"Ninomiya et al  Metabolic Syndrome and Cardiovascular Disease 2065

TABLE 1. Glinlcal Characteristics of Study Population in 1988

Men Women

MetS (—) MetS (+) MetS (=) MetS (+)
Variables . N=834) N=216) (N=983) N=419)
Age, years 5811 5811 5711 © 622101
Systolic blood pressure, mm Hg 132+20 145+ 18% 126+19 - 14519t
Diastolic bloed pressure, mm Hg 79+11 87+101 74+10 g1=11t
Antihypertensive medication, % 11.8 21.3t 8.0 29.6t
Hypertension, % 37.4 7041 24.0 67.5¢
Protelnuria, % 7.0 116* 3.0 6.9
Electrocardiogram abnormalities, %- 187 19.7 125 146
Walst circumference, cm 80.3x7.6 88.7£6.91 78.1£9.2 88.2+8.4"
Body mass index, kg/m? 22.3+2.8 25.0£261 22.1x29 249+3.11
Fasting bloed glucase, mmol/l 57=1.1 6.7+1.71 55+10 . 6.3x1.7¢
Diabetes, % 6.7 29.2+ 30 17.7t
Serum total cholesterol, mmol/L 5.09+1.06 519+1.14 547+1.05 5.78+1.09t
Serum. triglyceridas, mmol/L. 1.13(0.43-2.95) 2.46 (0.83-7.32yt 0.90(0.44-1.86) 1.58 (0.61—4.10)t
Serum high-density lipoprotein cholesterol, mmoliL 131029 1.06+0.27¢ 1.42+0.28 1.1420.22¢
Smoking habits, % 51.6 458 6.2 79
Alcohol intake, % ) §9.5 69.4* 8.6 98
Regutar exerclse, % ' 122 88 9.2 9.3

Values are mean+SD or percentage. .

Bectrocardiogram abnormalities are defined as left ventricular hyperirophy (Minnesata code, 3—1) and/or ST depression (Minnesata cods, 41,
2, 3.

Geometric mean values and 95% Cls of serum triglycerides are shown attributable to the skewed distribution.

*P<0.05, 1P<0.01 vs MetS (—). )

HOL indicates high-density lipaprotein.

significantly higher in subjects with MetS than in those without Age- and multivariate-adjusted hazard ratios of MetS for
MetS for both sexes (men: 9.0 versus 4.8, P=003; women: 6.2 the development of CVD were estimated for both sexes
versus 34, P=(0l). The similar tendency was observed for (Table 3). The age-adjusted analysis showed that MetS was a
hemorhagic stroke only in men (5.1 versus 1.6, P=001). significant risk factor for CVD in men and women. These

TABLE 2. Age-Adjusted Incidence Rates of CVD, CHD, and Stroke Accofding to MeiS Status in 2452
Suhjects During a 14-Year Follow Up by Sex ’

Men Women
Person-Years No. of  Age-Adjusted Person-Years No.of  Age-Adjusted
at Risk Events Incidence Rate P Value at Risk Events Incidence Rate P Value

Cardiovascular disease )

MetS (—} . 9958 108 11.6 12759 78 6.5

MatS (+} 2416 50 21.8 <0.01 5078 g 128 <001
Coronary heart disease

MatS (—} 10213 53 5.7 13010 17 15

MetS (+) 2633 25 92 <0.01 5279 30 5.1 <0.01
Stroke

MetS (—) 10089 63 6.4 T 12817 65 53

MetS (+) 2477 AN 141 - <001 5122 50 8.8 0.06
Ischemic stroke A .

MetS {—) 10099 46 48 12817 40 34

MetS (+) 2477 20 8.0 0.03 5122 39 6.2 0.01
Hemorrhagic stroke

MetS (—) 10089 17 16 12817 25 2.0

MetS (+) 2477 n 5.1 0.01 5122 11 2.6 0.72
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TABLE 3, Age- or Mutiivariate-Adjusted HRs for Development of GVD, CHID, or Stroke According o MeiS Status In 2452 Subjects During a

14-Year Falow Up by Sex
Men Women
Age-Adjusted Multivariate-Adjusted” Age-Adjusted Multivariate-Adjusted™
HAR 95% CY) Pvalue HR (95% CJ) Pvalue HR 85% C) Pvaue HR (95% C)  PValue

Cardiovascular disease

MetS (—) 1.00  {reference) 1.00 (reference) 1.00  (reference) 1.00 (reference)

MetS (+) 193 (1.38-270) <001 186 (1.32~262) <001 168 (122233 <001 170 (1.22-2.38) <001
Coronary heart disease

MetS (—-) 1.00  ({reference) 1.00  (reference) 100  (referance) 100  (reference)

MetS (+) 186 (1.21-313) <001 184 (1.19-317) <001 311 (1.71-565) <001 286 (1.56-524) <001
Stroke ‘ '

MetS (—) 1.00  (refererce) 1.00  (reference) 1.00 {reference) v 100  (reference)

MetS {+) 204 (1.33-314) <001 192 (123298 <001 143 (0.99-2.08) 006 150 (1.03-219 0.03
Ischemic stroke

MetS (—) 1.00 (reference) 1.00  {reference) 100 (reference) 1.00  {reference)

MetS (+) 1.80 (1.07-3.05) 003 1.68 (0.98-2.89) 0.06 177 (1.14-2.76) 001 178 (1.13-279) 0.01
Hemorrhagic stroke

MetS (~) 1.00  (reference) . 1.00  (reference) 1.00  (reference) 100  (reference)

MetS (+) 267 (125-5.59 001 254 (1.18-5.49) 0.02 088 (0.43-1.80) 072 099 (0.48-2.05) 091

*Adjusted for age, proteinuria, electrocardiogram abnormalities, serum total cholesterol, smoking habits, alcohol intake, and regular exercise.

relationships remained substantially unchanged even afier
adjustroent for the following confounding factors: age, pro-
teinuria, electrocardiographic abnormalities, serum total cho-
lesterol, smoking habits, alcohol intake, and regular exercise.
Forthermore, MetS was found to be an independent risk
factor for the development of CHD and stroke after adjust-
ment for the confounding factors in men and women. When
strokes were divided into ischemic and hemorrhagic type,
multivariate-adjusted HR of MetS for ischemic stroke was
marginally higher in men and significantly higher in women,
. whereas MetS is an independent risk factor for hemorrhagic
stroke only in men.

The age- and sex-adjusted curnulative incidences of CVD, CHD,
and stroke according to the number of MetS components are shown
in the Figure, Because the cumulative incidence curves for ope and
2 components overlapped, we combined these components. The
incidences of CVD, CHD, and stroke were significantly higher
among the subjects with 3 or more MetS components compared
with those without any MetS component A significant graded
relationship between the number of components of MetS and the
HR for developing CVD was identified from 3 MetS components
and onward (Table 4). Compared with individuals with no MetS
component, individuals with one, 2, 3, and 4 or more components
had gradually increased HRs, respectively, for developing CVD
after adjusting the confounding factors. A similar relationship was
found when CVD was divided into CHD and stroke.

Because hypertension and diabetes are strong risk factors for
CVD, we examined the combined as well as separate effects of
MetS and hypertension or diabetes an the development of CVD. As
shown in Table 5, the age- and sex-adjusted HR of CVD was
significantly higher in normotensive subjects with MetS, hyperten-
sive subjects without MetS, and hypertensive subjects with MetS
compared with those without hypertension and MetS. Furthermore,

there was a significant excess risk of CVD in hypertensives with
MetS than in those without MetS. Similarly, the age- and sex-
adjusted HR of CVD was sgnificantly higher in nondiabetic
subjects with MetS and diabetic subjects with MetS coropared with
those without diabetes and MetS. However, no significant differ-
ence was found in the risk of CVD in diabetic subjects without
MetS. Among diabetic subjects, the risk of CVD was significantly
higher in subjects with MetS than in those withoat MgetS, These
relationships remained substantially unchanged even after adjusting
for the confounding factors. Furthermore, we examined the associ-
ation of MetS with CVD by the mmlivariate analysis using
hypertension and diabetes in addition to the previously mentioned
rsk factors as confounding factors. As a result, MetS remained a
significantly independent risk factor for the development of CVD
(R, 1.38, 95% CI, 1.07 to 1.78, P=0.01). The nisks of other risk
factors were as follows: age (HR, 2.00 [per increment of 10 years];
95% CI, 1.79 to 2.26, P<001), male sex (1.45; 1.07 to 1.97,
P=0.02), hypertension (1.64; 126 to 2.12, P<<0.01), diabetes (1.55;
L.14 to 2.13, P<<0.01), smoking habits (1.69; 1.28 to 2.23, P<0.01),
regular exercise (0.58; 0.39 t0 0.87, P<0.01), proteinuria (1.64; 1.13
to 2.38, P<0.01), electrocardiographic abnormalities (1.29; 0.98 to
1.69, P=007), serum total cholesterol (0.99 [per increment of
1 mmol/L]; 0.89 to 1.11, P=0.92), and alcohol intake (0.97; 0.73 to
1.30, P=0.84).

Discussion
To our knowledge, our study is the first prospective cohort
study of a general Japanese population with a long duration of
follow up reporting the association of MetS with incident
CVD using the modified NCEP definition. The sole study
from Japan, which examined a similar association, was based
on a diabetic population.” We found a clearly increased
incidence of CVD during 14 years of follow up in both men
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and women with MetS compared with those without MetS.
Besides, the risk of MetS for the development of CYD
remained significant even after adjustment for hypertension,
diabetes, and other potentially confounding factors.

In our smdy, subjects with MetS had littfle over 70% increases in
CVD risk compared with those without MetS. Similar or higher
HRs (1.4 to 5.0-fold) of MetS for CVD/CHD were reposted from
different Furopean and American studies.”!3-25 Differences in the
study populations, prevalence of individual components of MetS,
follow-up length, and MetS definition used seem to be the main
causes behind the variation in the HRs. In our study, CHD risk
related to MetS is higher in women than in men, which is consistent
with the studies from the Western word.?

Our study showed that the risk of incident combined CVD, and
CHD and stroke separately, was found to increase with the number
of components of MetS and increased by 3-fold or more in those
with 4 or more MetS components compared with those without any
component. It also revealed that the risk of CVD increased in
incremental fashion with the number of components of MetS and
became predictive of CVD (also CHD and stroke separately) when
the number of components reached 3. This phenomenon gives
credence to the requirement of =3 components in the NCEP
definition for establishing the diagnosis of MetS. Thereby, it can be
assumed that the modified NCEP definition of MetS is well
predictive for CVD in the general Japanese population,

Metabolic Syndrome and éardiovascular Disease

2067

One prospective study based on a Japanese diabetic population
mentioned that MetS based on the NCEP definition was predictive
for CVD in men and was not in women.?” The same authors again
reported that the new International Diabetes Federation definition3¢
was not predictive for CVD in either male or female patients with
diabetes® On the other hand, in our study, MetS based on the
NCEP definition was consistently predictive of CVD not only in
both men and women, but also in subjects with dizbetes, We
speculate that this discrepancy resulted from the difference in the
cutoff point of the waist circumference between the 2 studies. The
former used the waist circumference definifion for abdominal
obesity proposed by the Japan Society for the Study of Obesity (85

-cm for men and 90 cm for women), 3 whereas in our study, we used

the waist circumference definition for Asian populations (90 cr for
men and 80 cm for women), which was recommend by the
Intemnational Diabetes Federation to use for the Japanese popula-
tion:®” Further research is needed to refine the MetS definition,
which would be applicable to various populations, including
Japanese.

There was a possibility that the increased risk of MetS for CVD
resulted from the influences of hypertension or diabetes, which are
components of MetS and major risk factors for developing CVD.,
However, our stratified analysis showed that the MetS was a
significant risk factor for CVD in normotensive subjects as well as
in nondiabetic individuals and has a similar risk for CVD as
hypertension; the risk is even higher than that of diabetes. More-
over, in the multivariate analysis, MetS was found to be a significant
tisk factor for CVD independent of hypertension, diabetes, and
other confounding risk factors. These results imply the significant
roles of MetS in the development of CVD and the need for
prevention and early management of the MetS components. In
addition, diabetes is not predictive of CVD in subjects without MetS
in our study. This finding might suggest that good diabetic control
is useful. However, because the oumber of our diabetic subjects
without MetS is small, further studies are necessary to elucidate this
issue in detail.

The strengths of our study include its longitudinal
population-based study design, long duration of follow up,
sufficient number of CVD events and almost perfect
follow up of subjects, examining the data in men and
women separately, and exclusion of patients with CVD at
baseline. Moreover, it is the first study to examine pro-
spectively CVD in relation to MetS based on a general
Japanese population. One limitation of our study is that the
diagnosis of MetS was based on a single measurement of
its components at baseline as was the case in other
epidemiological studies.!3-25.27-2% During. the follow up,
risk factor levels could be changed attributable to modifi-
cation of lifestyle or medication, and misclassification of
the MetS is possible. Thus, it would weaken the associa-
tion found in this study, biasing the results toward the null
hypothesis. Therefore, the true association may be stronger
than that shown in our findings.

In conclusion, we have shown that the prevalence of MetS is
sizeable in Japanese middle-aged men and women and it is
predictive of future CVD in both sexes based on a prospective study
with 14 years of follow up. Our findings suggest that early
identification of MetS and appropriate behavioral and therapeutic
intervention may reduce the burden of CVD in the long run.
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TABLE 4. Age- or Multivariate-Adjusted HRs for Development of CVD, CHD, and Stroke According to the
Number of the MetS Components in 2452 Subjects During a 14-Year Follow Up

Population  No. of Age- and Sex-Adjusted Muttivariate-Adjusted
at Risk Events HR (85% C P Value HR (95% G)) PValue
Cardiovascular disease
No. of MetS components
0 436 30 1.00 (reference) 1.00 (reference) .
1 756 84 149  {0.98-2.26) 0.06 145  (0.95-2.20) 0.08
2 625 72 147  (0.96-2.26) 0.08 139  (0.91-2.15) 0.15
3 394 65 212 (1.37-3.28 <0.01 195  (1.25-3.04) <0.01
=4 241 56 318 (203-5.02 <0.01 289  (1.894.73) <0.01
Caranary heart disease
No. of MetS components
0 436 - 13 1.00 {reference) 1.00 (veference)
1 756 35 1.41 0.75-2.67) 0.29 138  (0.72-2.62) 0.33
2 625 22 105  (0.53-2.09) 089 095  (0.47-1.80) 0.88
3 394 32 255  (1.33-4.89) <0.01 229  (1.18-4.47) 0.01
=4 241 23 3.3 (168672 <0.01 296  (1.45-6.01) <0.01
Stroke
No. of MetS components
0 ) 436 20 1.00 (reference) 1.00 (referenca)
1 756 58 152  (0.91-2.53) 0.1 148  (0.89-2.47) 0.14
2 625 50 150  (0.89-2.53) 0.13 145 {0.86-2.46) 0.16
3 394 4 1.88  (1.10-3.25) 0602 178  {1.03-3.09) 0.04
=4 241 40 316  (1.83-5.46) <0.01 305 (1.75-5.31) <001
*Adjusted for ags, sex, proteinuria, electrocardiogram abnormalities, serum total cholestero), smoking. habits, aicohol Intake, and
- regular exercise. .
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TABLE 5. Age- and Sex-Adjusted or Multivariate-Adjusted HRs of the MetS for Development
of GVD According to the Presence or Absence of Hypertension or Diabetes in 2452 Subjects
During a 14-Year Follow Up

Age- and
Sex-Adjusted Muttivariate-Adjusted*
Poputation at Risk  No. of Events HR (95% Cl) HR {85% CI}
Hypertension
HT (—)+MetS (-) 1269 89 1.00 {reference) 1.00 {reference)
HT (—)+MetS (+) 200 25 179 (114279 175 (L12-275)¢
HT (+)+MetS (—) 548 97 181 (1.35-243F 175  (1.29-237t
HT (+)}+Met§ (+) 435 % 259 (1.93-348F 245 (1.81-3.321¢
Diabetes
DM (—}+MsatS {—) 1732 171 100 (reference)  1.00  (reference)
DM {—)+Met5 (+). 498 84 160 (1.23-2.09F 154 (1.17-2.02)t
DM (+)+MelS (~) 85 15 135  {0.80-2.30) 138 (0.81-2.34)
DM (+)+-MatS () 137 37 275 (1.83-393t 260 (1.81-3.74)1%

*Adjusted for age, sex, protelnuria, electracardiogram abnormalities, serum total cholesterol, smoking habits,

alcohol intake, and regular exercise.
*P<0.05, tP<0.01 vs reference.
$P<0.05 vs HT(+)+MetS (—) or DM (+)}+MetS (~).
HT indicates hypertension; DM, diabetes mellitus.

Downloaded from stroke,ahajournals.org at KYUSHU UNIVERSITY on August 7, 2007

182



Ninomiya et al Metabolic Syndrome and Cardiovascular Disease 2069

Innovative Development Project in Life Sciences from the Ministry
of Education, Culture, Sports, Science and Technology of Japan,

Disclosures

None.

10.

1L

References

. Reaven GM. Banting lecture 1988. Role of insulin resistance in human

disease. Diabetes. 1988;37:1595-1607.

. DeFronzo RA, Ferrannini E. Insulin resistance: a multifaceted syndrome

responsible for NTDDM, obesity, hypertension, dyslipidemia, and athero-
sclerotic cardiovascular disease. Diabetes Care. 1991;14:173-194.

. Kaplan NM. The deadly quartet. Upper-body obesity, glucose intol-

erance, hypertriglyceridemia, and hypertension. Arch Ditern Med. 1989;
149:1514-1520.

. Grundy SM, Brewer HB Jr, Cleeman JI, Smith SC Jr, Lenfant C. Defi-

nition of metabolic syndrome: report of the National Heart, Lung, and
Blood Institute/American Heart Association conference on scientific
issues related to definition. Circulation. 2004;109:433-438.

. Expert Panel on Detection, Evaluation, and Treatment of High Blood

Cholesterol in Adults. Executive Summary of the Third Report of the
National Cholesterol Education Program (NCEP) Expert Panel on
Detection, Evalvation, and Treatment of High Blood Cholesterol in
Adults (Adult Treatment Panel [I). JAMA. 2001;285:2486-2497.

. Lorenzo C, Okoloise M, Williams K, Stern MP, Haffoer SM. The met-

abglic syndrome as predictor of type 2 diabetes: the San Antonio Heart
Study. Diabetes Care. 2003;26:3153-3159.

. Lakka HM, Laaksonen DE, Lakka TA, Niskanen LK, Kumpusalo E, Tuom-

ilkehto J, Salonen JT. The metabolic syndrome and total and cardiovascular
disease mortality in middle-aged men. JAMA. 2002;288:2709-2716.

. Zimmet P, Alberti KG, Shaw J. Global and societal implications of the

diabetes epidemic. Narure. 2001:414:782-787.

. McGill HC, McMahan A, Herdecick EE, Zieske AW, Malcom GT, Tracy

RE, Strong JP. Pathobiological Determinants of Atherosclerosis in Youth
(PDAY) Research Group: obesity accelerates the progression of coronary
atherosclerosis in young men. Circulation, 2002;105:2712-2718.

The DECODE Study Group. Is the current definition for diabetes relevant
to mortality risk from all causes and cardiovascutar and noncardiovascu-
lar diseases? Diabetes Care. 2003;26:688-696.

Eberly LE, Stamier J, Neaton JD. Multiple Risk Factor Intervention Trial
Research Group: relation of triglyceride levels, fasting and nonfasting, to fatal and
nonfatal coronary heart disease. Arch Infern Med. 2003;163:1077-1083.

12. Grundy SM, Balady GJ, Criqui MH, Fletcher G, Greenland P, Hirarzkn

13.

15.

16.

17.

18.

LF, Houstaon-Miller N, Kris-Etherton P, Krumholz HM, LaRosa J,
Ockene 1S, Pearson TA, Reed J, Washington R, Smith SC Jr. Primary
prevention of coronary heart disease: guidance from Framingham. A
statement for healtheare professionals from the AHA Task Force on Risk
Reduction. Circulation. 1998;97:1876-1887.

Girman CJ, Rhodes T, Mercuri M, Pyorala K, Kjekshus I, Pedersen TR,
Beere PA, Gotto AM, Clearfield M, 4S8 Group, AFCAPS/TexCAPS
Research Group. The metabolic syndrome and risk of major coronary
events in the Scandinavian Simvastatin Survival Study (48) and the Air
ForcefTexas Coronary Atherosclerosis Prevention Study (AFCAPS/
TexCAPS). Amn 7 Cardiol. 2004;93:136-141,

. Hu G, Qiao Q, Tuomilehto J, Batkau B, Borch-Johnsen K, Pyorala K, the

DECODE Study Group. Prevalence of the metabolic syndrome and its
relation ¢o all-cause and cardiovascular meortality in non-diabetic
Buropean men and women. Arch Mntern Med, 2004;164:1066-1076.
Malik 8§, Wong ND, Frankiin S5, Kamath TV, L'Italien GJ, Pio JR,
Williems GR. Impact of the metabolic syndrome on mortality from
coronary heart disease, cardiovascular disease, and afl causes in United
States adults. Circufation. 2004;110:1245-1250.

Ford ES. The metabolic syndrome and mortality from cardiovascular disease
and afl-causes: findings from the National Health and Nutrition Examination
Survey H Morality Swdy. Atherosclerosis. 2004;173:309-314.

Hunt KJ, Resendez RG, Williams K, Haffner SM, Stern MP. National
Chotesterol Edneation Program versus World Health Organization met-
abolic syndrome in relation to all-cause and cardiovascular mortality in
the San Antanio Heart Study. Circulation. 2004;110:1251-1257.
Isomaa B, Almgren P, Tuomi T, Forsen B, Lahti X, Nissen M, Taskinen
MR, Groop L. Cardiovascular morbidity and martality associated with the
metabolic syndrome. Diabetes Care. 2001;24:683-689,

19,

20.

21.

22,

23.

25.

26.

28.

29.

30.

31

32

33.

34,

3s.

36.

3

Bonorz E, Kiechl S, Willeit J, Oberhollenzer F, Egger G, Bonadonna RC,
Muggeo M. Carotid atherosclerosis and coronary heart disease in the
metabolic syndrome: prospective data from the Bruneck study. Diabetes
Care. 2003;26:1251-1257.

Bonorz E, Targher G, Formentini G, Calcaterra F, Lombardi S, Marini F,
Zenari L, Saggiani F, Poli M, Perbellini S, Raffaelli A, Gemma L., Santi
L, Bonadonna RC, Muggeo M. The metabolic syndrome is an inde-
pendent predictor of the cardiovascular disease in type 2 diabetic subjects.
Prospective data from the Verona Diabetes Complications Study. Diabet
Med. 2004;21:52-58.

Ruter MK, Meigs JB, Sullivan LM, D’Agostino RB Sr, Wilson PW.
C-reactive protein, the metabolic syndrome, and prediction of cardiovas-
cular events in the Framingham Offspring Study. Circulation. 2004;110:
380-385.

Sundstrom J, Riserus U, Byberg L, Zethelius B, Lithell H, Lind L.
Clinical value of the metabolic syndrome for long term prediction of total
and cardiovascular mortality: prospective, population based cohort study.
BMJ. 2006;332:878-882.

Dekker JM, Girman C, Rhodes T, Nijpels G, Stehouwer CD, Bouter LM,
Heine RJ. Metabolic syndrome and 10-year cardiovascular disease visk in
the Hoom Study. Circulation. 2005;112:666—673.

. McNeill AM, Rosamond WD, Girman C/f, Golden SH, Schmidt MI, East

HE, Ballantyne CM, Heiss G. The metabolic syndrome and [1-year risk
of incident cardiovascular disease in the Atherosclerosis Risk in Com-
menities Study. Diabetes Care. 2005;28:385-390. '

Scuteri A, Najjar SS, Morrell CH, Lakatta EG; Cardiovascular Health
Study. The metabolic syndrome in older individuals: prevalence and
prediction of cordiovescular events: the Cardiovascular Health Study.
Diabetes Care. 2005;28:382-887.

Definition, Diagnosis and Classification of Diabetes Mellitus and Its
Complications. Report of a WHO Consultation. Part 1: Diagnosis and
Classification of Diabetes Mellitus. Geneva: World Health Organization;
1999 (WHO/NCD/NCS99.2).

. Sone H, Mizuno S, Fujii H, Yoshimura Y, Yamasaki Y, Ishibashi S,

Katayama S, Saito Y, lto H, Ohashi Y, Akanuma Y, Yamada N; Japan
Diabetes Complications Study. Is the diagnosis of metabolic syndrome
useful for predicting cardiovascular disease in Asian diabetic patients?
Aunalysis from the Japan Diabetes Complications Study. Diabetes Care.
2005;28:1463—-1471. ’

Chen HJ, Bai CH, Yeh WT, Chiu HC, Pan WH. Influence of metabolic
syndrome and general obesity on the risk of ischemic stroke. Stroke.
2006;37:1060-1064.

Chien KL, Hsu HC, Sung FC, Su TC, Chen MF, Lee YT. Metabolic
syndrome as a risk factor for coronary heart disease and stroke: an 11-year
prospective cohost in Taiwan community, Askerosclerosis. 2006 (in press),
Kasul §. Epidemiological and clinicopathological study on cerebro-
vascular disease in Japan, Prog Brain Res. 1966;21B:64-89.

Obmura T, Ueda K, Kiyohara Y, Kato L, Iwamoto H, Nakayama K,
Nomiyama K, Ohmori S, Yoshitake T, Shinkawa A. Hasuo Y, Fujishima
M. Prevalence of type 2 (pon-insulin-dependent) dizbetes mellitus and
impaitred glucose tolerance in the Japanese general population: the
Hisayama Study. Diabetologia. 1993;36:1198-1203.

Kubo M, Kiychara Y, Kato I, Tanizaki Y, Arima H, Tanaka X, Nakamura
H, Okubo K, lida M. Trends in the incidence, mortality, and survival rate
of cardiovascular disease in a Japanese community: the Hisayama study.
Stroke. 2003;34:2349-2354. )
Warld Health Organizotion/International Association for the Study of
Obesity/International Obesity Task Force. The Asia-Pacific Perspective:
Redefining Obesity and its Treatment, Available at: http:/fwww.diabetes.
com.aw/pdf/obesity__report.pdf.

The International Diabetes Federation: The IDF coosensus worldwide defi-
nition of metabalic syndrome, 2005. Available at; www.idf.org/webdats/
docs/IDF_metasyndrome_definition.pdf, Accessed March 21, 2006,

Sonc H, Tanaka S, Ishibashi S, Yamasaki Y, Oikawe S, Ito H, Saito Y,
Ohashi Y, Akanama Y, Yamada N; Japan Diabetes Complications Study
(IDCS) Group. The new worldwide definition of metaholic syndrome is
not a better diagnostic predictor of cardiovascular disease in Japanese
diabetic patients than the existing definitions: additional analysis from the
Japan Diabetes Complications Study. Diabetes Care. 2006;29:145~147.
Examination Committee of Criteria for *Obesity Disease’ in Japan; Japan
Saciety for the Study of Obesity. New criteria for ‘obesity disease’ in
Japan. Circ J. 2002;66:987-992.

Alberti KG, Zimmet P, Shaw J. Metabolic syndrome—a new world-wide
definition. A consensus statement from the International Diebetes Fed-
eration. Diabet Med. 2006;23:469-480.

Downloaded from stroke.ahajournals.org at KYUSHU UNIVERSITY on Angust 7, 2007

183



6. MNBREBNEFTRKARRRE=F— b

SEPEE REMRE RAREENEREFR IFEHEER
MaEmHE TEXE HRAREENAEEH HDRAR
MEBAOE WBREF BEREEFEFTBRFER BIHk

A. BFREBEH

BAREEFET (BREM OBRANRERAEIRBHEBEE L ZTOAEBN L5 aK—
CFREEHIZOWT, RFORERCHEESEOBERENET I, 2EB80BEHR
REZWZ 198 ENOBREE THEL TEEL TV,

FEREAA ARG, SLE. BRFB. BELEZAHFLOTV Lidabh
TVB B, BRRAI e~ R D2 BE A B HORE B O B A AT 36\ C IR 28 B R -0
MERBORBEICHL, FORBREOEREDEFE2 L0 0IICEATIHEITID R,
BRARRRECTH R, FE, VX NARR.. ey 7RABEBL2BIE L7 1996-98 £0
BEVA INEN—XT AL LT, 200645 4 AL TORERK. LHEE, MEDD
FHRAREL 2 FEORZ TEH L., EREELERBZLCICLOLERBRBOBER
DITETF U A%HBI2ELZHENE L, 2006 FEIIHEBELSETHRITL., WTFNORETE
BELVERBOUV R LEOBBEFRLEN, MERIRAZ|ZvX MNE v THEPR
WCIEHEE L ABRAOBRERLE, BRFLMEFTRZZRENE LR
ROo—2L LT, BV LHATIIERIZEIBILORREY—URRERY | EHEEOR
RYU R FRNCBIT A MITFEHOEELZ I THA2ENREL b, 2007 &£F
I - FEEFERBNCHER A 72 b NI ZE R RIE & RBEEOBFREZ R LT,

B. FExH L HE

FRANBEFE TIE 1996-98 E D@ YA 7 LT 2999 4 (EtE 981 4. & 2018 &)
DER. KE, VX IEABEE, t vy TRABEZRZAE L. EHHEZAEROERIT
50-95 R Th o7, 2FEEBORERERCESE, ERF., LHEE, MEFOFHARE
ZZM L., 20064E 4 A £ TORBMBRICOWTHEN L, FHBBHIRIL 6.8 £ T,
ZOMIT 1344 (BHE504, L84 4) OFERF. 116 4 (B 36 4. ik 80 &)
DOfzER, 2220 (BHE104., X 124) OLBEEOTFREELRD -,

2007 FEIXEMICE 2IEHBECHEEBR LN T D0 - FEEHI (65 AR,
65—74 m. 75 LA E) WU X FEABRLROLWIZBMI & Fi, FEFEIE. B,
IAEHIME, %) ot v Ale B, EHEERER 2 FHOKER(LEBAEIL L O
ZEERD T E-FHIOV TR FEHER 10c mEMICHTIERE EMEFRED
PR U R 2 XMEEE . BRIE. ME. #avaFe-y, HDL 2VAFe—-k, AT nt’v Ale, MSABERE.
BERRBRBEFEZAEL T Cox LBINF— FETAICLVKRD T,

184



C. IE&ER :

- FEEH O T X NEBEZR OV BMI L EREFESEICET 2 4EE OHEBE%
BrKROEBER., IEHEEMRAE (VX NEBER, B, BMD 238 WEEE2 <L, L
SHHHOKREERE L OFBEREIZ0.4-0.5 THoLEB. ZOMODEBR OB ICIZTPERELL
EDMBERBOONAR o, CFHRIZLIELBETHoT-, (K1)

VX MEAEZ 10c mBMZIHTI2ERBLOTICHETORBY XY (R 2) &
VX MEBEBELANALEOHESY A7 (K1) E2RT,

VXA MNEFEHBOHEMITSRRBEORERFRBBXAERICHEMS T, - EFHB O
T CIEMESR L VX NEABHROHKHOICAERLBRIZBD SN2 o4,
VRAZEWTFnot, FBETHL LOUT Thol,

D. &%

FEWOFU EOBLIZBW Ty =X NEBAZR, BMI %0 REHEEOHMITIEREG
REDOY R ERmOT, BMEREIE L EHRHERICET DM, FEAIMRT TR
FELBERIIED NN, BOBERTRR I,

T 1-1. EHERMIZH=-ITAMLUIZ BMI EDIEBEFH(EH)

DIR+EEEFE BMI
F R 65 ok 65-74m T5ELLLE 65 R 65-748 758 Lt
F 0.066 -0.071 -0.095 0.033 -0.078 -0.131
JIRERER 1.000 1.000 1.000 0.879 0.889 -0.112
Bk 0.210 0.247 0.177 0.020 0.010 0.884
®E 0.862 0.894 0.879 0.878 0.874 0.900
BMI 0.879 0.889 0.884 1.000 1.000 1.000
Bn 0.157 0.318 0.242 0.213 0.348 0.260
REE (tm=m) 0475  0.458 0.574 0.428 0.450 0.607
#Bavaro-n 0.078 0.078 0.058 0.059 0.104 0.077
IR #EEA M £ 0.152 0.161 0.121 0.159 0.155 0.200
HbAlc 0.027 0.083 0.089 0.006  0.082 0.057
HEZIL 0.259 0.144 0.197 0.245 0.151 0.183
EBAZ -0.045 0.039 0.004 -0.003 0.039 -0.018

185



F1-2. FREBRMNICHEIIARESTIZ BMI EOHEBE & (X )

DIRAEEAR BMI
FERER 65K 65-748 75LIE 65k 65-74% 75=LIL
F 0.120 0.043 -0.131 0.078 -0.007  -0.147
R 0.010 0.098 0.098 0.845 0.828 0.816
DIRCEBRRZE 1.000 1.000 1.000 -0.143  -0.065  -0.066
= 0.820 0.815 0.791 0.901 0.906 0.887
BMI 0.845 0.828 0.816 1.000 1.000 1.000
BN 0.045 0.080 0.137 0.066 0.110 0.166
REBE (tm=mm 0.413 0.441 0.514 0.469 0.474 0.525
#“Bavzro-L 0.114 0.049 0.082 0.077 0.078  0.112
UR 475 24 1 [£ 0.313 0.226 0.143 0.351 0.257 0.155
HbA1c 0.162 0.102 0.084 0.159 0.161 0.105
HEZ ‘ 0.184 0.113 0.144 0.185 0.139 0.168
BhZi -0.087 -0.014 -0.063 -0.077 0.036 -0.027

Z2 - EBANOIRAEBEEISH-REBYRY
(DTRFEBRR 10em NIz 3283 RY)

BERR
FHXH BEH/XNEEYR HURY  95%{EFHEX
65 &% ki 25/331 1.79 (1.04, 3.12)
Bt 65-74 8% 22/293 1.86 (1.18, 2.86)
75 Ll 3/92 2.27 (0.56, 9.52)
65 &% & 7 22/476 1.56 (1.11,  2.11)
Tt 65-74 46/784 1.66 (1.28, 2.23)
75l Lk 16/377 1.14 (0.70, 1.88)
i 2 dp
65 &% K i 10/397 0.66 (0.26, 1.66)
Bl 65-74 % 21/344 074 (0.42, 1.28)
5Lt 5/111 0.24 (0.05, 1.02)
65 X 12/530 0.73 (0.35, 1.34)
zE  65-7T4 % 48/865 0.89 (0.66, 1.18)
I EUE 20/421 0.75 (0.47, 1.21)

186



- EWMBIH =V T AMRICKDBERFERZEORAIRY

PR DA RS (BiE)

WREOEH R (&%)

8.0 - ; 8.0 g5 8.0 .

70 65 k& 70 65-748% 7.0—75&1'11

6.0 e 6.0 - ® 504

5.0 - ® 50- 5.0

4.0 /\/ 40~ / 4.0 i

3.0 ° 3.0 3.0

2.0 2.0 - ot 2.0 -

1.0 o-./ ¢ 0] o ee® 1.0 o0 _

0-0 T T T 1 0.0 T L ¥ L] 00 T T T 1
60 70 80 90 100110 60 70 80 90 100110 60 70 80 90 100110

8.0 - 8.0 - 8.0 - .

704 85K 704 65—743 o—o 70_75&1«1.!:

6.0 6.0 6.0 -

5.0 _ 5.0 5.0

4.0 2 4o ee® 4.0

3.0 . 3.0 1 3.0

204 e® 2.0 4 / 2.0

104 @ 104 @ 1.0 o\ oo \.

0.0 — 0.0 —r— 0.0 e
60 70 80 90 100110 60 70 80 90 100110 60 70 80 90 100110

DIAMEBE (cm) JIAREEK (ecm) DIXALBEAE (cm)

1 AN A= TAME L DR R DR ) R Y

Bz DA IR (i)  HEDOENER (B

20 5@k 2.0 65-7418 20-psgpl b
1.5 154 1.5
1.0 o\ 104 o 10{ e
[
05 o 05 \ Yo 0.5
0 ® ¥
0-0 T ] L 1 0 o T T ¥ 1 0 0 ¥ 1 { T 1

60 70 80 90 100110

60 70 80 80 100110

60 70 80 90 100110

207 sk 209 g5-7422 2095
1.5- 15 . 151 L e
1.0- o\ . 10- o\/\.'\ 10 o/\/\
054 & '°\. 054 0.5- e
0.0+—————— 00 — 1 00

60 70 80 90 100110
VIAFREE (cm)

60 70 80 80 100110

DIRFEBRE (cm)

187

60 70 so 90 1oono
DXRAMERE (cm)



E. 2007 SEOHERE (£ 0fh)
(AFEES0)
BHARXPEEOBELORRFIFETCEREY FHT 3

Hideo Sasaki, Fumiyoshi Kasagi, Michiko Yamada, Shoichiro Fujita. Grip strength
predicts cause-specific mortality in middle-aged and elderly persons. The American Journal of

Medicine. 2007; 120: 337-342.

C:Fy _
BHEECOBREFALNICT DL, BABREERETRAREREDOFEE
EHIZRBWNTOM - Filph]. QFEER). @BEFHIM Z o) I FEERIHES & v S Bladn
LT EIT - T2,
%ﬁﬂ@Té%t@ﬁﬁUZ&@&mmmA$~P%?wwi0\ﬂ%%wﬁéﬁ
RERFELERFN CRETHZLICIVIHEELE, 4

55 ENTBNHOREMETOSRE (5 DALOE 3 BADIZHT DR EROHERTY
A7 IZBMED 35-54 5% T 0. 52, 55-64 5T 0. 72, 65-74 % T 0.67 LWL FNH A EICIE
Motz, R TAETORETEOMERY 27 3B D 55-64 B (FBxIY 22 :1.38) &
65-74 i (FBxtU R 7 :1.38) CTEREICXHLAERICEN> 72, KHEOKRTHAETO
FEEEROFER Y 271X 35-54 8% (AU X2 :1.39) & 65-7T45% (FEHY A7 :1.54)
TERECHLARILE 2T, '
SREFEE R £ OSSR FIHERERT Y X 71348 H O 5Kg BN TEETITAERTY X
7 0.89, ZMETIIHER Y X7 0.87 L HFEIE oz, ZRFRBEZKOBEIY 271X
BHETITLEESR, EERME.OES, RICE DT T, £40.86, 0.85, 0.83, &
T2 0.80, 0.88, 0.87 Tho7=,

XY 2 7 BB A8 U CRERBLERYIO 5 £ T 0. 80, 20 F£LL ED IR
TH 0.92 L—B LTz, LaL, 20 FLLERERITIES 5K EMICBIT 5%tV
A HED o T,

188



The American Journal of Medicine (2007) 120, 337-342 E——
THE AMERICAN

JOURNAL of
MEDICINE o

CLINICAL RESEARCH STUDY

Grip Strength Predicts Cause-Specific Mortahty in
Middle-Aged and Elderly Persons
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ABSTRACT

PURPOSE:  Handgrip strength is a simple measurement used to estimate overall muscle strength but
might also serve as a predictor of health-related prognosis. We investigated grip strength-mortality
association in a longitudinal study.

METHODS: A total of 4912 persons (1695 men and 3217 women), 35 to 74 years old at baseline, were
the subjects of this study. Members of the Adult Health Study (AHS) cohort in Hiroshima, Japan, these
individuals undcrwent a battery of physiological tests, including handgrip-strength testing, between July
1970 and June 1972. Mortality was followed until the end of 1999. Estimates of relative risk (RR) of
mortality associated with grip strength were adjusted for potentially confounding factors by Cox propor-
tional hazard analysis.

RESULTS:  Mulivariate-adjusted RR of all causes of death, except for external causes, for the highest
quintile of grip strength in men was 0.52 (95% confidence interval [CI], 0.33-0.80) for the age group 35-54
years, 0.72 (95% CI, 0.53-0.98) for thc ages 55-64 ycars, and 0.67 (95% CI, 0.49-0.91) for the ages 65-74
years. These figures were significantly lower than the RR for the reference group (the third quintile).
Similar trends were observed in women. Multivariate-adjusted RR of all causes of death except external
causes for each 5-kg increment of grip strength was significantly low (RR: 0.89, 95% CI, 0.86-0.92 for
men, RR: 0.87, 95% CI, 0.83-0.92 for women). Multivariate-adjusted RR for heart disease, stroke, and
pneumonia in men was 0.85 (95% CI, 0.79-0.93), 0.90 (95% CI, 0.83-0.99), and 0.85 (95% CI, 0.75-0.98),
respectively. RR for each 5-kg increment of grip strength remained 0.92 (95% CI, 0.87-0.96), even after
more than 20 years of follow-up.

CONCLUSION:  Grip strength is an accurate and consistent predictor of all causes of mortality in
middle-aged and elderly persons. © 2007 Elsevier Inc. All rights reserved.

KEYWORDS: Grip strength; Mortality; Prognosis; Cohort study

Grip-strength measurement is useful for assessing approxi-
matc ovcrall muscle strength of middle-aged and clderly
people, and longitudinal studies revealed that it also predicts
health-related prognosis.'”** The prognostic outcomes in
these studies included functional limitation, functional de-
cline,** activities of daily living dependence,®'* and mor-
tality.!-3#%11-12 The majority of the mortality studies uti-
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Hcalth Managemcnt and Promotion Center, Hiroshima A-Bomb Casualty
Council, 3-8-6, Senda-machi, Naka-ku, Hiroshima 730-0052, Japan.
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0002-9343/$ -see front matter © 2007 Elsevier Inc. All rights vreserved.
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lized total mortality, with only one analyzing association
between grip strength and cause-specific mortality.

The subjects in such studies, however, were restricted to
hospitalized patients™'? or elderly people.>® The number
of studies on association between grip strength and progno-
sis conductcd on middle-aged, relatively healthy suchcts of
both sexes is limited.>!!

Further, most of the studies’ follow-up periods were less
than 10 years after baseline measurement of grip strength,
Only 2 studies, one in Canada and the other in Hawaii,
followed-up subjects for a longer duration, 13 and 30 years,
respectively.>®
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The Adult Health Study (AHS) is a longitudinal cohort
study conducted at the Radiation Effects Research Founda-
tion (RERF) in Hiroshima and Nagasaki. Grip strength was
measured with other physiological function tests during
1970-1972 to assess the overall physiological condition of
4912 persons in Hiroshima.'* This
population-based study is charac-

Other Measurements

Clinical cxaminations included taking of mcdical history,

general physical examinations, anthropometrical examina- -

tions including height and body weight measurements, and

laboratory tests. Body mass index (BMI) was calculated as
body weight (kg) divided by the
square of height (m). Physical ex-

terized as one of the largest cohort
studies of middle-aged and elderly
persons, with a long follow-up of
more than 25 years.

The aforementioned studies of
grip strength-mortality association
did not clarify whether such asso- o
ciation is universal. The present
study was conducted using thc
large cohort to clarify grip
strength-mortality association in

: A ton. prognosis.
morc dctail: first, by investigating

_CLINICAL SIGNIFICANCE

e Grip strength is a strong and consistent
predictor of all causes of mortality in
middle-aged and elderly persons.

In accordance with the present findings,
regular exercise for improvement of
physical and musculoskeletal fitness is
eagerly recommended to

aminations included blood pres-
sure measurement taken by sphyg-
momanometer at the right arm
with the subject in a sitling posi-
tion. General laboratory tests con-
sisted of peripheral blood test and
determination of serum choles-
terol and other biochemical items.
Information about smoking habits
and alcohol intake was obtained
from self-administrated question-
naires conducted during the period

improve

association in an agc and scx-spc-

cific manner, sccond, by studying

causc-specific association, and third, by determining time
trends of this association after dividing the follow-up into
different time periods.

METHODS

Subjects were members of the AHS cohort of RERF. The
AHS was begun in 1958 by RERF’s predecessor, the
Atomic Bomb Casualty Commission (ABCC), as a clinical
cohort study to investigate the long-term medical and bio-
logical effects of exposure to atomic-bomb radiation among
the survivors and unexposed controls in Hiroshima and
Nagasaki. Approximately 20,000 persons were invited to
participate in biennial health examinations conducted by
ABCC (and later, RERF) clinical physicians. A detailed
description of the examinations, which included clinical
evaluations and routine laboratory determinations, is avail-
able elsewhere.'’

Handgrip Measurement

Current study subjects were derived from 6129 persons in
the AHS cohort who underwent a battery of noninvasive
agc-rclated physiological tests between July 1970 and Junc
1972 in Hiroshima.'* Handgrip strength was mcasured 2
times for both left and right hands with subjects in a stand-
ing position using a dynamomelter in units of kilograms.
Grip devices were calibrated with known weights. Subjects
held the dynamometer at thigh level and were encouraged to
exert the strongest possible force. The maximum grip
strength among all measurements was used for the present
analysis. Analysis was restricted to 4912 subjects (1695
men and 3217 women) in Hiroshima who were 35 to 74
years old at the time of examination and who had completed
the grip-strength measurements, as well as provided other
clinical information (Table 1).

1965-1968. Categories for smok-

ing habits were “never,” “{ormer,”
and “current.” For currcnt smokers, a question was included
about quantity of cigarettes smoked. Categories for alcohol
intake were “never” and “former/current.” Individual radi-
ation dosc cstimatcs were based on RERF’s 1986 Dosimctry
System (DS86).'°

Mortality Follow-up

Mortality was 'followcd-up for the cntirc study samplc from
the time of grip-strength examination in 1970-1972 until the -
end of 1999. Deaths were routinely identified through Ja-
pan’s koseki (obligatory houschold rcgistry) systcm, and
ascertainment is essentially complete. Causes of death were
obtained from death certificates. Underlying causes of death
were classified into the following categories: cancer (140-
208 by International Classification of Diseases [ICD] 8" or
9™ heart disease (390-429 by ICD 8™ or 9%), coronary
heart disease (CHD, 410 by ICD 8" or 9'"), stroke (430-438
by ICD 8™ or 9™), cerebral infarction (CI, 433 and 434 by

Table 1  Clinical Characteristics of the Study Subjects
Men Women
Number of subjects 1689 3209
Age at examination (years) 55.5 + 11.1 - 53.9 + 10.7
Systolic blood pressure 130.9 £ 23.6 1255 * 23.4
(mm Hg) '
Diastolic blood pressure 81.9 = 26.1 78.7 £ 26.2
(mm Hg)
Total cholesterol (mg/dL) 183.7 * 34.3 * 200.7 * 37.6
Body mass index (kg/m?) 21.7 + 31 22.6 * 3.6
Mean grip strength (kg) 46.4 9.0 29.2 £ 6.3
Current smoker (%) 68.4 13.9
Cigarettes smoked (per day) 18.6 10.1
Current alcohol drinker (%) 70.0 15.7

Each continuous variable is shown as mean value % SD.
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Figure 1  Average grip strength (kg) by age- and sex-specific
categories. :

ICD 8™ or 9™), cerebral hemorrhage (CH, 431 by ICD 8" or
9™), and pneumonia (480-487 by ICD 8™ or 9™). Pneumo-
nia was chosen because it is onc of the major causcs of
death among elderly persons in Japan.

Statistical Analysis

Relative risk (RR) of mortality associated with grip sirength
was adjusted multivariately for potentially confounding fac-
tors by Cox proportional hazard models, both in men and
women. The factors considered in the models were age at
bascline, systolic blood prcssure, BMI, smoking and drink-
ing habits, serum cholesterol level, and radiation dose. Al-
lowance for the effect of radiation dose was necessary
because the study population included atomic bomb survi-
vors exposed to radiation. When RR of all causes of mor-
tality except external deaths was estimated according to the
sex- and age-specific quintile of grip strength, the third
quintile was established as a reference. For trend test, the
mean value of grip strength in each quintile was assigned to
the category. In the case of cause-specific mortalities, RR
was calculated for cach 5-kg increment of grip strength.

Table 2

Analysis was carried out separately by sex. Deaths within
the first 2 years after baseline were excluded from analysis.

Secular trends of multivariate-adjusted RR of all causes
of dcath, cxccpt cxternal causcs, were calculated by divid-
ing the follow-up period from baseline examination (within
5 years, after 5 years, after 10 years, after 15 years, and after
20 years).

RESULTS

Average age at cxamination was 55.5 ycars in men and 53.9
years in women. Average grip strength was 46.4 kg in men
and 29.2 kg in women. According to average grip strength
by age- and sex-specific categories, a gradual decrease was
apparent in both sexes. Decrease of grip strength from 35-44
years 10 65-74 years was 11.1 kg in men and 8.8 kg in
women (Figure 1). Other clinical characteristics are shown
in Tablc 1. Men tend to have higher systolic and diastolic
blood pressure, and are more likely than women o smoke
and to drink alcohol.

Over the 27 years of follow-up, 2483 deaths occurred
besides those from external causes, which included trauma
and suicide. Numbers of deaths from cancer, heart disease,
stroke, and pneumonia were 784, 518, 435, and 191, respec-
tively (Table 2). .

Multivariate-adjusted RR was compared among different
grip-strength categories divided into quintiles for each age
and sex group, using the third quintile group as reference. In
all age and sex groups, a declining trend of mortality by
increment of grip strength was observed. RR of mortality
for the highest quintilc in men was 0.52 (95% confidence
interval [CI], 0.33-0.80) for the age group 35-54 years, 0.72
(95% ClI, 0.53-0.98) for ages 55-64 years, and 0.67 (95%
CI, 0.49-0.91) for ages 65-74 years, which was significantly
lower than that of the reference group. RR of mortality for
the lowest quintile in men aged 55-64 years (RR 1.38,95% .
Cl, 1.01-1.89) and aged 65-74 years (RR 1.38, 95% CIJ,
1.01-1.88) was significantly highcr than that of the reference
group (Figure 2).

RR of mortality for the lowest quintile in women aged
35-54 years (RR 1.39, 95% CI, 1.02-1.90) and aged 65-74

Number of Deaths by Cause During Follow-up Period of 30 Years
Men Women Total
Number of subjects at baseline 1689 3209 4898
Mean (* SD) age at baseline (years) 55.5 + 11.1 53.9 * 10.7 54.4 * 10.9
All death except external causes 1081 1402 2483
Cancer 391 393 784
Heart 185 333 518
CHD 87 122 209
Stroke 172 263 435
a 74 105 179
CH 41 .55 96
Pneumonia 82 109 191

CHD = coronary heart disease; CI = cerebral infarction; CH = cerebral hemorrhage.
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Figure 2 Multivariate-adjusted relative risk (RR) among differ-
ent grip strength categories divided into quintiles in each age and
sex group, using the third quintile group as reference.

years (RR 1.54, 95% CI, 1.20-1.98) was significantly higher
than that of the reference group (Figure 2).

Age-adjusted RR of all causes of death, except external
causcs, for cach 5-kg increment of grip strength in men was
significantly low (RR 0.89, 95% CI, 0.86-0.92). Age-ad-
justed RR for heart disease, CHD, and pneumonia was 0.86
(95% CI, 0.79-0.94), 0.85 (95% CI, 0.75-0.96), and 0.83
(95% CI, 0.73-0.94), respectively. Multivariate-adjusted RR
of all causcs of dcath, cxcept cxternal causcs, was not
changed in age-adjusted values, although RR of stroke (RR
0.90, 95% CI, 0.83-0.99) and cerebral infarction (RR 0.90,
95% CI, 0.79-0.96) became statistically significant (Table 3).

Age-adjusted RR of all causes of death, except external
causcs, for cach 5-kg increment of grip strength in women
also was significantly low (RR 0.89, 95% CI, 0.84-93).
Age-adjusted RR for heart disease, stroke, and cerebral
infarction was 0.82 (95% CI, 0.75-0.91), 0.87 (95% CI,
0.78-0.97), and 0.81 (95% CI, 0.68-0.97), respectively.
Age-adjusted RR for CHD was not significant (RR 0.90,
95% CI, 0.76-1.06). Multivariate-adjusted RR was not sig-
nificantly different in age-adjusted values (Table 4). Mult-
ivariate-adjusted RR of all causes of death, except external
causes, for each 5-kg increment of grip strength in women

192

Table 3  Relative Risk (RR) of Death for Each 5-kg
Increment of Grip in Men

Multivariate-
Age-adjusted RR adjusted RR
All death 0.89 (0.86-0.93) 0.89 (0.86-0.92)
except
external
causes :
Cancer 0.95  (0.90-1.01)  0.94  (0.88-1.00)
Heart 0.86  (0.79-0.94)  0.85  (0.79-0.93)
CHD 0.85  (0.75-0.96)  0.83  (0.74-0.94)
Stroke 0.92 (0.84-1.00) 0.90 (0.83-0.99)
a 0.90  (0.79-1.03)  0.90 . (0.79-0.96)
CH 0.86  (0.73-1.03)  0.85  (0.72-1.01)
Pneumonia  0.83 (0.73-0.94) 0.85 (0.75-0.98)

RR was adjusted for age, systolic blood pressure, body mass index,
total chotesterol, smoking habits, alcohol consumption, and radiation
dose. Figures in parentheses are 95% confidence intervals (CI).
CHD = coronary heart disease; (I = cerebral infarction; CH = cerebral
hemaorrhage.

(RR 0.87, 95% CI, 0.83-0.92) was not very different from
that observed in men.

Secular trends of multivariate-adjusted RR of all causes
of death, except external causes, were analyzed. RR tended
1o move (o unity through the follow-up period, from 0.80
(95% CI, 0.74-0.87), during the initial 5 years after baseline
examination, to 0.92 (95% CI, 0.87-0.96), at more than 20
years of follow-up. However, even after 20 years of follow-

- up, RR was significantly lower for cvery 5-kg increment of

grip strength (Table 5).

DISCUSSION

Grip strength was a strong and consistent predictor of all
causcs of mortality in middlc-aged and clderly persons in

Table 4 Relative Risk (RR) of Death for Each 5-kg
Increment of Grip in Women
Multivariate-
Age-adjusted RR adjusted RR
All death 0.89  (0.84-0.93)  0.87  (0.83-0.92)
except '
external
causes
Cancer 1.00  (0.91-1.09)  0.99  (0.90-1.08)
Heart 0.82  (0.75-0.91)  0.80  (0.72-0.88)
CHD 0.90  (0.76-1.06)  0.88  (0.75-1.04)
Stroke 0.87 (0.78-0.97)  0.85  (0.76-0.95)
I 0.81  (0.68-0.97) 0.80  (0.68-0.96)
CH 0.83  (0.66-1.05)  0.80  (0.63-1.02)
Pneumonia  0.86 {0.73-1.03) 0.87 (0.73-1.04)

RR was adjusted for age, systolic blood pressure, body mass index,
total cholesterol, smoking habits, alcohol consumption, and radiation
dose. Figures in parentheses are 95% confidence intervals (CI).
CHD = coronary heart disease; CI = cerebral infarction; CH = cerebral
hemorrhage.
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Table 5 Secular Trends of Multivariate-Adjusted Relative
Risk (RR) of all Death Except External Causes

Follow-up Period RR 95% (I

=5 years since baseline 0.80 (0.74-0.87)
>5 years 0.90 (0.87-0.93)
>10 years 0.91 (0.88-0.95)
>15 years 0.92 (0.88-0.96)
>20 years 0.92 (0.87-0.96)

RR was estimated for each 5-kg increment of grip strength.
(I = confidence interval.

Japan at more than 20 years of follow-up from baseline.
This association was observed in all age categories from 35
to 74 years and in both sexes. It predicted not only all causes
of mortality, but also hcart discasc and strokc mortality.

Grip strength may be representative of overall muscular
strength because it is highly correlated with other muscular
strength measures, including clbow flexion, knce extension,
trunk flexion, and trunk extension.!” Maintenance of muscle
strength throughout life reduces the prevalence of functional
limitations that might closely relate to early death, espe-
cially in the elderly.!8-2!

Muscular strength is related to skeletal muscle mass,
which also is a significant site of glucose disposal and
insulin action.”” Elcvated insulin levels in persons with

“lower grip strength are thought to be the central feature of
insulin-resistance syndrome.?® Muscle is also the greatest
reserve of protein in the body and plays an important rolc in
immunity and other functions. People with -poor muscular
strength, therefore, may be more prone to injurious acci-
dents, and their recovery from acute disease or injury may
be compromised.! Thus, measures of muscular strength can
be considered markers of the risk of metabolic disorders,
which are ultimately related to risk of premature mortality,
especially from cardiovascular diseases. Because muscle
strength is closely related to regular physical activity, reg-
ular daily exercise to maintain muscle strength is
reccommendcd.

Most early studies analyzed data from hospitalized pa-
tients or the elderly population.!*>%!% The present analysis
concludes that the protective effects of higher grip strength
were apparent both in men and women, and in a wide-range
of age distribution. The results also show that such protec-
tive effects were observed even in nonhospitalized and
middle-aged individuals, which demonstrates the impor-
tance of maintenance of muscle strength in the middle-age
period for better health in later life. '

Diffcrences in muscle strength and body composition are
known to exist between men and women, and from early
adulthood on, women have, on average, 30% to 40% less
muscle strength than men.>® Several studies investigated the
grip-mortality association in women, 2 of which studied
elderly women aged 65 years or older, and found an inverse
relationship.' Katzmarzyk and Craig failed o show that
grip strength was predictive of mortality in middle-aged

193

women, although there was a 49% increased risk of death in
the lowest quartile of grip strength in men.2 To the best of
our knowledge, our study is the first to show a significant
grip-mortality association in middle-aged women. How-
ever, it is noteworthy that there was a difference in rela-
tionship between grip strength and mortality between the
sexes. In men, both ends of grip strength distribution are
associated with mortality; in women, however, low grip
strength is a risk for premature death and high grip strength
is not protective. These differences may be due to the lower
and narrower distribution of grip strength in women com-
pared with the distribution in men. Age-adjusted and mul-
tivariate-adjusted RR for each 5-kg increment of grip
strength for CHD was significantly low in men, but not in
women. This may be due to the relatively small number of
female CHD cascs, because hypertensive heart discase is
more prevalent than CHD in Japan, especially in women.

The impact of grip strength on mortality prognosis per-
sisted for morc than 20 ycars. Grip strength is shown to be
a tracking phenomenon in which the measure remains con-
sistent even if physical activity varies during the observa-
tion period.* Therefore, the lower RR of premature death
for people with higher grip strength is stable for long ob-
servational periods.

The major limitation of the study is that many factors
that might affcct the obscrved rclationship between grip
strength and mortality, such as presence of diabetes, in-
come, education, physical activity, and so on were not
included in the analysis. Thercfore, the present findings
could be subject to residual confounding.

Half of the subjects in this study were exposed to A-bomb
radiation. However, average grip strength among radiation-
dose groups did not differ (data not shown), and association
between grip strength and mortality was independent from
radiation dose (P >.05). Thus, the grip-mortality association
can be generalized to other human populations.

CONCLUSION

Grip strength is a strong and consistent predictor of all
causes of mortality in middle-aged and elderly persons,
even al more than 20 years of {ollow-up {rom baseline. In
accordance with the present findings, regular exercise for
improvement of physical and musculoskeletal fitness is ea-
gerly recommended Lo improve prognosis.
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Relationship between Visceral Fat and Cardiovascular Disease Risk Factors:
The Tanno énd Sobetsu Study
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Relationship between Visceral Fat and
Cardiovascular Disease Risk Factors:
The Tanno and Sobetsu Study

Yu CHIBAY, Shigeyuki SAITOH", Satoru TAKAGI", Hirofumi OHNISHI", Nobuo KATOH",
Junichi OHATA", Motoya NAKAGAWADV, and Kazuaki SHIMAMOTO"

We assessed the amount of visceral fat using ultrasonography (US) and studied its relationship to cardio-
vascular disease risk factors, particularly blood pressure. The subjects in the first study were 45 male and
61 female outpatients. We measured the visceral fat area (VFA) of each subject using abdominal CT and

waist circumference (WC), and visceral fat distance (VFD) using US. The subjects in the second study were .

353 male and 457 female inhabitants of a rural community, for whom VFD and WC were measured. We
divided subjects into tertiles based on VFD and WC, and studied the relationship between each group and
individual risk factors. In an analysis of outpatient subjects, the correlation coefficient between VFA and
VFD was satisfactory: r=0.660 for men and r=0.643 for women. In the analysls of the rural subjects, the high
VFD group had a significantly higher odds ratio than the low VFD group in high blood pressure (HBP) and
hypertriglyceridemia (HTG) for men and in HBP, HTG and low high-density tipoprotein cholesterolemia
(LHDL) for women. Moreover, adjusting VFD for body mass index revealed that, in comparison to WC, VFD
was significantly related to risk factors. VFD was used as an independent variable in multiple regression
analysis with blood pressure level as a dependent variable; no significant association between WC and
blood pressure was obtained. Visceral fat assessment by US may be useful for epidemiological study and
for clinics with no abdominal CT equipment for identifying high-risk individuals, such as those with meta-
bolic syndrome. (Hypertens Res 2007; 30: 229-236)

Key Words: ultrasonography, visceral obesity, cardiovascular disease risk factors, waist circumference,
hypertension

Introduction

Obesity is often complicated by arteriosclerotic diseases such
as hypertension, ischemic heart disease and cerebrovascular
disease as well as by their risk factors (/, 2). Since the late
1980s, these complications have been explained by the con-
cept of a multiple risk factor syndrome such as syndrome X
(3), the deadly quartet (4), and visceral fat syndrome (5).
More recently, the term metabolic syndrome (MS) has been
adopted by the National Cholesterol Education Program

Adult Treatment Panel I11 (NCEP ATPII) (6). Visceral obe-
sity, in which fat markedly accumulates in the peritoneal
mesentery and around the greater omentum, is thought tobe a
fundamental pathology for MS in particular. The incidence of
cardiovascular disease is high even in non-obese individuals
with a body mass index (BMI) within the normal range who
have an accumulation of visceral fat (7), and accurate assess-
ment of both body fat distribution and visceral fat accumula-
tion is critical for assessing the risk of arteriosclerotic disease.

Previous studies have shown that waist-to-hip ratio, waist-
to-height ratio, waist circumference (WC), and visceral fat
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