
Pediat. Res. 10: 647-650 (1976) Body density height 
bone age lean body mass 
fat weight 

Growth and Growth Velocity of Lean Body Mass 
and Fat in Adolescent Boys 

J A N A  PAR~'ZKOVA=O' 

VU FTVS, Charles University, Prague. Czechoslovakia 

Extract  height and lean body mass are more constant than trends in body 

weight. 
Beginning a t  age 10 years, height, weight, body density, and bone 

age of 40 normal boys were measured yearly over a period of 8 
years. From body density, lean body mass and body content of f a t  
were calculated. Values for all measurements are included in the 
Appendix and mean values, including those for lean body mass and 

percentage of body fat ,  a r e  presented for each year in Table 1. 
Coefficients of correlation between measurements made during the 

first and eighth years of study were high for height (0.68), weight 

(0.50), and lean body mass (0.60), but relatively low for body fat  

(0.25). Correlation coefficients between the various parameters in a 

given year are presented in Table 2. 
The maximum yearly increment in height, weight, and lean body 

Incremental data for height and weight during childhood and 
adolescence (9) suggest that growing individuals generally adhere 
to a consistent pattern of growth, i.e., the increments observed over 
a period of years are reasonably predi.ctive of the increments to be 
anticipated in the next few years unless illness, food deprivation, or  
other external events intervene. 

The present report concerns yearly determinations over a period 
of 8 years of height, weight, body density. and bone age. The  
results permit calculation of incremental data for lean body mass. 

mass of individual subjects coincided in time. The respective mean 

values for the year of maximum growth were 9.4 cm, 8.1 kg, and 7.5 
kg. Throughout the growth spurt, the contribution of f a t  to increase 

in body weight was small. It may be concluded that, next to height, 

the absolute amount of lean body mass demonstrates the most 

SUBJECTS A N D  METHODS 

One hundred forty-six males ranging from I0 years 2 months to  
I 1  years 4 months were studied in 1961. Several reports concerning 
a majority of these subjects followed for less than the time reported 
here have already appeared (5-7). The present report concerns 40 
subjects who were available for all yearly examinations over a 
period of 8 years. They are considered to be a representative 
subsample of the original cohort (8). 

All subjects lived in Prague. a city of over 1 million inhabitants, 
under similar socioeconomic, cultural, and nutritional circum- 

constant trend of development during adolescence. 

Speculation 

Lean body mass, like weight and height, follows individual 

patterns that a r e  consistent throughout adolescence. The trends in 

Table I. Summars of vearls measurements of 40 boys I0 through 17 years of age 

Year of observation 

Measurements 1 2 3 4 5 6 7 8 

Age (years) 
Mean 

S D  

Height (cm) 

Mean 

S D  

Weight (kg) 

Mean 

S D  

Bone age (years) 

Mean 

S D 

Body density 

Mean 

S D  

Lean body mass (kg) 

Mean 

S D 

Fat (%body wt) 

Mean 

S D  
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Table 2. Selected correlation coefficienrs between height, weight, lean bod-v mass ( L B M )  and fat1 during each of 8 years of observation I 

- 

Year of observation 

Correlation coefficient 1 2 3 4 5 6 7 8 

Heightlweight 
HeightILBM 
Weight/ LBM 
Weight/ fat 

' Height expressed in centimeters and weight, LBM and fat in kilograms. 
Not significant; all other values significant ( p  < 0.05). 
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Fig. 1 .  Changes in body composition and weight according to peak 
height velocity in boys from 10.7 to 17.7 years (n = 40). LBM:'lean body 
mass. 

stances. About one-fourth of the subjects were involved in vigorous 
athletic training, another one-fourth were relatively uninterested in 
sports or  in athletic training but participated in compulsory 
physical training in school. The remaining one-half were interme- 
diate in their physical activity. 

Physical examination, anthropometric measurements, and de- 
terminations of body composition were made generally in the 
spring. Body density was measured (3, 4 )  by hydrostatic weighing 
and determination of residual lung volume by nitrogen dilution. 
Percentage of body fat was calculated according to  the formula (3) 

% Body fat = (d::So:y - -3.813 x I00 ) 
Bone age was estimated from roentgenograms of the wrist (2). 
Reports of various physiologic measurements, including aerobic 
capacity and heart volume, made simultaneously, have been 
published elsewhere ( I ,  6). Participation in this study was volun- 
tary and informed consent was obtained from subjects and parents. 

RESULTS 

Date of birth, date  of each of the yearly measurements, and 
height, weight, bone age, and body density of each child are 

LBM kg - 
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Fig. 2. Changes in lean body mass (LBM) of three boys in relation to 
age during adolescence. The mean and + I S D  for LBM of all 40 subjects is 
also indicated. I 

presented for each of the 8 years in the Appendix. Table I presents 
a summary of the measurements, including means and standard 
deviations for age, height, weight, bone age, body density, lean 
body mass, and percentage of body weight accounted for by fat. , 
Bone age corresponded rather closely to chronologic age. 

Increases in height, weight, and lean body mass were most rapid 
between the third and sixth years of observation (mean ages 12.2 to  
15.7 years). Yearly gains in height, weight, and lean body mass 
during this period averaged 6.7 cm, 6.5 kg, and 5.8 kg, respec- 
tively. 

Coefficients of correlation between measurements made during 
the first and the eighth year of study were 0.68 for height, 0.50 for 
weight, 0.60 [or lean body mass (in kilograms) and 0.25 for fat (in 
kilograms). These correlation coefficients were statistically signifi- 
cant ( p  < 0.01 for height, weight, and lean body mass and p < 
0.05 for fat). When lean body mass and fat were expressed as 
percentages of body weight, the correlation coefficients were 
reduced to  0.20 and 0.20, respectively; these correlations were not 
statistically significant. Correlations between the various parame- 
ters a t  a given year are presented in Table 2. 

T o  gain insight into the magnitude and nature of changes in 
body composition during the adolescent growth spurt, incremental 
data  have been assembled in Figure I in relation to the year in 
which peak height velocity was attained. The maximal yearly 
increments in height, weight, and lean body mass were 9.4 cm, 8.1 
kg, and 7.5 kg, respectively, the maximum increment in each 
parameter occurring during the same year. The contribution of fat 
to increase in body weight was small. 
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Figure 2 presents data on lean body mass considered in relation 
to age. The three individuals, differing in the absolute magnitude 
of the yearly increments, maintained their relative position 
through the years. The majority of the subjects followed a 
consistent pattern of increases in lean body mass demonstrated. 
The consistency of the individual patterns was not improved when 
lean body mass was related to height (lower panel of Fig. 2)-a 
modification of Quetelet's index characterizing body build. 

COMMENT A N D  SUMMARY 

The incremental data based on longitudinal observations made 
over a period of 8 years provide valuable information about 
physical growth of boys during adolescence. Of considerable 
interest is the observation that the peak increment in height 
coincides with the peak increment in weight and in lean body mass. 
The presence of individual consistency of body proportions during 
adolescent growth has been known from longitudinal measure- 
ments of weight and height. The present study presents evidence 
that lean body mass also follows individual patterns that are 
consistent throughout adolescence. The trends in height and lean 
body mass appear to be more constant than the trends in body 
weight. 
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APPENDIX 

Appendix. Date of b i r th ,  date of measure-mt. h l g h t .  w i g h t ,  h e  age a d  body dms i ty  of individual subjlcts. 

Subject of Date of He igh l  Weight. Bone Density. Date of Height. Weight Bone Density, Date of Height. Yeight. Bone Density. Date o f  Height. Height. Bone Density. 
Nmer Bi r th  measure C. kg age, g/m~ 

ren t  years m n t  years nent "ears r e n t  v e d l l  

measure cm kg age. glml nearure- cm kg age, g/ml measure- rn, kg age. glml 
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Appendix ( c a n t . ) .  Date o f  b i r t h .  date  af measurement, he ight ,  "e ight ,  bane age and body densi ty  of  ind iv idual  subjects 

Subject Oate of  Oate of Height. Weight, Bone Density, Date of  Height, w e i g h t  8onc Oeor i ty ,  Date of  Height ,  Weight, Bone Densi ty .  Date of  Height ,  We191~t, Bone Densi ty .  

Number 8 i v t h  measure- cm kg age, glml measure- cn kg age, g/ml measure- cm kg age, g/ml measure- cm kg age, glml 

ment years  ment years ment years ment years  

I 
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Alkaline phosphatase 
hypophosphatasia 
leukocyte 

Hypophosphatasia: A Developmental Anomaly of 
Alkaline Phosphatase? 
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S U M N E R  J. YAFFE 
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Extract  

This report deals with quantitative and qualitative investigations 

of alkaline phosphatase in two unrelated infants with the severe 
infantile form of hypophosphatasia. Both affected infants had no 

detectable leukocyte alkaline phosphatase activities and both sets of 

parents and one sibling tended to have low but variable leukocyte 
enzyme activities. Normal duodenal juice alkaline phosphatase 

activity was present in the one patient in whom it was measured and 

a wide range of variation in enzymic activity was observed in the 
stools. There was no significant difference in the stool enzyme 
activity between both patients with hypophosphatasia (42.01 * 9.77 
U) and control infants (40.55 * 6.29 U). However, the heterozy- 

gous parents had values significantly lower than the control adults 
(2.10 + 0.47 as  compared with 19.10 + 4.44 U). Intestinal bacteria 

did not contribute significantly to the stool alkaline phosphatase 

activity. Enzyme activity was present in the bile of one of the pa- 

tients i n d  nearly absent in that  of the other. 

Three "inducers" of alkaline phosphatase were given to  both 

patients (phenobarbital, vitamin A, and ror t ices ter~id) .  No clinical 

improvement o r  rise in serum alkaline phosphatase activity was 

observed during the trial of therapy with these agents. However, a 
significant increase in the activity of serum acid phosphatase was 

demonstrated during the course of vitamin A administration, 

suggesting an  in vivo action of vitamin A on the lysosomes through 
decreasing the stability of the membrane and releasing acid 

phosphatase to the serum. 

Quantitative determination of tissue alkaline phosphatases from 

autopsy tissues was highly variable: no activity was found in bone, 

lungs, o r  spleen of either infant; there was a discrepancy in liver and 
kidney alkaline phosphatase values (zero in one patient and present 
in the other) and activity was present in the intestinal mucosa of 

both. 
Qualitative analysis of kidney, liver, and intestinal alkaline 

phosphatase revealed some differences between the patients and 

control subjects in heat inactivation and phenylalanine inhibition 
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