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by Obesity 

A. ROBERTO FRISANCHO, SHELLEY SMITH, AND 
RACHEL ALBAWC 
Center for Human Growth and Deuelopment, and Department of 
Anthropology, The University o f  Michigan, Ann Arbor. Michigan 48109 

ABSTRACT The relationship of body fat distribution to serum cholesterol 
levels was evaluated in a sample of 3,040 Mexican Americans 18-74 years of age 
from the Hispanic Health and Nutrition Examination Survey (HHANES) con- 
ducted from 1982-1984. Fat distribution was determined by the ratio of trunk to 
extremity skinfold thicknesses, while the sum of skinfold thicknesses was used as 
an indicator of total body fat. Results of this study indicate that: 1) Mexican 
Americans are significantly fatter and have a higher trunwextremity skinfold 
ratio than U.S. standards; 2) despite their higher level of total body fat and truncal 
fat, Mexican Americans have lower serum cholesterol levels than U.S. standards; 
3) Mexican American males at the same percentile level of fatness or trunk/ 
extremity skinfold ratio have significantly higher serum cholesterols than fe- 
males, despite the fact that females have higher absolute values of fat and truncal 
fat than males; 4) among Mexican American males the association between trun- 
cal fat distribution and hypercholesteremia increases with level of fatness. In 
other words, in Mexican American males the association of truncal fat distribution 
with hypercholesteremia is accentuated by obesity. G 1994 Wiley-Liss, Inc. 

According to recent studies the subcuta- 
neous fat of Mexican Americans in the His- 
panic Health and Nutrition Examination 
Survey (HHANES 1982-1984) is greater 
than in U.S. Whites and Blacks (Kaplowitz 
et al., 1988; Ryan et al., 1990). Indices of fat 
distribution also demonstrate a centralized 
upper body adiposity pattern among Mexi- 
can Americans (Kaplowitz et a]., 1989; 
Baumgartner et al., 1990; Haffner et al., 
1986). Several investigations have indicated 
that subjects with excessive fat deposition in 
the trunk area have a greater incidence of 
coronary heart disease, increased insulin re- 
sistance, hyperinsulinemia, diabetes, hyper- 
tension, and hypercholesteremia than indi- 
viduals with high fat deposition on the 
extremities (Vague, 1956; Bjorntorp, 1984; 
Despres et al., 1985; Evans et al., 1984; Hartz 
et al., 1983; Kalkhoff et al., 1983; Kissebah et 
al., 1982; Krotkiewsh et al., 1983). Similarly, 
individuals with truncal fat distribution tend 
to have a higher incidence of ischemic heart 
disease and related mortality than those with 
peripheral fat distribution (Kissebah et a]., 

1989; Larsson et al., 1984; Lapidus et al., 
1984; Stokes et al., 1985; Ducimetiere et al., 
1986; Donahue et al., 1987). Studies of Mexi- 
can Americans indicate that they have a lower 
overall mortality rate from cardiovascular dis- 
eases than do non-Hispanic Whites (Bouchard 
et al., 1990). Since there is a relationship be- 
tween serum cholesterol and risk of cardio- 
vascular disease it is important to know the 
relationship of body fat distribution to cho- 
lesterol levels. Therefore, we have examined 
the relationship between body fat and fat 
distribution and serum cholesterol in Mexi- 
can Americans from HHANES. 

METHODS 
Sample 

The study is based upon the anthropomet- 
ric and blood data derived from the 
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TABLE 1 .  General rhararteristics of Matcan  American adults I S 7 4  years ofHHAh%S 

52 

Variables 
Males Females 

N Mean e SD N Mean 2 SD 

Age (years) 
Stature (cm) 
Welght (kgi 
Body mass index (kglm') 
Triceps skinfolds (mm) 
Subscapular skinfolds (mm) 
S u p d a c  skmfolds (mm) 
CaIf slunfolds (mm) 
Sum of skinfolds (rnrn)' 
Sum of skinfolds (mm)' 
Sum of skmfolds (mmP 
Trunk/extremity slunfold ratio4 
Trunk/extremity skinfold ratio" 
TrunWextremrty skinfold ratio" 
Serum cholesterol (pg/dl) 
Serum cholesterol (mmol/L) 

1,585 
1,576 
1,579 
1,576 
1,574 
1,572 
1,575 
1,570 
1,570 
1,569 
1,563 
1,570 
1,569 
1,563 
1,440 
1,440 

39.2 2 14.6 
170.3 i 6.8 
76.0 f 14.3 
26.1 ? 4.3 
13.1 i- 6.8 
19.5 2 9.1 
23.9 i 11.0 
8.8 z 5.6 

32.6 ? 14.6 
56.4 i 24.0 
65.2 * 28.1 

1.6 -C 0.7 
3.6 +- 1.2 
2.1 2 0.7 

207.2 f 39.9 
5.4f 1.0 

1,770 
1,766 
1,766 
1,766 
1,755 
1,755 
1,756 
1,747 
1,754 
1,754 
1,745 
1,754 
1,754 
1,745 
1,600 
1,600 

38.1 5 14.4 
157.4 5 6.1 
66.0 i- 14.5 
26.7 5.7 
26.1 i- 9.5 
25.0 ? 11.4 
26.5 f 10.5 
21.2 !- 9.2 
51.1 -t 19.7 
77.5 L 29.1 
98.6 ? 35.8 
0.9 2 0.3 
2.0 t 0.7 
1.1 :L 0.3 

204.5 +_ 44.0 
5.3 i 1.1 

'Sum of skinfold thicknesses (nun) ~ (triceps + subscapular). 

3Sum of skinfold thicknesses (mm) = (triceps + subscapular + suprailiac + medial calf skinfolds). 
1Subscapulantriceps ratio = subscapularkriceps skinfold. 
W a r m  shnfold ratio = (subscapular + suprailiac skinfolds) / (triceps skinfold). 
'TNnWextremity skinfold ratio 

of skinfold thicknesses (mm) = (triceps + subscapular + suprailiac skinfolds). 

(subscapular + suprailiac skinfoldsy(triceps i medial calf skinfoldsl 

TABLE 2. Cornpartson of auerage rank order correlations (rho) between Lndcres of body fat dstrLbutaon and serum 
cholesterol (mmollL) by fatness percentile among Menran Amerirnn adults 18-74 years of HHAIVES 

Subscapuldtricepsl TrunWarm" Trun Wextremity' Fatness 
percentile N rho N rho N rho 

Males 
00.0-9.9 117 0.01 114 0.01 109 0.16 
10.0-19.9 140 0.01 143 0.01 148 0.01 
20.rk29.9 136 0.01 137 0.01 136 0.19" 
30.M9.9 144 0.11 146 0.01 152 0.01 
40.M9.9 153 0.08 149 0.19 139 0.08 
50.0-59.9 136 0.04 135 0.01 141 0.04 
60.M9.9 14 1 0.08 150 0.03 144 0.11 
70.0-79.9 148 0.01 140 0.12 143 0.19% 
80.0-89.9 136 0.03 147 0.04 144 0.11 
90.c99.9 115 0.12 109 0.31** 110 0.26** 

oo.rk9.9 137 0.12 139 0.11 140 0.14 
1o.rk19.9 163 0.11 158 0.09 153 0.08 
20.0-29.9 I62 0.01 161 0.01 158 0.01 
30.s39.9 154 0.01 159 0.01 159 0.02 
40.0-49.9 168 0.01 169 0.01 166 0.04 
50.G59.9 154 0.02 144 0.02 153 0.07 
60.0-69.9 153 0.01 163 0.11 154 0.04 
70.0-79.9 158 0.01 154 0.01 158 0.02 
80.0-89.9 149 0.01 151 0.01 153 0.03 
90.0-99.9 133 0.06 134 0.01 131 0.06 

Females 

'Subscapularltriceps ratio = subscapdadtriceps skinfold. 
%.mk/ann skinfold ratio = (subscapular + suprailiac skinfnlds) I (triceps skinfold). 
3TrunWextremity skinfold ratio = (subscapular + suprailiac skinfdds) / (triceps + medial calf skinfolds). 
*P -c 0.05; **P -: 0.01. 

HHANES. HHANES was conducted in or- 
der to characterize the health and nutri- 
tional status of three Hispanic groups in the 
United States: Cuban Americans from Dade 

County, Florida; Puerto Ricans from the 
metropolitan New York area; and Mexican 
Americans from the Southwest (including 
Arizona, Colorado, New Mexico, Texas, and 
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TABLE 3 Mean serum cholesterol (mmollL) by percentile of indices of M . y  fat among 
Mexican Amrlean adults 18-74 years of HHhNES 

Fatness 
percentile 

Indices of body fat ( rnrn~l /L)~ 
Sum of three shnfolds2 

Mean + SD 
Sum of two skinfoldsl 

Mean f SD 
Sum of four skinfolds3 

Mean + SD 

Males (N = 1,366) 
00.0-9.9 
10.0-19.9 
20.0-29.9 
30.0-39.9 
40.M9.9 
50.0-59.9 
60.0-69.9 
70.0-79.9 
80.0-89.9 
90.0-99.9 

0.00-9.9 
10.0-19.9 
20.0-29.9 
30.0-39.9 
40.0-49.9 
50.k59.9 
60.0-69.9 
70.0-79.9 
80.0-89.9 
90.0-99.9 

Females (N ~ 1,525) 

5.18 2 1.09 
5.13 t 0.95 
5.38 f 1.02 
5.35 f 1.08 
5.36 i 1.06 
5.48 f 0.86 
5.44 * 1.12 
5.49 ? 1.06 
5.45 f 0.89 
5.36 -t 1.09 

5.05 L 1.20 
5.11 I 1.11 
5.22 f 0.98 
5.41 2 1.17 
5.27 ? 1.08 
5.44 -t 1.18 
5.35 i 1.03 
5.35 2 1.40 
5.31 i 1.11 
5.30 t 1.03 

5.13 2 0.95 
5.31 2 1.06 
5.36 ? 1.11 
5.28 ? 1.02 
5.36 ? 1.04 
5.36 4 1.00 
5.42 -t 0.98 
5.39 -t 0.98 
5.54 f 1.05 
5.44 t 1.00 

5.00 3- 1.13 
5.13 i 1.09 
5.29 i 1.16 
5.28 5 1.06 
5.37 % 1.03 
5.40 t 1.26 
5.30 I 0.98 
5.36 i; 1.31 
5.40 t 1.16 
5.30 t 1.09 

5.14 t 0.98 

5.30 F 1.10 
5.35 i 1.08 
5.33 t 1.01 
5.45 5 1.02 
5.43 ? 1.04 
5.46 2 0.99 

5.40 f 1.08 

5.12 t 1.18 
5.05 t 1.06 
5.30 ? 1.10 
5.34 t 1.18 
5.31 f 1.07 
5.38 -t 1.18 
5.36 t 1.14 
5.40 ? 1.20 
5.34 11.20 
5.19 ? 0.98 

5.28 t 0.97 

5.44 ? 0.98 

'Sum of skinfold thicknesses (mm) ~ (triceps + subscapular). 
'Sum of skinfold thicknesses (mm) = (triceps + subscapular + suprailiac skinfolds). 
3Sum of skinfold thicknesses fmm) = (tricepti t subscapular t suprailiac + medial calf skinfolds). 
%The n's are the same as in Table 2. 
*P < 0 05; **P < 0.01. 

TABLE 4. Mean serum cholesterol (mmollL) by percentile of indices of fat distribution among 
Mexican American adults 18-74 years of HhXNES 

Indices of fat distribution (rnm~l/L)~ 
Fat distribution Subscapuldtriceps' TrunWarm' Trunkle~trernity~ 
percentile Mean ? SD Mean i SD Mean i SD 

Males 
00.0-9.9 5.17 * 0.88 5.27 f 0.98 
10.0-19.9 5.29 ? 0.93 5.25 + 1.03 
20.0-29.9 5.26 I l . 0 0  5.25 ? 0.87 
30.0-39.9 5.41 i 1.06 5.35 t 1.00 
40.M9.9 5.42 i 1.04 5.30 t 1.00 
50.0-59.9 5.42 f 0.93 5.55 -t 1.17 
60.0-69.9 5.40 + 1.12 5.47 ? 1.08 
70.0-79.9 5.29 + 1.02 5.36 + 1.12 
80.0439.9 5.43 i 1.18 5.46 I1 .04  
90.0-99.9 5.49 2 1.03 5.29 t 0.99 

0.0cL9.9 5.24 -t 1.19 5.16 ? 1.27 
10.0-19.9 5.39 2 1.25 5.25 t 0.92 
20.g29.9 5.24 i 1.17 5.39 f 1.31 
30.0-39.9 5.25 -t 1.09 5.22 ? 1.27 
40.M9.9 5.13 ? 1.02 5.31 * 1.13 
50.0-59.9 5.23 f 1.14 5.14 + 0.96 
60.0-69.9 5.30 + 1.14 5.33 5 0.97 
70.0-79.9 5.40 i 1.20 5.41 i 1.19 
80.0-89.9 5.35 ? 1.11 5.28 t 1.08 
90.&99.9 5.33 -t 1.07 5.32 k 1.14 

Females 

'Suhscapularltricepti ratio = subscapuladtriceps skinfold. 
?runWarm skinfold ratio = (subscapular + suprailiac skinfolds) I (triceps skinfoldJ. 
3Trunk'extremity skinfold ratio = (subscapular + suprailiac skinfoldsi / (triceps i medial calf skmfolds). 
4Tbe n's are the same as in Table 2. 
' P  .:' 0.05. 

5.14 t- 0.98 
5.26 i- 0.97 
5.12 i- 1.10 
5.32 2 0.98 
5.33 t 0.96 
5.50 -t 1.11 
5.55 i- 1.04* 
5.49 2 1.12* 
5.46 I 1.04* 
6.46 t 1.00" 

5.22 1.23 
5.06 ? 1.02 
5.26 ? 1.07 
5.40 t 1.18 
5.25 +- 1.18 
5.22 +- 1.00 
5.31 1~ 1.19* 
5.45 i 1.12" 
5.38 1.14* 
5.29 t 1.10 
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Fig. 1. Median sum of triceps and subscapular skinfold thicknesses of Mexican American adults 
compared t o  U.S. Whites (Frisancho, 1990). At all ages Mexican Americans are significantly fatter than 
U S .  Whites. 

California). The sample for the present 
study is composed of only those identified as 
Mexican American and excludes all other 
ethnic groups (i.e., Cubans, Puerto Ricans, 
American Indians, etc.) included in the 
HHANES data sets. Age, stature, weight, 
the triceps, subscapular, suprailiac, and me- 
dial calf skinfolds, and serum cholesterols 
were available for 3,040 Mexican Americans 
18-74 years of age. The general characteris- 
tics of the data are summarized in Table 1. 

Measurements 
Anthropometric data were collected fol- 

lowing the same procedures as used in the 
second National Health and Nutrition Ex- 
amination Survey (NHANES 11-National 
Center for Health Statistics, 1981). Stature 
was measured to the nearest 0.1 mm. 
Weight, including weight of the clothing, 
was measured to  the nearest 0.01 kg. The 
body mass index (weighthtature, kg/m2, 
BMI) was computed. Skinfold thicknesses at 
the triceps, subscapular, suprailiac, and me- 
dial calf sites were measured on the right 
side with a Lange caliper to the nearest 0.5 
mm. The technical errors of measurement 
and reliability of the anthropometric data 

for Mexican Americans were similar t o  those 
found in the NHANES I1 (Chumlea et al., 
1990). 

The medical evaluations included medical 
history, physical examination, anthropome- 
try, dietary information (24-hour recall and 
food frequency), laboratory tests, electrocar- 
diograms (ECGs), and radiographs. Blood 
samples were analyzed by the Clinical 
Chemistry Division, Center for Environ- 
mental Health, Centers for Disease Control. 

Analysis 
Fatness. The sum of skinfold thicknesses 

at given body sites were used as indicators of 
total body fat. Three indices were derived 
(Bouchard et al., 1980): 

1. Sum of skinfold thicknesses (mm) = 
(triceps + subscapular skinfold) 

2. Sum of skinfold thicknesses (mm) = 
(triceps + subscapular + suprailiac 
skinfolds). 

3. Sum of skinfold thicknesses (mm) = 
(triceps + subscapular + suprailiac + 
medial calf skinfold). 

Fat distribution. Three indices of fat distri- 
bution were derived: 
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Fig. 2. Median subscapular-to-triceps skinfold thickness ratio of Mexican American adults compared 
t o  U.S. Whites (Frisancho, 1990). Mexican Americans, especially females, have an increased truncal fat 
accumulation over U.S. Whites. 

1. Subscapularltriceps ratio = subscapu- 
lar skinfoldkriceps skinfold. 

2. TrunWarm skinfold ratio = (subscapu- 
lar + suprailiac skinfold)/(triceps skin- 
fold). 

3. TrunWextremity skinfold ratio = (sub- 
scapular + suprailiac skinfold)l(triceps 
+ medial calf skinfold). 

Normalization of data. All of the anthropo- 
metric dimensions and serum cholesterol 
concentrations were first transformed to 
log10 and then converted into age- and sex- 
specific standardized Z-scores (Z = mean 
value - individual's value/SD). 

Percentile levels. Using as reference either 
the sum of skinfold indices or indices of fat 
distribution, the samples were classified 
into 10 age- and sex-specific percentile in- 
tervals. 

Correlation analysis. Using as reference the 
three indices of fat distribution, the data 
were grouped into 10 age- and sex-specific 
percentile intervals (1-9,10-19,20-29, 30- 

99). Using previously normalized values for 
each percentile group, the rank order corre- 
lation coefficients (rho) between serum cho- 

39,40-49,50-59,60-69,70-79,80-89,90- 

lesterol and indices of fat distribution were 
determined (Table 2). 

Mean values. Using as reference either the 
sum of skinfold indices or the indices of fat 
distribution, the data were grouped into 10 
age- and sex-specific percentile intervals 

60-69, 70-79, 80-89, 90-99). For each per- 
centile group, means and standard devia- 
tions of serum cholesterol were calculated 
(Tables 3, 4). The statistical significance of 
differences in serum cholesterol was evalu- 
ated by analysis of variance using previ- 
ously normalized values. 

Polynomial regressions. To illustrate the 
relationship of serum cholesterol to either 
indices of fat distribution or sum of skin- 
folds, third degree polynomial regressions 
were calculated for the 10 age- and sex-spe- 
cific percentile groups. 

RESULTS 
As shown in Figures 1 and 2 at every age 

Mexican Americans are significantly fatter 
and have a higher subscapularltriceps skin- 
fold ratio than U.S. standards (Frisancho, 
1990). However, as illustrated in Figure 3, 
between 55 and 69 years of age in males and 

(1-9, 10-19, 20-29, 3039,  4049, 50-59, 
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Fig. 3. Mean serum cholesterols (mmol/L) of Mexican American adults compared to U S .  Whites. The 
lines for Mexican Americans were derived from 3rd degree polynomial regressions using individual data 
while the dots are the average values for each age group. 

between 45 and 65 years in females serum 
cholesterols of Mexican Americans are signif- 
icantly lower than those of the U.S. Whites. 

Tables 2 and 3 and Figure 4 give the aver- 
age rank order correlations between fat dis- 
tribution and serum cholesterol levels in 
Mexican Americans. It is evident that in 
males, but not in females, the correlation be- 
tween serum cholesterol and truncal fat dis- 
tribution increases with percentile level of 
fatness. 

DISCUSSION 
It is evident that in males, but not in fe- 

males, the correlation between serum choles- 
terol and truncal fat distribution increases 
with percentile level of fatness. These find- 
ings suggest that in males a truncal fat dis- 
tribution accentuates the association be- 
tween fatness level and serum cholesterol 
and becomes more evident with increasing 
levels of obesity. Conversely, it appears that 
overall leanness protects against the risk of 
hypercholesteremia associated with truncal 
fat distribution. It has been estimated that 
with every increase of' 1 p,g/dL in serum cho- 
lesterol, the risk of cardiovascular disease in- 
creases by 1% (Grundy and Barnett, 1990). 

Applying this relationship to the present 
data, the risk of cardiovascular disease 
among obese males with truncal fat distri- 
bution would be increased by 2% compared 
with to those with peripheral fat accumula- 
tion. These findings confirm the numerous 
reports in the literature which indicate that 
the topography of adipose tissue is associ- 
ated with metabolic complications which are 
considered risk factors for cardiovascular 
diseases such as insulin resistance, hyperin- 
sulinemia, diabetes, hypertension, and hy- 
percholesteremia (Kissebah et al., 1989; 
Larsson et al., 1984; Lapidus et al., 1984; 
Stokes et al., 1985; Ducimetiere et al., 1986; 
Donahue et al., 1987; Despres et al., 1990; 
Fujioka et al., 1987; Ohlson et al., 1985; 
Peiris et al., 1989; Sparrow et al., 1986). 

The lower association between fatness 
and cholesterol may also be related to the 
fact that among Mexican Americans the 
health implications of adiposity do not have 
the same effect as in White populations. 
This fact is also compounded by cultural fac- 
tors that view fatness as a positive rather 
than a negative trait. In fact, studies among 
Mexican Americans have demonstrated that 
the term fat &ordo) is used as an indication 
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Fig. 4. Rank order correlations between serum cholesterol and trunwextremity skinfold ratio of 
Mexican American males and females by percentile category. In males, the relationship between truncal 
fat accumulation and serum cholesterol is curvilinearly associated with the amount of fatness. 

of good health, beauty, and success (Mas- 
sara, 1989; Rittenbaugh, 1982). For this rea- 
son, Mexican Americans use the term gor- 
dura mala (bad fatness) when describing 
fatness that is associated with health risk 
factors (Rittenbaugh, 1982). It is, therefore, 
quite possible that among Mexican Amcri- 
cans the association of fatness and choles- 
terol becomes evident only when the amount 
of fat is really high and when cultural fac- 
tors compound this association. However, in 
Mexican Americans this relationship be- 
comes evident only among the obese males. 
It should also be noted that since the present 
analysis was based upon measurements of 
skinfold thicknesses, the extent to which the 
present findings reflect an actual effect of 
visceral fat on cholesterol cannot be deter- 
mined. It is quite possible that while Mexi- 
can Americans may have higher trunk ex- 
tremity ratios than U.S. standards, they 
may have lower levels of abdominal visceral 
fat. In fact, a recent study has demonstrated 
that measurements of external fatness, such 
as those derived from skinfolds or from cir- 
cumferences, are poor indicators of internal 
body fat distribution (Van Der Kooy et a]., 

1993). It is quite possible then that the trun- 
cal fat distribution derived from skinfolds 
used in the present study may not be a good 
indicator of internal fat among the Mexican 
Americans. To clarify this issue, more pre- 
cise measurements of internal body fat such 
as those derived from computer topography 
(Despres et al., 1991) are needed. 

The low serum cholesterols of Mexican 
Americans compared to U.S. Whites may be 
related to differences in composition of di- 
etary intakes, differences in amount of expo- 
sure time to foods high in cholesterol, or per- 
haps genetic differences in sensitivity to the 
effects of high cholesterol. The origin of this 
difference, however, is beyond the scope of 
the present analysis. 

In summary, unlike Whites, in Mexican 
Americans the association between truncal 
fat distribution and serum cholesterol oc- 
curs only at high levels of obesity. 
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