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AN ASSOCIATION between adult obesity,
cardiovascular renal disease, and diabetes has

been demonstrated from life insurance data and
from various prospective field studies (1-3). How-
ever, the nature of this relationship has not been
defined. Despite the evidence relating childhood
obesity to adult obesity, little information is avail-
able on the role of childhood obesity in the morbid-
ity or mortality of adults.
We investigated the relationship of childhood

weight status to adult levels of selected physiological
variables and to increased morbidity from cardio-
vascular renal disease and diabetes.
The study population was located in Hagerstown,

Md., an area which has been followed as a popula-
tion laboratory by the Public Health Service since
the 1920's (4). We selected 1,963 white males who
had attended elementary schools in Hagerstown
between 1923 and 1928, who were in the age group
9-13 years at that time, and whose height and weight
measurements were available. Childhood weight sta-
tus was determined by using relative weight defined
as the deviation of actual weight for given sex, age,

and height from average weight values, times 100,
obtained from the Baldwin-Wood height-weight
tables (5).

Adult Followup
To locate the study population a systematic search

was made between 1961 and 1963 of available rec-
ords, which included the city directory, telephone
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directory, selective service lists, and death certi-
ficates. From these sources, 1,691 of the 1,963 men
were identified after a lapse of 30-40 years. Table 1
shows the disposition of the subjects for followup.
A total of 717 persons were available for ex-

amination. The examinations, performed in the
Washington County Health Department by two
clinicians and two registered nurses, consisted of a
medical history, physical examination, routine
urinalysis, chest X-ray, standard 12-lead ECG, and
fasting blood sugar (Folin-Wu technique). Serum
cholesterol levels were determined according to the
Bloor method and estimations of serum beta-lipo-
protein according to the immunocrit method.
(Units are in millimeters of beta-lipoprotein precipi-
tate as measured in a standard length capillary
tube.)

All laboratory tests were performed in the health
department laboratory. Techniques for serum cho-
lesterol and beta-lipoprotein determinations were
standardized by the Heart Disease Control Program
Laboratory, Communicable Disease Center, Atlanta,
Ga. Blood pressure determinations were made using
a standard mercury sphygmomanometer, with first
and fifth phase Korotkoff sounds taken as end
points for systolic and diastolic blood pressures.
Adult relative weight status, determined for the

Table 1. Results of followup of 1,963 study
subjects, Hagerstown, Md.

Results Number Percent

Total study population 1, 963 100. 0

Located
Interviewed

Examined, history, and
laboratory

Examined and history ---

History only
Not interviewed

Refused
Invalid
Out of country

Cannot locate
Died

1,506 76. 7
902 45. 9

684
33
185
604
176
14

414
272
185

34. 8
1. 7
9.4

30. 8
9.0

. 7
21. 1
13. 9
9.4

segment of the cohort examined during 1961-63,
was defined as deviation of actual weight for given
sex, age, and height (measured at time of examina-
tion) from average weights, times 100, obtained
from the "1959 Build and Blood Pressure Study"
(6).
Both childhood and adult relative weight status

were arbitrarily divided into the following four
weight categories: below average weight, under 95;
average weight, 95-104; moderately overweight,
105-119; and markedly overweight, 120 and more.

Table 2. Study subjects available and not available for followup, by childhood weight status

Total Available Not available
Childhood weight

Number Percent Number Percent Number Percent

Below average (<95) -644 32. 8 354 32. 6 290 33. 1
Average (95-104) -958 48. 8 533 49. 0 425 48. 5
Moderately overweight (105-119) -296 15. 0 162 14.9 134 15. 3
Markedly overweight (120 and more) -65 3. 3 38 3. 6 27 3. 0

Total-1, 963 100.0 1,087 100.0 876 100.0

Table 3. Weight status of selected males as school children and as adults

Adult weight

Number Moderately Markedly
Childhood weight males Below average Average overweight overweight

(<95) (95-104) (105-119) (120 and more)

Number Percent Number Percent Number Percent Number Percent

Below average (<95)-223 112 50.2 64 28. 7 38 17. 0 9 4.0
Average (95-104)- 1 358 94 26. 3 119 33. 3 108 30. 3 36 10. 1
Moderately overweight

(105-119) -117 12 10.2 34 29.1 48 41.0 23 19. 7
Moderately overweight

(120 and more)- 19 0 0 3 15.8 4 21.0 12 63.1

1 Weight for 1 adult not available.
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Figure 1. Cumulative percent distributions of skinfold thickness according to adult relative weight
groups
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The term "overweight" is used rather than "obesity"
because measurements were not available to ac-
curately determine the amount of body fat.
We recognize that a definition of obesity based

on relative weight, determined from average height-
weight tables, has limitations. The definition does
not describe obesity, which is defined as excess adi-
pose tissue; rather, it describes total body weight,
including fluid, bone, and muscle as well as fat.

Brozek and Keys (7) suggested that subcutaneous
tissue is a more valid measure of adiposity than is
weight. Figure 1 presents the cumulative frequency
distributions of skinfold thickness for the four adult
relative weight groups. The Lange skinfold caliper,
calibrated to exert a pressure of 10 gm. per square
mm. of jaw surface, was used to determine triceps
skinfold measures (8). Adult classifications of the
four relative weight' categories show a progressive
increase in skinfold thickness with increased relative
weight.
A previous study by Abraham and Nordsieck (9)

demonstrated that during childhood relative body

weight is significantly associated with subcutaneous
fat thickness. Therefore, although the term "obese"
is not used to describe any portion of this
study population, it may be assumed that persons
within the moderately overweight category and,
more specifically, those in the markedly overweight
category are not only overweight but probably also
obese.
The comparative disposition of the 1,963 study

subjects is shown in table 2 according to child-
hood relative weight status. It is apparent that the
segment of the population available for adult fol-
lowup was remarkably similar in weight status to
that not available. This suggests that the failure
to locate a sizable segment of the study population
is not associated with serious bias when the popula-
tion is classified according to childhood relative
weight.
The significance of the difference between the

distribution of relative weights of those available
and those unavailable was tested by using the
chi-square statistic. The test indicated that the
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difference between the two groups could have
arisen by chance (0.95>P>0.90).

Relative Weight
Figure 2 and table 3 clearly demonstrate that

below average and overweight children's weight
patterns tend to persist into adulthood. Markedly
overweight children tend to become overweight
adults more often than children in other weight
groups. Adult values of relative weight, age, height,
and actual weight are shown in table 4 according to
categories of childhood relative weight. These
categories are independent of age and height, but
as expected are related to actual and adult relative
weight.

Physiological Variables
Five adult physiological variables were examined

for relationship to childhood relative weight status
independent of adult relative weight: fasting blood
sugar, serum cholesterol, beta-lipoprotein, and sys-
tolic and diastolic blood pressure.

Fasting blood sugar values. As shown in table
5, fasting blood sugar values for the four childhood
relative weight categories were similar among the
below average, average, and moderately overweight
groups. The markedly overweight group had a
higher mean and standard deviation and somewhat
higher upper-quartile value. The F test showed that
the differences in mean values for the four child-
hood weight groups were not greater than would be
expected from sampling variation: F.05 (3,682) =
2.6, F = 0.61. Homogeneity of variances, needed for
analysis of variance, was obtained by logarithmic
transformation.
Serum cholesterol and beta-lipoprotein levels.

Table 6 presents levels for these two variables by
childhood relative weight status. The mean values
for both variables are nearly identical for the four

Table 5. Fasting blood sugar levels of male
adults, by childhood weight status

Blood sugar
(mg. per Quartile

Childhood weight Num- 100 cc.)I
ber

males
Mean S.D. 1 22 3

Below average 207 105 17 94 102 114
(<95)-

Average (95-104)_ 344 110 19 95 105 118
Moderately

overweight
(105-119)- 113 108 20 97 105 115

Markedly
overweight
(120 and more)- 19 122 45 101 108 123

1 Not significant at the level P>0.05.
2 Median.

relative weight groups. It is evident that no relation-
ship exists between childhood weight status and
adult levels of the two variables.

Blood pressure levels. Systolic and diastolic
blood pressure values for the four childhood relative
weight groups are presented in table 7. No signifi-
cant difference between means of the four weight
groups for either systolic or diastolic pressure was
found.

(F.05 (3,711) = 3.0 F = 0.06 and
F.05 (3,711) = 3.0, F = 1.4)

Blood pressure values, particularly for diastolic
blood pressure, were somewhat higher at the upper
quartile end of the markedly overweight group.

Variables in Relation to Adult Weight
The same adult physiological variables were then

studied in relation to adult relative weight status
independent of childhood relative weight. Means
and standard deviations for each of the representa-
tive weight groups appear in tables 8-12. Analysis
of variance test indicated a significant difference

Table 4. Characteristics of selected male adults, by childhood weight status

Adults
Number

Childhood weight males Age (years) Height (inches) Weight (pounds) Relative weight

Mean S.D. Median Mean S.D. Median Mean S.D. Median Mean S.D. Median

Below average (<95) 223 47. 5 2. 5 47. 3 69. 1 2.4 69. 3 162. 6 20. 3 162. 4 95. 2 12. 5 94. 9
Average (95-104)---- 1358 47. 7 2. 3 47. 6 68. 7 2. 6 68.8 172. 6 25. 6 171.5 102. 5 13.3 101. 7
Moderately over-
weight (105-119) 117 47.6 2.3 47.6 68.1 2.4 68.1 182.4 23.4 181.6 109.6 13.3 109.2

Markedly overweight
(120 and more)--- 19 47. 9 2. 5 47. 9 68. 9 2. 1 68. 8 216. 6 38. 5 222. 5 124. 5 19. 8 125. 8

1 Weight for 1 adult not available.
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Figure 2. Weight status of selected men according to childhood weight status

between the means for four physiological variables:
fasting blood sugar (P< 0.01), beta-lipoprotein
(P<0.05), systolic blood pressure (P<0.01), and
diastolic blood pressure (P<0.01).

For fasting blood sugar and blood pressure, homo-
geneity of variance was obtained by logarithmic
transformation. F tests permit an analysis which re-
jects the null hypothesis that all the means are
equal, but they do not provide a procedure for com-
paring specific means with one another. Multiple
comparison tests were used to compare combina-
tions of means (10).

Fasting blood sugar levels. Fasting blood sugar
levels by adult weight status appear in table 8. The
markedly overweight group had significantly higher
values (P <0.01) than did either the moderately

overweight, average weight, or below average
weight groups. The moderately overweight group
had significantly higher values than did the below
average weight group (P <0.01).
Serum cholesterol and beta-lipoprotein levels.

Table 9 presents values for serum cholesterol which
were not significantly related to weight status. As
shown in table 10, the values for beta-lipoprotein in
both the moderately and the markedly overweight
groups were significantly higher than in the below
average weight group (P < 0.05).
Blood pressure levels. Adult blood pressure levels

are presented in table 11. Systolic pressures in the
markedly overweight group were significantly
higher than in the average weight group (P <0.05)
and the below average weight group (P <0.01).
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The moderately overweight group had values sig-
nificantly higher than did the below average weight
group (P <0.05). Diastolic pressure was signfi-
cantly higher in the markedly overweight group
than in the below average weight group (P <0.01)
or in the average weight group (P <0.05). The
moderately overweight group had significantly
higher levels than the below average weight group
(P <0.01). The average weight group had pres-
sures significantly higher than did the below average
weight group (P <0.01).

Morbidity
Selected morbid events were identified at the

time of adult physical examination-clinical diag-
nosis of diabetes, hypertensive vascular disease,
arteriosclerotic heart disease, and cardiovascular
renal disease. Noncardiovascular conditions, such as
arthritis, ulcers, tuberculosis, and others, were not
included. Rheumatic heart disease, which is not
reported to be associated with obesity, was also
excluded.
Each diagnosed disease was examined for possible

association with childhood relative weight status.
Table 12 presents the data by prevalence rate ac-

Table 6. Total serum cholesterol and beta-
lipoprotein levels ' of male adults, by childhood
weight status

Num- Quartile
Childhood weight ber Mean S.D.

males 1 22 3

Cholesterol (mg. per 100 cc.) 3

Below average
(<95) - 207 235 36 212 229 258

Average (95-104)- 344 235 41 208 231 262
Moderately over-
weight (105-
119) 113 233 38 212 231 259

Markedly over-
weight (120 and
more) -19 234 35 212 235 261

Beta-lipoprotein (mm.) 3

Below average
(<95) - 206 2. 5 0. 78 2. 0 2. 4 2. 9

Average (95-104). 346 2. 6 . 85 2. 0 2.4 3. 1
Moderately over-

weight (105-
119) -112 2.5 .73 2.0 2.4 2. 9

Markedly over-
overweight (120
and more)-19 2.6 .75 2.0 2.6 3. 1

1 Determined according to immunocrit technique.
2 Median.
3 Not significant at the level P>0.05.

Table 7. Systolic and diastolic blood pressure
of male adults, by childhood weight status

Num-
Childhood weight ber Mean S.D. 1 1 2 3

males

Systolic (mm. Hg.) 2

Below average
(<95) - 222 139 22 125 138 151

Average (95-104)- 357 135 16 124 134 145
Moderately

overweight
(105-119) 117 137 19 124 135 146

Markedly over-
weight (120 and
more) -19 148 27 132 144 156

Diastolic (mm. Hg.) 2

Below average
(<95)-222 90 12 81 91 98

Average (95-104). 357 89 11 82 89 95
Moderately

overweight
(105-119) 117 89 13 81 85 96

Markedly over-
weight (120 and
more)-19 94 17 82 92 110

1 Median.
2 Not significant at the level P>0.05.

Table 8. Fasting blood sugar level of 682 male
adults, by adult weight status

Number Fasting blood
males sugar (mg.

Adult weight status per 1OOcc.) 1

Mean S.D.

Below average (<95)- 208 103 13
Average (95-104) -209 106 17
Moderately overweight

(105-119) -190 108 18
Markedly overweight (120
and more) - ---- 75 118 30

1 Significant at the level P<0.01.

cording to childhood weight categories. The preva-
lence rate was highest in the markedly overweight
group for both diabetes and arteriosclerotic heart
disease. The number of persons was too small to
permit testing for significance.

Prevalence of hypertensive vascular disease was
significantly related to childhood relative weight;
the below average weight children had a higher
prevalence than either the average weight or the
moderately overweight groups.

Cardiovascular renal disease was not significantly
related to childhood relative weight, but persons
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Table 9. Serum cholesterol level of 683 male
adults, by adult weight status

Cholesterol
Adult weight status Number (mg. per 100 cc)I

males
Mean S.D.

Below average (<95) 209 232 38
Average (95-104) -209 236 38
Moderately overweight

(105-119)-190 239 41
Markedly overweight (120
and more) -- 75 231 39

1 Not significant at the level P>0.05.

who were markedly overweight as children showed
the highest prevalence.
The same adult morbid events were examined for

relationships to adult relative weight. Table 13 pre-
sents the diagnosis by adult weight status, with the
chi-square test of significance indicating that adult
relative weight status was significantly related to
hypertensive vascular disease and cardiovascular
renal disease. Diabetes was directly related to adult
weight, showing increase in prevalence rate with
increase in weight status. The markedly overweight
adult group showed the highest prevalence rate.
Small sample sizes did not permit a chi-square test
of significance.

Hypertensive vascular disease. Hypertensive
vascular disease was significantly higher in the mark-
edly overweight group than in the below average
weight group (P<0.01) as it was in the average
weight (P<0.05) and the moderately overweight
(P<0.025). The higher prevalence in the markedly
overweight group, as contrasted to the average and
moderately overweight groups, was not statistically
significant.

Cardiovascular disease. Cardiovascular renal
disease was significantly higher in the markedly
overweight group than in the below average weight
(P<0.01). The increase in prevalence in the
markedly overweight group over that observed in
the average and moderately overweight groups was
not statistically significant.

Morbidity in Relation to Weight
Because certain morbid events were related only

to adult relative weight and others to both adult
and childhood relative weight, the data were ex-
amined to determine if such relationships were in-
dependent. For this analysis, the adult relative
weights were arrayed into the previously defined
four weight categories. The childhood weights were
arrayed into three weight categories, with the mod-

erately and markedly overweight groups merged
because of the small number of subjects in the latter
group.

Diabetes. Adult relative weight was related to
diabetes, with prevalence increases appearing with
each increase in weight category. A somewhat
similar trend appeared with childhood relative
weight, but the number was too small to permit test-
ing; therefore, no association between childhood and
adult weight could be examined.

Atherosclerosis. Atherosclerosis was not signifi-
cantly related to adult relative weight; the number
of subjects was too small to permit testing in child-
hood groups.

Hypertensive vascular disease. Table 14 and fig-
ure 3 present the prevalence rates for hypertensive
vascular disease in relation to childhood weight
status and subsequent adult weight status. The
highest rates were noted among overweight adults
who were below average weight children, with rates
increasing with each increase in adult weight
category.

Table 10. Beta-lipoprotein level' of 680 male
adults, by adult weight status

Beta-
lipoprotein

Adult weight status Number (mm.) 2
males

Mean S.D.

Below average (<95) 207 2. 4 0. 82
Average (95-104) -208 2.5 .73
Moderately overweight

(105-119)- 190 2.6 .82
Markedly overweight (120
andmore) - 75 2.7 .89

1 Determined according to immunocrit technique.
2 Significant at the level P<0.05.

Table 11. Blood pressure level of 714 male
adults, by adult weight status

Num- Systolic Diastolic
Adult weight status ber (mm.Hg.) 1 (mm.Hg.) 1

males
Mean S.D. Mean S.D.

Below average <95 218 131 18 85 10
Average (95-104)-- 219 134 18 88 11
Moderately over-

weight (105-119) 198 136 18 90 11
Markedly over-

weight (120 and
more) -79 140 23 92 14

1 Significant at the level P <0.01.
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Cardiovascular renal disease. Table 14 and figure
4 present the prevalence rates for cardiovascular
renal disease in relation to childhood weight status
and subsequent adult weight status. Somewhat simi-
lar rate levels were observed for hypertensive vascu-
lar disease. The highest rates were also noted among
overweight adults who were below average weight
children, with rates increasing with each increase
in adult weight category.

Another approach to analysis is to group the data
into three patterns of change in relative weight
status which occurred from childhood to adulthood:
stable or no change, decrease, or increase. Table 15
shows the prevalence rates for hypertensive vascular
disease and cardiovascular renal disease arrayed by
this method. The rates were highest when adult
weights increased to overweight status, an increase
of two or more weight categories from the childhood
baseline weight. The lowest rates were indicated
when both the adult and childhood weight patterns

were stable or showed no change in weight category,
and also when the adult weights decreased to aver-
age weight or less from childhood weights.
An exception to the pattern was the adult group

that showed an increase in one weight category
from childhood and a recorded low rate of hyper-
tensive and cardiovascular renal diseases.

Discussion
The relationship of childhood weight status to

adult levels of blood pressure, serum cholesterol,
beta-lipoprotein, and fasting blood sugar had im-
portant implications because the presence of eleva-
tions of these variables is associated with diagnosis
of cardiovascular disorders and diabetes. Thus, if
childhood weight status, either independently or
through some association with subsequent adult
weight status, manifests an association with ab-
normalities of the physiological variables or with
diagnosed cardiovascular renal disease or diabetes,

Table 12. Diagnosed diseases among selected male adults, by childhood weight status

Childhood weight status

<95 95-104 105-119 120 and more Chi-Diagnosis (N=222) (N=358) (N=117) (N=19) square
(df=3)

Number Percent Number Percent Number Percent Number Percent

Diabetes (260) -7 3.2 5 1.4 3 2.6 2 10.5 (1)
Arteriosclerotic heart disease

(420) -8 3.6 17 4. 7 7 6.0 2 10.5 (1)
Hypertensive vascular disease

(444 447) -67 30.2 81 22.6 21 17.9 7 36.8 28.77
Cardiovascular renal disease

(330-334, 403-409, 417-468,
592-594) -97 43. 7 141 39. 4 40 34. 2 11 57. 9 5. 38

1 Insufficient data to calculate chi-square. Statistical Classification of Diseases, Injuries, and Causes of
2 Significant at the level P<0.05. Death, seventh revision, 1955.
NoTE: Numbers in parentheses are from the International

Table 13. Diagnosed diseases among selected male adults, by adult weight status

Adult weight status

Diagnosis <95 95-104 105-119 120 and more Chi-
(N=218) (N=220) (N=198) (N =79) square(df=3)

Number Percent Number Percent Number Percent Number Percent

Diabetes (260) -2 0. 9 3 1. 4 6 3. 0 6 7. 6 (1)
Arteriosclerotic heart disease

(420) -5 2.3 12 5. 5 11 5. 6 6 7. 6 4.79
Hypertensive vascular disease

(444 447) -38 17.4 57 25.9 54 27.3 26 32.9 2 10.03
Cardiovascular renal disease

(330-334, 403-409, 417-468,
592-594) -74 33. 9 93 42.3 80 40.4 41 51. 9 2 8. 45

1 Insufficient data to calculate chi-square.
2 Significant -at the level P<0.05.
NoTE: Numbers in parentheses are from the International

Statistical Classification of Diseases, Injuries, and Causes
of Death, seventh revision, 1955.
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Figure 3. Prevalence of hypertensive vascular
disease according to childhood and adult
weight status

there appears to be strong support for early iden-
tification of candidates for preventive measures.
The data in table 3 and figure 1 reveal a definite

pattern with reference to subsequent adult weight
status based on childhood weight. Approximately
50 percent of the below average weight children
were in either the adult average or overweight
categories. Average weight children showed a sim-
ilar tendency, with 40 percent moving into adult
overweight categories. Among the moderately over-
weight childhood group, 60 percent remained over-
weight adults, and 84 percent of the markedly
overweight children remained overweight as adults.

Figure 4. Prevalence of cardiovascular renal
disease according to childhood and adult
weight status

Published data have been fairly consistent in re-
porting the lack of success in achieving sustained
weight reduction in adults (11-14). The patterns
observed in this study, that is, for below average
and average weight children to move upward in
adult weight status and for overweight children,
particularly those markedly so, to remain overweight
as adults, strongly reinforce the cause for preven-
tion of overweight.
The data for association between the selected

physiological variables and childhood weight status
alone revealed no statistically significant relation-
ships. With reference to diagnoses, a significantly
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higher prevalence of hypertensive vascular disease
was associated with the below average weight child-
hood group over that noted in either the average
or moderately overweight childhood groups (table
12).
The presence of a statistically significant rela-

tionship between blood pressure, beta-lipoprotein,
fasting blood sugar, hypertensive vascular disease,
and cardiovascular renal disease with adult over-
weight status and observed upward mobility from
childhood weight status posed the question: "Is the
total overweight adult group at risk, or some par-
ticular segment?" Or, as expressed by Albrink and
Meigs (15), were we observing two kinds of "fat"
men-the fat "fat" men, who have been fat all
their lives, and the fat "thin" men, who gained
during adult life?
Our weight data are based on two periods: child-

hood, ages 9-13, and adulthood, average age 48.
Thus, it is not possible to state at what age in-
creased weight status occurred; however, it is as-
sumed that the gains increased with increasing age
in adulthood. The years following our childhood
age group (post pubertal) are generally character-
ized by either no change in weight status or a loss
of prepubertal weight gain. Insurance data indi-
cate that after age 20, with increasing height each
10-year age-span shows an increase in average
weight, leveling off at ages 60-69 (6). The weight
pattern is also evident in the Health Examination
Survey findings of the National Center for Health
Statistics. However, the leveling off is at an earlier
age (16).

Thus, the data may be considered consistent with
observations of Albrink and Meigs (15) that "'ac-

Table 14. Prevalence of hypertensive vascular
disease (HVD) and cardiovascular renal
(CVR) disease, by adult relative weight and
childhood relative weight

Adult Childhood Number Percent
relative relative of
weight weight subjects HVD CVR

<95- 112 20.5 32.1
<95- 95-104-94 16.0 37.2

105 and more. 12 0.0 25.0

[<95-64 31.3 48.4
95-104-- 95-104-119 23.5 39.5

105 and more 37 24. 3 40. 5

<95 -38 47.4 63.2
105-119- 95-104-108 22.2 34.3

105 and more.. 52 23. 1 36. 5

120 and [<95--------- 8 75.0 75.0m95-104 36 36. 1 58. 3more-1---o105 and more- 35 20.0 40.0

quired' obesity, attained after maturity, even
though moderate in degree, might be different
from 'natural' (lifelong) obesity. . ." with reference
to the associations in this study found with hyper-
tensive vascular disease and cardiovascular renal
disease.

Despite a higher prevalence rate of hypertensive
vascular disease in both the moderate and markedly
overweight adult groups (fig. 3), this was prin-
cipally attributable to subjects within those groups
who had been below average weight children.
Among the average weight adults, the highest prev-
alence of hypertensive vascular disease occurred
among those who had been below average weight
children. Adults who were overweight as both chil-
dren and adults experienced prevalence rates for

Table 15. Prevalence of hypertensive vascular disease (HVD) and
cardiovascular renal (CVR) disease, by relative weight pattern
changes from childhood to adulthood

Relative weight Childhood Adult relative Number of Percent
status relative weight subjects

weight HVD CVR

Stable or no [<95-<95-112 20. 5 32. 1
change- 95-104-95-104 - - 119 23.5 39.5

105 and more--- 105-119 52 23.1 36.5
105 and more...... 120 and more.... 35 20.0 40. 0

Decrease:
1--- 95-104- <95 -94 16.0 37.2
2- 105 and more...... 95-104 . 37 24. 3 40. 5
3- 105 and more.--- <95 . 12 0. 0 25.0

Increase:
1_--_ 95-104-105-119 108 22.2 34.3

1--- <95 95-104 64 31.3 48.4
2 <95 . 105-119 38 47.4 63.2
3 . _95-104 120 and more.... 36 36.1 58. 3
4- <95-120 and more 8 75.0 75.0
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hypertensive vascular disease comparable to adults
who were average weight as both children and
adults.
The associations that this study has shown be-

tween childhood weight status, adult weight status,
selected physiological variables, and morbid events
have major importance. More than half the deaths
in the United States each year are attributable to
cardiovascular renal causes (17). The illness, cur-
tailed activity, and often total disability that may
accrue as residuals of cardiovascular renal disease
are not only health concerns but also economic and
sociological concerns.
The evidence of strong correlation between obe-

sity and heart disease was first noted by Rogers
(18) and has been strikingly corroborated by later
insurance data. Despite intervening years and con-
tinuing research, the nature of the association re-
mains unclear and reports are not always in
agreement on the presence of such an association.
The 20-year prospective study of coronary heart
disease in Framingham, Mass., implicates "extreme"
overweight, but only when associated with hyper-
tension or hypercholesteremia, or both (2). The
Albany, N.Y., study implicates the degree of obe-
sity, with gross overweight (defined as 40 percent
or more over ideal weight) quadrupling the risk,
but little increase in risk of ischemic heart disease
in persons of lesser degrees of overweight (3).
The findings in a 10-year prospective study in

Los Angeles showed little or no effect of relative
weight on rates of risk of coronary disease by type
of manifestation other than that accounted for by
high serum cholesterol level or elevated blood pres-
sure (19). Relative weight in the population was
based on the index of height divided by the cube
root of weight.

Variations in method of assessing weight status,
the almost complete lack of information on "fat-
ness" as contrasted to total body weight, and lack
of a weight history either as to childhood weight or
subsequent weight changes, create serious short-
comings in any effort to clearly define an associa-
tion between weight and morbidity or mortality.

Further important factors include the growing
evidence that in man, as has been demonstrated in
animals, a type of hereditary obesity may exist. Fur-
ther knowledge about adipose tissue per se may
well reveal clarifying infornation about cardio-
vascular disease.

Bjurlf (20) discussed the possibility that the as-
sociation between coronary heart disease and over-

weight may be due to the "type" of obesity. He
pointed out that the size of fat cells varies in a per-
son and that the size of the cells is a measure of
exogenous influence (nutrition) with the number
of cells reflecting an endogenous or inherited factor.
He also indicated that fat cell size (from three vari-
ous body sites) is significantly correlated with ather-
osclerosis, indicating that "acquired" obesity is the
type involved.
The Hagerstown study presented an opportunity

to examine childhood weight and subsequent
changes in adult weight status in relation to cardio-
vascular abnormalities and diabetes. The results
emphasize the urgent need for early identification
of the pre-obese person and the co-existing need for
well-defined preventive measures.
The study demonstrated that prevalence rates

for hypertensive vascular and cardiovascular renal
disease varied within the average, moderately over-
weight, and markedly overweight adult groups, and
that the adult who had been a below average weight
child had the highest rate in each of these respec-
tive categories, which may well be a function of
adult acquired "fatness." The average weight adult,
who was a below average weight child, may, in fact,
have more "fat" than the overweight adult who
was also an overweight child. These findings re-
emphasize the pressing need for some valid measure
of body fatness that may be used in epidemiologic
studies.
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A cohort of white males who had attended ele-
mentary schools in Hagerstown, Md., between 1923
and 1928, and whose height-weight records for those
years were available, was examined during 1961-63.
A study of their childhood relative weight at ages
9-13, and of their adult relative weight 35-40 years
later, was made in relation to selected physiological
variables and diagnosed morbidity.

Essential findings were as follows:
Childhood relative weight at ages 9-13 had no

significant relationship to adult levels of fasting
blood sugar, serum cholesterol, beta-lipoprotein, or
blood pressure, or to cardiovascular renal disease.

Childhood relative weight at ages 9-13 was signif-
icantly related to hypertensive vascular disease. The
below average weight group experienced a higher
prevalence than observed in either average or mod-
erately overweight childhood groups.

Approximately 30 percent of the below average
weight children became average weight adults and
21 percent became overweight adults. Of the av-
erage weight children, approximately 40 percent

became overweight adults. Overweight children
tended to remain overweight as adults.
Adult relative weight of the same cohort, viewed

35-40 years later, was significantly associated with
fasting blood sugar, beta-lipoprotein, and systolic
and diastolic blood pressure. Elevated levels of each
of these variables occurred with greater frequency
in the overweight child.

Adult relative weight was significantly associated
with hypertensive vascular disease and cardio-
vascular renal disease; the higher prevalence oc-
curred in the overweight adults.
The highest risk for hypertensive vascular and

cardiovascular renal disease was associated with the
persons who acquired their overweight status as
adults. The higher prevalence of these diseases
among the overweight adults was largely attribut-
able to the adults who moved from a below average
childhood weight category to an overweight adult
group. The moderately or markedly overweight
adult who was similarly classified as a child did not
appear to be at greater risk than the average weight
adult who had been an average weight child.
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