Asia Pac J Clin Nutr 2013;22(4):599-613

599

Original Article

Leisure time physical activities and dietary quality of
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Indigenous peoples are at greater risk of obesity-related health problems for various reasons. These have
been explored in the adulthood (=19 yrs) section of the nationally-representative Nutrition and Health
Survey in Taiwan (NAHSIT) for 2005-2008 in Indigenous mountain-dwelling (IndT) (n=226) and general
(mainly Han Chinese) (GenT) (n=1486) Taiwanese. Physical activity, BMI, fat distribution (waist circum-
ference (WC) and triceps skinfold (TSF)) and mid arm muscle circumference (MAMC) have been com-
pared. Leisure-time physical activities (LTPA) were assigned metabolic equivalents (METs). Comparisons
were made by ethnicity-locality. Indigenous men and women were 3.81 and 5.47 times more obese (WHO
criteria BMI >30 kg/m?) than the GenT, respectively. Some 55% of the IndT and 34% of the GenT report-
ed no LTPA. All LTPA types were less evident in the IndT. Multivaiable adjusted ORs (95% Cls) against
inactivity as referent were, for sarcopenic MAMC, in Indigenes with MVI-LTPA 0.13 (0.03-0.67) and in
the GenT 0.61 (0.37-1.01); in the GenT with LTPA for BMI >30 kg/m? and obese TSF, they were 0.53
(0.31-0.91) and 0.77 (0.60-0.98), respectively. Without dietary quality adjustment, the sarcopenia risk in
GenT with LTPA was significant (OR=0.60, 95% CI: 0.37-0.97). Having adjusted for dietary quality, the
significance disappeared. Less sarcopenia was found with ambulation in the GenT (OR=2.07, 95% CI:
1.26-3.43). More over-fatness in an IndT than GenT is associated with less LTPA. LTPA reduces sarcope-

nic risk irrespective of ethnicity, is partly dependent on diet, and reduces obesity indices in the GenT.
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INTRODUCTION

In Taiwan, mean BMI was greater in rural than in urban
and the increase in prevalence of obesity was more rapid in
agricultural counties than in cities, constituting an “urban-
rural divide”.'? Neighbourhoods, aboriginality and socio-
economic disadvantage were key factors in explanatory
models for obesity in Taiwan.” When compared with the
Nutrition and Health Survey in Taiwan (NAHSIT) for
1993-1996,* that for 2005-2008 shows that both over-
weight and obesity prevalences for men have increased;
and that overweight prevalence for women has decreased
by 1%, while that for mild obesity has increased by nearly
3%.’ The NAHSIT 2005-2008 also reveals that mountain-
ous areas have higher rates of obesity than elsewhere.’ The
consequences of prevalent obesity includes exaggerated
cardiovascular (CVD) risk profiles.® Nevertheless, there
have been non-uniform increases in these morbidity out-
comes, with an increased social and economic burden on
the health system, and increased mortality.”*

In addition to changing dietary habits in Taiwan,’ lack
of activity is a likely contributor to the changing socio-
demography of obesity. Nearly half of the Taiwanese
population claim not to engage in any regular leisure time
physical activity (LTPA).>'" For those who engage in
LTPA, the level of activity is less than half that reported
in the United States (US).'" Indigenous Taiwanese who
live in the mountainous areas of Taiwan are generally
believed to be physically stronger and more adept at sport.
But this notion may be questioned since the prevalence of
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obesity is higher in these mountainous areas than in other
regions of Taiwan. Systematic analyses of the relation-
ships between physical activity and health among Indige-
nous people are lacking, especially with regard to possi-
ble health enhancement programs.'"'

By comparison with Caucasians, in Asian and Indige-
nous peoples, as in Taiwan, lesser degrees of over-fatness,
may lead to adverse health outcomes." It is likely that
this is contingent on the accompanying body composi-
tional disorder (BCD) which may reflect compromised
socio-ecological circumstances and health-adverse per-
sonal behaviours.'"* Some 300,000 Indigenes live in Tai-
wan, constituting of about 1.3% of the population; most
live in the central mountain range, along the east coast or
on Lanyu Island (off the south-east coast). With lower
living standards, Indigenes may work away from home
without their socio-cultural network, while others remain
at home where infrastructure may be less developed than
elsewhere in Taiwan. Indigenous average life expectancy
has gradually increased, but is still 12-13 years below the
Taiwanese average.''® There are progressive improve-
ments in social and medical care, national health insur-
ance system delivery and medical service availability.'’

Indigenous health might be achievable if prevention is
the emphasis'® in communities'*' and their households.”
This would have the potential to address root causes of
problems like obesity as a BCD complex which would
acknowledge the importance of sarcopenic obesity and
that of muscle strength.” Further, such advances would
take account of the settings which allow these problems
with their socio-economic disadvantage and inequity**
and which are ecosystem-compromised.”*** Three behav-
ioural factors are considered to be characteristic and lead-
ing contributors to poor health for Indigenous Taiwanese,
namely alcohol, betel quid, and cigarette usage, referred
to as the ‘ABC’ of the eco-health problem,'®***” with
accidents and injury particularly evident.'”> However, this
does not necessarily acknowledge the role of diet and
physical activity in the associated BCD or, indeed, that
the ‘ABC’ itself contributes to the BCD.***

Even though the pathways which connect the environ-
ment and community to health outcomes may be complex
and mediated only partly via personal behaviours and
BCDs,"”**** we have hypothesised that a cross-culturally
shared knowledge of physical activity traditions may
overcome some of the barriers to better health. We have
sought to understand why a tradition of superior athletic
achievement among Indigenes does not translate into su-
perior health. In particular, we have asked whether the
neglect of community-based traditional exercise habits
might be a risk factor for BCDs, not just obesity, and
whether cross-cultural opportunities exist to rectify defi-
cits in the physical activity of Indigenous Taiwanese. We
have combined representative national nutrition surveys
with health-mapping to address these possibilities.

MATERIALS AND METHODS

Study sample

Adults aged 19 years and above (n=4,665) from the NA-
HSIT 2005-2008 were studied. The 358 townships/ dis-
tricts in Taiwan were classified into eight strata according
to geographical location, population density and dietary

pattern. These strata include areas designated as First and
Second Northern, Central, Southern Eastern, Hakka,
Mountainous, and Penghu Islands. Subjects were random-
ly selected by a probability proportional to population
size sampling method with oversampling of minority
groups. They were interviewed by questionnaire and un-
derwent a health examination. The design and sampling
for this survey have been described elsewhere.” In the
present study, we excluded those who did not provide
physical activity information, BMI, and those who report-
ed unlikely exercise levels of 35 hours or more per week,
leaving 1,712 adults. These comprised of 1,486 general
Taiwanese (GenT) and an Indigenous Taiwanese (IndT)
population of 226, who were eligible for analysis. The
Indigenes were defined by the ethnicity of the father as
Indigenous and by living in a Mountainous area (Figure
1). Ethics approval was granted by the Institutional Re-
view Boards of both Academia Sinica and National
Health Research Institutes of Taiwan.

Leisure time physical activity (LTPA)

Individual energy expenditures for LTPAs were calculated
using metabolic equivalent task scores (METs) from a
physical activity frequencies questionnaire. We used the
Ainsworth conversion factors to express the various daily
physical activities, taking account of perceived breathing
intensity, as weekly energy expenditure.’®’’ Exercise
types included traditional Chinese exercise, ball games,
gymnastics and dance and walking, running and bicycling
(the latter 3 referred to collectively as ‘ambulation’). We
chose moderate to vigorous intensity (MVI) LTPA as our
investigatory model with a range of 300-2000 kcal per
week 93841

Dietary methodology

Dietary Diversity Score (DDS) was used to represent per-
sonal dietary quality. A DDS was derived from 24-hour
dietary recall. According to the Taiwanese Food Guides,*
half a serving per day for one of the six food groups
(meats, rice and grains, fruits, vegetables, dairy, and fat
and oil) was the minimal intake required for a DDS score
of one. Thus, the DDS ranged from 0 to 6 where higher
scores express better nutrient intake.***

Covariate measurements

We calculated BMI (in kg/m?) and, according to the defi-
nitions of WHO, obesity was defined as a BMI >30. This
definition has been used in reference to the Taiwanese
population in general for those who are above the level of
“moderate obese” because we have taken a particular
interest in aboriginal health where there is less certainty
about appropriate indicators of body fatness. Abdominal
obesity was defined as a waist circumference (WC) >90
cm for men or 80 cm for women. Triceps skinfold (TSF)
thickness is a measurement of subcutaneous fat where
over 18 mm for men and 26 mm for women was defined
as obesity. Muscle mass was determined by the mid upper
arm where circumference and TSF allowed for its compu-
tation as Mid Arm Muscle Circumference (MAMC =
MAC - (7 *TSF)). We defined sarcopenia as <10™ per-
centile of MAMC.*
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1. Wulai Townshipin Taipei County

2 Datong Township in Yilan County

3.Nan-ao Township in Yilan County

4. Fusing Township in Taoyuan County

5. Jianshih Township in HsinChu County

6. Wufong Township in HsinChu County

7.Tai-an Township in Miaoli County

8 Heping Township in Taichung County

9.Sinyvi Township in Nantou County
10 Ren-ai Township in Nantou County
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12 Maolin Township in Kachsiung County
13 Taovuan Townshipin Kachsiung County
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15.Sandimen Township in Pingtung County

16.Wutai Township in Pingtung County

17 Majia Township in Pingtung County

18 Taiwu Township in Pingtung County

191aivi Townshipin Pingtung County
20.Chunrih Township in Pingtung County
21.Shihah Township in Pingtung County

22 Mudan Township in Pingtung County

23 Yanping Township in Taitung County

24 Haiduan Township in Taitung County
25 Daren Township in Taitung County

26 finfong Township in Taitung County
27 Lanvu Township in Taitung County
28.Sioulin Township in Hualien County

20 Wanrong Township in Hualien County
30 Thuost Township in Hualien County

Figure 1. Map of Mountainous areas with sample frame. Mountainous areas in Taiwan numbered 4, 7, 9, 15, 22, and 28 represent the
sampling areas for the Nutrition and Health Survey in Taiwan (NAHSIT) 2005-2008.

Statistical analyses

Statistical analyses were performed using SAS for win-
dows version 9.1 and SUDAAN version 8. SUDAAN
was used to gain the unbiased standard error. The t-test
and chi-square test were used to analyse the population
differences with regard to exercise. Multiple logistic re-
gression analyses were used to evaluate the odds ratios
(ORs) for obesity between the with-moderate or without
LTPA in the Indigenes and the general Taiwanese groups.
Models were adjusted for gender, age, education, house-
hold income, smoking, drinking alcohol, and betel-nut
chewing. P<0.05 was considered significant.

RESULTS

Table 1 compares the characteristics between the Indi-
genes and the general Taiwanese population groups. In
each LTPA category, IndT was proportionately less fre-
quently active than was GenT, with the inactive at 54.6%
versus 33.8% for men and 52.9% vs 32.8% for women.
However, the leisure time energy expenditure (LTEE) was
not different. In GenT, they were found for men with ad-
verse socio-economic status in terms of education and
income; personal behaviours, such as smoking and DDS.
These variables in men cluster with increased appendicu-
lar obesity, as judged by TSF. For women in GrnT, for
alcohol consumption (with LTPA less frequent), betel-nut
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Table 1. Indigenous and general Taiwanese population demographics and personal behaviours with or without leisure-
time physical activity (LTPA)

Indigenes (n=226) General Taiwanese (n=1486)
With LTPA . With LTPA .
Characteristic Wl{lﬁ}}l\)&VI— Total Inactive Wl{lﬁ}}l\)&VI— Total Inactive
Men (age = 19y)
Number (%) 32 (36.5) 50 (45.4) 55 (54.6) 268 (51.2) 481 (66.2) 244 (33.8)
Age (years) 42.3+1.94 42.9+1.56  39.9+2.12 44.9+0.93 44.4+0.93 42.3+1.22
Educational level
Primary and below 234 25.4 25.6 10.1 10.8* 13.9
Secondary education 38.9 34.6 53.6 22.0 23.2 334
University and above 37.8 40.0 20.8 67.9 66.0 52.7
Household income
<40,000 NTD/month 70.5 61.7 68.1 24.5™ 24.5" 39.8
40,000-80,000 NTD/month 13.9 28.7 19.7 354 41.5 44.9
>80,000 NTD/month 15.6 9.63 12.3 40.2 34.1 15.3
Smoking (Yes, %) 33.0 33.2 46.0 254" 29.7" 49.7
Drinking alcohol (%)
Yes, with the habit 30.4 23.8 41.1 13.6 13.6 16.7
Yes, without the habit 46.3 40.5 18.2 45.9 47.0 45.1
Never 233 35.7 40.7 40.5 39.5 38.2
Betel nut chewing (Yes, %) 41.1 41.6 59.6 7.65* 8.72 15.1
Leisure-time energy expenditure g5 5,96 2831652 - 1087+35.9 2063+149 -
(kcal/week)
Weight (kg) 67.8£3.14 69.3£2.64  73.2+£2.23 67.4+0.67 68.5+0.47 69.9+1.53
BMI (kg/m®) 25.3+1.02 26.120.94  27.3+0.81 23.8+0.20 24.0+0.13 24.4+0.36
Waist circumference (cm) 85.1+2.46 86.6£2.21  89.8+2.25 83.2+0.61 83.4+0.57 84.5+0.82
TSF (mm) 1714327 1894297 2134221 16.8£0.77""  16.8+0.81"" 19.6+1.02
MAMC (cm) 24.6+0.79 24.6£0.96  24.8+0.77 24.1+0.34 24.4+0.37 23.8+0.42
Dietary Diversity Score 425£0.34  4.10£029  3.94+0.22 4.76£0.08"  4.81£0.08"  4.33x0.13
Women (age > 19y)
Number (%) 34 (33.0) 60 (47.1) 61 (52.9) 296 (54.8) 493 (67.2) 268 (32.8)
Age (years) 45.1£2.29 43.7£2.52 41.5£2.72 43.3£1.25 43.7+£0.84 42.2+1.11
Educational level
Primary and below 37.5 423 44.6 24.0 22.8 25.4
Secondary education 32.1 29.3 28.2 19.6 20.9 25.3
University and above 30.4 28.5 27.2 56.4 56.3 49.3
Household income
<40,000 NTD/month 65.2 73.2 77.7 33.0 29.8 33.2
40,000-80,000 NTD/month 34.8 26.8 16.1 44.2 45.5 45.9
>80,000 NTD/month 0.00 0.00 6.20 22.8 24.7 20.9
Smoking (Yes, %) 19.3 27.9 28.9 2.83 2.16 6.96
Drinking alcohol (%)
Yes, with the habit 29.5 27.3 41.0 5.99 517 5.44
Yes, without the habit 33.8 30.7 17.9 36.5 343 20.6
Never 36.7 42.0 41.0 57.5 60.6 74.0
Betel nut chewing (Yes, %) 40.2 47.1 41.2 0.07" 0.34 0.31
Leisure-time energy expenditure 755 5,67 8 15732430 - 916.0+27.1 1106:90.6 -
(kcal/week)
Weight (kg) 64.0£1.45 64.9+2.13  66.0+2.41 57.44+0.61 56.3+0.53 56.8+0.85
BMI (kg/m®) 27.5+0.75 28.1+1.07  28.1+0.87 23.3+0.26 23.0+0.22 23.4+0.33
Waist circumference (cm) 85.8+1.22 86.8+1.80  88.3+£2.08 76.7+0.80 76.0+0.70 76.8+0.88
TSF (mm) 29.2+1.53 29.6+1.44  30.7+1.64 26.1+0.99 25.8+0.93 26.7+0.82
MAMC (cm) 20.8+1.04 21.1£1.16 ~ 20.3+0.80 19.6+0.31 19.4+0.33 19.4+0.44
Dietary Diversity Score 3514032  3.44+0.17  3.51+0.14 475£0.07"" 4712005 4.17+0.11

Percentage and means (mean + SE) were shown in the table.

MVI-LTPA (Moderate to vigorous intensity leisure-time physical activity) was defined as an additional energy expenditure of 300-2000
keal per week*!.

Body mass index (BMI) = body weight (kg)/height” (meter?).

Smoking: including sometimes or everyday and exclude former smoker; Betel nut: have the habit and current chewing.

"The inactive Indigenes as reference group to compare with any LTPA or MVI-LTPA groups. *p <0.05, Mp <0.01, ***p <0.001.

“The inactive general population as reference group to compare with any LTPA or MVI-LTPA groups. *p <0.05, Mp <0.01, M*p <0.001.
Data were weighted for unequal probability of sampling design by SUDAAN software.
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chewing (with MVI-LTPA less frequent) and DDS (with
higher scores where there was any MVI-LTPA or LTPA)
there is significant difference. Virtually all socio-
economic and personal behavioural variables were differ-
ent between IndT and GenT.

Indigenes of both genders had higher BMIs and WC
than the general population, except for Indigenous men
who were active and not different from their general pop-
ulation counterparts. In no case did LTPA allow for a
lower BMI or WC within the Indigenes. WC for men is
higher than that for women in the GenT (p<0.001), but
not for IndT (p=0.724); these gender relationships are not
detectably altered by LTPA. Indigenous women, but not
men, had higher TSFs than the GenT; and LTPA made no
difference except for GenT men where TSF was lower
with any-LTPA. For either population, neither men nor
women had apparent differences in MAMC in relation to
ethnicity or LTPA. Indigenous men had higher obesity
prevalences (BMI >30 kg/m?) than the GenT with any
LTPA as well as in women. In the GenT, inactive men had
higher obesity prevalences whether assessed by BMI > 30
kg/m” or TSFs than with any LTPA or MVI-LTPA. Indig-
enous women had a higher abdominal obesity prevalence
than the GenT in each LTPA group (MVI-LTPA, with any
LTPA, and inactive). (Figure 2)

Table 2 indicates that, by age and gender, IndT engaged
less frequently in more vigorous LTPA than the GenT,
especially among older men, as reflected in the LTEE
distributions. There were 33.3% (33.8% men; 32.8%
women) in GenT and 53.8% IndT (54.6% men; 52.9%
women) without LTPA. Only 21% IndT had LTEE >1000
kcal/week compared with 32.5% in the GenT. There were
41% elders aged >65y in the GenT who expended at least
1000 kcal/week in LTPA (50.6% men; 31.2% women);
however, only 13.8% who were Indigenous achieved
>1000 kcal/week (10.2% men; 16.8% women). The prev-
alence of ‘no leisure-time activity’ among Indigenous
elders was greater than that in the GenT (48.2% vs
31.2%), especially for elderly men (56.2% vs 26.3%).

Table 3 shows the age-specific percentages of the
population with any and for different activities. For any
LTPA, IndT was less frequently engaged than was the
GenT, overall (46.2 vs 66.7%, p<0.01) and for both men
(45.4 vs 66.2%, p<0.01) and women (47.1 vs 67.3%,
p<0.01). Elders in the GenT had the most engagement in
traditional Chinese exercise (p<0.001), especially women
(»<0.001) and the least with ball games (p<0.001). Adults
aged 19-30 years had the most engagement with ball
games (but not IndT) and the least with traditional Chi-
nese exercise. Indigenous women, 31-44 years and >65
years engaged in relatively more gymnastics and dance
than other age groups (p=0.009) yet women in the general
population engaged more frequently in these than did
Indigenous women. Compared to other age groups, elder-
ly men in general had the highest percentage who walked,
ran, and bicycled and the 19-30 year-old group had the
lowest (p=0.013). For both genders, ‘ambulation’ are
more common in the GenT than among IndT (p<0.01).

Figure 3 shows the proportions of IndT, GenT, and the
American public that expends >1000 kcal per week. Ex-
ercise prevalence in Taiwan is much lower than that in the
US during youth and early- to middle-age (18-64 years),

but there is convergence with advancing years. The In-
digenous exercise prevalence rate is similar to that for
Taiwan at-large in the 18-44 y age group, but, after the
age of 45, the GenT demonstrates increased exercise par-
ticipation while that for IndT, this decreases. It is of some
note that the commonality between the populations is for
a decline in LTEE with age in both IndT and Americans,
but not for the GenT.

Table 4 shows the risk for over-fatness or sarcopenia in
two groups. These were adjusted for gender, age, educa-
tional level, household income, smoking, drinking, betel-
nut chewing and DDS and were compared with those in
the respective population for MVI-LTPA and LTPA with
inactive as referent. In GenT, LTPA was associated with
less risk of obese BMIs, obese TSFs, as indices of body
fatness, and of sarcopenia in models 1, 2 and 3, The same
applied to model 4 with adjustment for DDS, except for
sarcopenia (MAMC < 10™ percentile), where the associa-
tion was non-significant. In the IndT, there are no signifi-
cant adjusted ORs for over-fatness in those who were
active compared with those who were inactive except for
sarcopenia where in models 1-4, the ORs for MVI-LTPA
were 0.17 (95% CI, 0.03-0.82 ), 0.15 (95% CI, 0.02-1.01),
0.19 (95% CI, 0.05-0.70) and 0.13 (95% CI, 0.03-0.67)
respectively; and for LTPA, they were 1.24 (95% CI,
0.38-4.02), 1.40 (95% CI, 0.36-5.41), 1.18 (95% CI, 0.39-
3.56) and 2.02 (95% CI, 0.80-5.07), respectively. These
findings indicate that LTPA engagement, as undertaken by
Indigenes in mountainous Taiwan, does not adequately
counter over-fatness or its distribution, but is associated
with less risk of sarcopenia. Moreover, adjustment for
DDS does not diminish this association between activity
and reduced risk of sarcopenia. By comparison, in the
general population, where leisure-time activity is associ-
ated with a greater DDS, sarcopenia, but not over-fatness,
is dependent on DDS in the model.

In the IndT, it was only possible, because of limited
participation, to consider the risk of specific LTPA type
on body composition for ambulation; no association was
significant. Thus the most evident benefits of LTPA on
body composition were in the GenT for ambulation with
less sarcopenia. In order to consider whether engagement
in 2 or more specific LTPA types might increase body
composition benefit, we documented multiple engage-
ment. The proportion of the GenT who undertook 2 or
more types of LTPA was 16.5% and 3 or more was 1.34%
(IndT only 7.54% and 0.56 %). This limited participation
in multiple LTPAs precluded further evaluation. (Table 5)

DISCUSSION

There are striking differences between the Indigenous and
general Taiwanese, on the one hand for indices of body
fatness (BMI) and its distribution (WC although not TSF
in men), but not in muscle mass (MAMC), and on the
other in terms of levels of LTPA. Prima facie, therefore,
there might be associations between body composition
and LTPA which have an ethno-geographic explanation.

The links between LTPA and body composition

We have found that there is more over-fatness, but not
less muscle as judged by MAMC, in Indigenous men and
women than in the general population. LTPA of all types,
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Figure 2. Body compositions for Indigenous and general gender-specific Taiwanese: inactive or with leisure-time physical activity. LTPA
indicates any leisure-time physical activity and MVI-LTPA moderate to vigorous leisure time activity. Significant difference between the
mean values for Indigenous (IndT) men and women from the general Taiwanese (GenT) is shown for each level of LTPA as *p<0.05,
"p<0.01, ""p<0.001. For the comparison of with and without LTPA, the only body compositional variable, for either the general or Indig-
enous population, which is significantly different is TSF for men in the general population, where it is less with LTPA (p<0.001).
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Table 2. Indigenous and general Taiwanese leisure-time physical activity energy expenditure prevalences (%) by

gender and age.

Leisure-time physical activity energy expenditure (kcal/week)

0 <300

300-1000

1000-2000 >2000

(N=628) (N=184) (N=362) (N=268) (N=270) p value
IndT GenT IndT GenT IndT GenT IndT GenT IndT GenT
Men
Overall 546 338 239 885 180 172 134 18.1 1.6 220  0.042
19-30y 595 35.2 0.00 113 517 205 198 156 155 174 0.115
31-44y  53.9 34.0 0.00 938 249 120 14.1 17.8 706 268  0.137
4564y 490 352 477 829 260 194 8.13 195 121 176 0513
>65y 562 263 10.7  4.07 228  19.0 341 206 679 300  0.010
Women
Overall 529 32.8 0.1 17.1 207 25.0 538 147 109 104  0.003
19-30y  63.9 38.3 841 149 139 266 420 165 9.66 372 0.175
31-44y  42.9 30.1 948 216 28.1 292 0.00  9.07 195 101 0.136
4564y 566 298 8.61 163 194 212 958 174 585 153 0.179
>65y 41.7 36.1 188 122 228 206 105 188 626 124 0369

Chi-square test was used to determine the differences in the leisure-time physical activity energy expenditures between the Indigenous and

general populations. Significance was regard as p<0.05.

especially traditional Chinese, gymnastics and dance, and
ambulation were less common among Indigenes. Descrip-
tively, engagement in LTPA is not associated with a
healthier body composition except for less appendicular
fat in men in the general population. But when adjusted
for potential confounders, the models show that moderate
intensity LTPA (range 300-2000 kcal/week) is associated
with less sarcopenia in the GenT and in the IndT. MVI-
LTPA is also associated with less total and appendicular
obesity in the GenT and in the IndT. However, MVI-
LTPA is not associated with recognizably less abdominal
obesity (WC) in either population. Thus MVI-LTPA
would seem to be associated with a healthier body com-
position except for central fat distribution. The health
advantages of the MVI-LTPA-related findings are of rele-
vance as to how ‘sarcopenic obesity’ might contribute to
health in its own right, independent of truncal or visceral
fat;” evidence points to reduced disability, frailty and
improved survival as the favorable outcomes.®* All of
the possible benefits of LTPA on body tissues may not be
reflected in body composition, however, and this applies
particularly to muscle function and strength” as well as to
the growing number of adverse effects of over-fatness
including endocrine and inflammatory disorders.*

Our study can be related to that of Wen et al*' which
determined the minimum amount of physical activity re-
quired to extend life expectancy in the Taiwanese popula-
tion as 15 minutes per day. In that study the case for
LTPA as a valuable predictor of health outcomes is made
and LTPA is classified as moderate or vigorous intensity.
Our MVI-LTPA corresponds to the range of 300-2000
kcals per week or about 40-300 kcal per day. Several
studies show that, for significant improvements in life
expectancy, about 300-500 kcal per day extra in nutritious
food intake, matched by that level of energy expenditure
are worth while,*® which is around an hour’s walk. There
are likely benefits of LTPA over and above the achieve-
ment of energy balance and a desirable body composition,
which may enhance survival at the minimum amounts.*'
In our study. while we can speak of the range of LTEE
from 300-2000 kcal/week as one over which we see asso-

ciations between LTPA and body composition, the design
does not allow dose response conclusions to be reached.
But we can concur with other studies in the same popula-
tion in regard to the utility of this range in body composi-
tion-related health advancement.*'*

An example of benefits which might accrue uniquely to
the GenT of LTPA adherents in Taiwan, might be those
through participation in traditional Chinese LTPA, espe-
cially Tai-Chi. It was the only form of LTPA not practiced
by IndT and the form which characterises LTPA in the
population >45 years. We have, therefore, considered its
association with body fat, its distribution and of sarcope-
nia in the GenT, but found none significant (data not
shown). However, also in Taiwan, Yu ef a/, in an interven-
tion study with Tai-chi, found less subcutaneous adipose
tissue at the abdomen and thigh compared with controls.™

It is noteworthy that the GenT has lower non-
significant ORs for MVI-LTPA on the body composition
variables of BMI >30 and obese TSF, but significant for
sarcopenia, compared with the IndT. In the GenT as well,
MVI-LTPA has a protective association insofar as sarco-
penia is concerned. In addition, we found less risk of sar-
copenia in the GenT. Traditional Chinese physical activity
(eg Tai-Chi) was the unique differentiator between ethnic
groups for MVI-LTPA. However, other forms of LTPA,
ambulation, gymnastics and dance, but not ball games,
were more prevalent among the general than the Indige-
nous population. There would appear to be ethnic, demo-
graphic and geographic disparity in body composition
risk reduction through LTPA when overall LTPA patterns
are considered.

Particular LTPAs and BCDs

Of the particular LTPAs most widely practiced by the
IndT and GenT, aerobic gymnastics and dance and ‘am-
bulation’ are the most popular. In fully adjusted models,
including diet, only ambulation has a significant benefi-
cial association for a body composition variable, which is
sarcopenia. However, any one for of LTPA occurs in a
collective LTPA culture so that its success might depend
on participation in a variety of activities provided that, to
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Table 3. Different leisure-time physical activity (LTPA) engagements: Indigenous and general Taiwanese by gender and age (%)

Any LTPA Traditional Chinese exercise Ball games Gymnastics apd dance Ambulation (Walklng, funmng, ot
Age (Aerobic) bicycling)
IndT GenT IndT GenT IndT GenT IndT GenT IndT GenT
Overall 46.2 66.7" 0.94 4.66" 8.84 8.81 7.78 16.17 36.7 55.0"
19-30y 38.7 63.2" 0.00 0.65 13.7 17.8 0.00 19.2" 28.1 44.8
31-44y 51.6 67.9" 3.54 4.55 10.3 10.1 15.4 14.8 43.4 55.3
45-64y 47.5 67.5 0.00 6.65"" 438 3.23 6.77 14.8 40.3 61.3
>65y 51.8 68.8 0.00 7.98"" 2.70 1.73 15.7 16.6 36.7 58.7
p value® 0.577 0.639 - <0.001 0.122 0.001 0.013 0.584 0.481 0.130
Men 45.4 66.2"" 1.74 3.80 9.86 13.7 4.69 12.1° 36.4 53.4"
19-30y 40.5 64.8" 0.00 1.36 16.6 25.5 0.00 17.5° 29.1 36.0
31-44y 46.1 66.0 7.06 247 7.06 16.5 7.06 13.2 39.1 54.0
45-64y 51.0 64.8 0.00 6.23" 6.06 5.97 7.70 5.98 42.8 60.4
>65y 43.8 73.7 0.00 5.63" 3.41 3.44 6.79 15.3 35.7 67.2
p value® 0.854 0.103 - 0.216 0.291 0.001 0.099 0.029 0.580 0.013
Women 47.1 67.2" 0.00 551" 7.66 4.00 11.4 20.0” 37.1 56.7"
19-30y 36.1 61.7° 0.00 0.00 9.66 10.8 0.00 20.7"" 26.5 52.7
31-44y 57.1 69.9 0.00 6.69 13.6 3.38 23.8 16.5 47.8 56.7
45-64y 43.4 70.2 0.00 7.07" 2.34 0.49 5.65 23.7 37.1 62.1"
>65y 58.3 63.9 0.00 10.4 2.12 0.00 22.9 17.9 37.5 50.2
pvalue ' 0.403 0.259 - <0.001 0.140 0.029 0.009 0.510 0.438 0.085

*

The significance of differences between Indigenous and General Taiwanese with or without physical activity in Chi-square test is shown by: *p<0.05, Mp<0.01, ' *p<0.001
"In the case of differences in physical activity by age, the p-value of Chi-square test is shown at the bottom of the relevant column.
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Figure 3. Population prevalences for moderate leisure-time physical activity energy expenditures. Leisure-time physical activity energy
expenditures > 1000 kcal/week (walking at least 30 minutes per day) for Indigenous Taiwanese, the General Taiwanese population, and
Americans®’ 719-24 years for Indigenous Taiwanese and the General Taiwanese population

Table 4. Obesity risk among Indigenes and the general Taiwanese population with MVI-LTPA® or LTPA (OR, 95%

CI)
Indigenous Taiwanese General Taiwanese
Obesity Inactive  With MVI-LTPA' With LTPA Inactive  With MVI-LTPA' With LTPA
BMI > 30
Model 1 Ref 0.55(0.21-1.46) 0.70 (0.32-1.53) Ref 0.53(0.29-0.97) 0.52(0.31-0.88)
Model 2 Ref 0.31 (0.09-1.06) 0.74 (0.30-1.83) Ref 0.60(0.27-1.33) 0.67 (0.35-1.29)
Model 3 Ref 0.40 (0.15-1.06) 0.53(0.23-1.23) Ref 0.67(0.34-1.32) 0.53(0.31-0.91)
Model 4 Ref 0.61 (0.25-1.51) 0.73 (0.30-1.79) Ref 0.51(0.28-0.93) 0.53(0.31-0.91)
Abdominal obesity*
Model 1 Ref 1.01 (0.37-2.75) 1.21(0.48-3.03) Ref 0.80(0.55-1.16) 0.70 (0.50-0.99)
Model 2 Ref 1.13(0.43-2.94) 1.57 (0.68-3.64) Ref 0.80(0.52-1.22) 0.75 (0.53-1.06)
Model 3 Ref 0.83(0.38-1.80) 1.17(0.49-2.83) Ref 0.88(0.61-1.27) 0.73 (0.50-1.07)
Model 4 Ref 1.22 (0.40-3.75) 1.29(0.49-3.44) Ref 0.82(0.57-1.18) 0.70 (0.49-1.01)
Obese TSF
Model 1 Ref 0.83(0.24-2.88) 1.01 (0.34-2.96) Ref 0.75 (0.60-0.93) 0.71 (0.58-0.88)
Model 2 Ref 0.81(0.16-4.07) 1.15(0.34-3.86) Ref 0.73 (0.53-1.00) 0.75(0.58-0.98)
Model 3 Ref 0.56 (0.18-1.78) 0.74 (0.33-1.70) Ref 0.76 (0.58-0.99) 0.69 (0.53-0.91)
Model 4 Ref 0.97(0.29-3.23) 1.08 (0.38-3.06) Ref 0.77 (0.59-1.00) 0.77 (0.60-0.98)
Sarcopenia’
Model 1 Ref 0.17(0.03-0.82) 1.24 (0.38-4.02) Ref 0.61 (0.38-0.98) 0.65 (0.45-0.95)
Model 2 Ref 0.15(0.02-1.01) 1.40 (0.36-5.41) Ref 0.46 (0.26-0.80) 0.45(0.30-0.67)
Model 3 Ref 0.19 (0.05-0.70) 1.18(0.39-3.56) Ref 0.53(0.30-0.93) 0.60(0.37-0.97)
Model 4 Ref 0.13 (0.03-0.67) 2.02 (0.80-5.07) Ref 0.61(0.37-1.01) 0.70 (0.46-1.07)

OR (95% CI) is Odds Ratio with 95% confidence intervals; LTPA is Leisure-time physical activity; MVI-LTPA is Moderate to vigorous
intensity leisure-time physical activity.

"MVI-LTPA was defined as an additional energy expenditure of 300-2000 kcal per week.*’

iFAbdominal obesity was defined by a waist circumference (WC), 290 cm for men and >80 ¢cm for women.
“riceps skinfold thickness (TSF) was categorized as obese if, >18 mm for men or >26 mm for women.

IMid-arm muscle circumference (MAMC) < 10" percentile was regarded as sarcopenic: the 10" percentile was applied by gender and age
group (19-30y, 31-44y, 45-64y, >65y) in the general or Indigenous Taiwanese population.

Model 1: adjusted for age and gender

Model 2: Model 1 + education level and household income
Model 3: Model 1 + smoking, drinking, and chewing betel nuts
Model 4: Model 1 + dietary score (Dietary Diversity Score, DDS)

do so was sufficiently motivating and sustainable. Organ-
isations like the American College of Sports Medicine
recommend regular adherence to a community or social-
ly-based activity on the one hand and the need to avoid
boredom on the other hand for long-term benefit.”!

Ball games, as discussed elsewhere this paper, have the
characteristics of involving groups of people to interest

and pace each other, but, at the same time may not cater
well for the diverging physiological capabilities of indi-
viduals with age. They did not prove to have significant
BC associations in adjusted models which included diet.
It is arguable the extent to which Traditional Chinese
LTPA might be transferable to the Indigenous community
and what the benefits might be. We could only assess its
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Table 5. Body compositional abnormality risk among Indigenes and the general Taiwanese by LTPA type when inac-

tive
Indlgenous General Taiwanese
Taiwanese
Ambulation Tl“radltlonal' Ball games Gymnastics and Ambulation
Chinese exercise dance
Number (Yes/No) 86/ 140 83/ 1403 86/ 1400 216 /1270 831/655
BMI > 30
>19y 1.57 (0.52-4.70) - 3.24(0.36-28.8) 0.93(0.27-3.17) 1.60 (0.66-3.89)
>45y 1.70 (0.45-6.45) - - 0.76 (0.22-2.69) 2.05(0.63-6.65)

Abdominal obesity’
=19y

0.73(0.26-2.02)

0.85 (0.37-1.95)

>45y 0.92(0.20-4.21) 0.87(0.44-1.73)
Obese TSF*

>19y 1.24 (0.40-3.87) 0.93(0.51-1.72)

>45y 3.43(0.91-13.0) 1.21 (0.57-2.57)
Sarcopenia °

>19y 0.77 (0.26-2.25) 2.13(0.55-8.27)

>45y 7.00 (0.77-63.4) 1.08 (0.24-4.78)

2.44 (0.81-7.36)
0.53 (0.18-1.60)

1.51 (0.62-3.66)
1.56 (0.39-6.27)

0.76 (0.27-2.11)
0.87 (0.12-6.41)

1.47 (0.84-2.58)
1.05 (0.56-1.95)

1.54 (0.97-2.46)
1.18 (0.73-1.92)

1.54 (0.89-2.67)
3.09 (0.92-10.3)

1.08 (0.72-1.64)
1.00 (0.65-1.53)

1.02 (0.73-1.43)
0.77 (0.50-1.18)

2.07 (1.26-3.43)
1.34(0.79-2.27)

Adjusted OR (95% CI) are shown in this table, and models adjusted for gender, age, education level, household income, smoking, drink-
ing, chewing betel nuts, and dietary diversity score (DDS). Subjects who undertake LTPA serve as the reference group.

T Abdominal obesity was defined by a waist circumference (WC), =90 ¢cm for men and >80 cm for women.

i[Triceps skinfold thickness (TSF) was categorized as obese if, >18 mm for men or >26 mm for women.

*Mid-arm muscle circumference (MAMC) < 10" percentile was regarded as sarcopenic: the 10" percentile was applied by gender and age
group (19-30y, 31-44y, 45-64y, >65y) in the general or Indigenous Taiwanese population.

association with body composition in the GenT, since it
was scarcely used in the IndT, and could not identify any
body composition association. However, there is other
evidence for its benefits and persistence among especially
older members of the community.’ It may also have a
facilitatory role, by improving an individual’s capability
for other activities, or by virtue of its strong socio-cultural
significance and associated adherence.

Ageing, LTPAs and BCDs

Of particular interest is the recognition that the proportion
of the GenT which engages in MVI-LTPA is greater with
advancing years. However, this is not seen with the IndT,
which resembles the US population in this regard in its
decrease in late life. Both the US and IndT experience a
high prevalence of obesity, but their early life LTPAs are
strikingly different, with twice the prevalence among US
youth. Since our studies are cross-sectional, we cannot be
sure about life-long conjoint trajectories in LTPA and
BCD, but it is possible that LTPA might be more preven-
tive against BCD if in place throughout life.

Explanatory considerations for the linkages

Both populations studied benefitted from MVI-LTPA in-
sofar as sarcopenia is concerned, although the GenT,
principally ethnic Chinese, were more prevalent users of
all forms of LTPA and the body composition benefits ex-
tended to body fatness for them.

Cross-cultural uptake of unfamiliar LTPAs is bound to
be limited unless there are incentives. In the present study;,
traditional Chinese LTPAs have not been incorporated
into the LTPA patterns of IndT. This may be for a variety
of historical and contemporary reasons to do with surviv-
al of a minority in the face of a majority culture.”® The
other way round, majority cultures increasingly assimilate
practices or customs like Tai-Chi from minority ethnic
Chinese members of the community.>

Problems of accessibility to LTPA may apply broadly,
but for different reasons. The less dependent on facilities,
like recreational space, the less likely the impediments to
participation should be.

With regard to the differences in LTPA by age and gen-
der; in women, traditional Chinese exercise increase with
age, in men, it decreases for ball games and increases for
‘ambulation’ with age. Fries reported that, if regular phys-
ical activity is in place before 55 years of age, the reduc-
tion in later life disability, some of which will relate to
BCD, can be substantial.’* Knowledge or health literacy
of this kind can be motivating for LTPAs.

We are unable to identify particular strategies for
maintenance of LTPAs in our study. However, the differ-
entials between mountainous IndT and the GenT in up-
take suggests that existing communities could be
strengthened in their capacity to link the health agenda
more effectively to body composition risk management
by way of LTPAs.

If LTPA can itself support socialisation, it has an added
raison d'étre which could encourage sustainable LTPA
initiatives.

Implications for Indigenous Taiwanese

The LTPAs in which IndT engage are, in order of fre-
quency, ambulation, ball games, gymnastics and dance
and, very rarely, traditional Chinese exercise. Neither
MVI-LTPA nor LTPA, as enjoyed by IndT, could be
shown to be protective against obese BMI, abdominal
obesity, or obese TSF,;but MVI-LTPA was associated
with less sarcopenia. Since in the GenT, such activities
were associated with less obese BMIs and obese TSFs, an
activity pattern which included traditional Chinese exer-
cise might be worthwhile. Tai-Chi also has recognised
benefits in the reduction of cardiovascular risk™ and the
amelioration of respiratory insufficiency in chronic ob-
structive lung disease.*®
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Reducing the burden of BCD

Our work has identified the potential usefulness or other-
wise of some forms of LTPA enjoyed in Taiwan to reduce
the burden of body compositional disorders and related
disease such as CVD, cancer, and neurodegeneration.7’8’
376 These may reflect energy imbalance or dysregulation
which characterises over-fatness, sarcopenia, impaired
glycaemic regulation and insulin resistance.”

The findings cannot be seen in isolation from the socio-
economic and personal behavioural problems which beset
the IndT, notwithstanding our adjustments for these.**®
The composite of unhealthy behaviours which contributes
to health and life expectancy differentials is rooted in
inequity.®® The LTPAs which we have found to be associ-
ated with healthier body composition are also ones with
psychosocial, as well as biomedical advantage.*""” The
difference between the rates of smoking and betel quid
chewing contributes to approximately one quarter of the
13 years difference in life expectancy.®® Thus the further
pursuit of our findings through policy research may help
close the Indigenous to non-Indigenous health gap in
Taivwan, +9-39:61.63.69-77

The extent of the LTPA problem

Our study confirms that the prevalence and amount of
physical activity in Taiwan are roughly half of those in
the US.'" After middle age, the ratio of the IndT to GenT
LTPA participation rate is 0.5 (45-64y) and only 0.3 in the
elders. About 41% of elders had LTEE >1000 kcal/week,
but only 14 % were Indigenous. Indigenes have a higher
prevalence of obesity when compared with the Taiwanese
at large. Engagement in LTPA among IndT >45 years is
less than one third of the Taiwanese average'® and our
findings indicate a 2-fold difference in engagement in
LTPA. Obesity-linked poor health of Indigenes is likely to
be partially related to physical inactivity and the present
findings support this. Indigenes lack both quantity and
quality of physical activity, especially from middle age
onwards. WHO considers that the relative attributions to
personal health are of the order of 20% to genetics, 19%
to environmental factors, 10% to medical conditions, and
51% to individual behaviour.*”*¢"#878 With socio-
economic disadvantage and inequity these estimates may
well be skewed further away from the Mendelian genetic
attribution. Thus, for the disadvantaged IndT, opportuni-
ties for health advancement through LTPA may be appre-
ciable.

LTPA facilities and resources

With the introduction of a national health insurance pro-
gram in 1995, many barriers to medical accessibility were
removed. Local hospitals and clinics provided more tar-
geted Indigenous health services,”® with integrated deliv-
ery system to remote mountainous areas.'” Yet gaps re-
main especially in preventive programs of which LTPA
and nutrition must be part, along with concomitant risk
factors like smoking, chewing betel quid, and drinking
alcohol.®® The particular advantage of physical activity as
a lead initiative is that it promotes mental and physical
health as stepping stones to other behavioural change.
Physical activity, independent of body fatness, decreases
the burden of chronic disease like diabetes’ and of prem-

ature mortality.* In our study, we have adjusted for fac-
tors which might have confounded our findings. With
these adjustments, themselves each of health relevance,
the association of leisure-time activity on body composi-
tion is most cross-culturally robust for less sarcopenia,
itself of considerable health relevance throughout the life-
course.*® Thus, recreational physical activity should be a
feasible way to improve Indigenous Taiwanese health.

Locality or community-based approaches

Indigenous peoples are at particular risk of losing their
traditions to those which characterize those of the majori-
ty population’s disadvantaged members for a variety of
reasons, notably through social, cultural and geographical
isolation.®! Food culture has endurance, but even this is
sorely tested by the present rate of food system change.
So it is not surprising that Indigenous people are vulnera-
ble to cheap, ready-to-eat foods with ingredients of poor
nutritional quality like refined carbohydrates, fat and salt.
Food diversity is a measure of food security'* and, in
Taiwan, costs more than does diverse diet.*> Similar chal-
lenges exist for physical inactivity, the other side of the
energy balance equation and which may lead to obesity,
sarcopenia and osteopenia.**™ The present study suggests
that recreational facilities to enhance participation in tra-
ditional LTPAs of both the Indigenous minority and the
general population might reduce the risk of body compo-
sitional disorders at-large. These may simply require ac-
cessible and safe open space with minimal investment in
the environment, given the types of physical activity iden-
tified as of potential value. They may be available in ur-
ban or rural settings, including those in Indigenous areas.
At the same time, programs in health literacy which link
knowledge of LTPA to understandable and meaningful
measures of body composition, and not just weight, will
encourage more sustainable lifelong approaches to
healthy weights. Implicit in our findings that socio-
economic and personal behavioural factors cluster with
body compositional disorders is that there are underlying
and amenable social and environmental factors which
enable LTPA to prosper and to affect body compositional
health. Primary prevention can be emphasized while cor-
rective programs are accommodated for body composi-
tional disorders at the individual or community level. An
increase in body weight of friends and family increases
the possibility of personal obesity by 10%.% The corol-
lary that these considerations might apply to prevention is
evident. Moreover, these opportunities are more likely to
be operational where there is community commitment'
and there is an emphasis on healthy environments.”

Limitations

There are some limitations with our study. One derives
from the strength that it has provided an opportunity to
study mountain-dwellers and IndT, but these characteris-
tics are not sufficiently separable. We have adjusted for
them and the findings are correspondingly robust. But it
does mean that we cannot be sure of the extent to which
ethnicity or locality accounts for the practice or type of
LTPA, nor of how it associates with body composition. It
is also the case that the GenT used as reference, while
dominantly Han and urban, has a variable Indigenous
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ancestral admixture.® Moreover, the assignment of indig-
enous ethnicity in this study was paternal, when a major

proportion of IndTe abide by maternal ancestral traditions.

Nevertheless, traditional Chinese exercises, like Tai-Chi
and folk dance are readily identifiable and constitute a
major part of the study LTPA among the GenT who par-
ticipate. We do find, though, that LTPA with no particular
ethnicity; to do with ambulation were much more under-
taken by the GenT than the IndT. Hypothetically, we sub-
scribed to the assumption that mountain-dwelling Indi-
genes would have engaged more frequently than the ref-
erent general population in ambulatory activities, but this
did not appear to be so. We can, therefore, deduce that
both ethnic and ecological factors have operated to pro-
duce the associations evident between LTPA and body
composition.

Conclusions

The differences in LTPA and body composition between
Indigenes and general Taiwanese demonstrate that vul-
nerability to sarcopenia in the general population is re-
duced by an LTPA pattern in which traditional Chinese
exercise like Tai-Chi together with ambulation by way of
walking, running and bicycling are practiced. With these
activities, the general population also minimised the risk
of total body and appendicular fatness and limited sarco-
penia. At the same time, mountain-dwelling Indigenes are
prone to total body and abdominal over-fatness which is
not sufficiently countered by the forms of LTPA under-
taken irrespective of age and gender. Given the recog-
nised health importance of body compositional change,
this comparative study of relationships with traditional
and available forms of leisure-time physical activity of-
fers useful policy direction.
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