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Extract 

Midtricipital (MT) and subscapular (SS) skinfolds were measured within 24 hr of 
birth in 23 normally grown mature (NG-M) ; 23 normally grown premature (NG-P) ; 
6 intrauterine growth-retarded mature (IGR-M); and 7 intrauterine growth-retarded 
premature (IGR-P) infants. A rapid initial decrease in measured skinfold thickness 
(SFT) occurred after application of a Harpenden caliper, but readings stabilized 
by 60 s (SFTGO). Measurements were recorded at 15 and 60 s. The difference be- 
tween 15- and 60-s readings was expressed in percentage of the 15-s reading (per- 
centage ASFT) . 

The amount of subcutaneous fat, estimated from the SFTGO measurements, was af- 
fected by duration of gestation in the NG-M and NG-P and the IGR-M and IGR-P 
groups. In both NG groups, good linear correlations with birth weight (r = 0.852 at 
MT and 0.874 at SS, P < 0.001) and with gestational age (r = 0.842 at MT and r = 

0.804 at SS, p < 0.001) were evident. Values for intrauterine growth-retarded infants 
deviated markedly from the mean SFTGO expected for their gestational age. 

Percentage ASFT was affected by duration of maturation but not by impaired in- 
trauterine growth. I t  correlated with gestational age (r = -0.777 at MT and -0.773 
at SS, P < 0.001) and with maximal postnatal weight loss (r = 0.579 at MT and 0.553 
at SS, P < 0.001) in all groups and with birth weight in the premature groups only 
(r = -0.479 at M T  and -0.520 at SS, P < 0.01). The similarity of these trends with 
those of direct extracellular water measurements suggested that percentage ASFT may 
be an estimate of subcutaneous interstitial water. 

Speculation 

Changes in body composition during fetal life include fat deposition in the subcutane- 
ous and internal body stores and a decrease in the proportion of body weight oc- 
cupied by water. Intrauterine growth retardation results in lower fat stores and ex- 
pansion of all body water compartments. The present data suggest that skinfold 
thickness recorded 60 s after caliper application and the difference between the 15- 
and 60-s readings provide estimates of fat stores and subcutaneous interstitial water, 
respectively. Caliper skinfold measurements can therefore be used for noninvasive 
studies of perinatal body composition and nutrition. 
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Introduction 

Recent investigations have shown that duration and 
quality of intrauterine development affect body com
position of the neonate. Previous studies from this 
laboratory have dealt with changes in body water com
partments [11-13], but lack of precise information on 
the amount of adipose tissue hampered further inter
pretation of the data in terms of lean body mass [13]. 

Present methods for assessing body fat contents in 
vivo lack precision. Direct measurements of total body 
fat by fat-soluble gas dilution techniques [34, 35] are 
not applicable to infants. Estimates based on various 
relations between height and weight are inadequate 
[18, 43]. Determination of the specific gravity of the 
body [42] is not feasible in infants. Calculation of the 
fat content from measurements of body weight and 
extracellular water space implies a constant relation 
between extracellular space and lean body mass [37, 
41], but present measurements in neonates do not sup
port this assertion [13]. Assessment of subcutaneous 
thickness by x-ray [27], electrical conductivity [2-5], 
and ultrasound [5] do not differentiate between fat 
and interstitial fluid. 

Skinfold measurements in selected groups of chil
dren and young adults correlate well with specific 
gravity (r = 0.59-0.62 [6, 16, 42, 43, 45]), electrical 
conductivity (r = 0.81 [5]), ultrasound (r = 0.81 [5]), 
radiologic techniques (r = 0.85 to 0.88 [27, 45]), and 
calculations based on measurements of the extracellu
lar space (r = 0.82 [18]). A good correlation between 
skinfold thickness and amount of carcass fat has been 
demonstrated in rats [39]. The method has been used 
extensively to evaluate degrees of obesity [1, 6, 18, 27, 32, 
43] and to assess nutritional status in underdeveloped 
countries [24-26, 29, 38]. 

Reports on skinfold thickness in the newborn sug
gest a relation with maturity [28] and adequacy of 
intrauterine growth [48, 49]. The purpose of this pa
per is to present observations concerning the measure
ment of skinfold thickness in 59 neonates within 24 hr 
of birth and to discuss the dynamics of subcutaneous 
fat accretion and interstitial water accumulation dur
ing fetal life. Preliminary data have been reported 
previously [44]. 

Materials and Methods 

Fifty-nine newborn infants born between March 1972 
and April 1973 were studied within 24 hr of birth. 
They were selected randomly from the nursery popula-

tion according to availability of parental consent for 
inclusion in a study of feeding methods. They be
longed to four groups according to their degree of 
intrauterine maturation and growth: NG-M, 23 in
fants; NG-P, 23 infants; IGR-M, 6 infants; and IGR-P, 
7 infants. Gestational age was determined from the 
menstrual history of the mother in all but one NG-P 
and four IGR-P for whom Dubowitz's criteria [15] 
were used in lieu of vague maternal histories. In all 
other cases Dubowitz scores confirmed histories. A ges
tation of less than 37 weeks defined prematurity and a 
birth weight below the 10th percentile for gestational 
age, sex, and race [23] defined intrauterine growth 
retardation. 

By means of a Harpenden caliper [18, 45], with the 
infant lying prone, one of three investigators measured 
the SFT at two sites: over the left triceps, midway be
tween the posterior border of the tip of the acromion 
and the olecranon (MT) and below the lower angle of 
the left scapula (SS). As deep a vertical fold as could 
be obtained without unduly stretching the skin was 
lifted between the thumb and index finger of one 
hand, care being taken not to include muscle nor to 
squeeze the fold. Measurements were obtained to the 
nearest 0.05 mm exactly 15 and 60 s after application 
of the caliper. The 60-s reading will be referred to as 
SFT 60 (MT 60 or SS60) and the difference between the 15-
and 60-s readings, expressed as percentage of the 15-s 
value 

(
(SFT15 - SFT6o) X Joo), 

SFT1s 

will be referred to as percentage 6.MT or percentage 
6.SS. 

Weights were recorded daily to the nearest 10 g and 
the total postnatal weight loss 

(percentage 6. VV 

birth wt - lowest postnatal wt 
birth wt 

x 100). 

Regression analysis was applied to the data. 

R esults 

Race, sex, gestational age, birth weight, and postnatal 
weight loss for each group are presented in Table I. Of 
the 59 infants, 17 were Caucasian and 42 were Negro, 
but the proportion of Caucasians was higher in the 
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Tab le  I. Clinical characteristics of the four study groups1 

Normally grown Intrauterine growth retarded 

Mature Premature Mature Premature 

Number of infants 23 23 6 7 

Ratio of Caucasian to Negro 3/20 10/13 3/3 1 /6 

Ratio of male to female 13/10 12/11 4/2 4/3 

Gestational age, wk 

Birth weight, g 

Postnatal weight !oss, % AW 4.4 f 2.14 13.4 f 5.21 5.7 f 4.41 5.8 z!= 3.45 
(0-9) (4.8-26.2) (0-11.1) (2.6-12) 

The mean (f SD and range) is indicated where appropriate. Statistical analysis is discussed in the text. 
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Fig. I. Effect of duration of caliper application on skinfold thickness (SFT) measurements a t  midtricipital (IMT) and subscapular (SS) 
sites in four mature (--) and four premature neonates (---). Readings were obtained at the time of caliper application and every 
10 s thereafter. 

NG-P and IGR-M groups than in the others. Thirty- 
three infants were males and all groups showed a 
slight male predominance. Gestational ages ranged 
from 24 to 46 weeks. The  mean gestational ages of the 
mature groups were similar although the NG-M group 
included two postmature births. The  IGR-P group 
(with 1 of 7 babies under 30 weeks) was significantly 
more mature than the NG-P group (with 18 of 23 
babies under 30 weeks) (P < 0.005). Birth weights 
ranged from 680 to 3920 g with 24 infants under 1,500 
g, 12 between 1,500 and 2,500 g, and 23 above 2,500 g. 
The  NG-P group had the highest mean postnatal 
weight loss, but both IGR groups were similar to the 
NG-M group in this respect. 

In  4 NG-M and 4 NG-P babies, measurements were 

obtained at the time of caliper application and every 
10 s thereafter. As shown in Figure 1, skinfold thickness 
readings at both sites declined exponentially during 
the 1st min of caliper application, with generally sta- 
ble values from 60 to 90 s. Fifteen seconds after caliper 
application was selected as the most conveninet time 
to take an accurate reading. Good correlations were 
obtained between SFTGo measurements at the M T  and 
SS sites (r = 0.91 1, P < 0.001). In  the NG groups, SFTGo 
correlated well with birth weight (Figure 2: r = 0.862 
for M T  and r = 0.874 for SS, P < 0.001) and with 
gestational age (Figure 3: r = 0.842 for M T  and 0.804 
for SS, P < 0.001). Both relations appeared to be 
linear, although the paucity of values for normally 
grown infants of birth weights between 1,500 and 
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Fig. 2. Scatterplot of midtricipital skinfold thickness recorded 
60 s after caliper application (MT,,) versus birth weight for 
normally grown (0) and intrauterine growth-retarded (A) in- 
fants. The  regression ( 2 2  Syx) for normally grown infants only 
has been drawn. Similar results were obtained at the sub- 
scapular site as 60 s (SS,, = 0.81 + 0.0009 birth wt, Syx = 0.223, 
r = 0.874). 

MTso (mm) 

hlTs0= 0 I3Gestat~onal Age - 1 8 8  
Sy*; 0 5 1 2  

4 - r = 0 . 8 4 2  

2 0  25 3 0  35 4 0  45 5 0  
GESTATIONAL AGE ( w k )  

Fig. 3. Scatterplot of 60-s midtricipital reading (MT,,,,) values 
ve~sus  gestational age for normally grown ( 0 )  and intrautcrinc 
growth-retarded (A) infants. The  regression ( 2 2  Syx) for 
normally grown infants only has been drawn. Similar results 
were obtained at the subscapular site at 60 s (SS,, = 0.13 
gestational age - 1.81, Syx = 0.604, r = 0.804). 

2,500 g and gestational ages between 30 and 38 weeks 
precluded definitive conclusions. Intrauterine growth- 
retarded infants followed the same trend as their NG 

weight peers, with all but 1 falling within 1 Syx of the 
calculated regression line, but deviated markedly from 
their NG gestational peers. All but 2 IGR infants have 
MT,, values more than 1 Syx below the regression line 
and 5 of 13 deviated by more than 2 Syx. 

As shown in Figure 4, percentage ASFT was inversely 
proportional to gestational age. The  correlation coeffi- 
cients of -0.777 for percentage AMT and -0.773 for 
percentage ASS were highly significant (P < 0.001). 
The  variable was not affected by impaired intrauterine 
growth. No variation of percentage ASFT with birth 
weight (Fig. 5)  occurred in the mature neonates, but in 
premature infants percentage ASFT tended to be higher 
with lower birth weights, with moderate but signifi- 
cant correlation coefficients of -0.479 for percentage 
AMT and -0.520 for percentage ASS (P < 0.01). 
There was a moderate but highly significant correla- 
tion between percentage ASFT and maximal postnatal 
weight loss (percentage AW) (1- = 0.579 for M T  and 
0.553 for SS, P < 0.001) (Fig. 6). Finally, an inverse 
correlation was evident between percentage ASFT and 
SFTGO (r = -0.675 for M T  and -0.724 for SS, P < 
0.001). 

Discussion 

Although calipers have been used extensively to meas- 
ure skinfolds, they are deceptively easy to use. In  fact a 
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Fig. 4. Scatterplot and regression ( 2 2  Syx) of the difference 
between 15- and 60-s skinfold measurements in percentage of 
Lhe 15-s reading versus gestational age. 0: normally grown; 
A: intrauterine growth-retarded infants. Similar results were 
obtained at the subscapular site (percentage ASS = 37.83 - 0.73 
gestational age, Syx = 3.448, r = -0.773). 
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single observer can expect an accuracy of only +5% 
and differences of 10% among several observers are 
not uncommon [18]. Great care must be exercised in 
locating the proper measuring point. 

Skinfolds contain a double layer of skin and subcu- 
taneous tissues and the latter are commonly equated to 
subcutaneous fat [I, 6, 17, 19, 41, 45-47]. Several inves- 
tigators note some decline in the SFT readings after 
application of a Harpenden caliper in children and 
adults. Fletcher records cinematographically a 3-9% de- 
cline over a 2-5-s period [22]. Booth et al. mention 
waiting for all needle movements to cease before tak- 
ing the reading [5]. Orpin and Scott [41] observe an 
initial rapid phase of movement of the needle and 
read the SFT when the movement has stopped, which 
could not be very long inasmuch as they perlorm 27 
measurements in 10 min. No explanation of the de- 
cline is attempted. The  observation that the magni- 
tude of this decline in the neonate follows a definite 
pattern related to the degree of gestational maturity 
and intrauterine growth suggests that the skinfold con- 
tains some compressible or expressible component. 

No data on skin thickness in the neonate have been 
published. Clinical observations of increased skin fra- 
gility in the tiny premature infant indicate that varia- 
tions in thickness do occur, but it is assumed that the 
rate of increase in skin thickness during fetal life is 
negligible compaied with that of subcutaneous lats. 

The  phase of exponential decline of SFT measure- 
ments under caliper pressure (Fig. 1) could result either 
from fat undergoing compression or from fat globules 
or interstitial water being expressed from the skinlold. 
Compression or expression of fat is unlikely since the 
relative amount of compression or expression (percent- 
age ASFT) would be directly proportional to the total 
amount of material (SFT,,) unless qualitative changes 
in adipose tissue composition also occur. No data 
which support this possibility are available at the pres- 
ent time. More probably, percentage ASFT is a reflec- 
tion of subcutaneous interstitial water. Cassady [12] 
and Cassady and Milstead [13] demonstrated that the 
proportion of body mass occupied by extracellular 
water or by total body water is an inverse function of 
gestational maturity and that intrauterine growth re- 
tardation results in a relative expansion of both com- 
partments. Hohenhauer and Oh [30] found an in- 
creased proportion of total body water in intrauterine 
growth-retarded rats. Yet Lugo et al. 1361 found no 
differences in the proportion of water between car- 
casses of IGR and NG rats. They explain the apparent 
paradox by selective water retention in visceral organs 
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Fig. 5. Scatterplot of difference between 15- and GO-s skinfold 
measurements in percentage of the 15-s reading (%AMT) values 
versus birth weight. 0: normally grown; A: intrauterine growth 
retarded. Similar results were obtained at the subscapular site. 

Fig. 6. Scatterplot and regression (22 Syx) of difference be- 
tween 15- and 60-s skinfold measurements in percentage of the 
15-s reading (%AMT) values versus maximal postnatal weight 
loss (%AW). Similar results were obtained at the subscapular 
(SS) site (percentage ASS = 8.01 + 0.47 % AW, Syx = 3.979, r = 
0.553). 
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rather than in carcass tissues. The present study re
veals that the proportion of subcutaneous expressible 
material (percentage D.SFT) is inversely related to dura
tion of gestation and is not affected by impaired intra
uterine growth (Fig. 4). These trends are strikingly simi
lar to those of direct extracellular water measurements 
and are compatible with the contention that the ex
pressible material is indeed interstitial water and that 
percentage D.SFT constitutes an estimate of subcuta
neous interstitial water. It is interesting to note fur
ther that percentage D.SFT (interstitial water) is appar
ently related to postnatal weight loss (Fig. 6). 

The amount of subcutaneous fat deposition, esti
mated from the SFT 60 measurements, is directly propor
tional to birth weight (Fig. 2). It also correlates well 
with gestational age in NG infants (Fig. 3). The effect of 
impaired intrauterine growth is apparent in the ma
ture group only, whereas the similar effect in the pre
mature group is masked by a difference in maturity 
between NG and IGR prematures. In fact, all IGR-P 
infants have MT 00 values below the mean expected for 
their gestational age with 6 of 7 deviating by more 
than 1 Syx and 2 of 7 deviating by more than 2 Syx. In 
other words, impaired intrauterine growth as well as 
immaturity appear to affect fat deposition in the sub
cutaneous tissues. Usher [48] and Usher and Tanner 
[49] show the same effect of intrauterine growth retar
dation on the abdominal skinfold, but Lugo et al. [36] 

>-
<;: 
>-
0 
0 

"' -' 

15 

5 
:? 

FAT • 0.0036 birthweigtit • 006 
Syx • 1.377 
r • 0.945 

2000 

find equal amounts of fats in the carcasses of IGR rats 
and in those of their NG sibs. Resolving this discrep
ancy requires further investigation. 

Whether these trends may be extended to total body 
fats is speculative. Hohenhauer and Oh [30] found 
decreased total body fat stores in IGR rats. Published 
data on gravimetrically determined fat contents in 103 
fetuses [4, 7-10, 14, 20, 2.1, 31, 33, 40, 50, 51] indicate 
that the proportion of fat increases linearly with in
creasing birth weight (Fig. 7: r = 0.945, P < 0.001). 
Because subcutaneous fats, estimated by SFT 60 measure
ments, also increase linearly with birth weight, it 
seems reasonable to postulate a linear relation between 
subcutaneous and total body fat stores in the newborn. 
Assuming these relations to be true, skin fold measure
ments provide a useful tool in perinatal body composi
tion and nutrition studies, and allow determination of 
the respective proportions of weight gain that can be 
attributed to fat deposition and to water accumula
tion. Attempts at correlation of skinfold measurements 
with chemical analysis of cutaneous and subcutaneous 
tissues collected at necropsy are the objects of present 
investigations in this laboratory. 

Summa·ry 

Midtricipital and subscapular skinfolds are measured 
within 24 hr of birth in 59 infants which belong to 
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Fig. 7. Scatterplot and regression (±2 Syx) of total body fat versus birth weight according to the literature. 
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four groups: normally grown mature and premature 
and intrauterine growth-retarded mature and prema- 
ture. Measurements are recorded 15 and 60 s after 
application o l  a Harpenden caliper. 

The  amount of subcutaneous fat, estimated from 
the 60-s reading, is affected by duration of gestation 
and by impaired intrauterine growth. Inasmucll as a 
linear relation exists between both amount of subcuta- 
neous fat and total body fat stores, caliper measure- 
ments may also provide an estimate of the latter. 

The  difference between the 15- and 60-s readings, 
expressed in percentage of the 15-s reading, is directly 
related to postnatal weight loss and gestational imma- 
turity in  all iniants and indirectly related to birth 
weight in the premature group only. The  similarity of 
these trends with those of direct extracellular water 
measurements indicates that they may constitute an 
estimate of subcutaneous interstital water. 

Caliper skinfold measurements may therefore pro- 
vide a useful, simple, noninvasive tool for perinatal 
body composition and nutrition studies. 
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