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Abstract

BACKGRoUND：The cluster of multiple metabolic disorders， namelv

raised blood pressure，overweig}lt or obesity，raised triglyceride level，re—
duced high density lipopmtein cholesterol(HDL—c)level were the predic-
tor of type 2 d；abetes mellitus(DM)．However’similar data especially the

old people’s data is relatively rare in China．

oBJECTIVE： To analvze the relationship between the components of

metabolic svndrome(MetS)，their clusters and the risk of diabetes枷ong
Chinese old population．

DESIGN：Cross—sectional studv．

SETTlNG：Beijing Institute of Geriatrics， Be巧ing Hospital， Ministry of

Public Health．

PARTIC口ANTS：The studv was carried out fI_om Febmarv 2001 until

November 2001．4 499 v01unteers aged 60 and over were recmited fmm the

academic institutes in BeijingⅪcheng， Haidian and Shijingshan districts

through cluster sampling methods．They were selected after excluding those

who did not have inte唧l data．
M[ETHoDs： Diabetes was considered when fasting对ucose was≥7D mmoLlL

and was treated for or diagnosed as DM． Chi—square tests were perfb瑚ed
to compare the catego】．ical data．Age and sex adiustment were taken in tlle

compa打son of the 1evels of blood pressure，waist circumference fWC)，Th8

bodv mass index饵MI)，and lab vadables，Multifactor stepwise n)ackward)

Logistic regression analvses were used to select the factors which would

have association with the risk of DM．When analvzing the relationship be—

tween number of clustering of the tmits of MetS and DM，the gmup without

anv metabolic abnornlalities was set as contml gmup．The dummy v赫ables

were set for l，2，3，4 clusters of metabolic abnornlalities．The I．ogistic re—

gression model was used again to test the relationship and adjusted by age
and the familv historv of DM．

MAIN oUTCoME MEASURES：The b100d glucose，waisk BML blood

pressure，tridyceride(I'G)，HDI，c，and family history of diabetes of subjects．
RESULTS：4 444 people in the mean age of 65±5 were re踊eved．556

cases of DM were found in this sun『e丫．Age，family history of diabetes，

svstolic blood pressure。waist and TG were independendy associated

with the risk of DM，with 0R(95％C，)being 1．02(1．oo—1．04)，3．48

f2．76—4．39)，1．02(1．01—1．02)，1．03(I．00—I．03)，1．13(1．05一1．21)，I℃一
sDectivelv．When TG was not in the modeL HDL—C was also inverselv as—

sociated with DM f0R=O．67，95％C，0．49—0．91)．‘rhe risk of DM increased

with clustering of abdominal obesit丫，mised blood pressure，raised TG，and

reduced HDL—C level in individuals．

CoNCLUSIoN：In addition to age and geneIic f如to峨metabolic f如to峨es—

Deciallv their clusters are cIoselv related to the Tisk of diabetes．Therefor岛the

features of MetS are importan“ndicators for the risk of DM in a鼬d people．
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INTRoDUCTIoN

TheI℃is no doubt that type 2 diabetes meUitus(DM)has been ris·

ing to an epidemic level in China． 0ld people account for major

part of tvpe 2 DM． Evidences have been accumulated for tIle risk

factors of DM．In the last two decades，there were reports suggest-

ed the cluster of multiple metabolic disorders。namelv mised blood

pressure，overwejght or obe西ty，raised t而dyce而de(1、G)1evel，re-
duced high density lipopmtein ch01esteml(HDL-c)level weI℃the

predictors of DM【1川． However， similar data especially in the old

peoDle is relativelv scarce in China．The occun．ence of DM is in．

sidious and usually many years passed before diagnosi s． If t王le

metabolic disorder(metabolic syndz_ome，MetS)is the eady sign of

DM， it wiU help to identify risk individuals who need intervention

to prevent the development of DM，tllerefore to reduce the morbid．

itv and mortalitv caused by this disease．The purpose of this studv

was to analvze the relationship between the components of MetS，

its clusteI弓and the risk of diabetes amon只Chinese old population．

SUBJECTS AND METHoDS

Subiects

The studv was carried out f而m Febman，2001 until November

2001．4 444 participants aged 60 and over were recIuited f南m the

academic institutes in Beijing Xicheng， Haidian and Shijingshan
districts through cluster sampling methods voluntary．They were

selected after excluding 山ose who did not have inte#嘲 data．
7rhere were 2 643 men and l 801 women．7Ihe mean age of the

population was(65±5)years old．

Methods

The investigators were trained before the suⅣey started． ’I’he

questionnaire was designed wi山demographic data， lifestyle data，

histoIy of diseases data， physieal and lab examination data．The

lifestyle d砒a included physical exercise (moderate or more， at

least once a week and lasting fbr 30 minutes or over)， and smok-

ing (≥l／d) 阳．The data of disease history included having or not

having semreported DM (eveHiia印osed or currently taking

medicine to contIDl glucose level)，and hypertension(eve卜diagnosed，
or taking medicine to contml blood pressure)， and family history of

DM and hypertension． Weight and standing height weI℃measuI℃d

with the subjects wearing light clotlles and no shoes．The body mass

index∞MI)was calculated as the weight in kilogmms divided by the

square of the height in meters嗽g／m2)．The subjects were considered

as ove刑eight or obesily if their BMI≥25 k咖j when the waist
circumference was taken， the subjects stood and nleasures were

made at the level of umbilicus and at the end of exDiration． Ab．

dominal obesity was considered if the waist circumference (WC)
was greater or equal to 90 cm for men and 80 cm for women． The

blood pressures were measured twice and the mean values were

used．If a person had eveI。diagnosed hypertension， or syst01ic

blood pressure(sBP)≥l 30 mm Hg(1 mm Hg=0．1 33 kPa)，or di—

astolic blood pressure(DBP)≥85 mm Hg，the mised blood pres-
sure was deteHnined．The blood samples were taken a缸er fasting at

least 12 hours． ne lab tests were done in the intemationally
standardized labomtory． Raised TG was de矗ned if plasma TG≥

1．70 mmoL／L A subiect was classified as having reduced HDI广C if
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the HDI，C level was 1ess than 1．03 mmoL见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 Intemational Dia—

betes F毛demtionⅡDF)consensus worldwide de6nition of the MetS

was refen．ed to diagnose each abno珊alitv．
S【atistical analvsis：All tbe statistical analvses wer℃c删ed out us．
ing SAS software． Chi—square tests were perfb衄ed to compare the

categorical data．Age and sex adjustment were taken in the compar-
ison of the levels of blood pressure， WC， BMI， and lab vaIiables，

Multifactor stepwise o)ackward)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

gmup without any metabolic abno珊alities was set as contIDl group．
The dummv variables were set for 1，2，3’4 elusters of metabolic ab—

no瑚alities．The Logistic regression model was used again to test the

risk of DM in Mets a(1justing age and the family history of DM．

RESULTS

CharacterisUcs of mabetes and non-mabetes

There were 4499 persons taking part in the survey． Among them，

4 zIzH peI_sons had complete data， with the Iesponse Iate being

91．1％．7rhe results of the comDarisons of the characteristics be—

tween the group wim DM(DM+) and wi山out DM (DM一) are in

‘ra b】e 1．

Table 1 7I'|1e compa^son of the characteristics between DM—group and

DM+group

DM+：with diabetes mellitus(DM)；DM一：without DM：SBP：systolic b100d pressure
DBP：diastolic b100dⅣessure；WC：waist circumference．TG：试异bceride；HDLC
h诎density lipoprotein cholesteml；LDL-c：low density lipoprotein cholesterol；TC
total cholesterol；DM：diabetes'HP：hypertension

There were totally 556 cases in DM+group，among them 442 were

the previously diagnosed cases， and 1 14 weI℃newly diagnosed．
There were 3 888 persons in the control gmup (DM一)．The mean

age for the two gmups was(66±5)years for DM+，and(65±5)years
for DM—respectively． Men is more prevalent for DM than women

(13．47％口5． 1 1．10％， P=0．019 3)． Altllough the mean age was

higher(—P=0．001 2)in the DM+gmup，the，dif艳Ience was only one

ye扎The level of SBP，WC，BMI，TG，were sign击cantly higher
and HDL—C lower in the DM+group． Also， the family history of

DM was significantly associated with DM．0n me other hand，tlle

level of low—density．1ipoprotein—eh01esterol (LDL—C)， total ch01es—

terol口C)，and family history of hypertension(HP)，physical exer-

cise， and smoking were not s远nmcantly difkrent between tIle two

gmups．The reason of the physical exercise showing no pmtective

effect may be c删buted by the low level 0f energy expenditure a．
mong the old people，or since the DM was diagnosed(442 ever—di—

agnosed cases)， people weIe moIe likely to take part in the exeI。

F躯tors wtIich c0蛐ute t0 diabetes risk(‘rable 2)
The factors demonstmting significant difkrence between the two

165

gmups in Table 1 were allowed to compete in the multi．variable

stepwise【Jogistic regression model．The results show in addition to

tmditional ri8k factors，i．e．a鬟e and familv history of DM，the com．

ponents of MetS， SBP， WC， TG were associated with the risk of

DM indeDendent of the other variables．7nle HDLC 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山e occu玎ence of DM

with only little change“the(7Rs for tlle ot}ler variables (data not

showl．711he reason TG and HDI广C was not left in the model si—

multaneously may be explained by the strong association benreen

them． F0r tIle value of ORs．me familv history show 3 folds of in．

crease in the dsk of DM， which is much higher than the other

variables， mav be due to it enteI℃d the model as categorical vari—

able．

Table 2 ne multi—factor Logistic regression model

DM：diabetes Inellitus；SBP：研s协lic blood pre锄l代；WC：waist chcumference；’rG：
tdglyceride；HDLc：high densi‘y lipoprotein cholesterol；+The model with age，sex，
familY historv of DM，SBP，WC．HDkC

Cl璐tering of Mets comp蚰ents in DM(rI'able 3)

Table 3 The Lo西stic regression modeI for the MetS and the risk of DM

No．of

co“lponenls DM—DM+ 口 StdeⅡ Chi．Square OR(95％C，) P

ofMetS

0 653 47 一 一 一 一

l 1137 142 0．5511—0．175 3 9．882 3 1．74f1．23—2．451 O．ool 7
2 l 132 161 0．68l O 0．172 9 15．51l 8 1．98f1．4l一2．771<O．伽lo 1
3 664 128 0．985 l O．179 2 30．209 2 2．68f1．89—3．81)<O．Ooo l
4 302 78 1277 7 0．197 3 41．923 6 3．59f2．44—5．281<0．000 1

DM+：with diabetes meuitus(DM)；DM一：without DM：Mets：metab01ic syndmme

Table 3 shows the cluster of MetS comnone呲s increases the risk of

DM．While those having onlv 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

incIeased risk of DM．‘rhe D尺s were 1．98(1．41—2．771，2．68(1．89～

3．81)and 3．59(2．44—5．28)，I℃spectivelv．When the analvsis was

pe而瑚ed after adiusted for age and family histo珂of DM， the
OjZs．and the direction of association were the same as in tables 2．

This result indicates along with the cluster of MetS components，

namelv mised blood pressure，abdominal obesitv，raised TG level．

and I℃duced HDL．C level，the risk of DM increased，independentlv

of age and familv history of DM．

DISCUSSIoN

The prevalence of type 2 djabetes is矗sing to an epjdemic 1evel all

over the wodd while laIjge 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 ducose(IFG)and impaired glucose

tolerance(IGT)were noted． Eady detection is the new preventive

strategy at cun．ent state of time．Meanwhile。the evidence f而m pre．

vemive studies demonstratin譬that the modification 0f life stvle call

prevent or delay the onset of DM fbrther highlights the i珈portance

of early detection旧．

However， how to identify the risk of DM at earlv stage is still un．

der investi罢．ation． There aTe many proposed methods t0 be used for

early detection of DM㈣．The oml glucose tolerance test(0GrITIT)is
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the standard method for identifying subiects at risk for type 2 dia．

betes in clinical setting．However,0GTT is not widely used in

clinical practice because jt js inconvenient and costly．In order to

minimize the use of 0G1Tr．some other methods such as the Dia—

betes Predicting Model：61．have been proposed to identify individu—

als at risk．But the model and risk scores need validation in differ-

ent population，Therefore，their applications are compromised．Say-

dah et耐【9]evaluated their strategy using BMI in combination with

fasting plasma glucose(FPG)and HbAlC measurements．They
found that different combination of variables resulted in different

proportion of the population recommended for 0GrITI’．and detected

different proportion of IGT in the OG7兀、candidates．The optimal

method should become more apparent over the next few years as

additional information becomes available．At present．for preven—

tlve perspective．it is important to consider using more convenient．

more easily available information to evaluate the risk of DM．

In t}le last 16 years． studies demonstrated the constellation of

multiple metabolic abnormalities called MetS is able to predict the

occurrence of diabetes【l-7]．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．0ur 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[1-7]．

The features of MetS have the advantage in assessing the risk of

DM．Finst．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【l-71．In prospective data．Boyko et以圈

and Lorenzo et al[71 reported the features of MetS predicted the de—

velopment of DM independent of the level of insulin．although in．

sulin levelis a marker of insulin resistance fIRl and IR is a poten．
tial risk factor of DM．Kekalainen et al[31 indicated hyperinsuline．

mia clustered the traits of MetS predicted DM independent of fam．

ily history of DM．Stem et以16]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—

suhs favorable benefit for its adverse outcome．

Ahhough our data has limitations because it is cross．sectional data．

and it lacked OGTF data．which might underestimate t}le 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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摘要

背景：代谢综合征指标即血压升高、腹部肥胖、三酰甘油水平升高，高密

度脂蛋白胆固醇水平降低，在个体中聚集存在，是糖尿病的预测因子。

但类似老年人的资料相对较少。

目的：分析代谢综合征各特征指标与老年人2型糖尿病危险性的相关

性，为糖尿病的一级预防提供依据。

设计：横断面调查。

单位：卫生部北京老年医学研究所。

对象：调查于2001—02／11完成，选择北京市西城、海淀、石景山科研单

位年龄60岁以上老年人共4 499名作为调查对象，均自愿参加调查。排

除调查资料不全者。

方法：对调查人群进行观察性分析，用调查问卷收集相关信息。糖尿病

的诊断标准为空腹血糖≥7．0 mmol／L或有糖尿病现患史。计数资料用

r检验进行分析，计量资料均数的比较用调整年龄、性别的协方差分

析。应用非条件多因素Logistic逐步回归法分析与糖尿病独立相关的指

标。分析代谢紊乱的聚集与糖尿病的关系时，以无任何因素聚集为对

照，按1，2，3，4个聚集数设亚变量，用Logistic回归模型分析各种聚集

数目时糖尿病的危险程度，并调整年龄、糖尿病家族史、受教育水平的

影响。

主要观察指标：调查对象的血糖、腹围、体质量指数、血压、血清三酰甘

油、高密度脂蛋白胆固醇、糖尿病现患史及家族史。

结果：有4 444名老年人进入结果分析。①调查共检出556名糖尿病患
者。②统计结果显示年龄、糖尿病家族史、血压、腹围和血清三酰甘油与

糖尿病独立相关fOR(95％CO=1．02(1．00～1．04)，3．48(2．76-4．39)，1．02

f1．01～1．02)，1．03(1．00～1．03)，1．13(1．05～1．21)1。⑧当血清三酰甘油不在模
型中，高密度脂蛋白胆固醇与糖尿病成显著负相关，OR(95％C／)=0．67
(0．49～O．91)。(少随腹部肥胖、血压升高、三酰甘油水平升高、高密度脂蛋

白胆固醇水平降低这4个变量在个体内聚集数目的增加，糖尿病的危

险性亦逐渐增大。

结论：除遗传和年龄因素外，代谢综合征指标尤其是指标的聚集与糖尿

病密切相关，是提示糖尿病危险性的重要指征。

主题词：代谢疾病；综合征；糖尿病，非胰岛素依赖型
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