Serum cholesterol levels of 1,938 men and 2,306 women in Metropolitan

New York City were determined and interpreted in relation to sex, age,

and weight. The means of serum cholesterol were studied in relation

to the pathogenesis of coronary heart disease. A concept of rate of
increase and cumulation of serum cholesterol is proposed and
applied to some observed epidemiologic aspects of coronary

heart disease.

STUDIES OF SERUM CHOLESTEROL IN 4,244 MEN AND
WOMEN: AN EPIDEMIOLOGICAL AND
PATHOGENETIC INTERPRETATION

Fred J. Schilling, M.D., F.AC.P.; George J. Christakis, M.D., M.P.H.; Norman ]. Bennett,

F.C.A.S.; and James F. Coyle, M.D.

N 1937 Sperry?! stated, “the use of the

term normal concentration of total
cholesterol in the serum in the customary
general sense is without definite mean-
ing.” This has been borne out by re-
ports from many parts of the world
demonstrating that serum cholesterol
levels may vary in relation to sex, race,
diet, nationality, and so forth. It is,
therefore, understandable that the physi-
cian is in a state of confusion when
appraising the serum cholesterol of his
individual patient.

Though the literature was surveyed?-26
in order to summarize studies reporting
serum cholesterol level according to age
and sex, few series tabulated their re-
sults in a manner permitting valid com-
parisons. It is apparent that the report-
ing of serum cholesterol by different age
ranges and the lack of standardizations
among methods of determining serum
cholesterol concentrations are serious in-
terpretive limitations. Tables 1 A-B-C
represent a composite of the significant
series reviewed.

The Framingham Study?"5! indicates
that the development of coronary heart
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disease is associated with obesity, hyper-
tension, LVH, and hypercholesterolemia.
Well documented standards exist for
the evaluation of obesity, hypertension,
and electrocardiographic abnormalities.
However, there is an impressive lack of
available data of serum cholesterol
values reported by sex and specific age,
especially from concentrated population
areas of the United States. The U. S.
Public Health Service survey?® has lo-
cated areas of high coronary heart dis-
ease incidence. These areas are the
South Atlantic seacoast stretching from
Delaware to Central Georgia, most of
the northeastern and Great Lakes re-
gions, the Mississippi River Delta re-
gion, and the greater part of the area
west of the Rockies. It has been ob-
served that in metropolitan counties the
coronary heart disease rates were 37 per
cent higher for males and 46 per cent
higher for females than in nonmetropoli-
tan counties. The same survey suggests
that these areas might be thought of as
“natural laboratories.” New York City
ranks within the first 20 per cent of 163
leading metropolitan areas in death rate
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Table 1A

SERUM CHOLESTEROL OF WHITE & NON-WHITE U.S.A. MALES
BY AGE
AGE RANGE
Population Studied Somele | o b2 | 610 I n.ulvszoln.zsl 7a-m|3|.3slao-aolu.4s «.soIsl.sslso-eo]u-eslu.m'n.rsIu-ao
No. eeks
NEW YORK CITY n 88 |75 | 187
NEW YORK CITY (8) | 662 27 | 235 l 251 I 256 I 258 l m]
GEORGIA (o | e l:yssz I s, } {:31
. 3-7 [ 812 (1317 18-22] 23-27| 28-32| 33.37| 38-42] 43-47| 48.52| 53-57 58-62] 63-67 | 68-72]73.77
NEW YORK CITY (ot age indicated) (10) 66 180 l 180 Im l 185 I ws! 243 | 231 I 247 I 237 | 29 | 240 Lm 250 | 243 | 201
NEW YORK CITY, ITALIAN an | ns | o | 22| 22 | 2w 202
NEW YORK CITY, JEWISK an mn 236 234 252 249 243 222
: W8 |20 ] 25 | %0 |35 | 4 | 45 [ 50|55 | 60| 657075
MINNESOTA (at age indicated) (2 | 1492 {203 | 174 | 184 | 195 | 200 | 219 | 236 | 248 | 256 | 253 [ 23 | 225 | ;2
VARIOUS CITIES 13) 10,690 208 212 | 224 | 233 243 248 | 249 250 45 | 200
VARIOUS CITIES a4 | 1,508 212 | 224 | 230 | 238 | 243 | 25 | 243 | 237 | 230
U.S. AIR FORCE PERSONNEL as | 22 198 28 221
Birth l“""?"' 610 | n.ulls-zo 21.25(26-30 |31.35 | 36-40| 41-45 u-so] s|.sslsa-solu-oslu.rolnas] 76.80
Mumbers in porentheses indicate references.
Table 1B
SERUM CHOLESTEROL OF MALES OF YARIOUS NATIONS AND
RACES BY AGE
AGE RANGE
Ethnicity, Racial and Occupational Sample
o o P10 16410 |11414] 15-20|21-25| 26.30| 31.35] 26.40| 4145 46-50/ 51-55| 56.60/ 6165|6670 7175 [ 76-80| 818 5| 86.90
CANADA, white, healthy ne | 205 25 207 21 29
T
FILIPINO, army recruits an | 03 I’s 202 l 20 I 233 ] mJ 243 | 200 ]
: 137. [184 | 185
GEORGIA, U.S.A. non-white (9| 229 I
o 173 |17s | 210
SOUTH AFRICAN SANTU
1/3 Semple femoles (18 | 218 161 | 169 [ 179 184 l 183
ISRAEL, ASHKENASIANS a9 | s m
YEMENITES, residents 50 194
YEMENITES, immigrants 149
ARABS iz
U.S. TRAPPISTS, white, monks 18-34 3559 60-80
(at age indicated) (20) 57 184 209 207
HOLLAND'BE"G'”:,,I,R:',’,:,:.?,S‘ @ | e 155 180 200 192 202 90 s
HOLLAND-BELGIAN BENEDICTINES (21) | 168 S| 20 25 238 248 29 250
white, monks 3
SWISS, BLATTEN, white, villogers  (22) |  s4 140 165 205 200 160 162
BASEL, white (| 8 | e w2 | w2 183 203 239 197 192
NEW ZEALAND, white (23) | 1,000 187 | 207 ! 22 | 23 [m 247 I 248 | 243 I 240 mI 28
Industrial workers 500 wo | 208 2 243 238 E2]
“*White-collor’’ 500 200 219 244 251 246 229
POLYNESIANS, RAROTONG A 24| 1w |18 168 192 a7 222 233 27 209
ATIU-MITIARO 335 | w2| 23 n 2% 235 2% 2% 242
GUAT EMALA, Urban (25) | 89 172 210 186 210
Rurol 81 139 143 144 136
Comparative U. S. A, 1025 206 218 233 232
Group
610 ln.ulls.zo 2I-15I2A-30 n-:s]ww 4145 ]u-so sl-sslswo o1.ss]u-7o|n-7sluaolnuslsmo
Numbers in porentheses indicate ref
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from coronary disease. In New York
City the death rate from arteriosclerotic
heart disease for men from 50 to 59
years of age was 616 per 100,000 in
1957 (ICS420). According to the 1960
United States census, the official popu-
lation figures of Metropolitan New York
City is 14,759,429. Large series of cho-
lesterol studies are lacking from areas
of high coronary incidence in the United
States.

The purpose of this study was to de-
termine the level of serum cholesterol in
both sexes residing in a large metro-
politan area such as New York City,
and correlate their total cholesterol to
age and body weight.

Sample

The sample of our population study
consisted of a multiracial group of office
personnel of various nationalities em-
ployed in an insurance group located in
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Metropolitan New York City. Single
serum cholesterol values were determined
in office employees aged from 16 to
65 (2,306 female, 1,938 male). No
effort was made to categorize the
group into echelons of authority or
responsibility. Bricker?® in 1961 per-
formed a dietary analysis of the per-
sonal and family food habits of a sub-
sample of our present study sample con-
sisting of 113 18- and 19-year-old un-
married women workers. Bricker con-
cluded: “The food habits and patterns
of eating within the total group seemed
to mirror each other. At the same time,
according to the data from the subjects
in the random sample and their mothers,
the food habits of the mothers were
mirrored closely, especially at breakfast,
evening meal, evening snack and when
entertaining friends.”

All the individuals in the study were
examined at the time of cholesterol de-
terminations. The examination consisted

Table 1C
SERUM CHOL ESTEROL OF FEMALES OF YARIOUS NATIONS AND
RACES BY AGE
AGE RANGE
Ethnicity Raciol and Occupational | Semle | (.19 | 11.14] 1518 m-zsl ze.aolal-ss]u.nln.asla-solsn.sslss-oo'u-eﬂu-nln-ulruo
. 156 | 171 | 190
GEORGIA, U.S.A., white (9| w3 |13 | 2l
GEORGIA, U.S.A., non-white (o) | 225 [} };g JE?_ _ . S
VARIOUS CITIES, U.S.A., white  (13) | 3,404 20 lzno 26 | 215 | 230 [m 253 [ 73 stI
VARIOUS CITIES, U.S.A., white (14 | 212 196 20 225 252
NEWYORK CITY, US A, e D | 301 23| | m | m|w| 2w
NEW YORK CITY, U.S:A. | ish (D | 208 233 | 264 | 269 | 274 | 25| 257
X
w v Y, U5 A whit 27 [812|131718-29 23 24 28-32[33-37 | 38-42] 43-47 | 4852 53-57 [8-62 [63-67 [e8.72

NEW YORK CITY, U8 & trrticared) (100 | 569 | 200 | 106 | 183|193 | 202| 200 | 207 | 225 | 29 | 250 | 26 | 264 | 260 | 242
SWISS, BLATTEN @ | e 157 168 185 195 197 187

BASEL 8s (2 | 1] rwer | e 192 24 2 247 232
POLYNESIANS, RAROTONGA @ | 7 w2 | w2 192 2s 2% 2 2 190

ATIU-MITIARO st {01 | 28 235 23 23 »a 23 255
GUAT EMAL A, Urban as | 172 20 208 22

RURAL 5 a7 156 172 1®

Comparative U.S.A. 25 189 23 29 247

Group
moln.u]ls.m nzslze-ao :n-asl © u-ulu-so 51.55 [56-60 1.sslu-7o|7|-7slruo

Numbers in parentheses indicate refe ences
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‘of a medical history and physical exam-
ination, inclusive of urinalysis, blood
sugar, hemoglobin or complete blood
count, serology, and chest x-ray. A 12-
lead electrocardiogram was obtained
from males 30 years and over, and from
females 35 years and over. Comprehen-
sive biochemical studies and other diag-
nostic procedures were performed to as-
sure the absence of disease affecting the
serum cholesterol level. Those individuals
with evidence of diabetes mellitus, fami-
lial hypercholesterolemia, essential hy-
perlipemia, thyroid disease, Laennec’s
cirrhosis, nephrosis, and coronary heart
discase were excluded from the study.
The blood specimen was drawn two
hours postprandial up through 39 years
of age and 9 to 14 hours fasting, 40
years and over.*

* No significant difference was observed be-
tween two- and four-hour pestprandial (break-
fast), and 10- to 14-hour fasting values of
serum cholesterol in a series of 20 subjects.
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Method

The Schoenheimer-Sperry method, or
its modification, which is time-consum-
ing and costly is regarded by many as
the standard method of cholesterol de-
termination. The validity of other meth-
ods of cholesterol determination are
often compared to the Sperry method or
an equivalent. The McGavak-Pearson
method3? for the determination of serum
cholesterol was used in our laboratory.
It was substantiated by comparing it
with the Sperry method.} Blood samples
of 132 healthy subjects were simul-
taneously appraised by both methods.
The mean of the individual differences
was 0.01 mg with a standard deviation
of 5.7 mg. This observed difference is
nonsignificant at the 5 per cent level.

t Schoenheimer-Sperry determinations were
performed under the direction of Louis B.
Dotti, Ph.D., assistant director of the Clinical
Pathology Department, St. Luke’s Hospital,
New York, N. Y.

VOL. 54, NO. 3, A.J.P.H.



Results

A. Relationship of Serum Cholesterol to Age
and Sex

Graph 1 represents the mean of single
serum cholesterol determinations of 1,938
males stratified according to age. No
fewer than 18 nor more than 64 indi-
viduals comprised each specific age cate-
gory. Ninety-five per cent confidence
limits for the observed mean values are
shown for each age.

The greatest rate of increase in serum
cholesterol occurs between ages 19 and
24. This is followed by a diminished
rate of increase at age 31 to 44. The
curve then assumes a broad curvilinear
configuration at age 45 followed by a
plateau or decrease to age 65.

Single serum cholesterol determina-
tions of 2,306 females by age are shown
in Graph 2. Each specific age category
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is comprised of a minimum of 15 and
a maximum of 256 individuals. This
graph is characterized by a markedly
flattened sigmoid curve and is accom-
panied by 95 per cent confidence limits.

Graph 3 is an overlay of Graphs 1
and 2. The two curves intersect at age
22 and 48 years. From 23 to 47 years
the serum cholesterol level of the male
subjects is higher than that of the fe-
male. The range of greatest difference
is from age 30 to 36. There is a diver-
gence of direction of the means at age
48; the average serum cholesterol levels
of males tend to plateau or drop slightly,
while that of the female continues to
rise to age 65, the age limit of our
sample.

B. Relationship of Serum Cholesterol to Weight

One thousand one hundred and twenty
males and 1,288 females comprising a
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Graph 3
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total of 2,408 subjects were weighed
with indoor clothing, measured with
shoes, and compared to the average
weight within their respective age
groups.®! From this comparison (ac-
tual weight/average weight) was de-
rived the relative weight factor which
was matched with the serum cholesterol
of the individual.

Scattergrams depicting serum choles-
terol and relative weight are repre-
sented in Figures 1 and 2. The plotted
points for age groups indicate the
paired values of relative weight and
cholesterol levels. No relationship be-
tween weight and cholesterol was found.
Cholesterol-actual weight scattergrams
(not shown) were plotted and display
the same random characteristics and
lack of relationship.

The correlation coefficient was com-
puted for females age 17 and 18. The
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coefficient for age 17 was 0.009 and for
age 18 was 0.001. Both are of the
order of zero correlation. Because other
age groups showed similar characteristics
this study was discontinued after eval-
uating 2,408 individuals.

Discussion

Gofman®? noted a significant correla-
tion between obesity and serum Sf
35-100 lipoprotein level but observed
that the relationship between total cho-
lesterol and obesity was only of border-
line significance. In a review of 465
males and 535 females Walker3® indi-
cated that there was an increase in the
mean cholesterol level with increasing
weight, more marked for males than
for females. At Johns Hopkins Medical
School,®* a group of 159 male medical
students whose mean age was 22, showed

VOL. 54, NO. 3, AJ.P.H.



no significant correlation between serum
cholesterol level and weight or thick-
ness of the fat shadow. Keys and Fi-
danza®® noted that if socioeconomic
classes were disregarded, various rela-
tionships between relative weight and

STUDIES OF SERUM CHOLESTEROL

serum cholesterol might be indicated,
depending upon the groups and the num-
bers comprising them. Lewis!® observed
that the correlation of the Sf 20-100

lipoproteins  with

relative weight

is

higher, whereas the correlation of cho-
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Graph 4
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lesterol with relative weight is low. The
excessively overweight 20-39-year-old
male subjects of Hunter’s?® study demon-
strated a significantly higher mean total
cholesterol than the normal weight sub-
jects of this group. This was in con-
trast to his findings in the 40-59-year-
old samples in which both the overweight
and the normal weight subjects had
identical serum cholesterol levels. Jol-
liffe3® reported that the average bench-
mark cholesterol level for 111 obese men
from 50 to 59 years of age was 261
mg per 100 ml compared to 251 mg
per cent in the group of normal weight
subjects of similar age, but the difference
was not considered statistically signifi-
cant.

In interpreting our results, it is ap-
parent that serum cholesterol values in
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relation to age may reflect the sum total
of variables which influence the level of
serum cholesterol in an American metro-
politan community. The curve of the
levels of serum cholesterol by age in
the female (Graph 2) beyond the fifth
decade rises sharply and has been in-
terpreted as associated with the meno-
pause. While the configurations of
these graphs are similar to those given
by Lewis,’® the means are somewhat
uniformly higher for all age groups of
both sexes. A prominent feature of
Graph 3 is the divergence of the curves
beyond the fourth decade. In order to
determine the ultimate directions of the
curves of mean serum cholesterol levels,
it would be necessary to study a healthy
population group beyond 65 years of
age.

VOL. 54, NO. 3, AJ.P.H.



After the fourth decade the configura-
tion of Graph 1 (male) may be due to:
(1) a physiological concommitant of
age; (2) an increased absorption of
serum cholesterol within a specific tissue
compartment, with resultant decrease in
serum cholesterol; (3) some therapeutic
attempt to lower serum cholesterol, i.e.,
diet, medications; (4) deaths from cor-
onary heart disease in patients having
higher serum cholesterol values.

Our study sample is derived from a
population with a known high incidence

STUDIES OF SERUM CHOLESTEROL

disease is believed to be associated with
abnormal lipid metabolism, it would seem
appropriate to relate the pathogenesis
of this condition with changes in the
serum cholesterol level which occur
within specific age groups for both
sexes.

In order to focus on those parts of
the graphs which might be associated
with known epidemiologic facets of
coronary heart disease, rates of annual
increase in milligram of serum cho-
lesterol were plotted by age for males

of coronary heart disease. Since this  and females as shown in Graph 4. This
Graph 5
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graph shows a sharp rate of increase of
serum cholesterol levels in the male
which reaches a peak at age 23, followed
by a rapidly diminishing rate of in-
crease from ages 23 to 29. From age
35 to 57 there is a decrease to below
zero. This reflects the absolute decrease
in mean serum cholesterol after age 58
shown in Graph 1.

In contrast, the rate of increase of
serum cholesterol for the female reveals
a gradual curvilinear configuration
reaching its maximum at age 46 fol-
lowed by a plateau until age 53, then
declining more rapidly to age 63. It is
possible that the rapid rate of increase
in serum cholesterol present in the male
from ages 20 to 30 may be associated
with the sharp rise in coronary artery
intimal thickness of American males of
the same age group.3”

In order to explore the possible patho-
genetic significance of our data, we
have taken the liberty of superimposing
the rate of increase in serum cholesterol
in the male, upon the graph developed by
Tejada, et al., which indicates the sever-
ity of aortic atherosclerosis of the New
Orleans white male by age3® (Graph
5). The rapid rise in the rate of in-
crease of serum cholesterol before the
advent of aortic atherosclerosis may
represent an important stage in the
metabolic pathogenesis of cardiovascular
atherosclerosis. The potential validity of
the association of aortic atherosclerosis
and coronary heart disease, however,
remains to be proved.

We are also tempted to use the ap-
parently rapid rate of increase in the
male as a possible explanation of the
development of coronary heart disease
in younger age groups.3® Futhermore,
exposure to the metabolic events repre-
sented by a climbing serum cholesterol
level may be a factor in explaining the
increased incidence of coronary heart
disease reported in some northern
European countries after World War
I1.#0 Thus a concept associating coronary
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heart disease with rate of increase of
serum cholesterol is suggested by this
interpretation.

Doyle*! of the Albany Study states
that in association with other variables
investigated, a total serum cholesterol of
275 mg or more appeared to be asso-
ciated with an increased risk of coronary
heart disease. The Framingham Study??
reveals that men with a serum cholesterol
over 244 mg have more than three
times the incidence of coronary heart
disease than those with cholesterol levels
210 mg or less. Moreover Cornfield*?
points out that a 1 per cent difference in
the average serum cholesterol of popu-
lation groups is associated with a 2.66
per cent difference in risk at all levels
of serum cholesterol as determined by
discriminant function analysis.

It is apparent that the incidence of
clinical coronary heart disease is less in
the presence of low serum cholesterol. If
a direct relationship between coronary
heart disease and level of serum cho-
lesterol is presumed, an elevation above
180 mg per cent may represent the
cumulative effect of a lipid disorder
which may be associated with the de-
velopment of this disease. Thus, a “safe”
or “desirable” limit of serum cholesterol
for males should be proposed.

In approaching a definition of de-
sirable levels or ranges and interpreting
the graph of the male from this view-
point, three interpretations appear pos-
sible as illustrated in Graph 6:

A. That the means of our data represent the
normal physiological increase in serum cho-
lesterol with age.

B. That a physiological increase of serum
cholesterol occurs with age to a specific limit,
perhaps approximately 220 mg at age 58 years
in the male. Such “desirable levels” would ap-
proximate curve A but would exhibit a more
gradual slope. Therefore, according to this
definition the means of curve A are abnormally
elevated.

C. That once the mean serum cholesterol
reaches 180 mg per cent at 12 weeks of age,7
it has attained what may be considered a
physiological limit in that any increase of
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serum cholesterol above this level may be of
pathologic significance.

A limit of 220 mg was used in in-
terpretation B since 220 mg of serum
cholesterol has been shown to be asso-
ciated with a moderately low incidence
of coronary heart disease.?” Interpreta-
tion C also has some basis, since Milch,18
Keys,*® and Mann** have studied popu-
lation groups in which the serum cho-
lesterol did not increase with age.

These three concepts of “desirable
levels” may be compared in terms of
a theory of “cumulative excess serum
cholesterol.” We define the concept of
“cumulative excess serum cholesterol”
as that amount of serum cholesterol
above 180 mg per cent per year. Ac-
cordingly, an excess of serum cholesterol
totaling 180 mg is equivalent to a “cho-
lesterol year.” For example, on the basis
of hypothesis C, a male of our population

STUDIES OF SERUM CHOLESTEROL

group who is 40 years of age has ac-
crued 954 mg per cent of excess serum
cholesterol. He can be said to be 5.3
years older, having been exposed to five
added “cholesterol years.”

If hypothesis B is presumed to be
correct, he has accrued 564 mg per cent
of excess serum cholesterol, or approxi-
mately one-half that accumulated under
hypothesis C, and has aged three “cho-
lesterol years.” On the other hand, an
individual maintaining a serum cho-
lesterol below 180 mg per cent will be
younger in terms of “cholesterol years”
than his chronological age. It is of in-
terest that Mattingly®® states that, “The
age of the vascular system frequently
differs from the chronological age of
the patient.”

The area subtended from curve A to
B and curve A to C of Graph 6 may be
computed for inclusive age groups.
These areas represent “cumulative excess

Graph 6
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Table 2

EXCESS SERUM CHOLESTEROL
COMPUTED FROM GRAPH VI BY AGE

CUMULATIVE EXCESS CHOLESTEROL CUMULATIVE EXCESS CHOLESTEROL
AGE - SERUM CHOLESTEROL YEARS SERUM CHOLESTEROL YEARS
G737
19 25 N 20 N
22 75 4 53 .3
25 161 9 108 6
28 284 1.6 188 1.0
31 427 24 274 1.5
34 588 3.3 368 2.0
37 764 4.2 466 2.6
40 954 5.3 564 3.1
43 ns7 6.4 668 3.7
46 1365 7.6 768 4.3
49 1621 9.0 871 4.8
52 1803 10.0 976 5.4
55 2028 ns3 1081 6.0
58 2250 12.5 1183 6.6
61 2476 13.8 1289 7.2
64 2694 15.0 1389 7.7

serum cholesterol” accrued by our study
population (curve A) based on hypo-
thetical “desirable” curves B and C.
Table 2 shows the cumulative excess
serum cholesterol computed from Graph
6 in relation to various ages of males.

The clinical aspects of myocardial in-
farction appear to integrate well with the
concept of a combined effect of rate of in-
crease and cumulative excess serum cho-
lesterol in both sexes. The incidence of
myocardial infarction by male to female
ratio is 6.9 by the fourth decade, 2.1 by
the sixth decade, and continues to de-
crease to 0.9 by the eighth decade.*s As
indicated in Graph 4 the annual rate of
increase in serum cholesterol in the male
rises rapidly over a relatively short pe-
riod of time. The male is also exposed
to considerable cumulative excess serum
cholesterol by the fourth decade (see
Table 2), whereas in the female the
combined annual rate of increase and
cumulative excess cholesterol demon-
strate a slower gradual increase.
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In addition to correlating the data
presented with metabolic and pathologic
aspects of coronary heart disease, we
are provoked to speculate whether
Graphs 1 and 2 actually represent “de-
sirable levels.”

The concept of the normalcy of any
physiological variable infers a need for
criteria which define the many different
influences that may act upon it. Thus
the following factors must be con-
sidered in attempting to define normal
ranges of serum cholesterol: (1) The
population studied should be free of
diseases affecting the variable under
study. (2) The population should be
homogeneous as to specific character-
istics, such as sex, race, type of occu-
pation. (3) Cognizance be taken that
variables such as psychic stress, or the
anticipation of stress, smoking and exer-
cise have been implicated as aflecting
serum cholesterol levels. (4) The labora-
tory method employed in determining
the serum cholesterol level may exhibit
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specific inherent errors. (5) Among the
“normal” populace studied, there may
be a physiological pattern of diurnal,
monthly or seasonal variation of serum
cholesterol. (6) “Normal” may be de-
fined on a purely statistical basis, or
may be defined epidemiologically. Just
as “normal” or “desirable” body weight
may be defined on the basis of a large
population sample whose height and
weight are known, or may also be de-
fined in terms of the effect of excess
body weight on increased mortality, so
may serum cholesterol be defined on the
basis of means obtained from a large
populace, or in terms of the function of
increased risk in developing coronary
heart disease. In considering normal
values Lewis!® indicated two important
considerations which also apply to this
investigation. First, it is difficult to study
a population group which reflects all
the ecologic heterogeneity of the gen-
eral population; second, while the mean
serum cholesterol level of any two age
groups may vary significantly, large
areas of overlap may exist. Thus it is
tenuous to compare any single serum
cholesterol level to that of any given
population group even if the series is
large.

In spite of these difficulties, various
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authors have speculated on levels of
normal serum cholesterol. Stamler*® has
suggested that the upper limit of normal
for serum cholesterol should range from
200 to 225 mg per cent. Dock?*? and
Kinsell*® consider 180 mg per cent as
the upper limit of “desirable.” Jolliffe*?
believed that 200 mg per cent was the
upper limit of desirable cholesterol level
for the adult.

On the basis of the metabolic and
pathologic significance of hypercholes-
terolemia, and of the current knowledge
of the relationship of serum cholesterol
and incidence of coronary heart disease
derived from many populations studied,
it appears reasonable to suggest that
“desirable levels” for any age group be-
yond adolescence are in the range of
180-220 mg of serum cholesterol, pref-
erably under 200 mg per cent.

The data of Tables 3 and 4 are pre-
sented in terms of 80, 90, and 99 per-
centiles to indicate the distribution of
an individual patient’s serum cholesterol
value when matched to the characteristics
of our population sample. As can be
seen from this table, it is certain that
those individuals lying in the 1 per cent
and 10 per cent upper ranges are within
the area of abnormality in relation to
our sample. They should be considered

Table 3—Serum Cholesterol Distribution by Age Group—Male

80% OF THOSE TESTED 10% WILL HAVE A 1% WILL HAVE A
AGE GROUP WILL RANGE BETWEEN: VALUE EQUAL TO OR: VALUE EQUAL TO OR:
MINIMUM  MAXINUM LESS THAN  MORE THAN LESS THAN  MORE THAN
7 -1 142 MG. 233 NG. 141 MG. 234 MG. 106 MG. 270 MG.
7 - 18 142 233 141 234 105 270
19 -2 147 239 146 240 110 276
0 -2 153 249 152 250 14 288
2 - 2 156 254 155 255 117 294
%5 - 27 166 268 165 269 123 3N
%5 -2 168 m2 167 73 125 315
{8 -3 173 280 172 281 128 325 |
30 - 34 74 287 17 288 132 332
35 -39 184 26 183 297 137 345
4 - 44 188 306 187 307 141 354
45 - 65 192 310 191 3m 143 360

MARCH, 1964

473



Table 4—Serum Cholesterol Distribution by Age Group—Female

80X OF THOSE TESTED

WILL RANGE BETWEEN:
AGE GROUP

MININUM  MAXINUM
16 -1 150 MG. 242 MG.
20 - 24 154 249
25 - 29 160 259
30 - 34 166 270
35 -3 174 282
40 - 44 182 296
45 -~ 49 192 310
50 - 54 201 326
55 - 59 n 341
60 - 65 219 355

candidates for preventive therapy and
constitute a target population for pub-
lic health action if we are to accept the
premise that hypercholesterolemia is a
risk factor in the development of
coronary heart disease.

Summary

The serum cholesterol level of 1,938
males and 2,306 females were de-
termined and interpreted in relation to
sex, age, and weight.

A sharply rising curve was found to
be present in the male with a maximum
level of serum cholesterol reached at age
58, followed by a tendency to plateau
or decrease beyond this age.

The serum cholesterol level of the fe-
male exhibited a gradual rise to age 65.

Ranges of serum cholesterol levels by
sex and age were constructed.

No relation was found to exist be-
tween serum cholesterol levels and weight
in 2,408 subjects studied.

A comparison of the male and female
curves reveals that the mean serum cho-
lesterol of the male is lower than that
of the female until age 22 at which
time it rises sharply above that of the
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10X WILL HAVE A
VALUE EQUAL TO OR:

LESS THAN  MORE THAN

149

‘153

159
165
173
181
"
200
210
218

1% WILL HAVE A
VALUE EQUAL TO OR:

LESS THAN  NORE THAN

MG. 243 MG. 112 MG. 281 MG.
250 115 288
260 ne 299
m 124 312
283 130 326
297 136 342
n 143 359
3z 150 n
342 157 395
35 163 4an

female until the age of 50. Following
age 50 the mean serum cholesterol of
the female continues to rise until the
age of 65 while that of the male reaches
a plateau or decreases slightly after the
age of 59.

The means of serum cholesterol were
treated in terms of possible relationships
to the pathogenesis of coronary heart
disease. A concept of rate of increase
and cumulation of serum cholesterol
was proposed and applied to some of the
observed epidemiological and patholog-
ical aspects of coronary heart disease.
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"The Fate of Pesticides"
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The Public Health Service has announced the beginning of a five-year study to
determine what happens to pesticides after completing their tasks of killing insects.
The research will be undertaken by scientists at Rutgers, the State University, at
New Brunswick, N. J.
The Rutgers grant, entitled “The Fate of Pesticides,” will include studies of how
pesticides are retained or released in various types of clays and other soils, the inter-
actions between pesticides and soil microorganisms, behavior in water, retention by
fish, absorption and accumulation in plants and the possible formation of tumors or
other cellular changes in animals. The work will be coordinated by Dr. Billy Ray
Wilson, chairman of the recently established Bureau of Conservation and Environ-
mental Science at Rutgers.
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