2001 until
November 2001.4 499 volunteers aged 60 and over were recruited from the
academic institutes in Beijing Xicheng, Haidian and Shijingshan districts
through cluster sampling methods. They were selected after excluding those
who did not have integral data.

METHODS: Diabetes was considered when fasting glucose was =70 mmol/L
and was treated for or diagnosed as DM. Chi-square tests were performed
to compare the categorical data. Age and sex adjustment were taken in the
comparison of the levels of blood pressure, waist circumference (WC), The
body mass index (BMI), and lab variables, Multifactor stepwise (backward)
Logistic regression analyses were used to select the factors which would
have association with the risk of DM. When analyzing the relationship be-
tween number of clustering of the traits of MetS and DM, the group without
any metabolic abnormalities was set as control group. The dummy variables
were set for 1,2,3,4 clusters of metabolic abnormalities. The Logistic re-
gression model. was used again to test the relationship and adjusted by age
and the family history of DM.

MAIN OUTCOME MEASURES: The blood glucose, waist, BMI, blood
pressure, triglyceride (TG), HDL-C, and family history of diabetes of subjects.
RESULTS: 4 444 people in the mean age of 655 were retrieved. 556
cases of DM were found in this survey. Age, family history of diabetes,
systolic blood pressure, waist and TG were independently associated
with the risk of DM, with OR (95%CI) being 1.02 (1.00-1.04), 3.48
(2.76-4.39), 1.02 (1.01-1.02), 1.03 (1.00-1.03), 1.13 (1.05-1.21), re-
spectively. When TG was not in the model, HDL-C was also inversely as-
sociated with DM (OR=0.67, 95%CI 0.49-0.91). The risk of DM increased
with clustering of abdominal obesity, raised blood pressure, raised TG, and
reduced HDL-C level in individuals.

CONCLUSION: In addition to age and genetic factors, metabolic factors, es-

pecially their clusters are closely related to the risk of diabetes. Therefore, the
features of MetS are important indicators for the risk of DM in aged people.

Zeng P, Zhang Y, Li SK, Zhu XF,Yang HY, Wang S, Tong ZF, Zhang TM.Correlation
of the features of metabolic syndrome with type 2 diobetes mellitus among the
elderly. Zhongguo Linchuang Kangfu 2006;10012):164-6(China)  [www.zglckf.com]

INTRODUCTION
There is no doubt that type 2 diabetes mellitus (DM>)has been ris-

ing to an epidemic level in China. Old people account for major
part of type 2 DM. Evidences have been accumulated for the risk
factors of DM. In the last two decades, there were reports suggest-
ed the cluster of multiple metabolic disorders, namely raised blood
pressure, overweight or obesity, raised triglyceride (TG) level, re-
duced high density lipoprotein cholesterol (HDL-C) level were the
predictors of DM . However, similar data especially in the old
people is relatively scarce in China. The occurrence of DM is in-
If the
metabolic disorder(metabolic syndrome, MetS) is the early sign of

sidious and usually many years passed before diagnosis.

DM, it will help to identify risk individuals who need intervention
to prevent the development of DM, therefore to reduce the morbid-
ity and mortality caused by this disease. The purpose of this study
was to analyze the relationship between the components of MetS,
its clusters and the risk of diabetes among Chinese old population.

SUBJECTS AND METHODS

Subjects

The study was carried out from February 2001 until November
2001.4 444 participants aged 60 and over were recruited from the
academic institutes in Beijing Xicheng, Haidian and Shijingshan
districts through cluster sampling methods voluntary. They were
selected after excluding those who did not have integral data.
There were 2 643 men and 1 801 women. The mean age of the
population was (65+5) years old.

Methods

The investigators were trained before the survey started. The
questionnaire was designed with demographic data, lifestyle data,
history of diseases data, physical and lab examination data. The
lifestyle data included physical exercise (moderate or more, at
least once a week and lasting for 30 minutes or over), and smok-
ing (=1/d) ¥ The data of disease history included having or not
having self-reported DM
medicine to control glucose level), and hypertension (ever-diagnosed,

(ever-diagnosed or currently taking

or taking medicine to control blood pressure), and family history of
DM and hypertension. Weight and standing height were measured
with the subjects wearing light clothes and no shoes. The body mass
index (BMI) was calculated as the weight in kilograms divided by the
square of the height in meters (kg/m?). The subjects were considered
as overweight or obesity if their BMI =25 kg/m> When the waist
circumference was taken, the subjects stood and measures were
made at the level of umbilicus and at the end of expiration. Ab-
dominal obesity was considered if the waist circumference (WC)
was greater or equal to 90 c¢m for men and 80 cm for women. The
blood pressures were measured twice and the mean values were
used. If a person had ever-diagnosed hypertension, or systolic
blood pressure (SBP) =130 mm Hg(l mm Hg=0.133 kPa), or di-
astolic blood pressure (DBP) =85 mm Hg, the raised blood pres-
sure was determined. The blood samples were taken after fasting at
least 12 hours.
standardized laboratory. Raised TG was defined if plasma TG =
1.70 mmol/L. A subject was classified as having reduced HDI-C if

The lab tests were done in the internationally
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the HDL-C level was less than 1.03 mmol/L for men and 1.29 mmol/L
for women. The criteria for DM was fasting glucose =7.0 mmol/L,
or having ever diagnosed diabetes. The 2005 International Dia-
betes Federation (IDF) consensus worldwide definition of the MetS
was referred to diagnose each abnormality. _

Statistical analysis: All the statistical analyses were carried out us-
ing SAS software.
categorical data. Age and sex adjustment were taken in the compar-
ison of the levels of blood pressure, WC, BMI,

Chi-square tests were performed to compare the

and lab variables,

Multifactor stepwise (backward) Logistic regression analyses were

used to select the factors which would have association with the risk
of DM. When analyzing the relationship between MetS and DM, the
group without any metabolic abnormalities was set as_control group.
The dummy variables were set for 1,2,34 clusters of metabolic ab-
normalities. The Logistic regression model was used again to test the
risk of DM in MetS adjusting age and the family history of DM.

RESULTS

Characteristics of diabetes and non-diabetes

There were 4 499 persons taking part in the survey. Among them,
4 444 persons had complete data, with the response rate being
91.1%. The results of the comparisons of the characteristics be-
tween the group with DM (DM+) and without DM (DM-) are in

Table 1.

Table 1 The comparison of the characteristics between DM - group and
DM+ group
Item DM- DM+ P

Men (n/%) 2287/86.53 356/13.47

Women(n/%) 1601/88.90 200/11.10 0.0193
Age(yr) 65.44.7 66.1+4.8 0.001 2
SBP(mm Hg) 128.2:0.3 134.0£0.7 <0.0001
DBP(mm Hg) 79.1:0.1 79.8+04 0076 4
WC(cm) 84.9+0.2 88.0+0.4 <0.000 1
BMI(kg/m?) 24.110.1 24.9+0.1 <0.000 1
TG(mmol/L) 1.670.02 1.92+0.04 <0.000 1
HDL-C(mmol/L) 1.38+0.01 1.30+0.01 <0.000 1
LDL-C(mmol/L) 3.23:0.01 3.18+0.04 0.1477
TC(mmol/L) 5.36:0.01 5.35+0.04 08158
Family history of DM(n/%) 314/8.08 130/23.38 <0.000 1
Family history of HP(n/%) 1459/37.53 227/40.83 0.133 5
Exercise(n/%) 2232/5141 329/59.17 04308
Smoking(r/%) 496/12.76 60/10.79 0.190 1

DM+: with diabetes mellitus(DM); DM~: without DM; SBP:systolic blood pressure ;
DBP: diastolic blood pressure; WC: waist c\rcum(erence, TG: tiglyceride; HDL-C:
high density lipoprotein cholesterol; LDL-C :low density lipoprotein cholesteml TC:
total cholesterol; DM: diabetes; HP: hypertension

There were totally 556 cases in DM+ group, among them 442 were
the previously diagnosed cases, and 114 were newly diagnosed.
There were 3 888 persons in the control group (DM-). The mean
age for the two groups was (66£5) years for DM+, and (65+5) years
for DM- respectively. Men is more prevalent for DM than women
(13.47% vs. 11.10%,  P=0.019 3). Although the mean age was

higher (P=0.001 2) in the DM+ group, the ‘difference was only one

year. The level of SBP, WC, BMI, TG, were significantly higher-

and HDL-C lower in the DM+ group. Also, the family history of
DM was significantly associated with DM. On the other hand, the
level of low-density-lipoprotein-cholesterol (LDL-C), total choles-
terol (TC), and family history of hypertension(HP), physical exer-
cise, and smoking were not significantly different between the two
groups.
effect may be contributed by the low level of energy expenditure a-

The reason of the physical exercise showing no protective

mong the old people, or since the DM was diagnosed (442 ever-di-
agnosed cases), people were more likely to take part in the exer-
cise.

Factors which contribute to diabetes risk(Table 2)

The factors demonstrating significant difference between the two

groups in Table 1 were allowed to compete in the multi-variable
stepwise Logistic regression model. The results show in addition to
traditional risk factors, i.e. age and family history of DM, the com-
ponents of MetS, SBP, WC, TG were associated with the risk of
DM independent of the other variables. The HDL-C was not left in
the model. But when TG was not put in the model, HDL-C was in-
versely, just as expected, associated with the occurrence of DM
with only little change of the ORs for the other variables (data not
The reason TG and HDL-C was not left in the model si-

multaneously may be explained by the strong association between
them. For the value of ORs, the family history show 3 folds of in-
crease in the risk of DM,

show).

which is much higher than the other
variables, may be due to it entered the model as categorical vari-

able.
Table 2 The multi-factor Logistic regression model

Variables B Stderr Chi-Square  OR (95% C)H P
Intercept -7.8065 0.7394 1114733 . - <0.000 1
Age 00216  0.0094 52935  1.02(1.00-1.04) 0.0214
DMhistry 12470 01187 1103606 3482.76-439) <0001
SBP 0.0147  0.0027 30.1218  1.02(1.01-1.02)  <0.0001
wC 00245 0.0047 268926  1.03(1.00-1.03), <0.0001
TG " 01185 00377 9.8895  1.13(1.05-1.21) 0.001 7
*HDL-C 04076  0.1579 6.6610  0.67(0.49-0.91) 0.0099

DM: diabetes mellitus; SBP:systolic blood pressure; WC: waist circumference; TG:
triglyceride; HDL-C: high density lipoprotein cholesterol; * The model with age, sex,
family history of DM, SBP, WC, HDL-C

Clustering of MetS components in DM(Table 3)

Table 3 The Logistic regression model for the MetS and the risk of DM

No. of

components DM- DM+ B
of MetS

Stderr Chi-Square OR 95% C) P

0 653 41 - -

1 1137 142 05511 -0. 175 3 98823 1.74(1.23-245)  0.0017
2 1132 161 06810 01729 155118 1.98(1.41-2.77) < 0.000 1
3 664 128 09851 0.1792 30.2092 2.68(1.89-3.81) <0.0001
4 302 78 12777 0.1973 41.923 6 3.59(2.44-5.28) <0.000 1

DM+: with diabetes mellitus(DM); DM~-: without DM: MetS: metabolic syndrome

Table 3 shows the cluster of MetS components increases the risk of
DM. While those having only one component were about 1.5 times
more likely to have DM with the OR being 1.74(1.23-2.45), those
having 2, 3 or all 4 disorders were close to 2, 2.5, 3.6 times higher
increased risk of DM. The ORs were 1.98(1.41-2.77), 2.68(1.89—
3.81) and 3.59(2.44-5.28), respectively. When the analysis was
performed after adjusted for age and family history of DM, the
ORs, and the direction of association were the same as in tables 2.
This result indicates along with the cluster of MeiS components,
namely raised blood pressure, abdominal obesity, raised TG level,
and reduced HDL-C level, the risk of DM increased, independently

. of age and family history of DM.

DISCUSSION

The prevalence of type 2 diabetes is rising to an epidemic level all
over the world while large part is un-diagnosed (35% of diabetic
subjects in the U.S.). High frequency of diabetes-related complica-
tions at diagnosis, increased coronary artery disease mortality as-
sociated with impaired fasting glucose(IFG) and impaired glucose
tolerance (IGT) were noted. Early detection is the new preventive
strategy at current state of time. Meanwhile, the evidence from pre-
ventive studies demonstrating that the modification of life stylé can
prevent or delay the onset of DM further highlights the 1mportance
of early detection®®.

However, how to identify the risk of DM at early stage is still un-
der investigation. There are many proposed methods to be used for
early detection of DM %%, The oral glucose tolerance test (OGTT) is
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the standard method for identifying subjects at risk for type 2 dia-
OGTT is not widely used in
clinical practice because it is inconvenient and costly. In order to
minimize the use of OGTT, some other methods such as the Dia-
betes Predicting Model!®, have been proposed to identify individu-
als at risk. But the model and risk scores need validation in differ-

betes in clinical setting. However,

ent population, Therefore, their applications are compromised. Say-
dah et al® evaluated their strategy using BMI in combination with
fasting plasma glucose (FPG) and HbA1C measurements. They
found that different combination of variables resulted in different
proportion of the population recommended for OGTT, and detected
different proportion of IGT in the OGTT candidates. The optimal
method should become more apparent over the next few years as
additional information becomes available. At present, for preven-
tive perspective, it is important to consider using more convenient,
more easily available information to evaluate the risk of DM.

In the last 16 years, studies demonstrated the constellation of
multiple metabolic abnormalities called MetS is able to predict the
occurrence of diabetes .  This evidence has consistently been
confirmed across different ethnic populations, in different coun-
tries, among men and women, and in all age groups'”. However,
similar data is relatively scarce in China. Our study showed be-
sides the traditional factors, namely age and family history of DM,
high level of blood pressure, WC, TG, and low level of HDL-C, es-
pecially their clusters were independently associated with the risk
of DM. Therefore, it indicates DM is associated with the features of
MetS in Chinese population U7,

The features of MetS have the advantage in assessing the risk of
DM. First, the measure of indices can be easily available in both
clinical practice setting and population study. Second, the constel-
lation of multiple metabolic disorders is an important condition sug-
gesting the risk of diabetes 7. In prospective data, Boyko et al®
and Lorenzo et al reported the features of MetS predicted the de-
velopment of DM independent of the level of insulin, although in-
sulin level is a marker of insulin resistance (IR) and IR is a poten-
tial risk factor of DM. Kekalainen et al® indicated hyperinsuline-
mia clustered the traits of MetS predicted DM independent of fam-
ily history of DM. Stern et al¥ suggest the exhibition of MetS can
predict future diabetes development at least as well as and may be
better than IGT. Third, MetS is also risk factor for cardiovascular
disease, therefore early detection and lifestyle modification also re-
sults favorable benefit for its adverse outcome.

Although our data has limitations because it is cross-sectional data,
and it lacked OGTT data, which might underestimate the associa-
tion, the significance of this research is that our results confirm the
association between the features of MetS and diabetes among Chi-
nese old population. In conclusion, abdominal obesity, raised blood
pressure, raised TG level, reduced HDL-C level especially in their
combinations are the high risk status for DM, the application of in-
tervention is important for not only the prevention of DM itself but
also for its complications.
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