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Measurements of blood cholesterol are ordi-
narily made for the purpose of comparing the
values obtained for the particular individuals,
usually prospective or actual patients, with some
reference standard. In most cases the reference
standard is a value or range of values supposed to
represent the "normal" person; sometimes the
reference point is a value obtained on some pre-
vious occasion from the individual in question.
In the latter case, the assumption is implicit that
the natural variability of the individual is either
negligible or is taken into account in the interpre-
tation; in practice this assumption is seldom war-
ranted. In the former case, the same assumption
enters but an additional assumption is that there
is, in fact, a valid reference standard at hand and
that this properly defines the normal person or
population with which the examinee is to be
compared.

Scrutiny of the literature, however, suggests
that the basic data so far available are inadequate
for these reference purposes except where very
large deviations are involved. The present paper
attempts to provide the bases for more precise
evaluation of total blood serum cholesterol de-
terminations in persons of various ages. For this
purpose we have made about 5000 measurements
of serum total cholesterol on 2056 persons known
to be physically "normal." These data were ob-
tained in two independent research projects cov-
ering the years 1947-1949. In the Laboratory of

'The work reported here was aided by grants from
the National Dairy Council, acting on behalf of the
American Dairy Association, Chicago, and from the
B. F. Nelson Research Fund, Minneapolis. The sub-
jects studied in the Laboratory of Physiological Hygiene
were available in connection with a long-range research
project sponsored by the U. S. Public Health Service on
the recommendation of the Cardiovascular Study Section.

2 Now in the Division of Chronic Diseases, U. S.
Public Health Servrice, Washington, D. C.

Physiological Hygiene studies on blood cholesterol
were a part of a long-range analysis of the quanti-
tative characteristics of the individual and their
change with age; in the Students' Health Service
cholesterol measurements were incorporated in a
cross-sectional survey. The two sets of data were,
to some extent, complementary but they both
included large numbers of young men of the same
age. Comparison of the findings on the two sam-
ples for the same age groups showed them to be
in very close agreement and, accordingly, data
from both laboratories were pooled for the pres-
ent analysis.

The cholesterol methods
In the Students' Health Service (SHS) the Schoen-

heimer-Sperry method (1) was used throughout. In the
Laboratory of Physiological Hygiene the Liebermann-
Burchard reaction was applied to the Bloor extract but
occasionally the Schoenheimer-Sperry method was also
used on duplicate serum samples.

On several occasions during the collection of these
data LPH and SHS exchanged sets of blood samples
for independent check of the two methods as used in the
two laboratories. The average disparity between the
two laboratories in these checks (LPH-SHS) was
+ 2.1 (S.D. = ± 10.4) mg. per 100 ml.; this corresponds
to a mean agreement within 1.1% of the average value
for the serum samples exchanged.

In LPH the Liebermann-Burchard reaction was ap-
plied with small modification from the procedure outlined
in the Handbook on the Evelyn Photoelectric Colorimeter.
Cholesterol standards were included in every day's -run,
all measurements were made in duplicate, reading was
made at the point of maximum color development, and
color was developed and read in a constant temperature
room (240 to 260 C.). In a representative series of 100
consecutive blood samples in LPH the mean difference
between duplicates was 4.3 mg. per 100 ml. with this
method.

Subjects
The subjects aged 16 through 30 years were university

students selected at random from those undergoing the
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regular medical examinations for entering students at
the University of Minnesota. Their "normality" was

judged from a physical and laboratory examination made
at the time blood was drawn.

The men between the ages of 30 and 44, inclusive,
were, for the most part, employees of the University of
Minnesota who were judged to be "normal" on the basis
of a medical examination at the time. A few graduate
students and local business men were included in this
age group.

The men between the ages of 45 and 55, inclusive, were

local business and professional men, mostly in responsible
positions, who are participants in a long-range study on

the characteristics of the cardiovascular system. They
were selected from 916 volunteers who responded to in-
vitations sent to 1000 men whose names were supplied by
local corporations as presumably normal "responsible
citizens" in their age bracket (2). In their selection,
about 60 men were rejected as being not fully normal,
some others were rejected because of insufficient infor-
mation, and the remainder were drawn by lot. Their
clinical normality was attested by the findings in exhaus-
tive medical examinations.

The men over 55 years of age were likewise physically
"normal" but they comprised two groups. The majority
were business and professional men who corresponded in
mode of life to the 45 to 55-year-old group. There were

also 20 men under treatment for mental illness; they were

included here because their blood analyses showed no sig-
nificant differences from the other men of the same age.

Basal versus non-basal conditions
In general, the subjects at LPH were studied

under substantially basal conditions before break-
fast and after 20 to 30 minutes of quiet bed rest
before blood sampling. The subjects at SHS
were in the resting state but were not basal; they
corresponded to the condition commonly met in
an out-patient clinic or consulting office.

The present study was not designed specifically
to compare basal and non-basal conditions but
data were obtained which provide useful informa-
tion on this subject. Sixteen normal men, aged
27 to 44 years, were studied on four to seven oc-

casions; the condition was basal rest on several
occasions and at the other times blood was drawn
after five to ten minutes of supine rest at two to
four hours after breakfast, the intervening period
being devoted to routine desk or laboratory work.
On the average, the blood cholesterol level in the
non-basal state was 3.8 mg. per 100 ml. of serum

higher than in the basal state but the difference
was statistically not significant in this small series.

For the present purposes useful information is
obtained from the comparison of the results of

TABLE I

Total cholesterol concentration, in mg. per 100 ml. of serum,
in 922 normal mak students at the University of Minne-

sota as obtained in the Laboratory of Physiological
Hygiene (LPH) and in the Students Health

Service (SHS)
Means, standard deviations (S.D.) and standard errors

(S.E.)

Age Series No. Mean S.D. S.E.

17-20 LPH 109 173.2 30.2 2.89
17-20 SHS 343 173.6 31.2 1.70

21-25 LPH 108 179.5 36.7 3.53
21-25 SHS 362 180.4 37.5 1.97

the two laboratories on samples of normal young
men drawn from the same student population but
studied under basal conditions (LPH) on the one
hand and under non-basal conditions (SHS) on
the other. The data in Table I show that for men
aged 17 to 20, inclusive, the two means agreed
within 0.4 mg. per 100 ml., while for the age
group 21 to 25 years the disparity between the
means was only 0.9 mg. per 100 ml. These dif-
ferences are not statistically significant, even
though the numbers involved are large. More-
over, there was no significant difference between
the variability (S.D.) in the two groups. Both
sets of data show a significant mean rise in cho-
lesterol level from ages 17-20 to ages 21-25.

Age and cholesterol in normal men

Preliminary analysis of the data indicated a
curvilinear relationship between age and serum

TABLE II

Regression of cholesterol on age in normal men for various
age ranges

Age Regression equation
No. Mean___ ______

men chol.
Range Mean a b Eb

17 through 25 21.27 916 176.70 126.93 2.34* i0.50
23 through 27 24.96 310 184.28 85.94 3.94* 1:1.45
25 through 30 27.43 205 192.48 187.50 0.18 t 11.52
28 through 32 29.85 98 193.77 252.87 -1.98 +2.81
30 through 45 37.28 116 210.36 75.03 3.63* 1:0.69
45 through 55 49.85 287 248.07 187.75 1.21 40.86
50 through 60 53.17 145 251.25 166.18 1.60 E1.78
60 through 78 69.26 42 226.52 430.14 -2.94* 1i1.30
17 through 45 23.65 1172 181.90 127.74 2.29* 10.18

Values of a and b pertain to the last squares equation:
Y - a + bX, where Y is cholesterol in mg. per 100 ml.
of serum and X is age in attained years. Eb IS the standard
error of the slope, b. Asterisks indicate slopes signifi-
cantly different from the horizontal.
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cholesterol level which would require a third order
polynomial for continuous fitting. Because there
is no simple way of expressing the confidence
limits to be attached to particular points in a

higher order polynomial, we have elected to break
the material into a succession of restricted age

ranges to which linear equations can be fitted.
The results from this fitting of successive straight
lines by the method of least squares are sum-

marized in Table II.
The relation between age and cholesterol ranges

from a mean rise of 3.94 mg. per year between
ages 23 and 27 to a mean fall of 2.94 mg. per year

between ages 60 and 78. Comparison of these
slopes (column b in Table II) with the standard
errors of the slopes (column Eb in Table II)
shows significant departures from zero slope ex-

cept between the ages of 45 and 60 years, where
the curvature is changing from positive to nega-

tive, and between the ages of 25 and 32 years,

where the progression of cholesterol with age

seems to be halted for a few years. It will be ob-
served that, for some purposes, a single straight
line, with a slope of 2.29 mg. of cholesterol per

year, may be used to characterize the entire range

of 17 through 45 years.

The data in Table II indicate the age ranges

which may be grouped to construct a table of
norms and they provide an adequate basis for ad-
justment to specified ages. It is justifiable to pool
the data for contiguous ages over regions of age

in which there is no significant change in slope
and to adjust the observed means to the nearest
exact ages desired for a table by the values of the
slope which pertain to these particular ages. This
procedure has been followed to produce the mean

values in Table III. For each age value in the
table the data used in the pool came from men

whose actual mean age was very close-within
0.5 years except at age 75-to the tabular age,

so the adjustment of the mean cholesterol to the
tabular age was very small; with this arrangement
any uncertainty of the slope (indicated by Eb)
has a negligible effect.

Measures of variability of the individuals at
given ages are essential to establish the fiducial
limits about these means. The standard devia-
tions of the several age groups might be used for
this purpose directly but they would over-estimate
the variability for any particular year to the ex-

tent that there is an age relation present; in addi-
tion to the actual variability at the given year they
would include the variability resulting from the
inclusion of men of different ages. Obviously, it
would be desirable to use standard deviations for
single years.

The present series, though rather large in
total number of individuals, does not contain ade-
quate numbers (at least 25) at single years except
at ages 17 to 26 and 45 to 54. The expedient
was therefore adopted of pooling several years
and adjusting the cholesterol concentrations by
means of the regression equation fitted to those
years.

Table III gives the cholesterol ranges for each
age within which 90% and 98%o of population of
normal men comparable to the Minnesota popula-
tion will be found. For example, only 5%o of
normal men aged 18 may be expected to have
values less than 118 mg. per 100 ml., and only
1% of normal men aged 50 may be expected to
have values exceeding 354 mg. per 100 ml. The
assignment of particular cholesterol values to
"normal" or "abnormal" categories may be made
by reference to Table III, provided there is clear
understanding of the definition of these terms. If
it is agreed that values which may be expected in
less than 5%o of a normal population are "possibly

TABLE III

Fiducial limits for total choksterol, in mg. per 100 ml. of
serum, in normal males

Population limits
Age Ni Mean N2 S.D.

90% 98%

18 203 168.2 168 30.7 118 219 97 240
20 781 173.7 145 32.0 121 226 99 248
25 310 184.4 163 34.0 128 240 105 264
30 160 195.1 142 40.3 129 261 101 289
35 91 200.4 56 43.1 128 272 97 303
40 150 219.4 62 38.6 154 284 127 312
45 77 235.5 98 37.2 174 297 147 324
50 287 248.3 98 44.8 174 323 142 354
55 90 255.7 90 45.6 180 332 148 364
60 69 253.3 69 33.6 197 309 173 333
65 45 236.7 45 34.3 179 294 154 320
70 42 224.6 42 41.5 155 294 124 325
75 19 211.8 20 (36.9) 148 276 118 306

Ages are exact attained ages in years; linear interpola-
tion between tabular years is permissible. N1 is the
number of men used to determine the mean; N2 is the
number of men used to determine the standard deviation
(S.D.). Under the headings 90% and 98% will be found
the limits within which will occur, respectively, 90% and
98% of the population of indicated age.
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abnormal" and those which occur in only 1o are

to be considered "probably abnormal," then a

value of 300 mg. in a 45-year-old man should be
labelled as only "possibly abnormal" but in a 30-
year-old man it would be "probably abnormal."
Incidentally, a value of 320 mg. would then be ac-

cepted as definitely within normal limits for men

of 50 and 55 years of age.

Inter-individuai variability
The detailed analysis of the inter-individual

variability cannot be recapitulated in the present
space but the main findings may be noted. Firstly,
it was found that the absolute variability is not
homogeneous over the entire age range (L ratio)
(3); absolute variability between individuals is
maximal in the fourth and sixth decades of life
and is minimal below the age of 30 years. Sec-
ondly, the relative variability (expressed as a per-

centage of the mean) is more homogeneous at
different ages but there is a distinct tendency for
the scatter to be large in the thirties and small in
the middle forties and the early sixties. For ex-

ample, the relative standard deviation is 20.66%o
(+ 1.23) at age 30; 15.80%o (+ 1.13) at age 45;
and 13.26%o ( ±1.13) at age 60. Special re-

searches would be required to discover the biologi-
cal significance of these facts.

The frequency distribution
All of the statistical analyses here have assumed

a normal (Gaussian) probability distribution of
the cholesterol values. Although moderate de-
grees of skewness or kurtosis would not seriously
disturb these calculations, it is desirable to ex-

amine this question. Detailed analysis by the cal-
culation of the third and fourth moments about
the means for the several age groups failed to dis-
close significant departures from a normal fre-
quency distribution.

Sex, age, and serum cholesterol

For the comparison of normal males and fe-
males with regard to age and cholesterol concen-

tration in the serum we have satisfactory meas-

urements on 1,611 individuals between the ages of
17 and 30, inclusively. The essential data are

summarized in Table IV.
The substantial identity of the two sexes in re-

gard to cholesterol is apparent from Table IV.

TABLE IV

Sex and cholesterol. Comparison of 1047 normal males (M)
and 564 normal females (F) between the ages of

17 and 30, inclusive

Equation
Item Mean S.D. S.E.

a b Eb

M, Age 22.07 1 3.09 - - - -
M, Chol. 178.87 i33.91 :11.05 126.0 2.395 a0.332

F Age 21.34 2.99 -
F, Chol. 176.51 431.17 1:1.31 134.4 1.975 1:0.432

Age in years, cholesterol (Chol.) in mg. per 100 ml. of
serum. The values of a, b and Eb refer to the constants in
the least squares equation Chol. - a + b (Age) and the
standard error of the slope, Eb.

The difference of 0.42 between the slopes of the
two regression lines is not statistically significant;
the mean standard error of the combined slopes,
weighted according to numbers, is + 0.373, that
is, almost as large as the difference between slopes
(t = 1.27, to.20 = 1.282). Both slopes, however,
are highly significantly different from zero slope.
The close agreement for the two sexes is more
striking when both series are adjusted to the
identical mean age of 22.00 years; we have used
the appropriate regression equations (cf. Table
IV) for this purpose. At this point of 22.00
years the mean cholesterol values prove to be
178.70 (S.D. = + 33.91) for males and 177.81
(S.D. = + 31.17) for females.

From the foregoing it is clear that, over this
age range of 17 through 30 years and with this
Minnesota population, there is no significant dif-
ference in serum total cholesterol between normal
males and females in regard to the absolute mean,
the variability between individuals, or the age
trend. For predictive purposes, as in estimating
normal fiducial limits, it would be entirely proper
to combine the sexes for these ages.

Age and cholesterol in the literature
The opinion, generally expressed in textbooks

and reviews, that there is no relation between the
serum cholesterol concentration and age in adults
seems to depend mainly on the report of Page and
his associates (4). The men studied by them
were simply stated to be, without further elabo-
ration, "clinically normal," and there is no other
indication of their general status, activity, or rela-
tive obesity. One man, excluded from their calcu-
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lations, was markedly hyperlipemic and there
were no data on total cholesterol in one man, so
there remain 65 observations for consideration.
Page and his coworkers apparently assumed that
if there were a relation between age and choles-
terol concentration it must be linear over the en-
tire age range. From the statistical treatment
used, the authors were entitled to conclude that
they could not prove the existence of such a linear
relation.

We have regrouped the data of Page and his
colleagues in three successive age groups: 21 to
51 years (22 men), 52 to 71 (21 men), and 72
years and older (22 men). The means and stand-
ard errors of these groups prove to be, respec-
tively, 224.4 + 11.2, 244.3 ± 13.2, and 232.4 -+-

12.4 mg. of total cholesterol per 100 ml. of serum.
Though these age groupings are rather unsatisfac-
tory in view of the age trend indicated from our
own studies, the general picture is not dissimilar;
the highest value is that for the men of middle to
old age, the lowest that for the younger men,
and the very old men are intermediate.

The researches of Burger and Mobius (5) and
of Barker (6) provide data which are relevant
though not suitable for statistical analysis; they
are summarized in Table V. Both sets of data
are roughly in agreement with our own findings;
there is a progressive rise from youth through
middle age and a distinct decline in old age.

The recent data of Collen (7) likewise support
the conclusion that there is a relation between
age and serum cholesterol in normal man.
Though Collen made no detailed analysis, the raw
data may be read off from his Graph 1. Statis-
tical analysis of these figures reveals a mean total
cholesterol concentration in the serum of 242.0
(S.E. = ± 6.17) mg. per 100 ml. for 36 normal
men aged 30 to 39 years and a mean of 254.2

TABLE V
Mean total cholesterol concentrations in blood serum (mg. per

100 ml.) of normal persons of different ages
Series A from Burger and M6bius, Series B from Barker.

Decade 2 3 4 5 6 7 8 9

A no. 9 11 10 10 11 11 4 2
A Chol. 149 168 214 212 199 189 178 162

B no. 3 66 53 41 25 11 1
B Chol. 160 203 215 232 244 233 172

(S.E. = ± 10.81) for 25 normal men aged 40
to 59 years.

Further support can be claimed from the study
of Eck and Desbordes (8) on 30 "normals."
When these subjects are divided into groups of
15 younger (mean age 26.1 years) and 15 older
(mean age 55.0 years) subjects, the means and
standard errors are, respectively, 150.7 ± 4.5, and
181.3 + 13.5 mg. per 100 ml. This difference of
30.6 mg. is statistically significant (t = 2.15; to.05
= 2.048).

There are a few studies of old people which,
because of small numbers or failure to provide es-
sential data and controls at other ages, are of very
limited value [Aaltonen (9); Rafsky and Newman
(10); Foldes and Murphy (11); Bjork and
Karni (12)]. Brodin, Aubin and Grigaut (13)
concluded their 61 aged persons showed a progres-
sive diminution of serum cholesterol with age.

Shortly after this paper was completed there
appeared a paper by Kornerup (14) containing
cholesterol values in normal persons in Denmark.
The values for 54 males from 19 through 46 years
are suitable for regression analysis. For these 54
men the mean age was 29.9 years and mean total
cholesterol was 202.96 mg. per 100 cc. of serum.
The least squares equation proves to be: choles-
terol = 155.1 + 1.601 times age in years. The
standard error of the slope = ± 0.703 and the
ratio of the slope to its error = 2.28. Neither the
mean value (for age 30) nor the age slope is
significantly different from the Minnesota find-
ings. This new Danish material, in other words,
provides further evidence for the general validity
of the Minnesota data.

General comment

The combined evidence here and in the litera-
ture points rather clearly to rising values for
serum cholesterol from youth through middle age
and to lower values in the oldest persons in the
population samples. This does not necessarily
mean, however, that the cholesterol level actually
declines in old age. These oldest persons, includ-
ing those examined in the present study, are ob-
viously the survivors of a population from which
many persons departed this life before attaining
advanced ages. The survivors whose bloods were
examined may not have been typical, at younger
ages, of the general population. It is entirely pos-
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sible that persons who are individually charac-
terized by having relatively low cholesterol con-
centrations tend to survive longer than their
fellows who maintain higher levels. This is an in-
triguing and important problem which deserves
the most careful study.

The values given here in Table III must be
recognized for what they are, that is, the best
estimates we can provide for a population and en-
vironment such as involved here-clinically nor-
mal persons from a somewhat superior economic
bracket in a metropolitan community, not en-
gaged in manual labor but actively engaged in a
gainful occupation, living in a cool temperate en-
vironment and subsisting on the varied and some-
what luxurious diets common to the upper Mid-
west. From comparisons with the data in the
more recent literature it seems that these or very
similar values would be pertinent to many other
population groups, at least in the United States
and in Denmark.

Finally, as in any other set of norms derived in
this way, it is important to differentiate between
the average and the optimum. The present find-
ings show the means and fiducial limits for "nor-
mal" people as they are and not necessarily as
they should be. It may be that the most "popular"
cholesterol values, in the sense of being most fre-
quently found, are the best; it is equally possible
that other values would be more conducive to the
maintenance of health and longevity. Long-range,
longitudinal studies will be required to settle such
points.

Wehave pointed out the fact that the results in
the two laboratories, using two different methods,
were substantially identical. This does not nec-
essarily mean, however, that the two methods give
identical results or that there is absolutely no
difference between the cholesterol concentrations
in the basal and in the non-basal states. A small
tendency for nonbasal values to exceed basal
values could be offset by an opposite small tend-
ency for the SHS method to give lower values
than the LPH method. The general magnitude
of these differential tendencies seems to be of the
order of 5 mg. per 100 ml., that is, a difference
which is unimportant for most purposes. It
would be most precise, however, to state that the
cholesterol values given in the several tables in
this paper apply either to basal conditions and the

LPH method or to non-basal conditions and the
SHS method; slightly lower values would proba-
bly apply to the SHS method applied to bloods
drawn under basal conditions.

The "normality" of the individual
In the present paper we have provided a quan-

titative description of the concentration of total
cholesterol in the serum for a certain population.
Given a cholesterol measurement on an individual,
it is readily possible to estimate the likelihood that
the measurement conforms to the expectations
for an individual of the same age drawn at ran-
dom from this reference population. Elsewhere
we have discussed the problem of the more com-
plete analysis of cholesterol standards (15). Ul-
timately the problem is to "explain," or account
for quantitatively, the finding in any individual.
Besides age, other factors for early consideration
include basal metabolism, relative obesity, the
total energy metabolism, and the character of the
customary diet. These are currently under in-
vestigation and it may be that their proper analy-
sis will further reduce the unexplained variation
between individuals who are clinically normal.
However, this will not automatically answer the
question as to the prognostic significance of a
given cholesterol value. The distinction between
normal and optimal standards must be clearly
recognized.

SUMMARY

1. Measurements of total serum cholesterol con-
centration were made on 1,492 men from 17 to
78 years old and on 564 women from 17 to 30
years old. These persons were judged to be
physically normal from detailed examinations.
With few exceptions they represented the more
responsible element of the population in an upper
Midwestern metropolitan area and were engaged
in business, professional, and scholastic pursuits.

2. Both Schoenheimer-Sperry (digitonin) and
Bloor extract Liebermann-Burchard methods
were used with close agreement between the re-
sults.

3. Over the age range 17 to 30 the cholesterol
values for men and women were not significantly
different as to averages, individual variability, and
age trend. Over this age range there was an
average increase, per year of age, amounting to
2.2 mg. of total cholesterol per 100 ml. of serum.
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4. The cholesterol data for limited age ranges
were shown to conform to normal (Gaussian)
frequency distribution.

5. For the age range 17 to 78 years in men there
was a pronounced curvilinear relation between
age and serum cholesterol concentration with a
maximum in the sixth decade. By fitting a suc-
cession of least square straight lines, a standard
table was constructed for means and standard de-
viations and for fiducial limits for 90% and for
98%o of the population.

6. At all ages above 35 years, 1% of such "nor-
mal" men exceed 300 mg.; over the range of 45
to 70 years, 1% will exceed 320 mg. Between
the ages of 45 and 60, 5% of normal men exceed
300 mg.

7. Analysis of published data demonstrated sub-
stantial agreement with the age relation found
here in spite of previous conclusions in the litera-
ture to the contrary.
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