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ABSTRACT Anthropometric measurements were made on 4,952 mothers and 
their neonates from a Peruvian urban population. Based on age-specific percentiles, 
the mothers were separated into categories of short and tall stature, high and low 
fat, and high and low muscle. The study indicates that: (1) tall and short mothers 
characterized by similar subcutaneous fat and upper arm muscle area (whether 
high or low) had newborns with similar birth weight and recumbent length; (2) 
mothers characterized by high subcutaneous fat had heavier and fatter, but not 
longer, newborns than mothers with low subcutaneous fat; (3) mothers charac- 
terized by high upper arm muscle area had heavier, leaner and longer newborns 
than mothers with low upper arm muscle area; (4) mothers characterized by high 
muscle and high fat had heavier and longer newborns than mothers with high mus- 
cle and low fat; but (51 mothers characterized by high muscle and low fat had 
heavier and longer newborns than mothers with low muscle and high fat. Consider- 
ing that subcutaneous fat and arm muscle area reflect calorie and protein reserves 
respectively, it is concluded that an increase in maternal calorie reserves results in 
increased infant fatness, but a lesser increase in linear growth. In contrast, an in- 
crease in maternal protein reserves does enhance both birth weight and prenatal 
linear growth. 

The hypothesis that the fetus is com- 
pletely protected against maternal inade- 
quacies is no longer tenable. As demonstra- 
ted by  previous studies, variations in 
maternal nutritional status are associated 
with differences in the frequency of lower 
birth weights (Antonov, '47; Smith, '47; 
Weis and Jackson, '69; Weis et al., '69; Na- 
tional Academy of Sciences, '70; Rush et 
al., '72;  Niswander and Gordon, '72; 
Sinclair and Saigal, '75; Lechtig et al., '75; 
Beisel, '75; Rush, '75). In various studies 
the amounts of subcutaneous fat and body 
muscle have been used as indications of the 
calorie and protein reserves present in the 
body (Waterlow and Mendes, '57; Stan- 
dard et d., '59; Garn and Haskell, '59, '60; 
Garn, '62; Jelliffe, '66). The utility of these 
anthropometric measurements in evaluat- 
ing human growth and nutritional status 

has been documented by various investiga- 
tors (Stini, '69; Dugdale et al., '70; Fri- 
sancho and Baker, '70; Frisancho et al., '71; 
Frisancho and Garn, '71a,b; Johnston et al., 
'71; Anderson, '75). However, the possible 
relationship of maternal subcutaneous fat 
and muscle size to prenatal growth has not 
been documented (Rush, '75; Beisel, '75). 
Accordingly, in the present study of a 
Peruvian urban population, we have ana- 
lyzed the relationship of maternal triceps 
skinfolds, upper arm muscle area, and 
stature to neonatal anthropometric mea- 
surements. 

METHODS AND MATERIALS 

In 1973 we conducted an anthro-  
pometric and dernographic study of an ur- 
ban Peruvian population from the city of 
Lima. The study included a total sample 
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of 4,952 mothers and their neonates at- 
tended at the Maternity Hospital of Lima; 
these women represented 75% of the total 
population of mothers who gave birth at 
the hospital between July and December, 
1973. The age of the mothers ranged from 
13 to 40 years; their average number of 
years of schooling was about four. As indi- 
cated in a previous publication (Frisancho 
et al., '761, the average per capita income 
was about $229,63% of which was used for 
purchasing food. We chose the Maternity 
Hospital of Lima because it enabled us to 
obtain accurate information on reproduc- 
tive characteristics. 

MEASUREMENTS 
Maternal 

Measurements of height (cm), pre-par- 
tum weight (kg), upper arm circumference 
(mm) and triceps skinfolds thickness (mml 
were obtained using standard procedures 
(Weiner and Lourie, '69). With the right 
arm hanging relaxed, the upper arm cir- 
cumference was measured to the nearest 
millimeter midway between the tip of the 
acromion and the olecranon process using a 
steel tape. The triceps skinfold thickness 
was also measured to the nearest milli- 
meter with the right arm hanging freely, at 
the same point on the back of the arm, 
using a Lange skinfold caliper having a 
pressure of 10 g/mm on the contact surface 
area. All the maternal measurements were 
taken upon admittance to the hospital and 
prior to delivery. 

Neonatal 
Measurements of birth weight (gm), 

recumbent length (cm), head circum- 
ference (cm), thorax circumference (cm), 
upper arm circumference (mm) and triceps 
skinfold thickness (mm) were obtained 
through standard procedures (Faulkner, 
'60) and taken within six hours of delivery. 
The means and standard deviations by sex 
are given in table 1, as well as the general 
characteristics of the mothers. These data 
show that with the exception of gestational 
age, the mean values for males are sig- 
nificantly greater than those for females in 

all measurements. For this reason the data 
are analyzed separately by sex. 

Both the maternal and neonatal informa- 
tion were obtained by an obstetrician, a 
pediatrician and nurses properly trained 
by the authors (A. R. F. and J. M.). Great 
care was taken to ensure the reliability of 
this information by weekly monitoring and 
rechecking of the actual measurements. 

Estimates of muscle size 
Using the measurements of upper arm 

circumference and triceps skinfold thick- 
ness, the maternal and neonatal upper arm 
muscle areas (mm2) were calculated as 
follows, using the procedures and restric- 
tions as defined by Frisancho ('74): 

upper arm muscle area (rnrn*) = R 4 

(upper arm muscle diameter mmP, 

where 
upper arm muscle diameter (mm) = 

upprr arm circumference (mm) 

triceps skinfold (mrn) 
1[ 

lndices of nutritional status 
Based on measurements of triceps skin- 

folds, upper arm muscle area, and stature, 
two subgroups each of fatness, muscle and 
stature were selected from the total sam- 
ple of 4,952 women. The stature groups in- 
cluded: 

(a) 1056 short subjects (mean = 146.8 
cm k 2.3cm) 

(b) 670 tall subjects (mean = 158.9 cm 
k 3.5 cm) 
The fatness groups included: 

8.4 mm t 1.7 mm) 

23.2 mm -t 3.8 mm) 
The muscle groups included: 

(a) 948 low-muscled subjects (mean = 
2281.5 mm2 5 212.0 mm2) 

(b) 930 high-muscled subjects (mean = 
4225.7 mm2 5 596.6 mm2) 
Age-specific percentiles for stature, triceps 
skinfolds and upper arm muscle area were 
calculated in order to define these six 

(a) 1144 lean subjects (triceps mean = 

(b) 806 fat subjects (triceps mean = 
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TABLE 1 

Comparison of neonatal characteristics by sex and general characteristics of mothers 
from a Peruvian urhan population 
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Variable 
Male Female 

N Mean S.D. N Mean S.D. t 

Gestation age (wksj 
Birthweight (9) 
Recumbent length (cm) 
Head circumference (cm) 
Thorax circumference (cm) 
Right arm circumference (mrn) 
Skinfold thickness (mm) 
Muscle area (mm2) 

2108 39.1 
2439 3383.3 
2333 49.8 
2354 34.4 
2351 33.7 
2354 108.5 
2350 6.3 
2348 640.7 

2.0 
489.5 

1.5 
1.7 

13.0 
2.9 

194.4 

2.0 

2046 39.2 2.0 
2348 3282.5 449.0 
2258 49.4 1.9 
2285 34.1 1.5 
2281 33.3 1.7 
2282 106.6 12.8 
2277 6.0 2.8 
2276 628.4 192.4 

Mothers 

1.61 
7.21 
6.95 
9.08 2 

8.01 2 

5.28 * 
3.58 
2.16 

N Mean S.D. 

Age (years) 
Height (cm) 
Prepartum weight (kg) 
Arm muscle area (mm2j 
Triceps skinfolds (mm) 
Per capita income ($) J 

Per capita food expense ($) 
Education (years) 

4775 24.10 
448 1 151.70 
2474 62.70 
4712 3 172.60 
4723 14.50 
2817 230.30 
2998 145.04 
4403 4.10 

6.10 
4.30 
7.20 

737.58 
5.40 

170.05 
68.09 
2.80 

1 Per capita income and per capita food expense werc calculated by family units, excluding in each family 
children whose aPLe exceeded 25 vears. 

9 p < 0.001 
p < 0.05. 

groups. Then, on the basis of this informa- 
tion the subjects were classified as either 
lean or fat, low-muscled or high-muscled, 
and short or tall, depending on whether 
their triceps skinfolds, upper arm muscle 
area and stature were less than the twen- 
tieth or greater than the eightieth age-spe- 
cific percentiles for these respective mea- 
surements. 

Subsequently, subjects were also classi- 
fied as either short-lean or tall-lean, either 
short-low muscle or tall-low muscle, either 
short-fat or tall-fat, and either short-high 
muscle or tall-high muscle. In addition, 
they were also grouped as either high mus- 
cle-high fat, high muscle-low fat or low 
muscle-high fat. 

We have analyzed the data by 5-year in- 
tervals for maternal age groups so as to 
control for the influence of increasing 
maternal age. Observations of neonatal 
characteristics by parity showed no major 
variations. Furthermore, as indicated in the 
present study, because birth weight and 

recumbent length increase with maternal 
age up to 40 years, we have compared 
these groups for statistical differences by 
analyses of covariance as well. Here the 
mean birth weights and recumbent lengths 
are compared with respect to an equal, 
projected maternal age; in this manner, 
possible variations in maternal age are not 
reflected in the comparisons of the 
neonatal measurements. 

Finally, due to space limitations the 
present study considers only evaluations of 
birth weight, recumbent length, triceps 
skinfolds and upper arm muscle area. For 
the same reason, the different maternal 
categories are compared graphically on 
the basis of the mean k standard error of 
the mean. All inferences regarding statisti- 
cal significance are based on Student t- 
tests or analysis of covariance. 

RESULTS AND DISCUSSION 
Stature 

As shown in figure 1, although the male 
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Fig. 1 Relationship of birth weight and recumbent length to maternal age by maternal height 
categories. Note that dfferences in maternal stature are not associated with differences in prenatal 
growth. 

newborns of tall mothers tend to be mothers have significantly (p < 0.05 t o p  < 
heavier and longer than those of short 0.0011 fatter newborns, i.e., having a 
mothers, these differences do not reach greater triceps skinfold thickness, than 
statistical significance. Similarly, the fe- lean mothers, but fat mothers do not 
male newborns of tall mothers have com- necessarily produce longer newborns, i.e., 
parable birth weights and recumbent having a greater recumbent length, than 
lengths to those of short mothers. do lean mothers. 

Skinfolds Upper arm muscle 
From &ure 2 it is quite evident that fat Figure 3 demonstrates that male new- 



MATERNAL NUTRITION AND PRENATAL GROWTH 269 

N.442 

"1 FEMALES 

FAT MOTHERS 

N.S63 / 
LEAN MOTHERS 

20 25 30 35 
MATERNAL AGE (yrs) 

52'01 Y A L  ES 

- 
E 

f 

x1 
0 a 

Y 
v) 

W 

I- 

-J 
90 

L E A N  MOTHERS 

I 

I &, , 
4 
10 15 2 0  2 5  3 0  J5 40 

MATERNAL AGE (yrd 

""1 FEMALES 

,I 5 1 . 5 1  

I \  
I ,  

I N.563 

48 5 1 

N-362  
/ 

I 

/ 
/ 

Fig. 2 Relationship of neonatal triceps skinfolds and recumbent length to maternal age by rnater- 
nal fatness categories. Although fat mothers have fatter newborns, they do not necessarily have 
longer newborns when compared to lean mothers. 

borns of more muscular mothers have sig- 
nificantly (p < 0.01) greater muscle area 
than those of less muscular mothers. The 
more muscular mothers also have sig- 
nificantly (p < 0.01) longer newborns ex- 
cept in the 30 to 34-year age group. Among 
female newborns, those of more muscular 
mothers have significantly (p < 0.01) 
greater muscle area than those of less 
muscular mothers. However, in terms of 
recumbent length the differences are not 
systematic. For example, there are no ma- 
jor differences in female newborns' recum- 

bent length within maternal age groups 
20-24 years and 25-29 years. At other age 
groups (13-19 years, 30-34years and 35-39 
years) high-muscled mothers have sig- 
nificantly (p < 0.05) longer newborns than 
do low-muscled mothers. 

Several investigators have shown that 
positive variations in skinfold thickness 
during growth are associated with ad- 
vanced dimensional growth and advanced 
maturation (Talbot, '45; Reynolds, '46, '50; 
Fry, '53; Peckos, '53; Quaade, '55; Wolff, 
'55; Garn and Haskell, '60; Lloyd et al., 
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Fig. 3 Relationship of neonatal upper arm muscle area and recumbent length to maternal age by 
maternal muscularity categories. Mothers with high muscle have more muscular and longer male 
newborns than do mothers with low muscularity. 

'611. This association suggests that in- 
creased subcutaneous fat, resulting from 
either high calorie intake or low energy ex- 
penditure, reflects a greater amount of 
calorie reserves. On the other hand, ex- 
perimental and clinical studies have shown 
that the decrease in infant muscle mass 
under conditions of malnutrition is greater 
than the reduction in body weight (Water- 
low and Mendes, '57; Standard et al., '59). 
This reduction in muscle mass occurs as a 
compensatory mechanism to provide ade- 

quate amino acids for gluconeogenesis and 
protein synthesis in the liver (Arroyave and 
Castellanos, '61). The existence of such a 
mechanism suggests that if skeletal 
muscularization is well maintained, then 
the protein requirements for growth and 
maintenance of body tissues have been 
met. In other words, the size of the body 
muscle is indicative of the level of protein 
reserves. This is supported by analyses of 
Central American and Asiatic samples, 
which indicate that during growth, greater 
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muscularity is associated with greater 
stature, thus demonstrating that measure- 
ments of muscularity do serve as a general 
index of nutritional status and growth in 
size (Dugdale et al., '70; Frisancho and 
Garn, '71a,b; Frisancho et al., '71; Ander- 
son, '75). 

On the basis of these investigations, we 
would expect fat mothers to have greater 
calorie reserves than lean mothers. Simi- 
larly, more muscular mothers would be ex- 
pected to have greater protein reserves 
than their less muscular counterparts. The 
present study indicates that increased 
maternal subcutaneous fat is reflected in 
greater infant fatness, but is not associated 
with significantly greater birth weight or 
recumbent length. This suggests that in- 
creased maternal calorie reserves are not 
reflected in greater linear growth. On the 
other hand, increased maternal arm muscle 
area is associated with significantly greater 
arm muscle area and recumbent length, 
especially in male newborns. Thus in- 
creased maternal protein reserves are ap- 

parently directly reflected in enhanced 
prenatal growth and greater protein re- 
serves. 

Stature, skinfolds and arm muscle 
Table 2 compares the birth weight and 

recumbent length in newborns of mothers 
with low and high triceps skinfold thick- 
nesses. These data show that short and tall 
mothers with low fatness have newborns 
with similar birth weights and recumbent 
lengths. In the same manner, short and tall 
fat mothers have newborns with similar 
birth weights and recumbent lengths, al- 
though in males tall mothers do have 
slightly heavier newborns (p < 0.05). 

From table 2 it is also evident that short 
and tall mothers characterized by low mus- 
cle area have newborns with similar birth 
weights and recumbent lengths. Further- 
more, short and tall mothers with high 
muscle area have newborns with equiva- 
lent birth weights and recumbent lengths. 
Thus it appears that when either protein 
(muscle) or calorie (fat) reserves are con- 

TABLE 2 

Comparison of birth weight and recumbent length b maternal stature with low and high triceps skinfold 
and upper arm muscle zn a%eruuran urban population 

Birth weight km) Recumbent length (cm) 
Maternal fatmuscle 

categories Contrast Contrast 
N Mean S.D. groups t' F2 N Mean S.D. groups tl F2 

(1) Short-lean 
(2) Tall-lean 
(3) Short-fat 
(4) Tall-fat 
(5) Short-low muscle 
(6) Tall-low muscle 
(7) Short-high muscle 
(8) Tall-high muscle 

3298.5 
3349.4 
3353.6 
3463.0 
3289.9 
3301.5 
3375.3 
3492.0 

432.5 
496.7 
485.4 
477.1 
459.5 
526.2 
463.7 
510.7 

Males 
lvs  2 0.71 
3vs 4 1.86 

0.57 
4.18 

78 
85 

108 
89 

170 
41 
36 
87 

49.4 2.0 
49.9 2.0 
49.6 1.9 
50.0 2.1 
49.4 2.0 
49.6 2.3 
49.6 2.1 
50.3 1.6 

1 vs 2 
3 vs 4 

1.53 
1.38 

3.41 
2.08 

78 
85 

108 
89 

170 
41 
36 
87 

5vs6 0.15 
7vs8 1.19 

0.03 
2.27 

5vs6 
7vs8 

0.62 
1.80 

0.16 
2.59 

Females 
1 vs 2 0.18 
3 vs 4 0.92 

(1) Short-lean 
(2) Tall-lean 
(3) Short-fat 
(4) Tall-fat 
(5) Short-low muscle 
(6) Tall-low muscle 
(7) Short-high muscle 
(8) Tall-high muscle 

65 
75 
86 
53 

155 
27 
24 
90 

3224.4 391.7 
521.4 
497.3 
514.5 
496.6 
526.2 
442.3 
450.6 

0.03 
0.06 

65 
75 
86 
53 

155 
27 
24 
90 

49.1 2.0 
49.0 2.4 
49.3 2.1 
49.3 2.2 
49.2 2.0 
48.9 2.3 
48.5 2.8 
49.4 2.0 

1 vs 2 
3 vs 4 

0.33 
0.07 

0.01 
1.00 3210.8 

3347.7 
3267.8 
3200.6 
3241.0 
3231.7 
3285.6 

5 vs 6 0.40 
7 vs 8 0.53 

0.16 
1.31 

5 vs 6 
7 vs 8 

0.79 
1.81 

1.55 
2.73 

IT-test calculated without adjusting for possible differences in maternal age. 
* F-test calculated by a one-way analysis of covariance, whereby the mean values are compared at equal prechcted maternal ages (see 

text). 
p < 0.05. 
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stant (whether equally high or low), differ- 
ences in maternal stature have minimal re- 
lationship to prenatal growth. 

The lack of association between mater- 
nal stature and neonatal measurements in 
the present study suggests that variations 
in stature alone have minimal effects on 
prenatal growth. Recent studies among 
US.  poor and medium income populations 
also indicate that maternal height, cor- 
rected for pre-pregnancy weight and 
weight gain, has only a negligible relation- 
ship to birth weight (Weis and Jackson, '69; 
Weis et al., '69; Rush et al., '72). 

Skinfolds and arm muscle 
Table 3 compares the birth weights and 

recumbent lengths of newborns by mater- 
nal muscle-fatness groups. From these data 
the following points are evident: (a) when 
both maternal protein and calorie reserves 
are increased (high muscle and high fat), 
birth weight and recumbent length in 
males are significantly (p < 0.051 greater 
when compared to those cases where only 
maternal protein (high muscle and low fat) 

or calorie (low muscle and high fat) re- 
serves are increased; (b) in females, when 
both maternal protein and calorie reserves 
are increased (high muscle and high fat), 
birth weight and recumbent length are sig- 
nificantly greater (p < 0.05 to p < 0.01) 
when compared to those in situations 
where only the calorie reserves are in- 
creased (low muscle and high fat), whereas 
there are only small differences in prenatal 
growth when compared to those cases 
where only protein reserves are increased 
(high muscle and low fat); (c) in both sexes 
birth weight and recumbent length are sig- 
nificantly (p < 0.01) greater among 
newborns of mothers with high protein re- 
serves (high muscle and low fat) than 
among those of mothers with high calorie 
reserves (low muscle and high fat). These 
findings together suggest that an increase 
in maternal calorie reserves, unless accom- 
panied by a corresponding increase in 
maternal protein reservcs, may increase 
neonatal subcutaneous fat, but may not 
enhance linear growth. Improvement in 
linear growth requires an increase in both 

TABLE 3 

Comparison of birth weight and recumbent length by maternal muscle-fatness grvups of a Peruvian urban 
sample matched for maternal age 

Birth weight (grnl 

fatness group Contrast Contrast 

Recumbent length kin1 
Maternal muscle- 

N Mean S.D. group t2 F '  Mean S.D. group tl F' 

(1 ) High inuscle 
High fat 40 3666.6 515.0 1 vs 2 

(2) High muscle 

(3) High fat 
Low fat 206 3419.0 503.0 1 vs 3 

Low muscle 131 3321.7 481.8 2 vs 3 

(1) High muscle 

(2) High muscle 
High fat 39 3491.8 489.0 1 vs 2 

Low fat 194 3337.9 457.5 1 vs 3 
(3) High fat 

Low muscle 121 3210.9 467.8 2 vs 3 

Males 

2.7g4 5.71 50.9 2.0 1 vs 2 2.07? 4.91 

3.754 12.42' 50.2 1.7 1 vs 3 10.234 

1.76 5.253 49.5 2.4 2 vs 3 2.864 11.084 
Females 

1.75 3.15 50.6 1.9 1 vs 2 2.90 1.29 

3.05 9.74' 49.6 1.9 1 vs 3 4.32 7.24 

2.35 3 7.12 4 49.0 2.1 2 vs 3 2.55 7.03' 

I F-statistic calculated by a one-way aiialysis oicovarimce, wherrby the irieari v,tlueb dre compared at equal predicted rnatrriial ages (see 
text). 

T-test calculated without adjusting for possible differences in maternal age. 
p < 0.05. 

"< 0.01. 
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protein and calorie reserves. Moreover, 
variations in protein reserves appear to 
have a greater influence on prenatal 
growth than do variations in calorie re- 
serves. 

CONCLUSIONS 

From this extensive study it is clear that 
maternal nutritional status during pregnan- 
cy has profound effects on prenatal 
growth. An important conclusion is also 
that differences in maternal stature appear 
to have minimal influence on birth weight 
and recumbent length when maternal pro- 
tein and calorie reserves are held constant, 
as shown by the evaluations of triceps skin- 
folds and upper arm muscle area. In terms 
of calorie and protein reserves, the data 
suggest that an increase in maternal pro- 
tein reserves (muscle) has a greater influ- 
ence on linear growth than an increase in 
calorie reserves (fat). These conclusions, 
however, may not be applicable to popula- 
tions characterized by chronic malnutri- 
tion. In a population suffering from chronic 
malnutrition an increase in calories alone 
may be reflected in a marked increase in 
prenatal growth, and in terms of energy 
metabolism, this would be an expected re- 
sponse. 
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