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Relation of body size and composition to clinical biochemical
and hematologic indices in US men and women'™3

pulation §
NHANES

Marc S Micozzi, Demetrius Albanes, and Richard GG Stevens

ABSTRACT Small but significant variations in clinical biochemical indices may be of
great biological significance. Earlier studies conducted on small, chronically ill, hospitalized,
anemic, and/or malnourished population samples suggested associations between body size
and composition and indices of iron metabolism, serum protein, and plasma cholesterol. We
studied a large, nonhospitalized probability sample of women and men in the First US Health
and Nutrition Examination Survey (NHANES 1) to characterize these associations. Greater
weight, stature, body mass index (BMI), skinfold thickness, and lean body mass (LBM) are
associated with higher hemoglobin, hematocrit, and total iron-binding capacity. LBM and
body fat are weakly related to serum albumin concentrations in men and to serum total protein
concentrations in women. Total cholesterol concentrations are directly associated with weight,
body fat, and LBM and are more strongly associated with central than peripheral obesity.
Constitutional factors may be important for clinical assessment and for interpretation of epide-

miologic studies.
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iron, lean body mass, obesity, protein

Introduction

Clinical biochemical and hematologic indices are
closely maintained within narrow ranges by homeostatic
physiologic mechanisms. Small but significant variations
in biochemical indices may be of great biological signifi-
cance. In earlier studies, some of which were conducted
on small numbers of ill individuals, various constitu-
tional factors were associated with systematic variations
in blood, plasma, and serum biochemical values. Spe-
cifically, body fat and lean body mass were associated
with biochemical and hematologic indices of systemic
iron metabolism (1), lean body mass was weakly associ-
ated with serum protein concentrations (2, 3), and body
fatness and fat distribution were associated with plasma
cholesterol, lipid, and glucose concentrations (4).

Anthropometric indices were used to monitor the nu-
tritional status of chronically ill and the elderly people
(5), wherein associations between anthropometric di-
mensions and biochemical variables were observed (3,
6). Some of these studies may have been subject to varia-
tions because of small sample size and the effects of mal-
nutrition and hospitalization (eg, multiple blood draw-
ings and mild anemia) on ill individuals (2, 7).

Anthropometric variables and constitutional factors
have also come under increased scrutiny as potential risk
factors for chronic diseases (8, 9), whereas biochemical
indices such as cholestero! concentrations (10-13) and
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indices of iron metabolism (14) are also being investi-
gated for their potential role in disease etiology. When
associations between hematocrit and/or hemoglobin
concentration and mortality were studied, for example,
a number of risk factors such as age, sex, menopausal
status in women, and cigarette smoking were taken into
account (15, 16), but body size or body composition were
not routinely considered in the analyses.

The association of body size and body composition
with clinical biochemical indices may be of significance
in designing and interpreting chronic-disease studies that
collect anthropometric and biochemical variables. Es-
tablishing these associations may also be useful in the
physical assessment of individuals of known constitution
who manifest variations in biochemical indices. To more
precisely establish systematic relations between physical
constitution and biochemical indices, we studied a large,
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nonhospitalized, probability sample of US men and
women in the First National Health and Nutrition Ex-
amination Survey (NHANES 1).

Subjects and methods

Population sample

NHANES [ was carried out on a probability sample of the
US noninstitutionalized population from 1971 to 1974 by the
. US National Center for Health Statistics. There were 5808 men
and 8592 women aged 25-74 y included in the survey who had
requisite anthropometric data collected. Of these, 5600 men
and 8234 women also had data on serum biochemical measure-
ments collected. Individuals selected were generally healthy,
ambulatory, and not clinicaily anemic or malnourished.

Anthropometric data

Stature, weight, arm circumference, triceps and subscapular
skinfold thicknesses, elbow breadth, bitrochanteric breadth,
and sitting height were measured by standardized techniques
in NHANES 1 (17, 18). Of 14 407 adults aged 25-74 y, 14 400
(5808 men and 8592 women) had stature and weight data avail-
able for this study. A total of 14 371 (5802 men and 8569
women) had skinfold measurement data available also.

We calculated body mass index (BMI) for each member of
the sample: W/S? for men and W/S'* for women. These BMls
were selected on the basis of high correlations to weight and
independence from stature across age and fatness groups in
NHANES 1 population sample (19). Arm fat area and arm
muscle area (AMA) were also calculated from arm circumfer-
ence and triceps skinfold thickness measurements by the
method of Jelliffe (20) for each individual with the modifica-
tions of Heymsfield et al (21) for men and women. Total mus-
cle mass was calculated from AMA and stature with equations
reported by Heymsfield et al (21). Frame size was estimated
from elbow breadth (22). A sum of triceps and subscapular
- skinfold measurements (unilateral) was also calculated for each
- individual. Individual and summed skinfold measurements as
~ well as arm fat area provide measures of fatness, with subscapu-
Jar skinfold thickness representing central body fat and triceps
skinfold thickness representing peripheral fat. The AMA and
total muscle mass provide estimates of lean body mass. Arm
circumference reflects both fatness and lean body mass.

Laboratory determinations

Blood samples were obtained by venipuncture (23). Hemo-
globin concentration and hematocrit were determined on
blood samples in the NHANES I mobile examination centers
by using a Coulter Hemoglobinometer (Hialeah, FL). Serum
samples were frozen and sent to the Nutrition Biochemistry
Laboratory at the Centers for Disease Control. Serum iron and
total iron-binding capacity (TIBC) were determined spectro-
photometrically by a modification of the automated Technicon
(Rockford, IL) AATI 25 method. Percent transferrin saturation
was then calculated as 100X (serum iron/TIBC). Serum total
protein, albumin, and cholesterol concentrations were deter-
mined by use of standard laboratory techniques.

Statistical analyses

Both Pearson and Spearman correlations were calculated be-
tween each of the anthropometric variables and indices re-
ported here and hemoglobin, hematocrit, iron, TIBC, percent
transferrin saturation, total protein, albumin, and total choles-
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terol by sex controlled for age for the entire population (24).
These variables were approximately normally distributed
among men and women in the population. Men and women
were then divided into quartiles of stature, weight, BMI, sub-
scapular and triceps skinfold thickness, and arm muscle area
on the basis of normal distributions of these variables in the
population. Stratification was not performed by ethnic group
because of small sample size in the nonwhite categories. Means
were calculated for hemoglobin, hematocrit, TIBC, percent
transferrin saturation, iron, total protein, albumin, and total
cholesterol for each quartile of men and women controlled for
age. Tests for trends were performed for each variable across
quartiles.

Resuits

The correlation analyses across the population by sex
controlled for age reveal significant associations for most
of the individual relations examined. Correlation co-
efficients were generally in the range r = 0.1-0.2, p
< 0.0001, for the associations between various anthropo-
metric variables and the biochemical and hematologic
indices reported here. Anthropometric variables were all
significantly related to the biochemical and hematologic
indices studied, and trend tests across the quartiles were
significant with the following exceptions: Serum iron
concentrations were not significantly related to stature in
women or to weight or skinfold thickness in men. TIBC
in men and hemoglobin and hematocrit in both sexes
were not significantly related to stature. Lean body mass
AMA was not significantly related to total protein
amounts in men or to serum albumin concentrations in
women.

These relations are evident in the calculation of mean
biochemical values controlled for age across quartiles of
men and women ranked by anthropometric variables.
Greater weight, stature, BMI, subscapular skinfold thick-
ness, and AMA are generally associated with signifi-
cantly higher mean hemoglobin concentrations and he-
matocrits in men and women across quartiles (Table 1).
Conversely, greater weight, BMI, skinfold thickness, and
AMA area are generally associated with significantly
lower mean serum iron concentrations in women but
not men. Increasing anthropometric dimensions are gen-
erally associated with increased TIBC and decreased per-
cent transferrin saturation in men and women.

In general, mean serum protein concentrations do not
vary greatly (Table 2). However, mean serum albumin
concentrations are significantly greater in higher weight,
BMI, skinfold thickness, and AMA quartiles of men
whereas serum total protein concentrations are signifi-
cantly greater in higher weight, stature, BMI, skinfold
thickness, and AMA quartiles of women. Serum albu-
min in men and serum protein in women serve as sig-
nificant indicators of lean body mass (AMA). Serum al-
bumin concentrations are significantly lower in the
heaviest, most overweight, fattest quartiles of women,
whereas they are significantly higher in heavier, more
overweight (greater BMI), fatter quartiles of men.

Mean serum cholesterol concentrations are signifi-
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Iron metabolic indices by anthropometric quartiles in men and women*

Percent transferrin

Quartiles Hemoglobin Hematocrit Iron TIBC saturationt
g/L umol/L wmol/L
Women
Weight (kg)
<55.8 136 +0.3 0.407 + 0.1 18.4+0.2 65.6 0.3 28.6 +0.3
55.8-62.5 137 +0.3% 0.409 £ 0.1 18.0+0.2 65.8+0.3 28.1+0.3
62.6-72.5 137+ 0.3 0.409 + 0.1 17.7+0.2¢ 67.0 +0.3% 27.1+0.3%
>72.5 138 + 0.3% 0.413 £0.1¢ 159+ 0.2% 67.5+0.3% 243+0.3%
Stature (cm)
<157 137+0.3 0.409 £ 0.1 17.4+0.2 67.0+0.3 26.6 +0.3
157-161 137+ 0.3 0.409 £ 0.1 17.5+0.2 66.8+0.3 26.9+0.3
162-165 137+0.3 0.409 + 0.1 17.5+£0.2 65.6 £ 0.3% 274+0.3%
>165 137£0.3 0.410+ 0.1 17.6 £0.2 66.4+0.3 27.2+0.3
BMI (kg/m'~)
<274 136 £0.3 0.407 + 0.1 18.6 +0.2 65.2+0.3 29.0+0.3
27.4-31.0 136 +0.3 0.408 £ 0.1 18.1 £0.2% 65.7+0.3 28.2+0.3%
31.1-36.1 137+0.3 0.409 +0.1% 17.5+0.2¢ 67.1 £0.3% 26.9 +0.3¢
>36.1 138 + 0.3} 0.413+0.1% 159+0.2% 67.8 +£0.3% 24.1+0.3%
SSF (mm)
<11.0 136 +0.3 0.407 + 0.1 18.1+0.2 65.1 0.3 28.5+0.3
11.0-17.0 136 £0.3 0.408 + 0.1 18.3+0.2 66.2 + 0.3 28.3+0.3
17.1-25.3 137 £0.3% 0.410+0.1% 17.4+0.2 66.9 + 0.3} 26.8 £0.3%
>25.3 138 +0.3% 0.413+0.1% 16.2+0.2% 67.6 £0.3% 24.6 +0.3%
AMA (cm?) .
<26.6 136 0.3 0.407 £ 0.1 17902 65.3+0.3 28.1+0.3
26.6-31.6 137 +£0.3% 0.408 + 0.1 18.0+0.2 '66.2 0.3 27.8+0.3
31.7-38.2 137 +0.3% 0.410 £ 0.1} 17.8+0.2 66.3 +0.31 27.5+03
>38.2 137+ 0.3% 0.412+0.1% 16.4 +0.2% 68.0 £ 0.3 24.8 +0.3%
Men
Weight (kg)
<69.2 151+0.3 0.448 +0.1 19.2+0.2 61.5+0.3 31.7+0.3
69.2-77.1 154 + 0.3% 0.453+0.1% 19.0+0.2 62.1+0.3 31.0+0.3
77.2-85.7 155 £0.3% 0.456 + 0.1% 19.0£0.2 62.9 +0.3% 30.8+0.3
>85.7 156 + 0.3% 0.459 + 0.1} 18.8 +0.2 63.4+03%f 30.1 £0.3%
Stature (cm)
<169 153+0.3 0.453+ 0.1 18.6 +0.2 62.8+£0.3 30.2+0.3
169-174 154 +0.3 0.455 £ 0.1 18.9+0.2 62.5+0.3 30.8+0.3
175-179 154+ 0.3 0.454 + 0.1 19.3+£0.2¢ 62.6+0.3 31.3+0.3%
>179 154 +0.3 0.454 + 0.1 19.2+0.2% 62.3+0.3 31.3+0.3%
BMI (kg/m?)
<229 150+0.3 0.448 + 0.1 19.4+0.2 61.1+0.3 323+0.3
22.9-25.5 154 £ 0.3 0.454 +0.1% 19.0+£0.2 62.0+ 0.3 31.1 £0.3%
25.6-27.9 155 +0.3% 0.455+ 0.1} 18.6 + 0.2% 63.1 £0.3¢ 30.0+0.3%
>279 157 +0.3¢% 0.460 £ 0.1% 18.9+0.2 64.1 £0.3¢ 30.1+0.3%
SSF (mm)
<10.3 150+ 0.3 0.447 + 0.1 19.2+0.2 61.2+0.3 31.9+0.3
10.3-14.5 154 + 0.3 0.455+0.1% 19.2+0.2 62.0 £0.3¢ 31.5+0.3
14.6-20.8 155+ 0.3 0.455+0.1% 18.8+0.2 62.8+0.3¢f 30.6 + 0.3%
>20.8 156 + 0.3% 0.459 +0.1¢ 18.7+0.2 64.3 + 0.3¢ 29.7+0.3%
AMA (cm?)
<44.0 152+0.3 0.451 £ 0.1 19.1+0.2 61.3+0.3 31.5+£0.3
44.0-51.4 154 £ 0.3 0.453+0.1% 19.1+£0.2 62.4+0.3 31,1+£0.3
51.5-59.9 155+ 0.3 0.455+0.1¢ 18.9+0.2 62.7 0.3} 306+0.3
>59.9 155+ 0.3% 0.457+0.1% 18.9+0.2 63.5 +0.3f 30.3+0.3%

* X + SEM. BMI, body mass index; SSF, subscapular skinfold thickness; and AMA, arm muscle area.

1 100 X [iron/TIBC].

1 Significantly different from reference (first) quartile at p < 0.05.

TABLE 2 J
Protein, albu;
in men and ¥

Quartile

Women
Weight (kg)
<55.8
55.8-62.5
62.6-72.5
>72.5
Stature (cm)
<157
157-161
162-165
>165 :
BMI (kg/m'>);
<274 k
27.4-31.0:
31.1-36.1
>36.1 ;
AMA (cm?) |
<26.6 ;
26.6-31.6;
31.7-38.2;
>38.2
TSF (mm)}
<18
18~23
24-29
>29
SSF (mm}
<11.0 ;
11.0-17.C
17.1-25.3
>25.3
Men
Weight (kg)
<69.2
69.2-77.1
77.2-85.7
>85.7
Stature (cm)
<169
169-174
175-179
>179
BMI (kg/m?)
<229
22.9-25.5
25.6-27.9;
>27.9
AMA (cm?)
<44.0
44.0-51.4
51.5-59.9
>59.9
TSF (mm)
<7.6
7.6-11.0
11.1-14.5
>14.5
SSF (mm)
<10.3
10.3-14.5
14.6-20.8
>20.8

* ¥+ SEM
t Significg
1 TSF, trié
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TABLE 2
Protein, albumin, and cholesterol values by anthropometric quantiles
in men and women*

Quartile Protein Albumin Cholesterol
g/L g/L mmol/L
Women
Weight (kg)
<55.8 70.6 £ 0.1 43.5+0.1 5.56 £0.02
55.8-62.5 70.7+0.1 434+0.1 5.68 +0.02%
62.6-72.5 71.0+0.1% 43.3+0.1 5.79 + 0.02t
>72.5 720+ 0.1 429+0.11 5.84 +0.02t
Stature (cm)
<157 71.4+0.1 433+0.1 5.76 £ 0.02
157-161 71.1 0.1 43.2+0.1 5.75+0.02
162-165 709 £ 0.1F 43.2+0.1 5.71+0.02
>165 709 £0.1% 434+ 0.1 5.65 +0.021
BMI (kg/m'?)
<27.4 70.6 + 0.1 43.5+0.1 5.50 +0.02
27.4-31.0 704 + 0.1 43.3+0.1 5.70 = 0.02%
31.1-36.1 71.2+0.1% 43.3+0.1 5.81 +0.02%
>36.1 72.1+0.1% 42.9+0.11 5.85 +0.02%
AMA (cm?)
<26.6 70.4 + 0.1 433 +0.1 5.64 +0.02
26.6-31.6 70.8 +0.11 43.5+0.1 5.66 + 0.02
31.7-38.2 71.0+0.1% 43.3+0.1 5.74 £ 0.02%
>38.2 72.1 £0.1% 43.1 +0.1 5.82+0.02%
TSF (mm)}
<18 70.6 0.1 432+0.1 5.51+0.02
18-23 70.7 +0.1% 43.4+0.1 5.71 £ 0.02%
24-29 71.1 +0.1% 43.4 0.1 5.80 £ 0.02%
>29 71.9 £ 0.1% 43.1+£0.1 5.81 +0.02%
SSF (mm)
<11.0 — — 5.51+0.02
11.0-17.0 — — 5.66 + 0.021
17.1-25.3 — — 5.82 +£0.02%
>253 -— — 5.86 + 0.02¢1
Men
Weight (kg)
<69.2 71.1+0.1 43.7+0.1 5.46 £ 0.02
69.2-77.1 70.9+0.1 44.1 + 0.1 5.70 + 0.02%
77.2-85.7 70.9 + 0.1 44.3+0.1F 5.79 + 0.02%
>85.7 71.3+0.1 442 +0.1% 5.85+0.021
Stature (cm)
<169 71.5+0.1 44.1 £ 0.1 5.72+0.02
169-174 71.1£0.1% 43.9+0.1 5.73+£0.02
175-179 70.7 £0.1% 44.0+0.1 5.73+£0.02
>179 709 + 0.1 442+ 0.1 5.62 +0.021
BMI (kg/m?)
<22.9 709 +0.1 43.7+0.1 5.40+0.02
22.9-25.5 70.8 0.1 44.1 £ 0.1 5.67 +0.021
25.6-27.9 71.0+0.1 442 +0.1% 5.82 +0.02f
>27.9 71.5+0.1 443+0.1% 5.90 + 0.02%
AMA (cm?)
<44.0 71.0+0.1 43.7+0.1 5.48 + 0.02
44.0-51.4 70.8 £ 0.1 440+0.11 5.72+0.02%
51.5-59.9 71.0+0.1 443+0.1% 5.74 +£ 0.02%
>59.9 71.4+0.1 442 +0.1% 5.84 +0.02%
TSF (mm)
<7.6 711201 43.7+0.1 5.47+0.02
7.6-11.0 70.9 0.1 442 +0.1t 5.73 £0.02¢
11.1-14.5 70.7 £ 0.1 44,1 +0.1% 5.78 £ 0.02%
>14.5 716 £0.17 442+ 0.1% 5.81 £0.021
SSF (mm)
<10.3 — — 5.40 £ 0.02
10.3-14.5 — — 5.70 £ 0.02}
14.6-20.8 — — 5.80 + 0.02%
>20.8 — — 5.89 + 0.02%
* X+ SEM.

+ Significantly different from reference (first) quartile at p < 0.05.
} TSF, triceps skinfold thickness.

cantly greater by weight, BMI, skinfold thickness, and
AMA measurements through all quartiles of men and
women (Table 2). Conversely, cholesterol concentra-
tions are significantly lower in higher stature quartiles of
men and women. The relationship of cholesterol con-
centration to estimate of body fatness is greater for sub-
scapular skinfold thickness (an estimate of central fat-
ness) than for triceps skinfold thickness (an estimate of
peripheral fatness).

Discussion

The degree of correlation for the associations between
anthropometric variables and biochemical and hemato-
logic indices is limited by the minimal variability in these
values that is compatible with life. In addition to illus-
trating the systematic relations between anthropometric
variables and biochemical indices by sex, Tables 1 and
2 on a probability sample of US men and women may
provide a reference standard for guidance in physical as-
sessment of individuals of various constitutions. For ex-
ample, marginally low hemoglobin concentration and
hematocrit in a short, slight women may be considered
of no particular clinical significance whereas the same
values in a tall, heavy, obese woman may be indicative
of clinical anemia.

In previous studies (25-27) hemoglobin concentra-
tions of 100-110 g/L in Asian women of childbearing
age had no statistical or clinical significance nor predic-
tive value for pregnancy outcome. However, these con-
centrations are clinically indicative of mild-to-moderate
anemia in US women and have long been associated
with poor pregnancy outcome (28). The average shorter
stature, lighter weight, and decreased body fat and lean
body mass of Asian compared with US women (9, 29,
30) may partially account for these earlier observations.

Over the past decade there has been renewed interest
in the possibility that differences in hemoglobin concen-
trations may exist among white, black, and Asian popu-
lations during childhood, adulthood, and pregnancy (25,
31-33). Nicklas et al (34) recently reported contrasts be-
tween white and black children in hemoglobin concen-
trations and dietary patterns related to hematopoiesis in
the Bogalusa Heart Study. After controlling for varia-
tions in dietary patterns of the children, the investigators
concluded that in all likelihood differences in hemoglo-
bin concentrations exist between white and black chil-
dren that are independent of differences in intake of spe-
cific blood-building nutrients and maturational changes.
It would be potentially useful to present these analyses
controlled for body size and body composition to clarify
the nature of these differences in hemoglobin concentra-
tions, because there may be systematic differences in
body size and body composition between black and
white children in the Bogalusa study (35). There are sys-
tematic differences in age-specific body size and body
composition between white and black children in other
populations in the United States and around the world
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that may have further implications for adult health status
(30). 1t is important to consider whether constitutional
factors may play a role in determining the differences in
hemoglobin concentrations in black and white children
before it can be definitively concluded that these differ-
ences are inherent by population group.

In studies on adults that did not assess body size or
body composition (15, 16), high hematocrits in women
were associated with high cholesterol concentrations as
well as high blood pressure and increased mortality. Al-
though various mechanisms were proposed to explain
these associations (16), obesity was not considered as a
possible link among these factors as related to both high
hematocrits and high cholesterol concentrations in our
results.

Serum protein concentrations were considered to be
weakly related to lean body mass (3, 5). Our results indi-
cate that serum albumin concentrations are weakly re-
lated to lean body mass in men whereas total protein
concentrations are weakly related to lean body mass in
women. This divergent association of albumin and total
protein concentrations with respect to body composition
between men and women is notable. The decrease in se-
rum albumin concentrations with weight in women and
the increase with weight in men may be related to the
observation that on average a greater proportion of incre-
mental body mass (weight) is due to body fat relative to
lean body mass in women as compared with men in this
population (19).

Increased weight and body fat have been associated
with increased serum cholesterol concentrations. BMI
appears to be somewhat more strongly associated with
cholesterol concentration than does body weight alone,
suggesting that BMI may be preferred as an indicator of
risk for cardiovascular disease, for example. Lean body
mass is also significantly associated with serum choles-
terol concentrations, and BMI is correlated to lean body
mass (19) as well as to body fat. Central obesity (as esti-
mated by subscapuliar skinfold thickness measurement)
is also more significantly related to cholesterol concen-
trations than is peripheral obesity (triceps skinfold thick-
ness), which is consistent with recent observations in a
Costa Rican population by Bailey et al (4). Baumgartner
et al (36) also recently observed small but significant as-
sociations of centripetal fat pattern with blood pressure
in men and with high plasma triglyceride and low plasma
high-density-lipoprotein cholesterol in women.

These observations indicate the significance of consti-
tutional factors in establishing clinical standards for se-
rum biochemical indices in US men and women and for
interpreting relations among body size and composition,
biochemical and hematologic indices, and chronic dis-
eases.

We gratefulty acknowledge the contributions of Christina Braun to
the initial analyses.
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