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Abstract

It is well-documented that body fat and body fat distribution are related to increased risk for
cardiovascular disease, hyperinsulinaemia, and diabetes mellitus. The purpose of this study was
to investigate the impact of smoking status, physical activity and place of living on body fat and
fat distribution of Greek elderly men. The participants were 144 elderly men of mean age
71.78 +6.39 years, who were free-living individuals, in Thessaloniki (104 subjects) and in the
suburbs (40 subjects). According to our results, 23.9% of men who participated in the study
were smokers. No association was found between skinfolds, skinfold ratio and physical activity
or smoking. It is worth to mention that a triple percentage of younger elders (60—75 years)
smoked, compared to the older ones. This finding could possible explain the absence in
anthropometric differences between elderly smokers and non-smokers. Intervention programs
aiming to yield information about changing the various modifiable risk factors in the elderly are
needed.
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Introduction

It is well-documented that body fat is related to increased risk for cardiovascular
disease (Donahue et al. 1987), hyperinsulinaemia (Bonnadonna et al. 1990), and
diabetes mellitus (Berchtold et al. 1981). Also body fat distribution is related to the
risk for developing cardiovascular disease (LLarsson et al. 1984; Gillium 1987) and
diabetes (Ohlson et al. 1985; Gillium 1987). Smoking has a strong and consistent
detrimental effect on mortality and function ability, and as a result non-smokers
live not only longer but also a shorter time with morbidity and disability (Reed et al.
1998; Nusselder et al. 2000; Ostbye et al. 2002). Furthermore, smoking and age
were independently linked with ill health and all-cause mortality (Menotti et al.
2001; Ostbye et al. 2002). According to Avlund et al. (1998), smoking status was
not a predictor of mortality during the next 10 years for men and women aged 70
years.

Correspondence: Sousana K. Papadopoulou, PhD, Physical Education Teacher — Nutritionist, 21 Michael
Karaoli Str. 54 636 Thessaloniki, Greece. Cell: +36944798916. E-mail: sousana@phed.auth.gr

ISSN 0963-7486 print/ISSN 1465-3478 online © 2005 Taylor & Francis
DOI: 10.1080/09637480500439266



562 S. K. Papadopoulou et al.

Smoking is associated with smaller weight (Albanes et al. 1987) but with higher
central fat distribution (Shimokata et al. 1989; Troisi et al. 1991) and quitting leads to
weight gain (Gordon et al. 1975). Lower body weight of smokers might be attributed
to the increased metabolic rate, caused by nicotine (Perkins et al. 1989). Sex steroid
levels (testosterone and estradiol) were inversely related to smoking, implicating
smoking as a risk potent for hormone-related disorders (Hsieh et al. 1998). There is a
dispute in opinions referring to the hormone levels among smokers and non-smokers
and their role in explaining the relationship between smoking and fat distribution
(Troisi et al. 1991). However, quitters did not preferentially deposit fat in the upper
body (Troisi et al. 1991; Lissner et al. 1992; Slattery et al. 1992).

Physical activity was negatively associated with central obesity (Troisi et al. 1991;
Slattery et al. 1992). Total energy expenditure was positively related with fat-free mass
and VO, in the elderly (Goran & Poehlman 1992). According to Westerterp &
Meijer (2001), PAL values were not associated with body composition in the elderly.
However, high level of physical activity, especially resistance training, might be
beneficial in muscle function and impaired mobility in the elderly (Fielding 1995;
Westerterp & Meijer 2001). Physically active older males and females seemed to be
less endomorphic and to have better balance performance than less active subjects
and, in turn were less inclined to falls which are related to morbidity and mortality in
the elderly (Bulbulian et al. 2000). The institutionalized elderly men below 75 years
had higher body fat than their free-living counterparts, possibly due to lower physical
activity (Mazariegos et al. 1996). It is worth mentioning that institutionalized elders
had poorer nutrition intake both in quality and in quantity compared to free-living and
homebound ones. Triceps skinfold thickness did not differ significantly among the
institutionalized and the other two groups, although the free-living Greek elders had
higher physical activity level, due to their different dietary intakes (Papanikolaou et al.
1999). Nevertheless, smoking was not correlated with a decline in physical function
(Seeman et al. 1995) and smoking did not seem to affect PAL levels in the elderly
(Papadopoulou et al. 2003). Lower education was related with lower physical ability
(Seeman et al. 1995) and with lower physical activity levels (Papadopoulou et al.
2003). Little data is available on body composition of the elderly, especially for the
Greek population. This study investigated the impact of smoking status, physical
activity and place of living on body fat and fat distribution of Greek elderly men.

Materials and methods
Subjects

The participants were 144 elderly men of mean age 71.78 +6.39 years, who were free-
living individuals, members of Rehabilitation Centers for the Elderly in Thessaloniki
(104 subjects), and in the suburbs (40 subjects). The selection of the sample was
made with random sampling. The participants were subjected to anthropometric
measurements and they completed a specific questionnaire regarding their physical
activity and their smoking status (Papadopoulou et al. 2003).

Anthropometric measurements

Body weight and stature were measured without shoes and in light clothing, with the
use of a standing calibrated scale (to the nearest 0.2 kg), with height attachment
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(to the nearest 0.5 cm). Skinfolds were measured, on the right side of the body, using a
calibrated Lafayette caliper. Waist and hip circumferences were measured at the
minimum abdominal and at the maximum buttocks circumference, to the nearest
0.5 cm, respectively. Skinfolds and circumferences were measured in duplicate and the
average measurement was used in data analyses.

The waist circumference/hip circumference ratio was used to measure fat distribu-
tion and estimate upper-body obesity. The ratio of subscapular to triceps skinfold was
used as a measure of body fat distribution (Garn et al. 1982; Duncan et al. 1995).

Statistical analysis

The SPSS (SPSS Inc. Rel. 10.0) computer program was used for the statistical analysis.
The methodology tools used was Analysis of Variance (ANOVA) in order to evaluate
the differences according to age and to smoking status, physical activity and residence
on the weight, BMI, body fat, Waist to hip ratio (WHR) and the subscapular to
triceps skinfold ratio, and their intercorrelation. Chi-square ()(2) test, was also used as
to assess the differences between subgroups. Statistical significance was set at P <0.05.

Table I. Characteristics of the participants.

N 144

Age (years) 71.78+6.39
Weight (Kg) 78.39+12.62
Height (m) 1.67+0.06
BMI (Kg/m?) 27.94+3.88
Overweight (%) 51.0

Obese (%) 30.1

Body fat (%) 29.41+4.91
Smokers (%) 23.9%
Triceps skinfold (mm) 14.23 +5.53
Subscapular skinfold (mm) 20.43+6.66
Triceps to subscapular ratio 1.55+0.55
Waist circumferance (cm) 102.45+11.91
Hips circumferance (cm) 103.1+7.82
Waist to hip ratio 0.9940.07

Table II. Anthropometric characteristics according to age and smoking status.

Age (years)

Smoking

60-75

Above 75

Yes

No

Age (years)

68.40 +3.43**

78.77+5.33%*

69.50 +6.03*°

72.51+6.38*°

Weight (Kg) 78.89+12.20 76.31+13.42 77.56+14.46 78.72+12.09
Height (m) 1.68+0.07 1.66+0.007 1.69+0.07 1.67+0.07
BMI (Kg/mz) 28.11+3.98 27.49+3.85 26.98+4.29 28.27+3.72
Body fat (%) 29.21+5.05 29.43+4.85 28.42+5.25 29.84+4.63
Triceps skinfold (mm) 14.08 +5.62 14.11+5.53 13.48+5.5 14.52+5.49
Subscapular skinfold (mm) 20.23+6.95 20.514+6.27 19.08+6.78 20.97+6.49
Triceps to subscapular ratio 1.5540.54 1.584+0.62 1.4840.37 1.5740.60
Waist circumferance (cm) 102.5+12.0 102.5+12.2 101.44+13.6 102.9+11.4
Hips circumferance (cm) 102.6+7.1 103.6+9.2 101.948.1 103.5+7.7
Waist to hip ratio 1.00+0.07 0.99+0.08 0.99+0.09 0.99+0.08

*®:bGionificant difference between groups, P <0.05.
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Results

The characteristics of our subjects are set forth in Table I. Elderly smokers were
significantly younger than non-smokers. There was no significant difference found in
anthropometric characteristics, according to age and smoking status, as shown in Table
II. Thirty percent of the elders between 60 and 75 years smoked, while the
corresponding percentage for the elders above 75 years was 11.4%, P <0.05. There
was no significant relation between physical activity, smoking status, residence and age.

Discussion

A significant part of our northern Greek elderly men was found to smoke (23.9%).
According to studies that were conducted in Athens, 28.7% (Papanikolaou et al.
1999) and 36.5% (Hsieh et al. 1998) of the older men were smokers. In Denmark,
53% of the 70 years old men were smokers while the respective percentage in women
was 37% (Avlund et al. 1998). The respective percentages were lower in USA. In four
areas in USA, only 7.9% of the elderly women were current smokers (Cappuccio et al.
1999). According to a longitudinal study, 10% of the elderly Americans were current
smokers and 42% were former smokers (Ostbye et al. 2002).

Our sample had lower BMI and body fat values compared to the older Americans,
while our subjects showed higher body fat values than the Chinese elders (Slattery et
al. 1992; Woo et al. 1997). According to our results, no association was found between
skinfolds, skinfold ratio and physical activity or smoking. This finding is in agreement
with the study of Slattery et al. (1992). In our study, WHR was also not related to
smoking, while in other studies smoking was directly associated with WHR (Haffner
et al. 1986; Shimokata et al. 1989; Slattery et al. 1992) and abdomen to hip ratio
(Troisi et al. 1991).

A triple percentage of younger elderly men (6075 years) smoked compared to the
older ones. This finding could possible explain the absence in anthropometric
differences between elderly smokers and non-smokers. During the aging process,
significant changes in body composition occur, like a decrease in lean mass and an
increase in fat mass (Vaughan et al. 1991; Aloia et al. 1996; Woo et al. 1997; Nguyen
et al. 1998; Gillette-Guyonnet et al. 2003). Gillette-Guyonnet et al. (2003) marked a
decrease in BMI values and an increase in WHR values probably due to a decrease in
hip circumference (Gillette-Guyonnet et al. 2003), while another study referred that
elderly subjects had lower weight and height compared to young adults (Vaughan et al.
1991). The prevalence of sarcopenia increases with age and leads to decrease in
muscle mass and impaired physical capacity and performance and it is correlated with
increased risk of morbidity and mortality (Baumgartner et al. 1998; Gillette-
Guyonnet et al. 2003). From this point of view, smoking is a co-factor with
sarcopenia. As a result the advantage of smaller body size in young smokers turn
out to be a risk factor for incapability, morbidity and mortality in the elderly men.
Muscle mass was higher while fat mass was lower in younger elderly men (below 75
years) compared to older elders (above 75 years) in institutionalized and free-living
population as well (Mazariegos et al. 1996). Fat-free mass reduction is associated with
aging and morbidity and mortality, as well (Waaler 1987). Tobacco is a main
contributant to men’s higher mortality, as smoking is attributant to half of the gender
differences in mortality (Waldron 1986).
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Intervention programs aiming to ameliorate adverse changes in body composition
of the elderly should be developed and applied (Gillette-Guyonnet et al. 2003).
Public health officials should encourage healthy life styles for controlling central
adiposity (Duncan et al. 1995). The effect of smoking and physical activity on
body composition and fat distribution is of critical importance because these
environmental—behavioral factors can be altered (Troisi et al. 1991). Further
intervention programs are needed to yield information about changing the various
modifiable risk factors in the elderly individuals. Smoking cessation and increase in
physical activity should be emphasized in order to achieve ‘successful aging’.

References

Albanes D, Jones Y, Micozzi MA, Mattson ME. 1987. Associations between smoking and body weight in the
US population: analysis of NHANES II. Am J Pub Health 77:439-444.

Aloia JF, Vaswani A, Ma R, Flaster E. 1996. Aging in women — the four compartment model of body
composition. Metab Clin Exp 45(1):43—-48.

Avlund K, Schultz-Larsen K, Davidsen M. 1998. Tiredness in daily activities at age 70 as a predictor of
mortality during the next 10 years. ] Clin Epidemiol 51(4):323-333.

Baumgartner RN, Koehler KM, Gallagher D, Romero L, Heymsfield SB, Ross RR, Garry PJ, Lindeman
RD. 1998. Epidemiology of sarcopenia among the elderly in New Mexico. Am ] Epidemiol 147(8):755—
763.

Berchtold P, Berger M, Jorgens V, Daweke C, Chatelau E, Cries FA, Zimmermann H. 1981. Cardiovascular
risk factors and HDL-cholesterol levels in obesity. Int J Obes 5:5-10.

Bonnadonna RC, Goop L, Kraemer N, Ferrannini E, Del Prato S, Defronzo RA. 1990. Obesity and insulin
resistance in humans: a dose response study. Metabolism 39:452—-459.

Bulbulian R, Hargan ML. 2000. The effect of activity history and current activity on static and dynamic
postural balance in older adults. Physiol Behav 70:319-325.

Cappuccio FP, Meilahn E, Zmuda JM, Cauley JA. 1999. High blood pressure and bone-mineral loss in
elderly white women: a prospective study. Lancet 354:971-975.

Duncan BB, Chambless LE, Schmidt M-I, Szklo M, Folsom AR, Carpenter MA, Crouse JR. 1995.
Correlates of body fat distribution. Variation across categories of race, sex, and body mass in the
atherosclerosis risk in communities study. Ann Epidemiol 5:192-200.

Fielding RA. 1995. The role of progressive resistance training and nutrition in the preservation of lean body
mass in the elderly. ] Am Coll Nutr 14(6):587-594.

Garn SM, Ryan AS, Robson JRK. 1982. Fatness dependence and utility of the subscapular/triceps ratio.
Biol Food Nutr 12:173-177.

Gillette-Guyonnet S, Nourhashemi F, Andrieu S, Cantet C, Albaréde JL, Vellas B, Grandjean H. 2003.
Body composition in French women 75 + years of age: The EPIDOS study. Mech Ageing Dev 124:311—
316.

Gillium RF. 1987. The association of body fat distribution with hypertension, hypertensive heart disease,
diabetes and cardiovascular risk factors in men and women aged 18-79 years. ] Chronic Dis 40:421—
428.

Goran MI, Poehlman ET. 1992. Total energy expenditure and energy requirements in healthy elderly
persons. Metabolism 41(7):744-753.

Gordon T, Kannel WB, Dawber TR, McGee D. 1975. Changes associated with quitting cigarette smoking:
The Framingham Study. Am Heart J 90:322-328.

Haffner SM, Stern MP, Hazuda HP, Pugh ], Patterson JK, Malina R. 1986. Upper body and centralised
obesity in Mexican Americans and non-Hispanic whites: relationship to body mass index and other
behavioral and demographic variables. Int ] Obes 10:493-502.

Hsieh C-C, Signorello LB, Lipworth L, Lagiou P, Mantzoros CS, Trichopoulos D. 1998. Predictors of sex
hormone levels among the elderly: a study in Greece. ] Clin Epidemiol 51(10):837—-841.

Larsson B, Svardsudd K, Welin L, Wilhelmsen L, Bjorntorp P, Tibblin G. 1984. Abdominal adipose tissue
distribution, obesity, and risk of cardiovascular disease and death: 13 year follow up of participants in the
study of men born in 1913. Br Med J 288:1401-1404.

Lissner L, Bengtsson C, Lapidus L, Bjérkelund C. 1992. Smoking initiation and cessation in relation to
body fat distribution based on data from a study of Swedish women. Am ] Pub Health 82:273-275.



566 S. K. Papadopoulou et al.

Mazariegos M, Valdez C, Kraaij S, van Setten C, Luirink C, Breuer K, Haskell M, Mendoza I, Solomons
NW, Deurenberg P. 1996. Comparative body estimation estimates for institutionalized and free-living
elderly in metropolitan areas of the republic of Guatemala. Nutr Res 16(3):443-457.

Menotti A, Mudler I, Nissinen A, Feskens E, Giampaoli S, Tervahauta M, Kromhout D. 2001.
Cardiovascular risk factors and 10 year all cause mortality in elderly European male populations. Eur
Heart J 22:573-579.

Nguyen TV, Sambrook PN, Eisman SA. 1998. Bone loss, physical activity, and weight change in elderly
women: the Dubbo Osteoporosis Epidemiology Study. ] Bone Res 13(9):1458-1467.

Nusselder WJ, Looman CW, de Mheen PJ, van de Mheen H, Mackenbach JP. 2000. Smoking and the
compression of morbidity. ] Epidemiol Community Health 54(8):566—574.

Ohlson LO, Larsson B, Svardsudd K, Welin L, Eriksson H, Wilhelmsen L, Bjontorp P, Tibblin G. 1985.
The influence of body fat distribution on the incidence of diabetes mellitus: 13.5 years of follow-up of the
participants in the study of men born in 1913. Diabetes 34:1055—1058.

Ostbye T, Taylor DH, Jung S-H. 2002. A longitudinal study of the effects of tobacco smoking and other
modifiable risk factors on ill health in middle-aged and old Americans. Prev Med 34:334—345.

Papanikoluou G, Hassapidou H, Andrikopoulos N. 1999. Dietry intakes of an elderly population in Athens,
Greece. ] Nutr Elderly 19(12):17-29.

Papadopoulou SK, Papadopoulou SD, Zerva A, Paraskevas G, Dalkiranis A, Ioannou I, Fahantidou A.
2003. Health status and socioeconomic factors as determinants of physical activity level in the elderly.
Med Sci Monit 9(2):79-83.

Perkins KA, Epstein LH, Stiller RL, Marks BL, Jacob RG. 1989. Acute effects of nicotine on resting
metabolic rate in cigarette smokers. Am J Clin Nutr 50:545-550.

Reed D, Foley DJ, White LR, Heimovitz H, Burchfiel C, Masaki K. 1998. Predictors of healthy aging in
men with high life expectancies. Am J Pub Health 88(10):1463—-1468.

Seeman TE, Berkman LF, Charpentier PA, Blazer DG, Albert MS, Tinetti ME. 1995. Behavioral and
psychosocial predictors of physical performance: MacArthur studies of successful aging. ] Gerontol Med
Sci 50(4):177-183.

Shimokata H, Muller DC, Andres R. 1989. Studies in the distribution of body fat: Ill effects of cigarette
smoking. JAMA 261:1169-1173.

Slattery LM, McDonald A, Bild ED, Caan JB, Hilner EJ, Jacobs RD, Liu K. 1992. Associations of body fat
and its distribution with dietary intake, physical activity, alcohol, and smoking in blacks and whites. Am J
Clin Nutr 55:943-949.

Troisi R], Heinold JW, Vokonas PS, Weiss SK. 1991. Cigarette smoking, dietary intake, and physical
activity: effects on body fat distribution-the Normative Aging Study. Am J Clin Nutr 70(1S):145-148.

Vaughan L, Zurlo F, Ravussin E. 1991. Aging and energy expenditure. Am J Clin Nutr 53:821-825.

Waaler HT. 1987. Hazard of obesity-the Norwegian experience. Acta Med Scand 723:17-21.

Waldron I. 1986. The contribution of smoking to sex differences in mortality. Pub Health Rep 101(2):163—
173.

Westerterp KR, Meijer EP. 2001. Physical activity and parameters of aging: a physiological perspective. J
Gerontol A Biol Med Sci 56(2):7-12.

Woo J, Kwok T, Lau E, Li M, Yu LM. 1997. Body composition in Chinese subjects: relationship with age
and disease. Arch Gerontol Geriatr 26:23-32.



