
pounds, added to the observation (1) 
that both are mutagenic in an Esche- 
richia coli T4 bacteriophage system, 
make it even more desirable that a per- 
suasive explanation be found for the 
qualitative difference between them in 
mutagenicity for Salmonella. 
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Frisch and Revelle (1) have con- 
cluded that menarche occurs at a 
critical body weight, perhaps triggered 
by a feedback from the metabolic 
mass of the body to appropriate regu- 
latory systems. They based their con- 
clusions on the lack of differences in 
mean weight at menarche among girls 
when divided into four menarcheal age 
groups, as opposed to a steady increase 
in mean height from the youngest 
(< 12.0 years) through the oldest 
(> 13.9 years) age category. 

We have investigated this more in- 
tensively in 70 normal girls, 42 of 
Caucasian ancestry from Philadelphia, 
and 28 of mixed European (largely 
Spanish), and American Indian back- 
ground from Guatemala City. All of 
the subjects were well nourished and 
free of disease at related clinical ex- 
aminations; they were taking part in 
longitudinal growth studies 'and had 
attained menarche in the interval be- 
tween successive annual examinations. 
We estimated height and weight at 
menarche by interpolation. 

The Philadelphia girls attained men- 
arche at a mean age of 12.4 years and 
at an estimated mean height of 153.5 
cm and weight of 47.1 kg. For the 
Guatemalan girls, the corresponding 
means were 12.3 years, 146.1 cm, and 
39.8 kg. These means differed signifi- 
cantly 'between the two samples (P < 
.001). The range of variation in weight 
was a striking 22 kg for each group 
if one Guatemalan and one Philadelphia 
girl with weights of 60 and 61 kg, 
respectively, are excluded. 

These data were standardized around 
their subsample means for age, height, 
and weight by converting to T-scores 
(2) and treated as a single sample. 
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Multiple regression analysis expressed 
age (Am) as a function of height (Hm) 
and weight (Wi) at menarche, as 
given in the equation 

Am = 39.3 + 0.38 Hm - 0.17 Wm 

The regressions of age on both height 
and weight are significant, the former 
at the .01 and the latter the .05 level. 
The coefficients of partial correlation 
are, for height and age at a constant 
weight, +.68, and for weight and age 
at a constant height, - .26; both co- 
efficients are statistically significant. 

The results indicate that, far from 
a critical and unvarying weight at men- 
arche, there is not only a striking range 
of absolute variation, but also a sig- 
nificant regression of age upon weight 
if height is held constant. At a con- 
stant height girls who menstruate earlier 
are heavier than those menstruating 
later. At a constant weight, the early 
maturers are shorter. When considered 
together, therefore, early menarche is 
associated with shorter, heavier girls, 
and later menarche with taller and 
lighter girls. 

The rather complex interrelation 
among the height, weight, and age at 
menarche, and the failure to consider 
them, could very well lead one to 
suspect the weight and age to be un- 
related. For our sample, the regression 
of age upon weight, without consider- 
ing height, is, at +.13 (T-score units), 
not significantly different from zero. 
On the other hand, the relationship 
between height and weight at menar- 
che (r = +.64) is significant and posi- 
tive. 

Thus, weight at menarche is related 
to height, as is obvious, since taller 
girls weigh more than shorter ones. 
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Thus, weight at menarche is related 
to height, as is obvious, since taller 
girls weigh more than shorter ones. 

Taller girls also reach menarche later. 
But, at a constant height, weight and 
age at menarche are significantly re- 
lated in a negative direction. Weight is 
therefore related to height and to age 
in opposite directions. 

The results of the directionally op- 
posite relationships of weight to the 
height and age at menarche are to ob- 
scure the latter, unless the height co- 
variance is accounted for. By merely 
comparing mean weights at menarche 
of various age groups, Frisch and 
Revelle have been led to conclude that 
the weight is constant over age. The 
more detailed analysis of our data in 
contrast reveals that the two are re- 
lated and that the "critical weight" 
hypothesis is an artifact arising from 
failure to consider the interrelation- 
ships of all three variables. 
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The mean weight at menarche found 
recently by Johnston, Malina, and 
Galbraith for Caucasian girls from 
Philadelphia is about the same, 47.1 
kg, as we found (47.8 ? 0.51 kg) for 
Caucasian girls from Berkeley, Boston, 
and Denver who had menarche three 
decades ago (1). However, the mean 
age of menarche of the Philadelphia 
girls, 12.3 years, is 7 months earlier 
than the mean age of menarche, 12.9 ? 
0.1 years, of the girls of three decades 
ago. This appears to support our critical 
weight hypothesis and our explanation 
of the secular trend to an earlier men- 
arche (1, 2). (We assume that standard 
errors of Johnston et al., which are not 
given, are in a similar range as ours.) 

Different racial groups have different 
weights and heights at menarche, as 
was found by Johnston et al. for the 
Philadelphia and Guatemalan girls, and 
as we noted from the significant dif- 
ference in weights and heights at the 
time of maximum rate of growth, 
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Different racial groups have different 
weights and heights at menarche, as 
was found by Johnston et al. for the 
Philadelphia and Guatemalan girls, and 
as we noted from the significant dif- 
ference in weights and heights at the 
time of maximum rate of growth, 
which precedes menarche (3); for ex- 
ample, the mean weight for Japanese 
girls is 33 kg (4), and that for Ameri- 
can girls is 39 kg (5). 
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Table 1. Weight (mean ? S.E.) at various heights (mean ? S.E.) with increasing age of menarche, and at all ages of menarche. Categories 
of height are by rounded standard deviation (6 cm) from the rounded mean, 158 cm. 

Menarche < 12.9 years Menarche > 13.0 years All ages of menarche 
Height 

category Height Weight Height Weight Height Weight (cm) No (cm) (kg) (cm) (kg) (cm) (kg) 

< 152.0 17 148.6 + 0.56 40.9 ? 0.84 8 146.0 ? 1.8 38.8 - 1.1 25 147.8 ? 0.72 40.2 ? 0.69* 
152.1-158.0 32 155.2 ? 0.32 48.5 ? 1.2 26 155.1 + 0.37 44.8 ? 1.2t 58 155.1 ? 0.24 46.9 - 0.87 
158.1-164.0 37 161.2 ? 0.24 50.6 ? 0.96 27 160.7 ? 0.30 48.0 ? 1.2 64 161.0 ? 0.19 49.5 ? 0.75 
164.1 9 165.9 ? 0.64 53.4 ? 2.2 25 167.9 ? 0.74 51.4 ? 1.1 34 167.4 ? 0.59 51.9 ? 0.98* 

All subjects 95 157.4 + 0.57 48.4 ? 0.71 86 159.7 ? 0.78 47.2 ? 0.72 181 158.5 ? 0.48 47.8 ? 0.51 
* Differs from mean for all subjects at P < .01. t Differs from ages up to 12.9 at P < .05. 

We question whether the T-score 
method, which is normally used to 
combine different test scores of the 
same population, is a valid way to com- 
bine menarcheal data of two different 
racial groups. Assuming the method is 
applicable, the results of Johnston et al. 
are difficult to interpret. For example, 
their multiple regression equation gives 
an age of menarche of 91 years if the 
mean height and weight of American 
girls at menarche is substituted in the 
equation. Apparently the equation is 
in terms of T-scores, 'but the standard 
deviations of the means are not given, 
so the T-scores cannot be decoded. 

Using our homogeneous data of 181 
American girls, we find, contrary to the 
results of Johnston et al., that the par- 
tial correlation coefficient for weight and 
age at a constant height is r =- .09, 
which is not significant. Table 1 shows 
that, when grouped by height, the dif- 
ference between the mean weights of 
early and late maturing girls is an in- 
significant 2 to 2.6 kg, except for one 
height group, 152 to 158 cm, in which 
the difference is 3.7 kg. It is well known 
that early maturing girls are fatter than 
later maturers (6). At the same height 
therefore, the earlier girls should weigh 
somewhat more than the later maturers. 
However, both groups could have 
equivalent lean body weights, which 
would be in accord with our hypothesis 
that a critical weight is related to a 
critical metabolic rate. 

Our data confirm the relation found 
by Johnston et al. between height and 
weight at menarche, but we find a much 
less strong association: the partial cor- 
relation coefficient for height and age 

at a constant weight is r = .24, rather 
than .68. The correlation of weight 
with height is r = .50 rather than .64. 

With our sample of American girls, 
the multiple regression equation for 
age at menarche Am on height Hm and 
weight Wm is: 

Am = 6.7 + .044 (+ .014) Hm 
- .016 (- .014) Wm 

The regression coefficient of height 
on age is significant at P < .01. The re- 
gression coefficient of weight on age 
is not significant. This is our basic 
finding of an invariant mean weight 
and a signficantly increasing mean 
height with increasing age of menarche 
(1). 

Our data confirm the observation of 
Johnston et al. that, over all ages, taller 
girls weigh more than shorter ones 
(Table 1). However, as Table 1 shows, 
the difference in mean weight as height 
increases is not significant in the height 
range within ? 1 S.D. from the height 
mean, that is, 68 percent of the girls. 
The significant difference of 4.1 kg 
from the mean of the very tall girls can 
be explained in part, and perhaps en- 
tirely, by increased skeletal weight. The 
significantly lower weight of the very 
short girls (below 152.0 cm) may -be 
too large to be explained only by de- 
creased skeletal weight; they seem to be 
an exceptional group in some other way. 

We thus find that for all but one 
small group of very short girls (14 
percent of the girls) the differences in 
weight as height is kept constant, or 
with increasing height over all ages, are 
small and easily explainable in terms 
of the three components of a critical 

weight-lean body mass, fat, and skele- 
ton. 

In an effort to reduce the variability 
,of weight at menarche, we have esti- 
mated lean ,body weight at menarche 
by the equations of Mellits and Cheek 
(7) which estimate total water from 
height and weight. We found a reduc- 
tion of 35 percent in the variability of 
weight at menarche (coefficient of vari- 
ation =9.1 percent compared to 14 
percent) when weights are converted to 
lean body weights. 

We are puzzled by the statement of 
Johnston et al. that the critical weight 
hypothesis resulted from concluding that 
the age and weight at menarche are 
unrelated. The critical weight hypothesis 
is that age and weight at menarche are 
related. The same phenomenon observed 
in animals has been termed the weight- 
dependency of sexual maturation (8). 
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