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ABSTRACT In 1993, body mass index {BMI),
subscapular-tricipital farfeld ratio (STFR) and waist-
hip circumference ratio (WHI) were analysed in 1200
subjecis from years of age 2.75 years old living in
Progreso and Merida, Yucatan, Mexico. These data
were compared with data for Mexican American (MA),
Puerto Rican, Peru Indians, and Guatemala and Belize
Maya children. In boys and girls before pubenty changes
of BMI are small. At ages E-18% in boys and 7-16 in
gifls & modernte increass of BMI iz observed in Pera,
Guatersala and Belize (group A), bui intensive occuers
in Yucatecan, Mexican American (MA) and Puerto
Rican ( p By The group A and B show separated
areas nﬁma:luc:, (developmental pathwaysy in late
pubeny period. Im girls differences between 7
populations are smaller but BMI increase is more rapid
in bath groups, than in boys. Afier 18 years thers are
very small changes in BMI in Peravians and very rapad
omes in Yucaiecans and MAs, In US Whites there is
some increase, but o much lower rate, US Black ase
in between. In adulis BMI is twice as large as befors
puberty, Until the age of 14 years changes of STFR
are show, than rapid i late paberty and in adolescence,
At this age STFR I8 lower in children from Peru, higher
in Guatemala, and Yucastan values are in between. Be-
fore puberty ratio i higher in girks than in boys, after
in males than in females. In adult males a higher ratio
is observed in Yucotecans and MAs, a medium ong in
US Whites and is lowest in Pere males: in females
STFR s higher in Yucatecans, MAs and Peruvians than
in Whites U5, Both BMI and STFR increase with age,
WHI generally decrease till pubery and then increase
staring al age 15 in boys apd 17 in girls. In age of 3-
5 and of 45-65 years WHI is almost the same in
males, and in oge 4 and 65 in females, In aduls, this
ratio i highest in Yucatacans, medium in MAs and
lowest in US Whites, Our analysis sugpested that BMI
must be related o ethnic differences in hody build,
Wheread STFR and WHI rather reflect nutritional sta-
tws. A higher WHI is typical for populaticns from
lower economic conditions, whereas a lower STFR is
seen in both: in neritional deprivation in poor
popalations, and is sell restriction of aurton n well-
off social strata,

INTRODUCTION

Use of simple indices for evaluation of nutri-

tional status is very important for both research
and practical reasons. This is especially true
for making epidemiological evaluations of indi-
viduals in developing countries and in personal
contral of nutrittonal " status (Jeliffe, 1966,
Wolanski, 1974). Several papers suggest rela-
tionships between such index as BMI and risk
for some diseases, specifically the wype 1 dia-
betes mellitus and gallbladder discase (Hartz et
al., 1984; Haffner et al, 1986, 19849,

In 1963, I proposed a simple measure for
undernutrition: arm circumference, which de-
seribes both the fat and muscle tissue nutri-
tional deprivation. This "index" and my stand-
ards were popularized by Jeliffe (1966) in his
WHO book. In studies of African tribes where
ages of children were unknown, 1 originally
suggested a relationship of arm circumference
to statare instead of 1o age, if age was unknown.
In the contemporary world, the problem of
undernutrition still exists. Perhaps no less im-
portant is the problem of obesity. Half of the
world populations 15 hungry, and the other half
eats oo much.

Standard values for body Mass Index are
published (Cole. 1991; Rolland-Cachera et al.,
1991; Prokopec and Bellisle, 1992). The
original name of this index (BMI) is Kaup In-
dex. It was created at the beginning of this Cen-
tury (Martin and Saller, 1957}, People continue
to refer to it as the BMI = body mass index,
The Kaup index is a ratio of body weight to
height which is expressed as a sguare (this is
mathematically incorrect, it should rather be ex-
pressed as a cube: relationship of mass 1o vol-
ume - see also Gasser et al., 1994 a, b). A high
value for this index suggests a strong, plump
body build and/or obesity. It is difficult 1w de-
termine whether ratio of weight to height de-
pends on genetic factors { a native population
component), because of the so called living
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together effect (life style and environmental,
mainly nutritional factors) and cultural nutri-
tional habits,

In recent years, other indices have suggested
an accumulation of fat tissue on the trunk
{subscapular trcipital fatfold ratio - STFR, also
called the centrality or centripetal index -
Robson et al., 1971; Mueller and Kaplowitz,
1994), and waist-hip circumference index

{(WHI). At this time it is not clear what these-

indices really measure. The STF ratio is a pro-
portion of a fat fold on the trunk and an wpper
extremily (subcutaneous fatfold on the arms
above the triceps brachii). It measures the dis-
imbution of fat deposited on the body. The waist-
hip eircumference index is expressed as a ratio
hetween accumulation of sofft tisswes, mainly fat,
in the waist and hip areas (waist circumference
expressed as a per cent of hip circumference).

Obesity and body fat distribution are inde-
pendently associated with several metabolic
properties of the organism (Stern and Haffrer,
1986).

The purpose of this study is to present
ontogenetic changes of the above mentioned
indices and their levels in several different popu-
lation and to suggest what they measure,

MATERIALS AND METHODS

Body mass (Kaup) index (BMI), subscapular-
tricipital fatfold ratio (STFR) and waist-hip cir-
cumference index (WHI) were analysed in 1200
subjects aged 2-75 years from Progreso and
Merida, Yucatan, Mexico (Table 1), In Poland,
body mass index (BMI) and subscapular-
tricipital fatfold ratio (STFE) were analysed in
3220 subjects aged 20-85 years.

Factor analysis was used for 23 somatic traits
and imdices related 1o body size, mass and shape
on 324 males and 317 females 20 years and
older from towns of Yucatan, in 444 males and
721 females living in Polish towns, and 951
males and 1104 females living in Polish villages.

RESULTS AND DISCUSSION

I. Age Changes and Sexual Dimorphism in
Body Size, Mass and Fat Tissue Deposition

Body size was measured by body height and
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weight increases during a period of positive
growth and decreases during periods of involu-
tion, Maximal values for stature are observed
at about 20-30 vears of age (decrease in stature
was observed after age 40), and with respect 1o
body weight for 35-45 year olds in Yucatan and
45-53 year olds in Polish populations. Because
most data is based on cross-sectional studies,
it is difficult o separate changes due 10 age from
those due to secular trends (Trotter, 1951,
Panek, 1978). In various populations, similar
directions of changes but some differences in
peak values with age, especially connected with
body mass, are observed.

Although a fat tissue deposition change with
age shows a more complicated pattern, this pat-
tern is , however, similar among different
populations {(Wolanski, 1996). During the course
of growth, we observed a preschool loss of adi-
pose tssue, a prepubertal gain, followed by an
adolescent loss in males. At about age 20 vears
females show some stabilization, then gain as
attaining their peak value between ages 45-50),
and finally a females exhibit a loss with age.
This adult gain and loss of adipose tissue with
age is much more evident in females. For some
populations, adipose mssue changes in males
after 20 are quite small.

In compared populations waist circumference
increased similarly in both sexes until pubserty,
it was then larger in males, and continues to
increase almost their whole life-span (Wolanski,
1994).

With respect to weight and fat deposils, cor-
relations with the above traits were strong, they
were & little weaker between weight and stat-
ure, but are very weak in Polish males and ex-
ist only between stature and fatfolds (Table 2).
The cormrelation of body height to weight is
greater in Polish and Yucatecan populations in
males than in females, but correlation of weight
and fatfolds is similar for the sexes. Waist cir-
cumferences are stronger cortelated (Table 3)
with body weight and subscapular fatfold, a
little less strongly with triceps fatfolds, but do
not correlated with stature.

The Mexican Americans were the tallest in-
dividuals in our study populations, the shortest,
Peruvian Indians with Yucatecan in between and
similar to Guatemalan and Belizean Maya. We
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Tahle 1 ; Mean values and standard deviation of Kaup Index (BMI), Waist-hip Index (WHI) and
Subscapular-iriceps-fatfald-ratio (STHF) in Yucatan population from Merida and Progreso

Age Kaup (BMI) index Warisr-frip fndex STFR ratio Fregen.
in Mule Female Muale Female Male Female " I
wears  Mean 5D Meam 5D Mean S0 Mean 3D Mean SD Mean SD N N
2 160,21 157 161.26 9.3 10095 2.9 9921 32 BR.02 114 9008 117 7T 6
E 162,56 12,3 16330 148 974% 2.3 96359 32 T421 17.0 338 147 9 14
4 161.96 166 16150 =227 9417 52 9339 54 7401 158 E4.10 254 14 |5
5 14%.61  21.3 15576 13.2 983% 53 927% 43 7163 125 E4.01 244 9 21
[ 162,27 21.9 167.94 259 9464 5.0 9285 48 7588 185 TLA6 196 14 16
7 186.13 5.4 06347 3.9 9214 57 E924 354 Ted4E 264 9141 325 16 IS
] 163,86 22,8 16857 9.4 SHB30 4% @87TA3 5.4 TIEE 123 E2O00 182 13 14
9 17384 332 18327 463 E9O91l 48 #6662 6.3 E944 267 THEE 6% 13 17
I 176.26 288 18065 308 8674 4.7 8550 69 7140 133 EBU6AE 321 11 IS
11 19266 386 19508 360 9069 7.0 BZ45 1.5 7430 187 B4.46 30 15 012
12 20027 3BT 20347 420 ROA4 5T BLS1 53 9546 327 BROGT 4.0 27 17
13 20253 31,0 20396 512 R466 56 BIIS 57 9322 377 8608 391 27 15
14 210.4% 278 20932 300 8473 55 7921 5.8 9T.5R TR 10674 344 32 13
Ii 21301 385 22868 366 H330 B2 TEO6 4.8 107.40 34.4 12448 3B4 I2 16
17 22544 393 23139 423 A5 6.5 TT.AT 5.0 11795 399 106.7% 31.9 55 56
232 248,31 384 23758 35.7 HT.M46 6.5 BO93  B.6 15761 589 11245 3.0 47 42
27 264 56 2.6 27508 448 9145 46 B4ET T4 176 537 10792 3001 32 48
3% 28530 379 2B4TO 417 9503 47 3R} 6.3 18916 4B 11671 348 113 122
45 284,45 506 30271 474 9729 51 E67R 6.6 191.B8 668 11051 234 91 88
55 JEE.TE 439 20383 407 9E465 53 9017 7.0 197.00 B4.8 11225 28.4 37 19
[ ] 175.21 454 332013 410 9676 4.5 938F 6.2 19917 &3B 11484 159 11 4
15 14K .40 . G4.74 : . 14286 . . 1

ohserved the most abundant deposition of adi-
pose tissue in Yucatecans. [t was a little less in
Mexican Americans, Puerto Bicans and Cubans,
Smaller still in US Whites less in Poles with
Peruvian Indians, showing the least (scanty).

Yucatecans, American Whites and Poles
show similar patterns of subcutaneous fat thick-
ness change with age-but different levels of fat
accumulation,

Table 2: Corrclation coefficients between body
height, welght and subcutaneocus fai iis-
sue thickness (subscapular fatfold in Yac-
afan, sam of 10 fatfolds in Poland). Sig-
mificant at === 001 and ** 01 level

Population, group Swnere » Stamree = Weight =
welghr far St
Yucatan males ApEes =014 GRgeee
" females Jr2es . 0I9 S5gees
Poland 1own males 477%%* Ages JRgmes
e 2" females IpGe*  ..021 JTagmee
- willage meales 5l3=es Ax7ess gess
a2 females JAgEes 33 BB

Table 3 : Correlation coefficients between walst
circomference and body welght, height
and subcotancowns fat tissue thickness un
der scapula and at triceps in Yocalan pop-
wlations, Significances as in table 2

Sex Waist = Wiadsr Waisr = Wizirr =
welght Shai. Foap tric

Males  S01*** 21 J42ems g]gess

females )=+ LT ARFees §lRees

2. Indices of Body Build and Disiribution of
Fat Tissue: Age Changes and Sexual Dif.

Sferences

The body mass index (also referees as Kaup
index or relative body weight, BMI - Cole,
1991) have been suggested as & measure of
nutritional status or physique differences. BMI
is comrelated with sitting height/stature ratio and
Lean Body Mass, s0 is also "a measure of body
build or body proportions™ (Garn et al., 1986).
The Kaup index (body mass expressed in grams
as a percent of stature squared in cm) varies
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with a mean ranging from 140 10 340 and is 10
times higher than BMI (14-34),

Bascd on body builds (BMI) there appear to
exist separate paths of ontogenetic changes for
Yucatecans, Mexican Americans and Puerto
Ricans. Thisz path is somewhat different for
Belizean (Crooks, 1994), Guatemalan (Bogin and
MacVean, 1984) and Peruvian (Leatherman et
al., 1995} Indians, For Poland and Czech
populations the values was in a middle range.

Until about age 5 the BMI decreases. Then
till about 45-55 years of age it increases (Table
1). The pre-pubertal ratio was higher for girls
than for bays; the afier-puberty value higher for
males than for females,

Generally, BMI follows the same pattern
{rhythm) orf ontogenetic changes, as (chapter
1} described above for fat tissue [(Wolanski,
1998) : preschool loss, prepubertal gain, ado-
lescent loss in males, and stabilization in fe-
males, then subsequent adulthood gain till peak
value between ages 43-55, and finally loss with
age of index values.

In Yucatan and MA girls BMI in age 10-19 it
increased from 187 to 232, It was significantly
higher than in American girls (Roche et al,
[984)., Rycan et al., 1990, and others).

Changes of BMI in pre-pubertal boys were
small, The slowest increase was observed in
Peruvian, Guatemalan and Belizean boys and a
more rapid one in Yucatecan, Mexican Ameri-
can (MA) and Puerto Rican boys.

For girls, differcnces between populations
were less but BMI increase was a more rapid in
girls than among boys.

After 18 years of age there were very small
changes in BMI in Peruvian Indians and very
greal ones in Yucatecan and MA girls. In US
Whites there was some increase, but o a much
lower rate; US Blacks were between.

Maximal adult valees varied in difTerent
populations from about 240 to 310. The high-
est BMI ratio is observed in Yucatecan and MA
adults, a medium value was seen in US Whites
and the lowest among Peruvian Indian males.
BMI value was higher among Yucatecans, MA
and Peruvians than among US White females.
In our analysis, the greatest values were seen
among females of Progreso and were smallest
in US white females (Fig. 1-6). Variation be-
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tween male groups was less,

US White adults and Peruvian Indians
showed the lowest BMIL This is probably true
for US Whites because of practices of weight
contrel and for Peruvian Indians because of
undernuirition,

Until age 14, in our populations changes of
subscapular-triceps (centripetal) ratio (STFR)
were slow. They were rapid in the late pubertal
and adolescence periods (Table 1.

Subscapular-triceps (centripetal} ratio values
for Yucatecan children were in a middle range.
However for Guatemala Indians there was more
fat accumulation on the trunk {(Bogin and
MacVean, 1984), it was lower for Peruvian Indi-
ans (Leatherman et al,, 1995). Adult Yucatecans
and Mexican Americans showed similar centrip-
cial ratios, whereas for US Whites this ratio
showed a proportionally much lower fat accu-
mulation on the trunk (Fig. 7-8).

The waisi-hip index generally decreased un-
til puberty and increased starting at age 15 in
boys and 17 in girls (Table 1). Between ages 3-
5 and 45-65 years, this ratio was almost the same
among males. Among females this ocours at age
4 and again at age 65. Adult values of this ratio
were highest for Yucatecans, medium for MAs
and lowest for US Whites. The waist o hip
circumference measures was larger for males
than for females, due to higher fat accumula-
tion on the hips of women (Fig. 9).

3. Whar BMI, STFR and WHI Measure (Re-
sulis of Factor Analysis)

As a result of factor analysis (FA) applied to
23 somatic traits and indices, 4 to 7 independ-
ent latent factors were found.

Because of relations between them, gener-
ally, as & mle in FA, we cannot directly join
together measured traits and indices. However,
one of the tasks in this paper was o analyse
such conneclions,

In Poland, 10 fatfold measures were done,
in Yucatan only two. In the final populations,
we added circumferences of head, mid-arm,
waist and hip, nose length and breadth, and
frontal, shoulder and hip breadih measures. In
a past program of field swudies (see the list of
factors in Tables 4-6) a different set of traits were
used in the Yucatan and Polish populations. In
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Fig. 1. Relative body weight (Kaup index) in 2-18 years old boys from Merida and Frogrese in
comparisen with Mexican American, Puerto Rican, Belizean and Guatemalan Mayas and Feruvian
Indians (Data from Bogin and MacVean, 1984; MNajjar and Howland, 1987; Crooks, 1994 and

Leatherman et al., 1995)
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Fig. 2. Relatlve bady weight {Kaup index) in 2-18 years old girls from Merida and Frogreso i|_1
comparison with Mexican American, Fuerto Rican, Belizean and Guatemalan Maya and Peruvian
Indians (Data from Bogin and MacVean, 1984; Najjar and Rowland, 1987; Crooks, 1994 and
Leatherman ot al., 1995}
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Fig. 3. Relalive body welght (Kaup index) in Yucalan boys 2-18 years old in comparison with
Mexican American, Poles, Czech and Hussian (Data from Wolanskl, 1962, 1987; Najjar and
Rowland, 1987; Prokopec and Belliste, 1992 and Spurgeon et al, 1%%4)
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Fig- 4. Relative body welght (Kaup index) in Yucatan girls 2-18 years old in comparison with

Mexican American, Poles and Czech (Data from Wolanski, 1962, 1987; Najjar and Rowland, 1987
and Prokopec and Belliste, 1992)
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Fig. 5. Relative body weight (Kaup index) in Yucatecans 19-75 years old in comparison with US
White, Pern Indian and Dutch (Data from Cronk and Roche, 1982; Roos, 1986; Najjar and
Kucemarski, 198% and Leatherman et al, 1995)
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Fig. 6. Relative body weight (Kaup Index) in Yucatecans 19-75 years ald in comparisen with
Mexican American and US White and Black (Data from Crenk and Roche, 1982 and MNajjar and
Kuczmarski, 198%)
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Fig. 7. Subscapular-triceps fatfold ratio in males from Yucatan, Guatemala, Feru Indian, Mexican
Americans and US Mon-Hispanic Whites (Data from Bogin and MacVean, 1984; Haffner et al.,

1986, and Leatherman et al., 1995}

“ Yucatan = Max-Amear. * US.-White
12813 Guatemala “* Peru
&
=
o 108
[
S 88
o
=
b
a
=
L BB

SR

a8 -
2345678910 12 14 17
Age in years

27 35 45

55 65

Fig. & Subscapular-triceps Taifold ratlo in females from Ywcatan, Guatemala, Feru Indian, Mexican
Americans and US MNon-Hispanic Whites (Daia from Bogin and MacVean, 1984; Haffner ct al,, 1986

and Leatherman et al., 1995)
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Poland, analysis of arterial blood pressure was
included because of its association with some
heart diseases.

In the Yucatan population, seven factors were
identified, their names are the same for males
and females but they include a slightly differ-
ent components (measured traits; Table 7-8).
BMI and Quetelet index (W/H) constituted fac-
tor one (F1). F1 which explained the highest per
cent of variation was associated with body
weight, and with most of the circumference and
fatfold {and among males also with nose
breadth) values.

Among females, centripetal ratio (STFR) was
a fourth factor, associated with nose breadth. Tt
was sixth in males, and was associated with
tricipital farfold.

145

1.98%) with chocolate drinks (Siniarska, 19495).

The last factor (F7) named waist-hip index
only in females was independent. For males was
associated with hip circumference.

In Poland samples, (Tables 9-12) five fac-
tors were found (four for village females). In all
four cases, the first factor (F1) was associated
with BMI and Quetelet index, fatfolds and chest
circumference (for females living in villages and
towns also with body weight). Centripetal ratio
was not associated with any other iraits, nor
with their components. Except for body height
in village-dwelling females, blood pressure was
not associated with any trait nor indices under
study.

It was interesting that a body size factor
based on stature was associated with head

105 = Yucatan m

100

&

fermales

Index value in %
&

= Yucatan f
= Max-Armer!  US-Whites m -+ US-Whites f

b ex-Amerm

/

E—

75
23456782910 12

14 17 27 35 45 55 B5 75

Age in years

Fig. 9. Walsi-hip index in Yucatecans, Mexican Americans and US Whites (Own data for Yucatan,
oiher from Haffner ef al., 1996)

For Yucatecan populations, variation of
STFR is negatively correlated (depended in
| 665} with a factor named consumption of car-
bohydrate, Variation of BMI is related positively
{depended in 1.87%) with consumption of al-
coholic drinks (beer mainly), and negatively (in

length or facial height, and that a head size fac-
tor based on face and head breadths was inde-
pendent from hody size.

Our analysis suggested that BMI was zsome-
what related to ethnic differences in body build
(proportions), whereas STFR and WHI reflected
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Table 4: Mean valoes and standard deviations of traits wnder study 324 males and 317 females over 20
years old from towns of Yucatan

Trair Males Females

Mean Srd  Dev Mean Srd  Dev
Body welght W 71,39 11876 62.56 11.291
Body beight H 160.41 6.451 14539 5.797
Shoulders breadih a-n 376.12 19.204 340,25 17.770
Hip breadth ic-ic 281.77 14,286 292.81 26.757
Head lenght g-op 186.50 G154 175.59 5879
Head breadth cu-cu 161.51 5,802 155,19 5,718
Frontal breadth fi-ft 109,47 5715 106.11 4,135
Facial breadth zy-zy 46,95 5,425 14].48 5,783
Face height n-gn 117.46 6,042 111.53 5,082
Mose length m-sn 51.33 3.777 48.14 1.695
Mosze breadth al-al 40,88 3.3194 3571 3160
Head circumferemce 56.90 1.584 5480 1.632
Mid-air circumference 3095 2.842 2850 1.512
Chest circumfersnce 04,05 7.790 #6.39 B 266
Waist circumference 93.47 10812 87.2% 11.724
Hip circumference 98,50 10.31% 10215 11.381
Faifold subscapular 24,21 & 604 3219 9.6%91
Fatfold thickn. arm 11,96 5748 29,36 Q.03
Kaup index (BMI) W/H2 277.24 42.352 283,91 47.358
Subscap-tricip. ratio STFR 18609 - 63,774 113,09 0411
Waist-hip index WHI 97.1% 47,034 B7.7E 46,839
Cuetelet index W/H ddd 55 6R.Ta6 4Z1.14 71.2946
Shoulder-hip index 134.22 10,780 116,84 B.BOG

Tahle 5: Mean valoes and standard deviations of tralts under study 721 females from towns and 1104 females from
villages over 20 years old from Poland

Tvai Towr Villages

" Mean Sid Dev Mean Sid Dev
Body height b-w ’ 157.i4 5574 157.37 6196
Body weight b 635,25 11.588 G419 12822
Fatfold thickn. cheek 036 2.8E1 1017 2.744
Fatfold thickn. chin 10.71 3.BE2 o218 1.564
Fatfald thickn. axillary 11.38 f.486 B.62 5646
Farfold thickn. arm 18.32 7.242 16.96 T.875
Fatfald thickn, scapular 20.03 9,205 19.33 10,289
Fatfold thickn. abdomen 24,53 11.598 2511 15,451

Fatfold thickn. 10 nb 17.95 B.525 16.15 9.421

Farfold thickn. hip 18.71 i 182 15.08 12.424
Farfold thickn, tigh 1E.83 G632 15.31 7837

Fatfold thickn. shank 14.62 T.539 12.43 G6.852

Chest circumference res Bd 5H 8.221 22 64 BRIZ

Head lenght g-op 177.83 5918 180.2% 6.494

Head breadih eu-eu 152.41 5.638 152.5% 5,561

Total facial keight n-g 107.5% 7.23% 1010 7.038

Facial breadth zy-zy 132.31 T.EE2 135,22 5.667
Kaup index (BMI) 26427 45 204 259,24 459 994
Systolic blood pressare 124.96 20,442 130,39 21946
Driastolic blood pressurs Ta.81 12.597 79,67 11585
Subscap-tricip. mtio STFR 112.71 40.069 118,83 50.987
Queteler index 415.02 70779 407,65 75 446

Sum of 10 faifolds 248.86 68904 234,14 75.410
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Table 6 : Mean values and standard deviations of traits under study 444 males from towns and 251 males
from villages over 20 years old from Foland

Trait Towns Villages

Mean Srd Dev Mean Srd Dev
Body height b-v 169.71 6.261 169 1% 6669
Bl:-dl',' wu'ghq brwr T2.60 11.044 69.69 10423
Fatfold thickn, cheek 8,56 2.946 B.69 2612
Fatfold thickn. chin 796 3.457 7.15 2962
Faifold thickn, axillary 845 5.064 6.21 4. 188
Faifold thickn, arm 2.27 4,647 1.7% 4287
Faifold thickn. scapular 12.93 6.092 11.24 6,312
Fatfeld thickn. abdomen 1565 4.5904 14,88 10674
Fatfold thickn, 10 rils 12.61 T.021 10,15 G415
Fatfold thickn. hip 12.681 7.702 11.62 5286
Fatfold thickn, tigh G 6l 5612 g.249 4,024
Fatfold thickn. shank T.88 4696 6. 80 4181
Chest circumference rest 93.47 6. T84 91.98 6813
Head length g-op 186.94 6. 764 18933 7458
Hesd bresdih cu-cu 159 .42 6400 15%.71 6.340
Total facial height n-gn 117.64 7. 764 119,55 71.375
Facial breadth zy-zy 141.02 £.429 142,76 6.718
Kaup index 251.74 3617 243.06 34.51%
Syatolic blood pressure 126 8% 14,8592 13046 18.593
Diastolic Mood pressure 17.2% 10, 560 BD.25 10147
Subscap-tricip.ral STFR 149,92 53816 153,95 66,274
Queteler index 427.21 58.919 4011.2% G0 942
Sumn of 10 farfolds 199.0%5 52613 184.95 50.604

Table 7: Factor analysis of selected somatie tralts and indices in Yucatecan populations - 317 females over
20 years old from Lowns

Rotated Factor Matrix Fac | FAC 2 FAC 3 FAC 4 FAC § FACE  FACT
Eaup index (BMI} W/H2 449 AT7 ATl 022 - 070 054 002
Cueieled index W/H 0432 241 038 D48 a7 021 <030
Chest clrcumference 513 150 _145 KL% Ripk 072 R eli]
Body weight W Bad 289 A4 OGS 26E =009 - 054
Waist circumfenznee AT4 05 4% 046 (028 e 073
Mid-arm circomference B 145 TS 0% 041 =092 0¥
Hip circumfersnce 740 152 Qi Rk 0T -4 -.562
Fatfold thickn.arm G40 033 3RO ATT =010 =452 031
Fatfold subscapular Sl 056 64 187 043 224 125
Head beeadih cu-eu 033 B30 123 -.014 054 D 029
Head circumference FiL B3 Rid 235 157 =025 20
Face breadth zy-zy V2B 742 i1 -4 il 004 013
Head lemgth g-op 6T J63E -.050 214 203 - 046 A28
Frontal breadth fi-Nt 5% 548 - 456 =039 =45 A24 - 180
Shoulder-hip index -.365 - 167 =T 089 2209 62 213
Hip breadih ic-ic 571 78 6 =022 230 04 - 149
Mose bength n-sn RN J0E A0TE A57 A6 A5 029
Face height n-gn 213 ETE =110 789 051 - (E 054
Body height H 014 316 - 141 125 A7 134 S 11S
Shoulders breadih a-n AGE 089 NEE! 079 s 168 0%
Subscap-tricip. ratio -.020 -0.008 073 =001 il 914 148
Mose breadth al-al L RiE]] - 112 043 - 290 AT 114
Waist-hip index WHI 093 072 =070 -.08% -.082 it]| Q26
% of common variation 386 1.6 1.3 6.3 512 49 4R=

Total  TE.6%
Idendification of facior body mass face size trank build nase size body size soft tiss  WHI
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Table & : Factor analysis of selected somatic traits and indices in Yucatecan populations - 324 males over 20 years old

from towns

Bovared Facror Matriz FAC | FAC 2 FAC 3 FAC 4 FAC § FAC & FRC7
Eaup index (BMI) WiH1 R EY 200 = D46 A2 M7 044 =031
Quetelet index WIH 813 245 ATh 13 073 040 =031
Waist circumference 396 101 0z 247 133 T =013
Chest circumlerence 876 156 144 des i) 107 -004
Body weight W 843 i | L2 B 4] 074 033 -029
Fatfold subscapular B4l J11a -.096 R =030 -.D57 Rikt)
Mid-arm circumference (B3Z NEI N .0aT 078 -, 007 015 -002
Wose breadih al-al 36 -.048 -.047 013 142 63 -.058
Head breadth eu-cu 166 B -076 SO0 022 =045 - 016
Head circumfenence 248 794 208 e AT7 Ols =019
Facial breadth zy-z 433 T8 087 063 JDong D& = (W0
Head length g-op 028 536 Agi 187 228 e 014
Frantal breadih fi-fi 074 A6 380 - 224 - 058 A1 038
Body height H -.025 RS BTS (080 024 =029  -000
Shoulders breadeh a-a 396 3% 652 -.178 L200 -.055 A2
Shoulders-hip index -.223 -.033 163 -.938 - M9 -.024 033
Hip breadth ic-ic 464 e 227 ) 14 - 0T - 024
Mose lenght n-sm 054 068 - D& il B4 050 020
Face height n-gn 28 A0 313 -013 [T -.04%  -.035
Subscap-tricip-ratie E1E 108 -.035 023 .20 850 026
Fatfold thickn. asm 495 JH0E - 050 017 A4 5 -.B09 Rl
Waisl-hip index WHI Jia ) 059 Rl L RilIE] =009 955
Hip circumference 543 T8 121 159 043 - D08 -.672
% of common varation 37.5 11.4 6.9 6.6 5.8 5.7 4.7 =

toial T8.5%
Identification of factor bedy mass head size body size trunk build  face height far fold  WHI

nutritional status. A higher WHI value was typi-
cal for populations of lower economic strata
whereas higher STFR value was seen in extreme
situations: of nutritional deprivation in poor

populations and of diet restriction in well-off’

populations.
CONCLUSIONS

Use of farfold thickness, arm circumferences
and Kaup index (BMI) measures of Yucatecan
populations and of US Whites and Polish
populations showed that inhabitants of Yucatan
had abundant fat tissue, and even showed a ten-
dency for obesity.

Kaup (BMI} index follows the same rhythm
of ontogenetic changes which is typical for all
studied populations of different ethnic groups
and ecconomic levels. Kaup index probably
expressed constitutional factors (under genetic

control) in its quality (thythm of changes) and
nutritional factors in its quantity (thickness of
fat layers).

High WHI values were typical for populations
in poorer economic conditions. High STFRs
were typical for extreme conditions: nutnitional
deprivation in poor populations and restriction
of diet in well-off social strata.

BMI was related to ethnic differences in body
build, whereas the SFTR and WHI values re-
flected nutritional status.
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Tahle 9 : Factor analysis of selecied somaiic traiis and indices in Polish populations - T2l females over 20

years old from towns

Rotated Factor Matrix FAC FAC 2 FAC 3 FAC 4 FAC §
Sum of Patfolds 982 084 125 4G 013
Fatfold thickn_hip JET0 il a2 L2040 « O30
Fatfold ihickn. scapular 58 6% DGR 1k R
Faifold thickn abdomen E51 086 156 092 =077
Fatfold thickn.arm B46 38 n52 -84 -.02%
Fatfold thickn.I0 rib EED A3z 008 10 =110
Kaup index (BMI) WiH2 &Ll 3RZ 45 L2539 =078
Cueteled index W/H RO A3E D53 L2446 057
Fatfeld thickn. chin 90 031 01 028 18
Body weight W 158 ATE 020 .244 86
Fatfeld thickn. shank T8 -.059 38 =316 137
Fatfold thickn axillary 747 -0zl AT2 =0 Rkt
Fafold thickn. tigh Ta4 A0S 61 -314 A7
Chest circumference rest 65 Al 094 ART MN62
Fatfold thickn.cheek 586 - 193 (1k6 -7 257
Facial bready zy-zy Rt 1 843 - (W04 -.023 - 063
Taodal Facial height n-gn - 0% 549 - 009 057 129
Head breadth eu-en a7 547 A9 - 188 234
Systolie blood pressure 187 .0z3 AGZ 097 =097
[Mastolic blood pressure 213 - 081 BET =021 121
Subscap-tricipra STFR 138 -.083 68 61 039
Head length g-op JOR% R ein] | D27 T84
Body height H -052 J2al - 286 026 656
% of common varlation 455 1.2 6.6 6.4 4.8=
tatal 73.5%
ldentification of factor beady build head size blood pressure ceniripetal baody size

Table 10 : Factor analysis of sclected somatic traits and indices in Polish populations - 1104 females aver
20 years old froms villages

Bowred Facrar Marrix FAC S FAC 2 FAC ¥ FAC 4
Sum of 10 fafolds 875 14y 103 04z
Farfold thickn. 10 rib BET i 08T 146
Queielet index WIH JBES A2 13T 072
Fatfold thicks hip B75 154 Rire (18T
Kaup index (BMI) WiHZ T4 e ]| 232 BEE
Fatfold thickn scapular A6l 083 078 363
Body weighn W T V158 1 ]
Faifold thickn,arm &2T 54 D57 =336
Fatlold thickn abdomen ] A72 A58 (265
Chest circumference rest B0 J2R2 203 187
Fatfold thickn.chin JTRE a7 033 - 070
Fatfold thickn tigh .T62 - 01% - 088 =357
Fatfold thickn shant (T3 044 - 057 - 430
Fatfold thickn axillary T .155 ATE =259
Fatfold thickn.cheek 573 -7 NE] A17
Facial breadth zy-zy (185 0 AT A2l
Hend breadth eu-du 0 T3 k] JORE
Head bength g-op 101 10 itk - 11
Total facial height n-gn (133 545 - 159 -.082
Syatolic blood pressure 208 Jo4 BRE -032
[Hastolic bload pressure 219 D50 B6l =015
Body height H A3E ddb - A64 - 228
Subscap-triciporal. STFR 187 - D48 D4 ET2
% of commaon variation 48.5 L3 7.3 6.3 =
toial Tl 4%
Identification of factor body mass head size body 5. b pres. cEnte petal
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Table 11 : Factor analysis of selected somatic traits and indices in Polish populations - 444 males over 20
years old from towns

Foyared Focior Matrely FAC I Fac 2 FAC 3 FALC 4 FAC 5
Sum of farfolds 91z 160 037 A2l J067
Fatfold thickn.scapular JB&0 064 056 053 A2
Fatfald thickn. 10 rib 859 053 044 074 217
Farfold thickn. abdomen B52 131 00 e G
Fatfold thickn.axillary Bas 025 JORE 156 -07%
Fatfold thickn. hip B27 .oaT - 06T RitH] 098
Fatfold thickn. arm B2z 66, 054 -022 -.324
Farfald thickn. chin 11k} iEh 24 NET =040
Fatfold thickn. shank 192 60 . 180 A55 - 186
Fatfold thickn.tigh 740 00 -5 165 -.221
Easup index (BMI) WH2 TG J3E 243 ATE V361
Fatfold thickn.cheek 589 057 08T il -087
Crueielet index WiH 689 528 233 54 294
Chesl circumfersncs nest S92 528 232 ST 324
Body height b-v - 008 812 =022 - 057 =200
Body weight bw 623 JGRD 207 A23 217
Head lenght g-op JDES AT 314 335 - 056
Facial breadih zy-zy 073 a7 52 -.023 (158
Total facial beight n-gn -094 Rilii 737 Ok - 132
Hesd breadth cu-ew 138 330 J5R9 - 016 038
Diastolic blood pressure 298 il -013 N-£1 052
Systalic blood pressuns NE]] 73 =037 E43 114
Subscap-tricip.rat. STFR - 057 0&A (W2 14 L)
% of common variation 46,7 10,3 7.0 5G A4.9=
tatal 4. 7%
ldentification of factor body build body size head size blood pressure  centripefal

Tuhle 12 :Facior analysis of selecied somatic tralis and indices in Polish populations - 951 males over 20
years old from villages

Rorared Facror Marrix FAC [ FAC 2 Fac 3 FAC 4 FAC §
Sum of 10 fatfolds 79 0ee 086 i 077
Fatfold thickn. scapular 03 53 =212 ApB 0 a1l
Fatfold thickn. hip 800 053 =009 03 (BT
Fatfold thickn. 10 rib B -013 (26 075 032
Fatfold thickn, sdbomen RBA 120 =057 039 RIEL]
Knup index (BMI) WiH2 B69 250 - 092 107 1l
Cucteler index WiH B2 254 - 069 a2 313
Fatfold thickn. chin B42 J D 024 JAITH =024
Body weight W JTRT 242 -.044 M55 AT9
Fatfold thackn. axillary 71 103 339 L4 - D64
Fatfodd thickn.arm 739 J0%1 544 027 A0g
Chest circumference rest 733 (198 -.193 NEN 209
Fatfold thickn. tigh B9 -0 AR5 035 (68
Fatfold thickn. shank GE3 ols 514 - 004 ETi
Fatfold thickn. chesk Gds 0032 - 138 AT - 130
Facial brepdth zy-zy 162 827 =091 061 023
Head breadih eu-eu 03 791 =00 - 108 074
Head length g-op 090 549 NEY 004 294
Subscap-tricip.ral. STFR 296 08 - 853 0% - 00
Systolic blood pressure 124 =049 032 915 ik
Dastolic blood pressurs 32 =000 -.033 903 --033
Body height H D60 055 066 T Bl
Total facila height n-gn AT AT - 030 i LGB0
% of common variation 47.3 G4 B.1 G4 4. 7=
1otal 15.9%

Identification of lactor body build head size centripetal ¢ blood pressare body size
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