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JouN W. GormaN, MarTiN Hanic, Harpin B. JoNnes, Max A. LAUFFER, ELEANOR Y. LAWRY,
Lena A. LEwis, GEorGE V. MaNN, Feuix E. Moorg, FREDERICK OLMSTED, AND J. FRANKLIN
YEAGER; and The Committee on Lipoproteins and Atherosclerosis of the National Advisory Heart
Council: E. CowLes ANDRuUS, J. H. BaracH,* J. W. Beams, Jou~n W. FErTIG, JoHN W. GOF-
MAN, Max A. Laurrer, IrviNe H. Page, JameEs A. SHANNON, IFREDRICK J. STARE, AND
Pavr D. WHITE

N 1950 the attention of the National Ad- little or no significance.” This approach to the
I visory Heart Council was called to studies problem of atherosclerosis seemed promising.
by Gofman and his colleagues at the A summary of this work was brought to the
Donner Laboratory of the University of Cali- attention of the National Advisory Heart
fornia.! These workers applied a new biophysi- Council by Dr. Shields Warren, then director of
cal technic to a study of the sequence of lipid the Division of Biology and Medicine of the
changes in the sera of rabbits fed cholesterol Atomic Energy Commission, which had spon-
and also in the sera of human beings believed sored the research in the Donner Laboratory.
to have coronary atherosclerosis. They stated, The Heart Council was impressed with the po-
“Some two years ago the present group of tentialities of these experimental findings and
authors undertook a physiochemical investiga- so appointed an ad hoc committeef for review
tion of those giant molecules of serum which of this work in the Donner Laboratory. The
may be composed of cholesterol, its esters, Heart Council then appointed a planning com-
phospholipids, fatty acids, and protein as mittee to formulate a program of action.} The
building blocks. The basic premise was that it
is entirely possible that a defect might exist in « T(]i)ﬁ Ir;ijle H. APagfl, Hans Neurath, Forrest
certain of these giant molecules, which could endall, and James A. Shannon.
be responsible fox@*g the developm(,znt of athero- 1 Drs. Paul D. White, Ii. Cowles Andrus, J. H.
X i Barach (deceased, March 1954), John W. Gofman,
sclerosis, whereas the mere analytic levels of Irvine H. Page, and James A. Shannon. Drs. Max A.
any of the building blocks in serum might be of Lauffer, Fredrick J. Stare, John W. Fertig, and J. W.
Beams joined the committee at later times. Dr. C. J.
This investigation was supported by research Van Slyke, who was then director of the National
grants from the National Heart Institute, U. S. Pub- Heart Institute, was active in the initiation of the
lic Health Service. Cooperative Study and the organization of this com-
* Deceased. mittee.

691 Circulation, Volume X1V, October, 1956
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planning committee was designated as the
permanent ‘“Committee on Lipoproteins and
Atherosclerosis” for the purpose of advising the
Heart Council. It was decided that the research
task could be best undertaken with the coordi-
nated efforts of several research centers. On the
recommendation of this planning committee,
the Heart Council recommended research grant
support for a field study to be carried out by
several laboratories cooperatively.

Organization

The cooperative research was done by 4
laboratories with the research grant funds
recommended by the Heart Council and with
statistical and administrative assistance made
available by the National Heart Institute. The
recipients of these grants were Dr. John W.
Gofman of the Donner Laboratory, University
of California (Donner)*; Dr. Irvine H. Page,
Research Division, Cleveland Clinic Founda-
tion (Cleveland); Dr. Max A. Lauffer, Depart-
ment of Biophysics, University of Pittsburgh
(Pittsburgh); and Drs. I'redrick J. Stare and
George V. Mann, Department of Nutrition,
Harvard School of Public Health (Harvard).
Mr. Felix E. Moore of the Biometrics Research
Section, National Heart Institute served as
statistical consultant to the committee and
Dr. J. Franklin Yeager, Grants and Training
Branch, National Heart Institute served as
administrative officer. The Committee desig-
nated a Technical Groupt composed of those
immediately concerned with the work of the
study.

Objectives

The cooperative effort was directed toward 5 ob-
jectives]:

* The laboratory designations in parenthesis will
be used hereafter.

t John W. Gofman (chairman), Martin Hanig,
Hardin B. Jones, Max A. Lauffer, Eleanor Y. Lawry,
Lena A. Lewis, George V. Mann, and Frederick Olm-
sted. J. Franklin Yeager served as the administrative
officer of the group and Felix E. Moore as the statis-
tical adviser.

1 Quoted from the History and Summary of the
Committee on Lipoproteins and Atherosclerosis,
February 26, 1952. This manuscript was prepared
by J. Franklin Yeager and is a condensation of the
progress and actions of the study.

1. “To determine the range of values of the S;
12-20 fraction (lipoprotein) in ‘normal’ persons of
all ages in both sexes.”

2. “To obtain further confirmation of the exist-
ence of a correlation between an elevated S¢ 12-20
fraction in the blood of ‘normal’ persons and the
subsequent development of myocardial infarction.”

3. “To determine more fully the effects of a low-
fat, low-cholesterol diet upon the S¢ 12-20 fraction
in patients with myocardial infarctions and upon
further history of the disorder.”

4. “To compare total cholesterol and Sy 12-20
fraction as indicators of the disorder.”

5. “To relate the S; 12-20 fraction and total cho-
lesterol not only in normals and myocardial infarc-
tion patients but also in hypertensives and diabetics,
especially in patients that develop myocardial in-
farctions.”

The studies of the first of these objectives are
reserved for a separate report dealing with the
biology of serum lipoproteins and cholesterol.
The present report deals only with the second
and fourth objectives. Because of difficulties in
establishing objective criteria for the selection
of cases it was agreed to abandon the attempt
to study cooperatively the effects of dietary
treatment (objective 3) and the distribution of
serum lipid levels in patients with overt disease
(objective 5). It was agreed that the cooperat-
ing laboratories should publish their findings
in these fields individually, or perhaps reach
separate agreements for merging their findings.

The present report is concerned with the
relation of lipoprotein and cholesterol levels to
the appearance of cardiovascular events in
previously well subjects. These studies have
led to a critical evaluation of the predictive
value of each of these measurements in relation
to the development of clinical events attribut-
able to atherosclerosis.

Plan of the Study

For these purposes the Lipoprotein Commit-
tee assumed that it would be necessary to study
approximately 100 ‘“‘new cvents.” IFrom an
estimated annual incidence of myocardial in-
farction in apparently well American men aged
40-59 of 10/1000, it followed that a base popu-
lation of 10,000 persons would yield this
number of new events in 1 year of clinical
follow-up. In order to secure this large number
of subjects (and there were an additional 4000
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subjects needed for study of other objectives)
it was clear that the clinical criteria for admis-
sion to the study could not be rigorous. The
principal sources of subjects were expected to
be industrial groups in which individuals would
qualify either with a preemployment type of
examination or an annual health protection
type of examination given by the employer.
The cooperating laboratories did not attempt
to carry out these clinical evaluations.

With this organization and these plans, the 4
laboratories have measured the serum lipids of
approximately 15,000 subjects in a period of
about 3 years. There were 4,914 men in the
age group 40-59 who were judged to be clini-
cally normal (according to the criteria of the
study) at time of entry for whom a clinical
follow-up was completed at the end of either 1
or 2 years. Within this group there were 82
individuals who developed evidence of new dis-
ease which, in the opinion of an independent
Review Committee, was attributable to athero-
sclerosis. The present report is concerned with
the relation of the lipid measures in this small
group who developed new disease to the lipid
measures in the presumably normal group out
of which they arose.

METHODS
Population

The geographic distribution of the cooperat-
ing laboratories fostered a desirable scattering
of the sources of subjects across the United
States. Since participation was arranged locally,
the laboratories tended to study subjects ob-
tained in nearby sources although some ar-
rangements led to overlapping of territories. A
tabular description of the sources according to
the numbers of subjects, type of industry and
of employment, and method of selection is
shown in table 1. The sources were largely
industrial organizations, but they ranged from
penal to academic groups. The number of
clinically normal men finally accepted from the
separate sources varied from 4 to 837. The
individuals studied represented many types of
employment and included executive, clerical,
sales, and labor personnel who appeared in the
clinies for an annual, company sponsored exam-

ination.* While these examinations were not
always mandatory, they were generally well
accepted by the personnel. The Cleveland
Graphite Bronze and Swift and Co. personnel
were volunteers for this particular examination
and there were variable participation rates. The
Framingham Heart Study? and the Los Angeles
Civil Service Study? provided a large propor-
tion of the subjects of the Donner Laboratory.
Each of these is a long-term epidemiologic
study based on a random sample in which
extensive clinical data have been -carefully
gathered for other research purposes.

Serum M ethods

The methods devised by Gofman and his
colleagues for the measurement of serum lipo-
proteins have been described.* Although the
original design and historical application of the
ultracentrifuge were for qualitative distinction
of materials, with appropriate technical meth-
ods it has been successfully applied to the
problem of measurement of concentrations of
lipoproteins and proteins. The work with lipo-
proteins was complicated by lack of a suitable
reference or calibration material capable of
preservation in a constant state. Recognizing
many of the technical difficulties, Gofman in-
vited the Committee to send a member of the
professional staff of each participating labora-
tory to the Donner Laboratory for a short
period of apprenticeship to familiarize him with
the technics. This training was carried out in
the fall of 1950. These original laboratory pro-
cedures were in use throughout the study with
certain minor modifications that are described
in later sections and that were uniformly intro-
duced in each laboratory.

The clinic personnel were instructed to collect
venous blood in a clean, dry syringe without regard

* The employees of the White Motor Co. studied by
Cleveland were not subjected to physical examination
either on admission to the study or at follow-up, but
were admitted as volunteers who were known to have
good employment attendance records for periods of 1
to 15 years and in addition denied symptoms of seri-
ous illness. Because of this variation in clinical assess-
ment, the results for this group have been presented
separately.
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TaBLE 1.—Groups Studied: Summary Description

Number

Laboratory and group Location sub?ects‘ Type of industry Type of employment nglt:‘cf;?o:f
Cleveland
White Motor Co. Cleveland, Ohio 235 | automotive salary and wages | volunteers
Chrysler Motor Co. Detroit, Mich. 464 | automotive salary and wages | vol. clinic
visits
Cleve. Grph. Bronze Cleveland, Ohio 264 | foundry salary and wages | volunteers
General Electric Co. Schenectady, N. Y. 183 | electrical salary annual exam
Nickel Plate Railroad Cleveland, Ohio 63 | railroad salary annual exam
Donner
Framingham Heart Study | Framingham, Mass. 837 | townspeople | varied sample sur-
vey
City of Los Angeles Los Angeles, Calif. 686 | civil service | office and labor | sample sur-
vey
Pan American Airways San Francisco, Calif. 130 | airline salary and wages | annual exam
United Airlines San Francisco, Calif. 64 | airline salary and wages | annual exam
Eastman Kodak Co. Rochester, N. Y. 371 | chemical salary and wages | annual exam
Harvard
Am. Mutual Ins. Co. Boston, Mass. 9 | insurance salary and wages | annual exam
Dr. Burwell Boston, Mass. 6 | electronics, salary annual exam
textiles
Campbell Soup Co. Camden, N. J. 5 | food salary volunteers
Dr. Chapman Boston, Mass. 14 | varied salary annual exam
Lahey Clinic Boston, Mass. 136 | banking, small| salary annual exam
industry
Metropolitan Life Ins. Co.| New York, N. Y. 534 | life insurance | clerical, mainte- | annual exam
nance
Mass. Inst. of Technology | Cambridge, Mass. 76 | academic faculty annual exam
Rexall Drug Co. L. A., St. Louis & At- 10 | pharmaceu- salary annual exam
lanta tical
Standard Oil of N. J. New York, N. Y. 7 | petroleum salary volunteers
Swift and Co. Chicago, Ill. 39 | meat packing | salary volunteers
Oxford Diabetes Study Oxford, Mass. 7 | townspeople | varied volunteers
Pittsburgh
Hoffman-LaRoche Nutley, N. J. 201 | pharmaceu- salary and wages | annual exam
tical
Weirton Steel Co. Weirton, West Va. 367 | steel salary and wages | annual exam
Federal Prisons: Atlanta, Ga. 184 | penal staff and inmates | volunteers
Leavenworth, Kan. 158 | penal staff and inmates | volunteers
Terre Haute, Ind. 52 | penal staff and inmates | volunteers
Westinghouse Electric Co. | Pittsburgh, Pa. 4 | electrical salary and wages | annual exam
Armco Steel Corp. Butler, Pa. 17 | steel salary and wages | annual exam
Ford Engineering Co. Dearborn, Mich. 26 | automotive salary and wages | annual exam

* Includes only men, 40-59, with completed follow-up who were normal at entry to the study.

for the time of the last food ingestion.* The clotted
blood was then centrifuged and the serum removed
and stored at 0-5 C. No preservatives were used
and the material was not frozen before the lipopro-
tein measurement. Grossly lipemic sera were mixed

* Blood samples were drawn from the subjects in
the Los Angeles civil service population when they
arrived at the clinic in the morning after having been
instructed to omit breakfast. This group approxi-
mated the postabsorptive state.

by inversion to obtain at least a crude suspension
before removing aliquots. The sera were sometimes
frozen and stored for variable times before the cho-
lesterol measurement was done, but this practice
was not uniform among the laboratories. No lipo-
protein measurements were done on frozen samples.

Serious consideration was given to a plan for
storing large numbers of sera drawn from healthy
subjects and then, after a subsequent clinical evalua-
tion had revealed the subjects with new disease,
carrying out lipid analyses with only the sera of the
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people with new disease and a sample of the remain-
ing base population. This procedure, which would
have reduced the laboratory work of the study by
about 95 per cent, was impracticable because of the
instability of serum lipoproteins with freezing or
after long storage in solution. A joint study of the
effects of storage of whole serum was carried out and
indicated that this could be stored at 0-5 C. for
periods up to 28 days without significant alteration
of the lipoprotein pattern or content. In practice,
the analyses were almost always begun within a week
of the bleeding date.

The Spinco Company established in 1951 that
the substitution of a 0.01 inch wire for the l4-inch
bar initially used as the resolving element in the
Schlicren system of the ultracentrifuge would im-
prove the legibility of pattern photographs and
would also resolve the technical difficulty of account-
ing for the attenuation of the wide bar shadow. The
latter required an allowance in estimating the image
position during interpretation of film patterns. Ac-
cordingly all laboratories converted to the wire ele-
ments on November 20, 1951, and either appropriate
corrections or re-evaluations of films were made for
values previously obtained with the bar elements in
order to make these earlier measurements equiva-
lent.

These and other technical matters were discussed
in detail in the proceedings of a symposium entitled
“Lipoproteins and Ultracentrifugal Technique,”*
which was sponsored by the Technical Group and
held in Chicago on November 8, 1952.

Lipoprotein Nomenclature

The classical notation that was applied to
the unit of sedimentation (S)f in honor of
Svedberg® was appropriate to sedimenting ma-
terials but a description of rates of motion in
the opposite direction, i.e., with flotation, re-
quired either the use of negative S or the inven-
tion of some new notation. Gofman and his
colleagues designated flotation rates with Sg.!
In the present work the conditions are medium
density 1.063, temperature 26+1 C. and with
a medium viscosity of a 9.37 per cent (Gm./ml.
solution) solution of sodium chloride in water.
The calculation of concentration is based upon
an assumed specific refractive increment of
1.54 X 107 for B-1 lipoprotein} with the pre-

* The mimeographed proceedings may be obtained
from J. Franklin Yeager, National Heart Institute,
National Institutes of Health, Bethesda, Maryland.

S = Svedberg = 1 X 107'3 em./sec./dyne/Gm.
This is a unit of a rate of motion under specific con-
ditions.

t This constant, the change of the index of re-

sumption that the low-density lipoproteins
under study would have refractive increments
of similar value.

In the original work, the Donner group made
certain arbitrary subdivisions of the low density
lipoproteins of sera according to the flotation
rates in S; units. These divisions were intended
to separate several bands of lipoproteins so that
they might be tested for relationship with
certain diseases and particularly with athero-
sclerosis. In the experiments with rabbits, for
example, they found that *‘. .. those rabbits
failing to develop high levels of the components
of St greater than 5-8 units showed no gross
atherosclerosis or showed minimal atherosclero-
sis, whereas mild to severe atherosclerosis
developed in those with high concentrations of
the molecules of the S; 10-30 class.”! In the
same report, the following conclusions were
drawn from studies with human subjects:
“Study of several groups of individuals with
respect to the presence of molecules of the S;
10-20 class indicates that the presence of these
molecules in the serum of humans is related to
the development of atherosclerosis.” The initial
concern of the Cooperative Study was with the
St 1020 band of low-density lipoproteins and
the relation of these materials in the serum to
atherogenesis. In July 1951 the Donner group
proposed® that the proper measurement was of
the Sy 12-20 band, since this separation would
better differentiate the major B-lipoprotein ma-
terial in sera (S¢ 0-11) from the lower density
material believed more pertinent to the devel-
opment of atherosclerosis. A little later? the
Donner group proposed another modification
of the hypothesis to include the S¢ 20-100 band
in the belief that this material was also of im-
portance to atherogenesis. The Technical
Group with the agreement of the Committee
admitted these modifications, since the added

fraction of a solution caused by a per cent change
of concentration of the lipoprotein, measures the
extent to which these particles contribute to the re-
fraction of light by a solution. The observed deflec-
tion of the image of the resolving element depends
upon this quantity. Recent measurements of this
constant by Hanig and Shainoffé for 8-1 lipoprotein
separated by flotation indicate that the value is 1.51
X 1073 and that the estimate of Armstrong and co-
workers? that is used here is substantially correct.
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TaBLE 2.—First Preliminary Reproducibility
Study, April 1951. 18 Specimens Measured in Dupli-
cate by Each Laboratory (Levels in mg./100 ml. Serum)

Sg 10-20 Total cholesterol
Laboratory -

Mean oe Mean e Method*
Cleveland...| 36.5 | 9.00 | 263 | 24.60 | Abell
Donner. . ... 50.8 7.76 | 229 | 13.75 | Coleman
Harvard... .| 36.2 | 6.80 | 200 | 20.34 | Hemolytic
Pittsburgh. .| 49.5 | 13.90 | 250 | 7.7+ | Hemolytic
Framingham| — — 219 | 10.69 | 8-S

* Abell: A then newly developed method that
was kindly supplied by the authors in preprint form.
The method has subsequently been described in the
literature.!

Coleman: A method developed at Donner Labora-
tory.1®

Hemolytic: This method was devised and used in
the Harvard laboratory by White and Mann. It was
not published in the literature and has since been
abandoned.

S-8: The method of Schoenheimer and Sperry .16, b

measurements were readily available without
major alterations of the established procedures.
The Cooperative Study is thus concerned with
the validity of the hypothesis that relates the
St 12-20 and S; 20-100 bands of low-density
lipoproteins to coronary atherogenesis and the
relative merits of measurement of this material
and of the total cholesterol in reflecting this
relationship.

The Donner group in 1952 showed that lipo-
protein measurements under the conditions
being used in the Cooperative Study should be
corrected for the effects of concentration on
flotation rates.* When such corrections are
made, the designation of Standard flotation
rates (units = S;°) is applied to the measure-
ments. The original studies upon which the
hypothesis of a relationship of lipoproteins
with human atherosclerosis was based were
conducted under conditions such that the lipo-
proteins were concentrated threefold over their
original concentration in serum.! When the
cooperative study was initiated, a fivefold con-
centration of lipoproteins was being used.!!
This modification had been introduced in the
desire to reduce measurement errors for low
concentrations of lipoproteins by having greater

* This was first reported to the Technical Group
at its meeting on June 11, 1952.10

concentrations in the analytic ultracentrifuge
cell. At that time the magnitude of flotation
rate dependence upon concentration was not
appreciated. Later studies by the Donner group
indicated that serious errors in the measured
St 12-20 lipoprotein concentrations could arise
in samples of high total concentration of lipo-
proteins, unless the correction for flotation
concentration dependence was made. The Don-
ner group proposed that all cooperating labora-
tories undertake the more refined measurement
to eliminate this source of error. The other
laboratories were unable to undertake this re-
vision.

The Donner group has extended the measure-
ment base of the original hypothesis to include
the “standard” measurements, S;° 0-12 and the
S¢2100-400,2 and have combined the “‘standard”
measurements into indices, some of which have
included additional variables such as age'® and
diastolic blood pressure.!* The derivation and
the interpretation of these multivariable indices
are not an immediate concern of the Coopera-
tive Study, and they will be referred to only in
the section headed Discussion. It should be
appreciated that only the Donner Laboratory
has carried out these refined (S;°) and extended
(S¢* 0-12 and S;° 100-400) measurements so
that the other laboratories in the Cooperative
Study cannot bring independent evidence to
bear on these new hypotheses.

Appraisal of Methods

In the beginning the 4 laboratories used 3
different cholesterol methods. It seemed un-
likely that equivalent data would be obtained
without a systematic study of the performance
of the several laboratories. The technical com-
plexity of both the cholesterol and lipoprotein
methods also required some kind of continuing
calibration among the laboratories. An equiva-
lence of technical performance was obviously
necessary if the data were to be pooled for
evaluation as was contemplated.

A reproducibility study of both cholesterol and
lipoprotein measurements was carried out in April
1951 for these reasons. Serum samples were supplied
each laboratory as coded duplicates and were
analyzed by operators who were unaware either of
the presence of check samples or of the identity of
pairs. The results of this study are shown in table 2.
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The laboratory personnel of the Framingham Study*
participated in the cholesterol analysis because they
were using the Schoenheimer-Sperry method,6a:b
which has some repute as a “standard method.”
The results of this study revealed intolerable differ-
ences between laboratories in measuring cholesterol
both according to the mean levels and the technical
error in measurement.t The measurement of S¢ 10-20
(done before the S¢ 12-20 and 20-100 modifications
described above were introduced) also showed lack
of equivalence among laboratories. The results of a
second study of cholesterol measurement are shown
in table 3. Drs. Liese Abell and Forrest Kendall of
the Goldwater Memorial Hospital, New York City,
participated in this and some of the later trials.

An extensive series of studies was then begun in an
effort to minimize or remove these laboratory differ-
ences. Samples of whole and partially processed sera,
ultracentrifuge cells, and film patterns were ex-
changed among the laboratories, details of methods
were examined and within-laboratory testing of re-
producibility was established. The latter procedure
consisted of the introduction of blind, duplicate
samples into the routine work of each laboratory.
The values for these duplicate runs were reported
at intervals to the statistical consultant. They are
shown in summary in table 4. Among other find-
ings, these studies revealed an error in the lipopro-
tein measurements at Donner that was traced to a
misalignment of analytic ultracentrifuge cells in the
rotor. This had resulted from an error in the construc-
tion of certain cells made and used in that labora-
tory. These cells were replaced with Spinco cells
and the measurements obtained with the defective
cells were not included in the study.

Persistent difficulties with cholesterol meth-
ods during 1951 led to the adoption of the Abell
method.”* This procedure was used after Janu-
ary 1952 in all except the Donner Laboratory.
In that laboratory, repeated evaluations of the
Abell and Coleman methods'® were done and
these indicated that measurements by the
Coleman method corresponded more closely
with those done in other laboratories than did
measurements by the Abell method. Accord-

*T. R. Dawber, M.D., Director, and Janet Hill,
Chief Technician.
t The technical error of measurement is ¢, =

\/ =d?/2k i.e., the square root of the sum of the
squared differences of duplicates divided by twice
the number of pairs. This statistic will be used as a
measure of duplicate reproducibility. If the assump-
tion is made that distribution of duplicate differences
is normal and the errors of all pairs can be pooled, a
single observation would be expected to differ from its
true value by more than plus or minus ¢, in less than
one third of the trials.

TaBLE 3.—Second Preliminary Reproducibility
Study, October 1951, Fourteen Specimens Measured
in Triplicate by Each Laboratory (Levels in mg./100
ml. serum)

Total cholesterol
Laboratory

Mean ge Method*
Cleveland. . .. 215 4.04 Abell
Donner. ... .. 203 5.54 Coleman
Harvard. . ... 215 20.67 Hemolytic
Pittsburgh. .. 255 23.09 Hemolytic
Goldwater. . . 216 3.26 Abell

* See notes, table 2.

TaBLE 4.—Summary of Within-Laboratory Re-
producibility Studies, September 1951-June 1953,
Levels tn mg./100 ml. Serum

Cleveland | Donner | Harvard tl::xttgsl;
S¢ 12-20
Period......... 9/51- | 9/51- | 9/51- | 9/51-
4/53 6/52 6/53 10/52

Number of
paired meas-
urements. . ..| 374 171 618 174

Technical error| 4.7 4.7 5.1 5.5

St 20-100

Period...... ... 10/51-

4/53

10/51-
6/52

10/51-
6/53

10/51-
10/52
Number of

paried meas-
urements. ... 295 144 567 113
Technical error| 11.0 12.3 9.6 9.9

Total cholesterol
Period......... 9/51-

4/53

9/51-
6/52

1/52- 1/52
6/53

Number of
paired meas-
urements. . ..| 514 194 512 19

Technical error| 7.6 17.3 10.5 5.0

ingly, the Donner Laboratory continued with
the Coleman method. The Pittsburgh Labora-
tory using the Abell Method did not obtain the
same mean values of serum cholesterol that
were obtained by the other laboratories. The
means of Pittsburgh were about 10 per cent
lower than the others throughout the range of
levels encountered.

General reproducibility tests were begun on a reg-
ular schedule in January 1952. These tests were car-
ried out during 15 of the next 18 months and the final
test was done in June 1953. The laboratories alter-
nately supplied 10 coded samples of sera or citrated
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TaBLE 5.—Summary of Between-Laboratory Reproducibility Studies, January 1962-June 1963,
Total Cholesterol, Levels in mg./100 ml. Serum

No. of Mean lipid values Technical errors oe
Date measured in Clev Pitt Gold- | F Cl H. Pi Gold
duplicate laeilcf * | Donner*| Harvard btlxrgsh- w:ter-T ingrl?an;l;t laenvde " | Donner® v:r:‘i b\::'tgsl; w:ter-’f
1952
January. . ... 10 230 221 226 213 — — 4.2 4.1 3.9| 2.7 —
February. ... 10 215 208 201 207 — — 3.8 5.8 2.7 3.3 —
March....... 10 205 205 206 197 — — 5.0 — 9.7 6.3 —
April. ... .. 10 178 173 183 164 — — 3.4 3.5 5.5| 3.3 —
June........ 10 166 155 157 153 158 — 3.1 5.9 3.6 3.8 3.4
July......... 10 165 165 169 154 163 — 3.9 3.8 6.6 46| 2.5
September. . . 10 229 236 221 204 227 — 2.1 5.2 43| 40| 2.5
October. . ... 10 233 225 224 200 229 225 2.3 6.3 3.5| 5.6 | 5.4
December. . . 10 176 195 192 169 188 180 4.3 4.8 4.6 7.8 2.5
1953

January. . ... 10 155 158 154 139 152 152 3.0 3.1 5.1 11.3| 3.4
February. ... 10 161 157 157 147 155 — 2.2 4.7 4.4 5.1| 4.3
March..... .. 10 150 154 152 143 151 147 3.9 3.4 5.8 5.3 3.6
April. ... ... 10 175 178 179 156 179 176 2.0 6.1 80| 50| 2.5
May........ 10 162 160 163 157 168 — 1.8 4.2 1.5 | 11.8 1.4
June........ 10 155 155 161 143 167 158 0.7 4.7 10.0 6.4 2.8

* Coleman method,!5 all others are Abell method.!*
t Goldwater Memorial Hospital, F. Kendall and L. Abell.
t Framingham Heart Study, T. R. Dawber and J. Hill.

TaBLE 6.—Summary of Between-Laboratory Reproducibility Studies, January 1962-June 1963, S; 12-20, Levels
in mg./100 ml. Serum

No. of Mean lipid values Technical errors (oe)
Date measured in
duplicate Cleveland Donner Harvard Pittsburgh | Cleveland Donner Harvard | Pittsburgh
1952
January. . . .. 10 41.6 47.9 43.7 42.8 2.8 4.0 3.4 3.7
February . . .. 10 37.7 38.4 39.2 37.0 3.3 4.9 3.5 5.4
March....... 10 35.4 44.6 39.5 42.1 3.2 4.8 3.7 6.5
April. ....... 10 31.8 39.8 37.0 37.8 4.4 3.2 5.1 6.2
June......... 10 27.8 34.0 29.2 28.3 3.2 6.5 2.0 3.7
July......... 9 28.3 32.8 29.3 30.7 4.0 2.1 3.0 3.2
September . . . 10 50.9 53.0 46.4 45.4 3.8 2.3 5.0 3.2
October... ... 10 47.8 52.8 44 .4 42.4 5.2 5.7 4.4 5.3
December. . . . 10 42.0 50.2 44.5 48.5 3.8 3.3 7.5 4.6
1953
January...... 10 25.4 33.2 25.6 27.0 4.3 3.5 2.0 4.5
February . ... 10 33.0 39.0 37.8 39.2 3.3 4.2 4.5 5.5
March....... 10 29.4 31.8 35.8 28.6 3.9 3.2 4.8 4.0
April. ....... 10 32.0 36.4 29.6 35.7 3.8 3.6 4.7 2.7
May......... 10 34.4 35.2 32.0 30.8 2.8 4.0 4.0 4.3
June......... 10 28.0 34.6 23.2 31.4 3.5 4.3 6.5 4.2

plasma obtained from blood banks.* In each labora-
tory the samples were divided into coded duplicates

* The material for 4 of these tests was supplied by
Dr. R. C. Arnold of the National Heart Institute with
the assistance of personnel at the U. S. Public Health
Service Hospital at Staten Island.

and these were introduced into the routine work
within a few days. This was done in a manner to
prevent the operators identifying the test samples or
determining the identity of pairs. It is believed that
these between-laboratory reproducibility tests, the
results of which are summarized in tables 5, 6, and 7,
are representative of the performance of the several
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TaBLE 7.—Summary of Between-Laboratory Reproducibility Studies, January 1952-June 1953, S; 12-100, Levels

in mg./100 ml. Serum

No. of Mean lipid values Technical errors (oe)
Date méasured in
duplicate Cleveland Donner Harvard Pittsburgh |Cleveland| Donner | Harvard |Pittsburgh
1952
January...... 8 92.9 97.4 79.8 88.4 7.2 9.1 6.0 10.8
February. ... 10 70.5 70.8 70.8 79.0 6.4 7.2 9.2 10.4
March....... 10 65.0 73.2 59.8 64.6 12.3 7.8 6.8 11.5
April........ 10 83.6 83.0 74.1 84.1 12.7 10.6 6.5 11.2
June......... 9 53.3 64.0 54.0 53.6 10.9 5.4 8.0 12.8
July......... 9 50.8 57.2 42.4 50.9 6.3 4.7 5.9 5.3
September. .. 10 109.4 108.0 91.5 92.6 14.5 10.6 9.4 7.2
October...... 10 84.0 77.8 61.9 64.6 12.0 7.3 7.4 9.3
December.... 9 107.5 120.2 102.1 113.2 7.5 7.9 9.9 12.5
1953
January...... 10 40.0 47.0 28.7 36.2 7.7 5.8 4.7 5.3
February. ... 10 51.0 56.6 47.6 55.9 3.7 8.7 10.5 10.1
March....... 10 61.6 65.6 62.0 56.1 6.5 5.2 7.9 8.7
April. ....... 10 93.8 109.0 100.1 103.9 10.7 12.7 10.2 15.4
May......... 10 62.0 53.9 52.9 50.6 3.8 10.2 6.2 6.5
June......... 10 56.6 60.0 38.8 57.8 13.1 10.4 8.2 4.4

Note: Four specimens with mean values in excess of 300 mg. per cent excluded from these tabula-

tions.

TaBLE 8.—Egquivalence of Performance of the
Analytical Ultracentrifuges as Demonstrated by
Reference to a Calibrating Standard Cell, September,
1951

Laboratory and machine | V214e 1% cuivalent| Per cent deviation
Theoretical value... 866.0 —
Observed values:
Cleveland
Machine A. ... 862.0 —0.5
Machine B. .. .. 860.0 —-0.7
Donner*........ 871.5 +1.0
Harvard
Machine E I.... 865.2 —-0.1
Machine E II. .. 869.7 +0.4
Pittsburgh
Machine I E. . .. 860.2 -0.7
Machine IT E. .. 854.0 —1.4

* Reported on 1 of 3 machines used in the study.
The machines used at Donner were equipped with
carefully selected optical components so that they
had essentially the same physical constants.

laboratories. The technical error shown in these
tables does not fully reflect the error due to secular
fluctuation, that is, the long-term rise and fall of
average measurement levels within each laboratory
during the lifetime of the study. The o, for the
various quantities are of similar magnitude for the
various laboratories.

In the summer of 1951, Dr. E. G. Pickels of

the Spinco Company invented a standard ref-
erence cell for calibration of the optical cen-
trifuge. This cell and its use are described in
greater detail in the Technical Symposium
(loc. cit.). It consisted of a carefully calibrated
and inscribed quartz wedge held in an appro-
priate container. When this was photographed
in the rotor of the ultracentrifuge, an area on
the image could be accurately related to a
theoretic area computed from the combined
cell and machine constants. A comparison of
the performance of the various machines used
in the study is shown in table 8. The greatest
deviation of any machine was 1.4 per cent of
the theoretic value and the other machines
were always within 1 per cent of the computed
value.

All these observations indicated that by
January 1952 the laboratories were prepared to
collect data for the evaluation of their objec-
tives. The desirability of commencing the pool-
ing of data only after these revisions and proofs
of methodology had been completed was out-
weighed by certain practical necessities. All the
laboratories had begun collection of data before
January 1952, and in the instances of Cleveland
and Donner the task was almost completed.
The inclusive dates for collection of data by
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TABLE 9.—Groups Studied: Dates of Study and Procedures Used in Examination

Dates of study Procedures used in examination
Laboratory and Group Laboratory
Start Finish History Physical Chest x-ray
Urine | B.P. | ECG
Cleveland
White Motor Co................ 12-50 12-52 + 0 + -+ 0 0
Chrysler Motor Co.............. 9-50 8-53 + + + + + +
Cleve. Graph. Bronze........... 5-51 10-51 + + + + 0 0
General Electric Co............. 2-51 7-53 + + + + + +
Nickel Plate Railroad.......... 10-51 5-53 + + + + + +
Donner
Framingham Heart Study. . .... 8-50 8-53 + + + + + +
City of Los Angeles............ 8-50 12-52 + + + + + +
Pan American Airways.......... 6-50 3-53 + + + + + +
United Airlines................. 7-50 3-51 + + + + + +
Eastman Kodak Co............. 11-50 12-51 + + + + + 0
Harvard
Am. Mutual Ins. Co........... 6-51 9-51 + + + + + 0
Dr. Burwell..................... 11-51 5-53 + + + + + 0
Campbell Soup Co.............. 4-51 6-51 + + + + + +
Dr. Chapman.................. 7-51 1-53 + + + + + 0
Lahey Clinic. .................. 1-51 5-54 + + + + + +
Metropolitan Life Ins. Co....... 12-52 5-54 + + + + + +
Mass. Inst. of Technology. . .... 2-52 5-54 + + + + + +
Rexall Drug Co................. 2-52 4-53 + + + + + 0
Standard Oil of N. J............ 12-51 6-52 =+ + + + + +
Swift and Co................... 4-51 2-53 + + + + + +
Oxford Diabetes Study......... 2-53 1-54 + + + + + +
Pittsburgh
Hoffman-LaRoche. . ............ 5-51 6-53 + + + + + +
Weirton Steel Co................ 6-52 6-53 + + + + + +
Federal Prisons................. 5-52 4-53 + + + + + 0
Westinghouse Electric Co....... 4-52 10-52 + + + 0 0 0
Armco Steel Corp............... 7-51 7-52 + + + 0 0 +
Ford Engineering Co............ 2-53 5-53 + + + + + +

+ Included in examination.
0 Not included in examination.

laboratory and population source are shown in
table 9. The experience may be representative
of the working conditions to which such meth-
ods are usually exposed, and to that extent
reflect their performance.

For inclusion in the study it was required
that each subject must have a measurement of
St 12-20 with the value computed according to
final calibration constants. It was agreed ini-
tially, however, that absence of a cholesterol
measurement would not disqualify a subject
from the study, and a number were admitted
without a reported value for that measure.
Thus it will be noted in subsequent sections
that a cholesterol value was not available for

10 out of the 82 subjects who experienced new
events.*

Clinical Evaluation

It was anticipated that the medical screening for
admission to the study would be variable, since the

* Total cholesterol for 1 of the definite events from
the Framingham Heart Study was not measured at
Donner Laboratory when the lipoprotein measure-
ments were made. A cholesterol measurement had
been made at Framingham on an aliquot of the same
specimen and this value has been used in this report.
Although Framingham cholesterol measurements
averaged 5-10 per cent lower than Donner’s during
that period, no adjustment has been made in the
value reported by Framingham.
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examinations were generally not arranged and were
never conducted by the cooperating laboratories. A
tabulation of the kind of physical examination is
also shown in table 9. The medical departments of
the sources were initially supplied with manifold
forms (Forms 1) for the record of this examination
(see Exhibit A). Form 1 was to be completed by the
examining physician for subjects who appeared well,
who gave a negative medical history for cardiovas-
cular disease and whose electrocardiogram, urinaly-
sis and blood pressure were normal. The blood
pressure criteria were as follows: A reported blood
pressure in excess of either 170 systolic or 100 dias-
tolic was considered disqualifying.* A borderline
blood pressure, i.e., above 145 systolic or 95 diastolic
and not above 170 systolic or 100 diastolic, was dis-
qualifying, in the absence of other significant car-
diovascular disease, only if there was also reported
some electrocardiographic abnormality (see Exhibit
B for the definition of these abnormalities), or
cardiac enlargement in any significant degree. Eye-
ground changes of Keith-Wagener classification IT
or greater” disqualified a subject as normal. The
presence of urine protein or sugar in more than trace
amounts disqualified and the presence of any of the
following conditions disqualified a subject for inclu-
sion as a normal: Diabetes mellitus; nephritis
(except past history of pyelonephritis, nephrolithia-
sis, or loss of kidney); treatment with ACTH,
cortisone, or related hormones; history of rheumatic
heart disease; known congenital heart disease; syphi-
lis or Buerger’s disease.

The items on Form 1 that were required in order
to qualify the form for acceptance in the statistical
pool of data are also noted in Exhibit A. These cri-
teria were intended to permit the inclusion of only
those people who were free of signs of cardiovascular
disease and of any known condition that would have
permitted the prediction of a subsequent clinical
event that might be identified with or confused
with atherosclerotic disease.

The search for new events attributable to athero-
sclerosis consisted of a clinical re-examination of the
subjects with the same facilities originally used. In
most of the sources this was another routine exami-
nation.

At the onset of the study, it was assumed that a
single year of follow-up would provide a sufficient
number of new clinical events to permit evaluation of
the various measurements. As the study progressed,
it became clear that the goal of 10,000 subjects could
not be reached within a reasonable time, and it was
decided to lengthen the follow-up period to provide
additional man-years of observation.

* Ordinarily only 1 blood pressure was reported on
Form 1. Where more than 1 was reported, the classifi-
cation was based on (a) the lowest, if not additionally
described, or (b) the resting pressure, or (c) the left
arm pressure, or (d) the seated pressure.

The Technical Group had agreed that a standard
follow-up period should be pre-arranged for each
source in order to prevent bias that might arise from
a more extensive follow-up of any particular class
of subjects Thus, it was agreed that follow-up for
any source would be secured with local option at
either 1 year + 4 weeks, 18 months + 5 weeks, or
2 years =+ 6 weeks. In practice, it was found that
there was considerable variability in the follow-up
period among the various sources, and these fol-
low-up limits were finally changed to 1 year + 2
months, and 2 years + 3 months. In addition,
certain exceptions were made to conform with
special local situations. All subjects originating in the
Framingham and Los Angeles studies were accepted
at the follow-up intervals arranged in those studies,
generally 24 months for Framingham and 15 to 18
months for Los Angeles, but with many deviations.
Follow-up for the Eastman Kodak subjects was
available only for 1 date, July 1954, which meant
that the follow-up period was variable in the range
31 to 44 months. In each of these sources, the
follow-up interval was determined by the source
without reference to lipid values. It is believed that
bias was not introduced by the variations in this
procedure. Finally, groups of subjects from certain
sources were admitted with 1-year follow-up,
although the majority of subjects in those sources
had a 2-year follow-up. The sources where these
exceptions were made were MIT, Metropolitan
Life, and Lahey Clinic from Harvard and Weirton
Steel from Pittsburgh. This was done in order to
permit an earlier termination of the study than
would have been possible with the 2-year follow-up.
These sources conducted routine annual examina-
tions so that the choice of follow-up period was
available without bias.

At the time of follow-up, the examining staff was
asked to complete a brief form (Form 2—see Exhibit
A) that identified the individual and asked, ‘“Has
this person had any evidence of myocardial infarc-
tion, angina pectoris, or cerebrovascular accident
since the date of the initial report?” The examiner
was asked to answer this question, ‘“no,” ‘“yes,”
“questionable,” or ‘data unobtainable.” This
information served to identify the new events but
also included many uncertain events. The labora-
tories then originated a more extensive investigation
of each of these events.

There were 2 purposes in studying groups with
stable employee rosters. This arrangement made
large numbers of suitable subjects available to the
study and also assured a maximum availability
of these for follow-up. Secondly, such organizations
seemed to minimize the introduction of bias into
the clinical follow-up. In most instances, the physi-
cian in charge of the source population was supplied
a carbon of the Form 1 (Exhibit A) after the lipid
measurements had been completed and entered on
this sheet. The lipid levels were thus known to the
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clinical personnel during most of the follow-up
period. However, all the lipid data were filed with
the statistician before the follow-up information
was reported to the laboratory on Form 2. The
integration of the measurements of the Cooperative
Study with the existing program of clinical manage-
ment of the groups seems to be the best assurance
that the follow-up was applied to all the subjects
in an unbiased manner.

The entire study turned upon the identifica-
tion of a sufficient number of individuals in the
study population who were well when first
measured by the criteria outlined above and
who then developed new evidence of clinical
disease that could reasonably be considered a
consequence of atherosclerosis. These clinical
events were primarily reflections of coronary
heart disease but included other manifestations
of cardiovascular disease. They were composed
of signs and symptoms supporting a diagnosis
of angina pectoris, coronary thrombosis, myo-
cardial infarction, peripheral vascular disease
(other than Buerger’s disease), cerebrovascular
accident, and ‘“‘sudden deaths.” Information
was obtained for subjects who died with conges-
tive failure, rheumatic heart disease, and pul-
monary embolism although these were not
utilized in the present evaluations. Death cer-
tificate information was also sought for subjects
believed to have died of noncardiovascular
causes.

TasLE 10.—Categories of New Events, Classifica-
tion by the Review Committee. Men, 40-59

Definite Events
1. Myocardial infarction, definite
. Myocardial infarction, definite, by ECG only
. Coronary thrombosis, definite
. Coronary sclerosis, definite, by autopsy
. ECG abnormality, definite, assoc. with coro-
nary artery disease
6. Angina pectoris, definite, with ECG changes
7. Angina pectoris, definite, w/o ECG changes
Probable or Possible Events
8. Myocardial infarction, probable
9. Coronary thrombosis, probable
10. ECG abnormality, probable, assoc. with
coronary insufficiency
11. Angina pectoris, probable, w/o ECG changes
12. Myocardial infarction, possible, by ECG only
13. Coronary thrombosis, possible
14. ECG abnormality, possible, assoc. with CAD
15. Angina pectoris, possible

QU s W N

A questionnaire, called Form 5, was supplied to
the examining staff or the physician who attended
the patient. This asked for the identification and
documentation of the nature of the new event
identified on the Form 2. The Form 5 consisted of
4 major sections for use with instances of angina
pectoris, myocardial infarction, cerebrovascular
accident, and other significant cardiovascular
disease. Appropriate questions were proposed under
each of these sections. All the solicited information
was apropos the date of the follow-up examination
described in the Form 2.

Instances of sudden death posed a special problem
for there are often no definitive clinical findings
which will identify the cause. In order of preference,
the following documentation was sought for these:
an autopsy protocol, a clinical summary of the
attending physician, and a death certificate.

Review Commattee

It was important that the classification of
individuals who had developed new evidences
of atherosclerosis be done in an unbiased
manner. Dr. Paul D. White agreed to assist the
Technical Group with this task and he ar-
ranged for Dr. Samuel A. Levine and Dr.
Howard B. Sprague to serve with him as a
review committee. The members of this com-
mittee reviewed the evidence that was supplied
for each subject through the statistical con-
sultant and determined whether there was
justification for classifying the subject as “nor-
mal” at the time of admission to the study and
then, whether the available evidence supported
the clinical impression of “‘new disease.” Finally
they recorded their collective opinion of the
nature of this new event. The Review Commit-
tee sometimes deferred judgment and sought
additional evidence either through additional
efforts of the laboratory or with their personal
letters to the attending physicians. The Review
Committee was not told the lipoprotein or
cholesterol values, nor the identity of the lab-
oratory that had processed each subject, al-
though the identity of these could have been
deduced in some instances from the place at
which the illness had occurred.

The Review Committee classified all “new
events” according to the plan shown in table 10.
It should be emphasized that the ‘“new events”
were identified as of the time of re-examination
of the entire group of which the subject was a
part. Certain subjects were classified with the
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assistance of clinical information that appeared
after the follow-up interval but later informa-
tion was used as supplementary evidence and
not as grounds for inclusion for consideration
among the “new events.”

The several kinds of diagnoses that were as-
signed to these new events by the Review Com-
mittee have been divided subsequently into 2
categories according to the certainty of the
diagnosis expressed by the reviewers. This di-
vision, which was made by the research group,
assigns to the category termed ‘definite new
events” the 7 classifications of coronary artery
disease for which a definite diagnosis could be
established. This group includes 65 new events.
The “probable or possible new events” com-
prise the 17 new events for which either the
paucity of information or uncertainty of its
interpretation makes the diagnosis less certain.

Evaluation of Bias

At a number of points in this report, refer-
ences have been made to precautions that were
taken to avoid bias. These included the pro-
visions that laboratory results be reported to
the statistical office in advance of the collection
of follow-up data from the source, and that all
reported ‘“‘new events” be evaluated independ-
ently by a committee of clinicians who were
unaware of the lipid measurements at entry to
the study. One result of this evaluation was the
exclusion by the Committee of 24 subjects with
reported new events on the grounds that they
were incorrectly classified as normal at entry.
This reclassification was based on a review of
serial electrocardiograms and of clinical history,
including history of hospitalization. By prear-
rangement, knowledge of lipid values was with-
held from the Review Committee. The data for
each of these 24 cases are shown in Exhibit F.
The clinical status of those subjects for whom
no new event was reported was not subject to a
similar review.

Another source of possible bias is differential
follow-up. Eighty per cent of the candidates for
follow-up were re-examined at the specified
follow-up interval. About 12 per cent were fol-
lowed at intervals outside the established limits
and were excluded from consideration. An addi-
tional 7.5 per cent were not re-examined. This

number of subjects who were not followed
would permit the possibility of bias.

The lipid values were made available to the
medical personnel of the originating source
prior to the follow-up although some sources
elected not to receive these data. Under these
circumstances it 1s conceivable that a source
might have been more energetic in tracing
persons with high lipid values, or that a labora-
tory might have stimulated a special effort in
the follow-up of persons with high lipid values.
These activities seem most unlikely. There is
indirect evidence bearing on this matter in the
lipid values for the groups that were either not
followed or were followed but at other than a
standard follow-up interval. Judging from the
data in IExhibit C there is little difference in
mean lipid values between the ‘“followed and
pooled” group and the remainder who qualified
at entry but were excluded by follow-up limita-
tions. This evidence is not a proof of the ab-
sence of bias, but it seems to minimize that
possibility.

Statistical Methods

The 2 principal objectives of the study can be
restated in forms more appropriate to statistical
testing and generalized to other lipid measures
in these hypotheses: 1. If a group of presumably
normal men is observed for a specified period of
time subsequent to the measurement of their
lipid values, a subgroup will be found to have
developed clinical evidence of significant ath-
erosclerotic disease, and that subgroup will be
found to have had lipid values that were high
initially relative to the distribution of lipid
values in the total group. 2. In the subgroup
developing new disease, values of lipid measure
A will be found to have been higher (or lower),
relative to the distribution of measurements of
A in the total group, than were the values of
lipid measure B, relative to the distribution of
measurements of B in the total group (where A
and B may be any of the several lipid meas-
ures). These 2 hypotheses formed the central
core of the Cooperative Study.

The evaluation of these hypotheses was based
upon the concept of a “base population’ out of
which the “new event” cases could be assumed
to have arisen as a subgroup. This base popula-
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tion was the group of presumably normal men
(according to the criteria of the study) aged 40
to 59 at entry to the study for whom a prear-
ranged follow-up observation was completed.
The “new events” were the occurrences in
individuals in this base population of significant
atherosclerotic disease in the follow-up period.
Only 1 event per individual is counted. The
‘“definite new events” are those new events
with sufficient clinical evidence that the Review
Committee regarded them as unequivocal.

At the outset of the study, it was assumed
that the performance of the various lipid
measurements could be carried out with a high
degree of accuracy and reproducibility. This
would have permitted pooling of the data in
the simplest fashion, that is, by treating the
data from all laboratories as a single, homo-
geneous lot. It was soon found, however, that
there were 2 sources of variation in the lipid
data that indicated that these could not be
treated in this manner. There were technical
variations between laboratories, and there were
variations of population values among certain
important source groups.

The technical variation between laboratories
has been discussed in preceding sections and
summarized in tables 5, 6, and 7. In view of the
between-laboratory differences in mean values
found in the reproducibility studies, the fol-
lowing procedure has been used for pooling
results. For each of the lipid measures a sep-
arate population base was formed for each
laboratory by simple pooling of the data for
the sources within the laboratory and the lipid
values for the new events were referred to the
laboratory population base.

There were 2 exceptions to this procedure.
The Los Angeles civil service population was
treated as a separate group and the lipid values
for new events in the Los Angeles group re-
ferred to the Los Angeles population values.
The prisoner population was excluded from the
Pittsburgh base, and the 2 prisoner new events
referred to the remaining Pittsburgh popula-
tion base. These exceptions were based on the
following considerations: The mean values and
standard deviations for 19 sources or source
groups as shown in table 11 were examined for
homogeneity. Two groups appeared to be

markedly different from others. The Los An-
geles city employees showed a mean cholesterol
level remarkably higher than that of any other
group studied, and a pattern of S; 12-20 and
St 20-100 measurements also at variance with
those of the other groups studied by the Donner
Laboratory. In an earlier analysis of these
data,’® Donner had considered this difference in
lipoprotein patterns in the Los Angeles source
and attributed it to the fact that the blood was
drawn in the fasting state. Although there is no
independent evidence that fasting would bring
about changes of the observed kind and magni-
tude in either lipoprotein or cholesterol levels,
it seemed desirable to treat the Los Angeles
group as a separate entity, and this has been
done with respect to all of the lipid measures.
The prisoner group studied in Pittsburgh dif-
fered from other groups studied by that labora-
tory in having remarkably low values for
cholesterol and S; 12-20. It seemed reasonable
to assume that peculiarities of diet, or mode of
life generally, might have brought about dif-
ferences in mean lipid values for this group,
although there is no definite evidence for this.
With acceptance of this assumption, it was
decided that data for the prisoner group should
not be used in the computation of values for
the base population against which new events
were to be compared, and that new events
originating in the prisoner group should be
evaluated with the base population used for
assessment of all other new events occurring in
the Pittsburgh sources. The prisoner group con-
tributed only 2 definite new events and because
of the relatively small number of subjects in
the prisoner base population, the net effect of
this special handling of the prisoner population
is, in fact, trivial.

There are available several alternative meth-
ods for comparing the values of lipid measures
in the new events with those in the base popula-
tions out of which they arose. The 2 chosen
were a comparison based on mean differences
and a comparison of the percentile ranking of
individuals by the several measures.

In comparing the mean value of a lipid
measure in a subgroup of new events with that
observed in the population out of which the
subgroup was drawn, the following null hypoth-
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TaBLE 11.—Mean Lipid Values and Standard Deviations by Source, Men. 40-69, Levels in mg./100
ml. Serum
Number of men* Mean values Standard deviations
Laboratory and source
St St Choles- f St Choles- St St Choles-
12-20 20-100 terol 12-20 20-100 terol 12-20 20-100 terol

Cleveland

White Motor Co................... 235 230 — 32.5 72.7 — 18.4 62.5 —

Chrysler Motor Co................ 464 460 196 33.3 76.6 | 237.0 | 24.9 58.9 49.9

Cleve. Graphite Bronze........... 264 264 65 36.9 | 101.1 | 246.3 | 23.0 74.3 55.5

General Electric Co.. ............. 183 181 151 34.7 84.2 | 247.1 | 17.6 57.4 48.2

Nickel Plate Railroad............. 63 63 63 29.1 71.2 | 236.6 | 14.7 45.3 47.7
Donner

Framingham Heart Study......... 837 837 703 47.3 | 114.9 | 240.0 | 21.7 86.1 44.8

City of Los Angeles............... 686 686 541 55.8 84.4 | 263.1 | 26.2 60.4 57.7

Pan American Airways............ 130 130 100 47.7 91.3 | 243.4( 25.8 67.7 46.8

United Airlines. . ................. 64 64 33 48.6 | 102.6 | 256.1 | 21.9 63.4 42.8

Eastman Kodak Co................ 371 371 327 51.2 99.7 | 242.0 | 25.7 54.5 51.0
Harvard

Lahey Clinic...................... 136 135 111 40.1 84.3 | 252.5 | 22.3 63.5 49.6

Metropolitan Life Ins. Co......... 534 534 533 38.9 85.7 | 240.7 | 18.9 59.9 4.7

Mass. Inst. of Technology......... 76 76 76 40.8 78.5 | 244.4 | 19.4 61.9 49.0

All otherst........................ 97 97 79 40.1 87.3 1 240.9 | 25.4 55.0 46.7
Pittsburgh

Hoffman-LaRoche................. 201 199 199 44.2 91.5 | 224.3 | 21.1 62.1 42.8

Weirton Steel Co.................. 367 367 367 46.4 | 103.8 | 220.2 | 25.4 85.6 42.1

U. S. Penitentiaries: Prisoners..... 236 236 236 36.1 96.3 | 194.6 | 18.8 59.8 36.4

U. S. Penitentiaries: Staff......... 158 158 158 41.7 | 107.6 | 209.0 | 25.9 71.0 40.9

All othersf........................ 47 45 47 48.0 | 112.3 | 212.7 | 29.9 75.4 46.0

* Includes only men with completed follow-up who were normal at entry to the study.
1 Sources with less than 50 men are not shown separately but are included in the residual group

for the laboratory.

esis was used: the mean lipid level in the indi-
viduals experiencing new events in comparison
with the mean level in the base population out
of which they arose, is no higher than would be
expected by sampling variation in successive
subsamples from such a parent population.
This hypothesis was evaluated by the statistic
t which has the distribution of a normal deviate.

D
o/V/n

where D = mean lipid level of new events
minus mean lipid level of base population, ¢ =
standard deviation of the lipid measure for
base population, n = number of new events.
The 1-sided nature of the hypothesis being
tested requires that the probability be evalu-
ated in terms of a single tail of the normal
distribution. The combination of differences
from laboratories with both technical differ-
ences of measurement and population differ-

i

ences poses a new problem, since the number of
observations contributed by each laboratory
becomes important. If it is assumed that the
laboratory means differ, but the distributions
have a common variance, the new events are
referred to the mean for each laboratory and
the test takes the alternate form:

- l/nan D;
o/V'n

Here D; is the difference within a laboratory
between the mean lipid value for new events
and the mean lipid value in the base popula-
tion. The number of new events in the given
laboratory is n;, and 1/n Zn; D; is, therefore,
the weighted mean of the mean differences. In
this case o is a pooled estimate of the standard
deviation.

In comparisons based on percentiles, each
subject has been assigned a percentile score for
each lipid measure in the distribution of the

t
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values of that measure for the base population
of which he was a member.

If an arbitrary point is established in the dis-
tribution of a given base population, e.g., the
fiftieth percentile point, or the seventy-fifth
percentile point, and a count made of the num-
ber of new events with a percentile score for
any given lipid measure above that cutting
point, it is possible to test the null hypothesis
that the proportion of new events with per-
centile scores above the cutting point is no
greater than would be expected by sampling
variation in successive subsamples from such a
parent population. For cutting points at the
fiftieth and seventy-fifth percentiles, this may
be evaluated by reference to the binomial dis-
tribution and, again, in this type of 1-sided
hypothesis, by a single tail of the distribution.

Neither of these procedures can be used to
test directly, with respect to any 2 lipid meas-
ures, which of the 2 was superior in predicting
new events in the population by characterizing
those individuals with a high value. One
method of accomplishing this is to compare the
percentile scores with which 2 lipid measures
characterize the same individual who later
developed a new event. This has been tested
in terms of the null hypothesis that the mean
difference between the percentile scores of 2
lipid measures for a group of individuals with
new events is no greater than would be ex-
pected by chance with such a distribution of
individual differences. This is evaluated in
terms of the statistic t, which will be distributed
as Student’s t. (In view of the previous use of
1-sided tests, it should be noted that this is a
2-sided test.)

t=4
g

where d = difference between the percentile
scores on 2 lipid measures for a given individ-
ual, d = Zd/n, 0i = VZ (d — d)*/n(n — 1),
and n = number of new events.

This test is sensitive to differences in position
over the entire range. Alternatively, it is pos-
sible to compare the performance of 2 measures
in placing an individual above or below some
arbitrary cutting point, e.g., the fiftieth or
seventy-fifth percentile. That measure is con-

sidered ‘better” which, when the 2 measures
disagree, places a significantly larger propor-
tion of the new events at the upper end of the
percentile scale. A placement above the cutting
point may be considered a “success,” and 1
measure may succeed at this when another
fails, and vice versa. Without regard to the
number of times that the 2 measures agree, the
consideration is only of those instances where
they disagree. If measure A succeeds in a cases
where measure B fails, and measure B su¢ceeds
in b cases where measure A fails, then the test
is whether the ratio a/(a+b) differs signifi-
cantly from one half. (This is also a 2-sided
test.)

Two other methodologic points deserve spe-
cial attention: asymmetry of the distributions
and age adjustment. The frequency distribu-
tion of the total cholesterol, S 12-20 and S;
20-100 levels for the individual laboratory
sources are shown in figures 1, 2, and 3. These
distributions show varying degrees of asym-
metry or skewness, that for cholesterol showing
less skewness than the other 2. The statistical
tests that are used in this report are relatively
insensitive to departures from normality not
greater than those encountered in these distri-
butions, and accordingly the original data have
been used without transformation.*

The necessity of age adjustment of study
groups with respect to serum lipid levels was
also considered. It has been contended!® that
serum cholesterol levels vary with age although
the basic data used in that study were unique
in respect to methodology and study popula-
tion. The data also required excessive interpola-
tion in order to establish the age level relation-
ship. Jones and co-workers?® have described the
relation of lipoprotein levels and age. They ob-
served a large increase of the S; 12-20 level in
men, particularly in the third decade of life.
The levels were then nearly constant through
age 60. Those authors found that the serum
cholesterol increased slowly but perceptibly in

* Various transformations were tested; the square
root, and logarithmic appeared to be most successful.
Parallel analyses, using the logarithmic transforma-
tion, indicated that conclusions would be substan-
tially the same as those reached here with untrans-
formed data.
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men throughout the age span 25-65 years. In
another publication from the Donner Labora-
tory® the relation to age of the ‘“standard”
lipoprotein levels, i.e., measurements adjusted

for the influence of concentration upon the
ultracentrifugal measurement (v.s.) was de-
scribed. The lipoprotein bands pertinent to
this discussion, i.e., S 12-20 and S;° 20-100,
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TaBLE 12.—Mean Lipid Values by Age, Men,
40-59, Levels tn mg./100 ml. Serum

. Donner
Pittsburgh
km CILCX‘;. Harvard pl(-ies:)c:grts) ‘ except Los
Los Angeles| Angeles

St 12-20

4044 36 38 45 48 53

4549 34 41 46 49 57

50-54 33 39 44 52 56

55-59 33 40 44 45 59
S 20-100

40-44 94 83 102 109 88

4549 82 88 111 110 82

50-54 78 84 94 113 79

55-59 77 84 93 97 88
Choles-

terol

40-44 242 236 213 237 258

4549 241 248 223 242 260

50-54 244 243 219 248 268

55-59 240 247 223 241 269

Note: Includes only men with completed follow-
up who were normal at entry to the study.
No mean is based on less than 96 subjects.

showed a curvilinear relationship with age for
the men forming a smooth parabola with the
maximum at about age 55. All these studies
seemed to indicate a small but real change of

cholesterol and lipoprotein level with age for
men after 30 years of age.

The data from each of the laboratories were
examined for the change of serum lipid level
within the 40-59 year age group. The choles-
terol, S; 12-20 and S; 20-100 levels with age
are shown for the 4 laboratories (and Los
Angeles) in table 12. The small differences ob-
served in this age range indicated that it was
unnecessary for the purpose of the ensuing
analysis to consider age effect.

REsULTS

The base population of 4,914 men yielded
82 men who developed clinical manifestations
of disease that were accepted by the Review
Committee as caused by atherosclerosis.* A
description of the 82 new events is shown in
table 13. Sixty-five of the new events were

* Not included in these figures are the 7 new events
arising out of the group of 508 White Motor Co. em-
ployees studied by Cleveland. These new events were
reported without the complete documentation re-
quired for Review Committee action and are therefore
not strictly comparable to the 82 events from other
sources that were documented and reviewed. The
characteristics of the individuals experiencing these
new events are shown in Exhibit E.
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TABLE 13.—Number of New Events by Category of Event, As Classified by the Review Committee, Men,

40-59
Al Donner
Cleve. Harvard | Pitts.
sources eic’?it LA
Totals. . . o e e 82 15 22 14 12 19
Definite events............ ..o ittt 65 12 18 12 8 15
Myocardial infarction definite.......................... 38 10* 8 6 5 9
Myocardial infarction, definite, by ECG only........... 3 — 2 — — 1
Coronary thrombosis, definite.......................... 6 1 4 — — 1
Coronary sclerosis, definite by autopsy................. 1 — — 1 — —_
ECG abnormality, definite, assoc. with coronary artery

artery disease. ............. .. iiiiieeiiiiiiiia, 6 — 2 — 2 2
Angina pectoris, definite, with ECG changes........... 4 — 2 1 1
Angina pectoris, definite, w/o ECG changes............ 7 1 —_ 1 1

Probable or possible events............coooiiiiiiiiiian 17 3 4 2 4 4
Myocardial infarction, probable........................ 1 — — — — 1
Coronary thombosis, probable. ........................ 4 3 — — — 1
ECG abnormality, probable, assoc. with coronary insuf-

1703 1=) (1) 1 — 1 — — —
Angina pectoris, probable, w/o ECG changes........... 4 — — 1 2 1
Myocardial infarction, possible, by ECG only.......... 1 — — 1 — —
Coronary thrombosis, possible. . ....................... 1 — — — 1 —
ECG abnormality, possible, assoc. with CAD........... 1 — 1 — — —
Angina pectoris, possible............... .. ..o 4 — 2 — 1 1

* Does not include 2 White Motor cases.

classified as ‘“‘definite events.” It is on these
“definite new events’’ that most of the subse-
quent analysis will be based.

The data obtained for the base populations
can be shown graphically in cumulative form
as the proportion of subjects (ordinate) with
lipid values below any given level (abscissa).
These S-shaped curves facilitate evaluation of
measurements of new events by indicating the
position of these with reference to the cumula-
tive distribution of the appropriate base popu-
lation. For the present purposes cumulative
curves have been presented for the distribu-
tion of each lipid measure in the base popula-
tion studied by each laboratory. (The Donner
Laboratory data have been presented in 2
parts—Donner exclusive of the Los Angeles
city employee group, and the Los Angeles city
employee group.) Each definite event has been
located on its appropriate distribution curve
according to the lipid measurement it showed.
If an elevation of a lipid measurement does
permit the prediction of the development of
clinically manifest atherosclerotic disease, it

follows that the subjects experiencing definite
new events should have lipid levels that are
concentrated in the upper part of the distribu-
tion curve of the base population. An impres-
sion of the extent to which this is true can be
gained from the graphic presentations; the
extent to which it is statistically significant
can be evaluated by the application of the
various tests described in the preceding sec-
tion.

In figure 4 the cholesterol levels of the defi-
nite events are shown in this manner. Figures
5 and 6 show the corresponding distributions
for S; 12-20 and S; 20-100 measures. It is
apparent that none of these measures has led
to a clear separation of the definite new events
at the high levels, and indeed none has regu-
larly placed the individuals in the upper half
of the distribution.

The success of any lipid measure in asso-
ciating a high level with subsequent develop-
ment of atherosclerotic disease can formally
be tested in terms of a specified value, or cut-
ting point, above which the definite new events



8T0Z ‘/2 JequanoN uo Aq Bio'sfeuinofeye//:diy wouy pspeojumoq

710 COOPERATIVE STUDY ON LIPOPROTEINS AND ATHEROSCLEROSIS

100 T T T T

90}

8ol
w °f
Q
,‘E 60
Z
8 sol-
&

aof
o
w L 4
> A-CLEVELAND
- ~DONNER EXCEPT LOS ANGELES
< 201 C-HARVARD R
= D-PITTSBURGH
g 1of E- DONNER -LOS ANGELES 4

P-PRISONER
o]
O ) O 1 | 1 ) 1 1 I ! L 1
1 1 1 1 1 1 1 J
155166180 21:)0 2%0 240 566 280 300 320340 360 380 CLEVELAND
:

S— 1 1 i 1 T |
145 160 180 200 220 240 260 280 300 320 340 360 .u?o'“ml"ER EXCEPT LOS ANGELES
L 1 1 L
140160 180 200 220 240 260 280 300 320 340 360 PITTS-
L 1 1 1 1 1 1 1 J BURGH
145 160 180 200 220 240 260 280 300 320 340 360 380 BUR
145160 180 200 220 240 260 280 300 320 340 360 380)

CHOLESTEROL LEVEL (MG. %) DONNER-LOS ANGELES

Fic. 4. Definite new events related to cumulative percentage of all subjects according to choles-
terol level, men 40-59. To find the proportion of the base population having lipid levels below a
specified amount, find the lipid level on the appropriate abscissa scale, read up to the intercept on
the curve for the base population and read over to the corresponding percentage point on the ordi-
nate scale. The cumulative percentage curves for the base populations are plotted with a common
scale for cumulative percentage but with differing scales for lipid levels. Thus, 50 per cent of the
Harvard base population are seen to have cholesterol levels below 240.

Percentile values for the definite new events (as given in Exhibit D) were calculated from the
exact distribution rather than graphically. In some instances this results in a minor discrepancy
in graphing. In such cases, the point is plotted at the exact percentile position, even though the

J
38°HARVARD

lipid level indicated by the curve at that point may differ slightly from the exact value.
The numbers within the circles refer to the diagnostic categories listed in table 10.

might be expected to fall. There seems to be
no a prior: basis for the selection of any spe-
cific cutting point for a crucial test in the
present problem. Lacking this, data are pre-
sented in table 14 using both the fiftieth per-
centile (the median) and the seventy-fifth
percentile as cutting points. It should be noted
that these points are arbitrary, and that differ-
ent conclusions might be reached by compari-
sons at other cutting points.

The cholesterol measurements of all labora-
tories combined showed a highly significant*
ability to place the subjects with definite

* In the ensuing discussion the arbitrary but some-
what useful convention is used of referring to statis-
tical significance at the 5 per cent level as “‘signifi-
cant” and at the 1 per cent level as ‘‘highly signifi-
cant.”

events above the fiftieth percentile. The S
12-20 measure did not show a significant abil-
ity to accomplish this separation; the S; 20—
100 measure showed significant separation at
the fiftieth percentile. On the combined data,
none of the measures showed significant sepa-
ration at the seventy-fifth percentile.

Another way of examining the predictive
ability of a lipid measure is to compare the
mean value of the measure in the group of
new events with the mean value in the base
population. The mean differences for the 3
lipid measures are shown in table 15. When
the combined experience of all the labora-
tories is examined, it will be seen that all of
the mean differences are positive, i.e., the
mean value of each of the lipid measures was
higher in the new events than in the base
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TaBLE 14.—Separation of Definite New Events at
Specified Percentile Cutting Points, Men, 40-59

Number of new events

)

5 2%

Measure and source g% § s

Total | 58 | 88

2 | i3

kS

8¢ -12-20—All sources. .......... 65 32 18
Cleveland.................... 12 8 5
Donner, except Los Angeles 18 9 4
Donner, Los Angeles. ........ 12 6 2
Harvard..................... 8 4 3
Pittsburgh................... 15 5 4
S¢ 20-100—All sources. . ........ 65 42* | 18
Cleveland.................... 12 11 6
Donner, except Los Angeles. .. 18 10 2
Donner, Los Angeles......... 12 9 4
Harvard..................... 8 4 2
Pittsburgh................... 15 8 4
Cholesterol—All sources........ 57 41t 20
Cleveland.................... 6 4 2
Donner, except Los Angeles. . .| 17 12 4
Donner, Los Angeles. ........ 11 7 2
Harvard..................... 8 6 3
Pittsburgh................ ... 15 12 9

Significance at a 5 per cent level denoted by * at a
1 per cent level by t. Test based on the binomial
distribution and expresses the probability of at
least the number of events reported above the spe-
cified percentile. The number of new events from
individual laboratories is generally too small to
expect significance considering the variability
among new events, and tests for individual labora-
tories are therefore omitted.

Other measurements made only by the Donner
Laboratory and referred to by that laboratory as
‘‘standard’ values will be found in Discussion A.

population. The difference for cholesterol was
highly significant, but the small differences
observed for Sy 12-20 and S; 20-100 were not
significant.

The fourth objective of the Cooperative
Study was “to compare total cholesterol and
St 12-20 fractions as indicators of the dis-
order.”

The relative predictive ability of 2 lipid
measures may be assessed by comparison of
these at various cutting points or by a com-
parison of percentile scores over the entire
range. The selection of a cutting point is an

TaBLE 15.—Mean Deviation in Lipid Level for
Definite New Events From Levels for Base Popula-
tion, Men, 40-69

New events | g, |Mean dif-
ference:
Measure and source Tnl |G| New
events —
E.S Mean | Mean base
St 12-20—All sources. ... . 65| — — 4.6
Cleveland............. 12 | 42.0 | 34.3 7.7
Donner, except Los
Angeles.............. 18 | 48.4 | 48.4 0.0
Donner, Los Angeles...[ 12 | §9.3 | 55.8 3.5
Harvard............... 8139.5]39.4 0.1
Pittsburgh............. 15| 55.5 | 45.0 | 10.5
St 20-100—All Sources. . .| 66 | — — 10.8
Cleveland. ............ 12 |135.5 | 84.4 | 51.1
Donner, except Los
Angeles.............. 18 | 99.7 (103.1 | —8.4
Donner, Los Angeles...| 12 | 92.6 | 84.4 8.2
Harvard............... 8197.8|85.0| 12.8
Pittsburgh............. 15 (102.3 (101.9 0.4
Cholesterol—All sources..| §7 | — — 17 .4t
Cleveland. . ........... 6 |251.7 |241.4 | 10.3
Donner, except Los
Angeles.............. 17 251.0 |241.3 9.7
Donner, Los Angeles...| 11 [266.5 |263.1 3.4
Harvard............... 8 |267.4 |242.7 | 24.7
Pittsburgh............. 15 (254.0 |218.5 | 35.5

Significance at a 1 per cent level denoted by ft.
Test based on normal distribution and expresses the
probability of a positive mean difference. The num-
ber of new events from individual laboratories is
generally too small to justify the assumption of
normality considering the underlying distributions.
Mean differences for individual laboratories have
therefore not been tested.

Other measurements made only by the Donner
Laboratory and referred to by that laboratory as
“‘standard’’ values will be found in Discussion A.

arbitrary matter that gives great weight to
small differences that bring about disagree-
ment between 2 measures in the neighborhood
of the cutting point, and no weight to larger
differences of the measures that do not cross
a cutting point. Comparisons of lipid measures
(cholesterol and S; 12-20, cholesterol and S
20-100, S; 1220 and S 20-100), using the
fiftieth and seventy-fifth percentiles as cutting
points, are shown in table 16. All of the meas-
ures agree more often than they disagree. In
those subjects where 2 measures disagree, there
is 1 highly significant difference, namely the
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TaBLE 16.—Comparisons of Specified Lipid Measures Based on Placement of Definite New Events
Relative to Fiftieth and Seventy-fifth Percentiles, Men, 40-69

Agr t: Both es on same Disagreement: One measure above,
Measure A Measure B side of cutting point the other below cutting point
Total Both above | Both below Total A above B above
Seventy-fifth percentile
Cholesterol.............. St 12-20 34 7 27 23 13 10
Cholesterol.............. St 20-100 37 7 30 20 13 7
Se12-20................. St 20-100 49 10 39 16 8 8
Fiftieth percentile
Cholesterol.............. Se 12-20 38 24 14 19 17t 2
Cholesterol.............. St 20-100 35 27 8 22 14 8
S¢12-20................. S¢ 20-100 41 25 16 24 7 17

If one measure discriminates better than another at a 1 per cent level, thisis denoted by 1.

If a measure is above the specified percentile, this may be considered as a ‘‘success’’ for that
measurement. Where both measures for a definite new event ‘‘succeed’’ or both “fail’’ the measures
may be considered as equally effective. To determine whether 1 measure is more effective than the
other, therefore, we consider only these instances where 1 succeeds while the other fails and test
whether either measure is favored more than half the time.

Other measurements made only by the Donner Laboratory and referred to by that laboratory as

‘“standard’’ values will be found in Discussion A.

advantage of cholesterol over S; 12-20 at the
fiftieth percentile cutting point. None of the
other comparisons shows significant differences
between measures.

Another way of evaluating the relative ca-
pacity of 2 lipid measures to predict the new
events within a base population is to compare
the percentile scores that the 2 measures as-
sign the same individual. This method credits
separation at all levels. Table 17 shows the
differences in mean percentile scores for the
following comparisons: cholesterol and S; 12-
20, cholesterol and S; 20-100, S; 12-20 and
St 20-100. The only difference that is signifi-
cant is the higher mean percentile value of
cholesterol when this is compared with S
12-20.

It should be emphasized that these various
tests presented in tables 14 through 17 are not
independent, all being related ways of looking
at the same data. Taken as a group they sug-
gest that cholesterol was the most effective
measure in separating out the definite new
events, and S; 12-20 the least effective.

There were 17 subjects who developed signs
of new disease which the Review Committee
agreed were indicative of the presence of
atherosclerotic disease, but which they could
not classify as ‘“definite.” These events have

TABLE 17.—Comparisons of Specified Lipid Meas-
ures Based on Percentile Position of Definite New
Events: Men, 40-59

Lipid d Mean percentile M
ipid measures compare: g‘g‘:’:{s seoTe deifgg-
Measure A Measure B Il:{':a;- ﬁl;_e:sﬁ A-B
Cholesterol | S; 12-20 57 61.3 | 53.2 | 8.1*
Cholesterol | S; 20-100 57 61.3 | 55.4 | 5.9
St 1220 St 20-100 65 53.8 | 57.6 |—3.8

Significance at a 5 per cent level denoted by *.
Test based on a 2-sided t distribution with N-1 d.f.
Other measurements made only by the Donner
Laboratory and referred to by that laboratory as
“standard’’ values will be found in Discussion A.

been classified as ‘“probable” or ‘“possible”
new events and their identity and individual
measurements are tabulated in Exhibit D.
The lipid levels of these subjects are on the
average very similar to the levels found in the
base population.

DiscussioNn
Note by Referee*

The participants in this study concur in the
presentation to this point. They agree in find-

* Dr. E. Cowles Andrus agreed to act for the Com-
mittee on Lipoproteins and Atherosclerosis and the
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ing that atherosclerosis, as manifested by clin-
ical signs of coronary artery disease, is asso-
ciated with a disorder of lipid metabolism and
that there is some predictive value in the var-
ious lipid measurements examined. However,
because of clear divergence of opinion between
the Eastern Laboratories and the Donner
group with regard to the degree and specificity
of this predictive value, and indeed with re-
gard to the significance of certain data in
relation thereto, it was agreed that the dis-
cussion and conclusions would be prepared
independently and presented separately by 2
groups: Dr. Gofman and his colleagues at the
Donner Laboratory to present Discussion A
and the Cleveland, Harvard, and Pittsburgh
groups acting concurrently to present Discus-
sion B. It was also agreed that new material or
rebuttal would appear in appendices.

It will be noted that, in addition to standard
values for lipid measures derived from Donner
data, certain other statistical data, the ‘esti-
mated standard values” and the ‘estimated
atherogenic indices,” have been incorporated
in Discussion A. Though based upon measure-
ments made at the Harvard, Cleveland, and
Pittsburgh laboratories on their referent popu-
lations, these estimated wvalues and indices
were computed independently by the Donner
group. The Cleveland, Harvard, and Pitts-
burgh groups and the statistical consultant do
not accept these “estimated standard values”
and “estimated atherogenic indices” because
they question the validity of the statistical
methods by which they were derived.

DiscussioNn A

Representing the views of John W. Gofman,
Hardin B. Jones, Beverly Strisower, and
Arthur R. Tamplin, Donner Laboratory.
The major purpose of this study was to ex-

plore further the early observations that an

Technical Group as referee for the 2 discussions. He
was assisted by 2 other members of the Committee
on Lipoproteins and Atherosclerosis: Dr. John W,
Fertig with regard to statistical matters and Dr.
Jesse W. Beams with regard to questions involving
physical theory of ultracentrifugation. Dr. Andrus
was empowered to make final decision on admissibil-
ity of material in the discussions.

assoclation existed between certain serum lipo-
proteins and existing coronary heart disease.
The original observations indicated that a
band of lipoproteins designated as S; 10-20
lipoproteins was positively associated with
this disease. At that time other flotation
classes of lipoproteins were described, but
measurements of their independent association
with coronary heart disease were unavailable.
It was planned originally to investigate the
segments of the lipoprotein spectrum, other
than the S; 10-20 lipoproteins, and informa-
tion is now available for all the major lipo-
protein groups.

Introduction of Standard Lipoprotein Measures*

Technical problems of measurement of lipo-
proteins with the ultracentrifuge were recog-
nized and were in need of solution, since the
method itself had been discovered approxi-
mately 1 year before this study was initiated.
Among these problems were those of concen-
tration measurement in the low concentration
ranges and of the separation of lipoprotein
classes. In the original work a preliminary
ultracentrifugation was performed to concen-
trate the low-density lipoproteins 3-fold, in
the effort to circumvent errors of measurement
at low-lipoprotein concentration. The basic
significant observations pertinent to coronary
heart disease in association with S; 10-20 lipo-
proteins were made under these conditions.!
It became apparent that in some cases diffi-
culty was being experienced in the measure-
ment separation of the S¢ 10-20 class of lipo-
proteins from the S¢ 0-10 class. Therefore, the
decision was made to measure S; 12-20 lipo-
proteins instead of S; 10-20 lipoproteins, in
the effort to circumvent the difficulty of read-
ing close to the prominent class of S; 0-10
lipoproteins.

Irurther it was felt that possibly concentra-
tion of the lipoproteins 5-fold instead of 3-fold
would further reduce measurement errors for
low concentrations of lipoproteins. This inno-
vation was made after the original work but
before this cooperative study was initiated. It
later became apparent that samples charac-

* Reproducibility for all measures in the Donner
Laboratory is presented in table 22.
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terized by high concentrations of low-density
lipoproteins frequently gave false results for
the S; 12-20 lipoproteins when the 5-fold con-
centration was used instead of the 3-fold
concentration, usually yielding falsely low S¢
12-20 results. Preliminary studies showed that a
partial correction of this difficulty could be
made by reanalyzing in the ultracentrifuge
those samples characterized by high total lipo-
protein concentration at a 3-fold concentration
instead of 5-fold concentration. If such a
scheme could be rigorously carried out, all
samples would be analyzed at approximately
equivalent total lipoprotein concentrations.
However, a more definitive routine procedure
was needed to handle this problem. In the
course of 1951-1952 a highly refined ultracen-
trifugal analysis procedure was developed? 2t
which took into account the fact that when
lipoproteins are more concentrated in solution,
they slow themselves down in flotation. This
is akin to the well-known phenomenon of slow-
ing of sedimentation of proteins in concen-
trated solution. Fortunately, the refined pro-
cedure resulted in no loss of previously made
analyses, since the original film record (always
on file) for an ultracentrifuge analysis could be
reanalyzed by this refined procedure. Essen-
tially this procedure corrects for the self-slow-
ing of lipoproteins with increasing concentra-
tion of total lipoproteins and for a highly
associated effect described as the Johnston-
Ogston effect.? In order to denote that the
refined procedure provides correct separation
of the various flotation bands, no matter what
the total lipoprotein concentration is in any
sample, or whether 3-fold, 5-fold concentra-
tion, or other concentration is used, the desig-
nation Standard flotation classes was introduced.
The need for the refined procedure was great,
in that for samples of high total low-density
lipoprotein concentration, a 100 per cent or
even greater error of measurement was en-
countered.

With the refined analysis procedure, it be-
came readily possible to evaluate other seg-
ments of the lipoprotein spectrum for associa-
tion with coronary heart disease. It was
demonstrated that the standard S; 0-12,
standard S; 20-100, and standard S: 100—400

lipoproteins showed positive and independent
association with coronary disease as did the
standard S; 12-20 lipoproteins. Because of the
large gain in information plus accuracy of
analysis the Donner Laboratory proposed in
1952 that all the cooperating laboratories
undertake the more refined measurement. Un-
fortunately the other laboratories felt unable
to undertake the additional work necessary to
provide the standard lipoprotein measure-
ments, so that only the Donner Laboratory
measurements are available for this study.
However, as will be discussed, it is possible to
make a partial estimation of the standard S:
12-20 and standard S; 20-100 results for the
other laboratories by technics described below.

For the purposes of the, Cooperative Study
the introduction of the refined technic for
standard lipoprotein measurements introduces
no problem because of the careful precautions
taken to insure that the study is a “blind
study” with respect to the laboratories making
the lipoprotein analyses. Thus all standard
measurements as well as other measurements
had to be registered in the office of the bio-
metrician at the National Heart Institute in
advance of the follow-up of cases for determi-
nation of development of new coronary heart
disease.

Relationship of Lipoproteins and Cholesterol

Several studies in the literature, including
those from Donner Laboratory, had indicated
a positive association of analytic serum cho-
lesterol measurement with coronary heart dis-
ease.?0: 2. 2¢ Tt was the intent of this study to
compare and contrast the lipoprotein findings
with those for serum cholesterol determination
with respect to coronary disease.

Atherogenic Index Measurement

When it was discovered that all 4 standard
lipoprotein classes, S; 0-12, S; 12-20, S; 20~
100, and S; 100400, showed positive and inde-
pendent association with coronary heart disease,
it became desirable to provide a combined meas-
ure for an individual subject, rather than to
list separately each lipoprotein measure. While
such a combined measure is desirable for es-
timating coronary disease risk, thereis a wealth
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of metabolic information pertinent to such
problems as clinical management that resides
in the individual lipoprotein class measurement.

The combined measure of lipoproteins pre-
dicting coronary disease risk has been desig-
nated the Atherogenic Index, or A.L., value. It
is obtained directly from the standard S; 0-12
and the combined standard S; 12—400 lipopro-
tein measurements as follows.

Atherogenic Index or A.I. = 0.1 (standard S;
0-12) + 0.175 (standard S; 12-400)

where (standard S; 0~12) = concentration of
standard S; 0-12 lipoproteins in mg/100 ml.
and (standard S; 12-400) = concentration of
standard S; 12400 lipoproteins in mg/100 ml.

The weighting of the standard S¢ 12-400
lipoproteins of 1.75 relative to that of the
standard S¢ 0-12 lipoproteins arises out of the
fact that in applying Fisher’s method,* such
weighting resulted in the best segregation of a
population sample of myocardial infarction
and a matched control population sample
without overt clinical coronary heart disease.

The A.I. measure represents the provision of
information additional to that in a corrected
S¢ 12-20 determination, namely the standard
S: 12-20 measurement. Whereas the standard
12-20 measurement is broadly highly associ-
ated with coronary disease (and as this study
indicates predicts coronary disease), we know
that in certain individual cases the standard
S¢ 12-20 measurement alone cannot provide
as good an evaluation of coronary disease risk
as does the Atherogenic Index measurement.

The less refined S; 12-20 measurement made
at a 5-fold concentration presented in tables
14-17 is in our view a less adequate measure.
It cannot be regarded as as critical an evalua-
tion of the correct measure of S; 12-20 lipopro-
teins, as the standard S; 12-20 concentration.
The standard S;¢ 20-100 level is correspond-
ingly a better measure than the uncorrected
S¢ 20-100 measurement made at 5-fold concen-
tration as recorded in tables 14-17.

Analysis of New Coronary Events

In the original work relating lipoproteins
with coronary heart disease, every case was a

* Fisher’s method of Linear Discriminant Analysis
was applied to develop the A. I. measurement.

documented myocardial infarction having both
clinical and laboratory evidence to support the
diagnosis.!* ! This was deemed essential to
assure that the evaluation of possible associa-
tion of lipoproteins with coronary disease was
being made only with cases of the best order
of diagnostic accuracy attainable. We would
have preferred that this pattern of rigid docu-
mentation be followed in this critical test of
the hypothesis for de novo coronary disease. In
our opinion inclusion of cases of lesser diag-
nostic certainty such as those with ‘“definite
angina pectoris” (but no myocardial infarc-
tion) and ‘‘definite coronary disease by elec-
trocardiographic evidence only” seriously di-
lutes the strongest clinical categories. The
analysis of the new events by various clinical
categories of certainty are presented in detail
in Appendix A. We consider those data to pro-
vide the best appraisal of the follow-up studies
of the relationship of lipoproteins and choles-
terol with de novo coronary disease.

Since the other laboratories did not directly
measure standard S; 12-20, standard 20-100,
or Atherogenic Index, we have given consider-
ation to methods for obtaining the best esti-
mate of such values from the data they did
obtain. For estimation of standard S; 12-20,
the difference between measured standard 12—
20 and uncorrected S; 12-20 was evaluated as
a function of serum cholesterol level. It would
be anticipated that in general the difference
between standard S; 12-20 and uncorrected
St 12-20 would increase with increasing cho-
lesterol level, since standard S; 0~12 levels cor-
relate highly with cholesterol and since stand-
ard S; 012 levels are responsible for errors in
the S 12-20 measurement.

In this manner a set of equationst for cor-

t The following equations were used for all Donner
sources, except for Los Angeles, and for all other
laboratories:

Sy 12-20
For uncorrected 12-20 less than 70 mg. per cent:

(a) If cholesterol is less than 200 mg. per cent: Es-

timated standard 12-20 = wuncorrected 12-20
+ 0.05 (cholesterol)
(b) If cholesterol is greater than 200 mg. per cent:
estimated standard 12-20 = uncorrected 12-20
+ 0.26 (cholesterol)-38
For uncorrected 12-20 greater than 70 mg. per cent:
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recting crude S; 12-20 measures from the other
laboratories to estimated standard S; 12-20
and for correcting crude S: 20-100 to esti-
mated standard S; 20-100 was obtained from
the Framingham experience of the Donner
base population. A separate set of equations
was used to obtain estimated standard values
for Los Angeles based upon the base popula-
tion of that source. The application of the
equations to the Donner sources other than
Framingham indicated that the estimated
standard 12-20 bore the same relationship to
measured standard S; 12-20 in these sources
as it did in the source (Framingham) from
which it was developed. Therefore there was
excellent justification for the use of the equa-
tions to estimate standard S; 12-20 and stand-
ard S¢ 20-100 for the various clinical sources
of all other laboratories.

It must be made clear at this point that
while it is much better to have estimated
standard 12-20 and estimated standard 20-
100 values for the other laboratories in lieu of
none, it could hardly be expected that the
estimated standard values* would provide as

estimated standard 12-20 = wuncorrected 12-20 +
0.20 (cholesterol)-47
Sy 20-100
For calculating estimated standard S¢ 20-100.

(a) If uncorrected 20-100 is less than 70 mg. per
cent: estimated standard S; 20-100 = uncor-
rected 20-100 + 0.16 (cholesterol)-31

(b) If uncorrected 20-100 is between 70-159 mg. per

cent:

For cholesterol below 230 mg. per cent: esti-
mated standard S; 20-100 = wuncorrected 20-
100 — 2

For cholesterol greater than 230 mg. per cent:
estimated standard S; 20-100 = wuncorrected
20-100 + 0.16 (cholesterol)-36

(¢) For uncorrected 20-100 greater than 160 mg.
per cent: estimated standard S; 20-100= un-
corrected 20-100 — 0.16 (cholesterol)-31

For the Los Angeles group (fasting bloods) the follow-
ing equations apply:

Sy 12-20

For uncorrected 12-20 less than 60 mg. per cent: esti-
mated standard 12-20 = uncorrected 12-20 + 0.21
(cholesterol)-29

For uncorrected 12-20 greater than 60 mg. per cent:
estimated standard 12-20 = uncorrected 12-20 +
0.18 (cholesterol)-22

S, 20-100

For uncorrected 20-100 less than 70 mg. per cent: esti-
mated standard 20-100 = wuncorrected 20-100 -+
0.16 (cholesterol)-18

much information with respect to such fea-
tures as segregation of coronary events as do
the measured standard S; 12-20 and standard
St 20-100 values.

In order to estimate the Atherogenic Index
value for the laboratories where it was not
directly measured, the cholesterol level was
used as an estimate of standard S¢ 0-12 lipo-
proteins, and the estimated standard 12-100
lipoproteins were used as a measure of the
standard 12400 lipoproteins. The sum of cho-
lesterol plus estimated standard S; 12-100 was
the actual function used. This is analogous to
a sigma function developed by Moore. On the
Donner data it was demonstrated for each
source that this composite measure was corre-
lated with the measured Atherogenic Index to
the extent of a Pearson correlation coefficient
between 0.80 and 0.85. This composite meas-
ure was converted to a scale of A.I. units from
the regression equation for A.I. on the com-
posite measure as follows:

estimated A.I. = 0.194 (cholesterol +
estimated standard 12—-100) + 0.8

In this way it was possible to have an approxi-
mate Atherogenic Index for the other labora-
tories. While such an approximate value
cannot be expected to provide as much infor-
mation as a measured Atherogenic Index, it is
of value in comparing expected Atherogenic
Index results for all the laboratories.

The various lipid measures in the definite
new eventst are presented in tables 19 and 20

For uncorrected 20-100 between 70-159 mg. per cent:
estimated standard 20-100 = uncorrected 20-100 +
0.21 (cholesterol)-29

For uncorrected 20-100 greater than 160 mg. per cent:
esttmated standard 20-100 = uncorrected 20-100
— 0.15 (cholesterol)-31

* Correlation coefficient:

estimated standard S¢ 12-20 vs measured standard

S¢12-20 r = 0.73
estimated standard St 20-100 vs measured standard
S¢20-100 r = 0.73

(Correlation coefficients for Framingham, upon
which the estimation equations were based are essen-
tially identical with those for other sources (Eastman,
Airlines) in which the equations were applied.)

1 A complete roster of cases for which standard
measurements and Atherogenic Index measurements
are available is presented in table 18. In this discus-
sion section the array used constitutes the first 3
categories combined of that table.
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and the comparisons of various lipid measures
with each other are in table 21.

The following conclusions can be drawn
from these data:

1. The mean value for measured standard
S¢ 12-20 lipoproteins and for the measured
Atherogenic Index is significantly elevated in
the definite new events as compared with the

TaBLE 18.—Roster of Cases for which Standard
Lipoprotein and Atherogenic Index Measures are
Available

Standard S¢ | Standard S¢ f
12-20 20-100 Atl}(::ogemc
mg./100 ml. | mg./100 ml. x

Definite myocardial infarction or coronary
thrombosis by clinical and
laboratory evidence

Donner,
Los Angeles
2-13898 65 139 97
2-16779 72 92 71
2-17494 130 136 104
2-30516 134 190 126
2-32104 72 110 98
2-07759 119 96 77

Donner, except
Los Angeles

2-17506 128 175 113
2-17517 76 110 77
2-17803 58 123 75
2-20307 81 166 98
2-20721 113 100 101
2-24423 67 128 81
2-25554 92 99 88
2-27664 110 125 110
2-34597 78 108 82
2-38879 65 134 97
2-42205 116 179 125
Angina pectoris
Donner,
Los Angeles
2-27690 119 184 112
2-14685 47 90 91
2-18867 85 87 81
2-20866 88 91 74
2-27307 67 78 69

Donner, except
Los Angeles

2-24965 31 40 53

2-46031 63 125 79

Coronary disease by electrocardiographic
evidence alone

Donner, except
Los Angeles

2-15342 78 97 90
2-15444 56 99 81
2-29964 25 47 46
2-37479 49 85 60

TaBLE 18—Continued

Standard S¢ | Standard Sg¢
12-20 20-100

Atherogenic
mg./100 ml. | mg./100 ml. Index

New events retrospectively diagnosed as
abnormal at entry
Donner,
Los Angeles
2-16034 60 132 79
Donner, except
Los Angeles

2-09230 22 37 44
2-14954 69 168 110
2-15084 50 104 66
2-18672 45 148 105
2-22654 130 90 98
2-28521 99 123 109
2-39295 83 96 79
2-30259 85 112 97
2-33840 67 226 133
2-34969 157 181 120

Note: All tabulations and calculations in this table
prepared at the Donner Laboratory.

base population for which such measurements
were available,

2. The serum cholesterol for the same group
of cases cannot be shown to be significantly
elevated in the definite new events as com-
pared with the base population.

3. Utilizing the estimated standard meas-
urements and estimated Atherogenic Index
values for all the laboratories the mean value
for estimated standard S¢ 12-20, the estimated
Atherogenic Index, and the serum cholesterol
level are each highly significantly elevated in
comparison with the base population.

4. Segregation of definite new events above
the fiftieth percentile is significant for stand-
ard S; 12-20, standard S; 20-100, standard S;
12-100, Atherogenic Index, cholesterol, esti-
mated standard Sy 12-20, estimated standard
St 20-100, estimated standard S¢ 12-100, and
estimated Atherogenic Index.

5. Segregation of definite new events above
the seventy-fifth percentile is significant (p =
0.03) only for the estimated Atherogenic In-
dex. Both estimated standard S¢ 12-20 and
cholesterol are near the borderline of statisti-
cal significance (p = 0.06).

6. The standard S; 12-20 measure is a highly
significantly superior measure in contrast to
the uncorrected S; 12-20.

These conclusions may be summarized in
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TABLE 19.—Mean Deviation in Lipid Level for Definite New Events from Levels for Base Populations:
Various Lipid Measures, Men, 40-69

(All Cases Having at Least the Sy 12-20, Sy 20100 and Cholesterol Measures)

New events Mean difference
Base population
Measure and source Mean (mgl}‘fgonml ) New
Number | (mg./100 ml.) : ’ et 0 o 4

Standard S¢ 12-20 Donner............... 28 10.7 p = 0.03

Donner except Los Angeles............ 17 75.6 67.7 7.9

Donner Los Angeles................... 11 90.7 75.7 15.0
Standard S¢ 20-100 Donner.............. 28 10.7 x*

Donner except Los Angeles............ 17 114.1 106.2 7.9

Donner Los Angeles................... 11 117.5 102.5 15.0
Estimated standard S; 12-20

All Laboratories....................... 57 76.7 66.9 9.8 p < 0.01
Estimated standard S¢ 20-100

All Laboratories....................... 57 103.2 98.7 4.5 X
Atherogenic Index (A.I. Value).......... 28 8.7 p = 0.04

Donner except Los Angeles............ 17 85.6 79.6 6.0

Donner Los Angeles................... 11 90.9 78.1 12.8
Cholesterol (Donner Alone).............. 28 7.2 X

Donner except Los Angeles............ 17 251.0 241.3 9.7

Donner Los Angeles................... 11 266.5 263.1 3.4
Standard S¢ 12-100 Donner.............. 28 21.6 p = 0.06

Donner except Los Angeles............ 17 189.8 173.9 15.9

Donner Los Angeles................... 1 208.3 178.2 30.1
Estimated standard 12-100

All Laboratories....................... 57 180.1 165.6 14.5 p = 0.06
Estimated Atherogenic Index

All Laboratories....................... 57 87.9 80.3 7.6 p < .01

Note: All tabulations and calculations in this table prepared at the Donner Laboratory.

* p values greater than 0.10 are designated by x.

TABLE 20.—Separation of Definite New Events at Specified Percentile Cutting Points: Various Lipid
Measures, Men, 40-69

Measure and source

Number of new events

Total Above fiftieth percentile Above seventy-fifth percentile
Donner
Standard S¢12-20. ... ... ... 28 19 (p = 0.05) 9 x*
Standard S§20-100............. ... ... 28 19 (p = 0.05) 7 X
Standard S¢12-100................ ... .. ..... 28 22 (p < 0.01) 8 X
Atherogenic Index........................... 28 21 (p < 0.01) 11 X
Cholesterol...................ciiiiiiiin... 28 19 (p = 0.05) 6 X
All laboratories
Estimated standard S 12-20................. 57 39 (p <0.01) 20 (p = 0.06)
Estimated standard S¢20-100................ 57 36 (p < 0.05) 15 x
Estimated standard S¢ 12-100................ 57 38 (p =0.01) 17 x
Estimated Atherogenic Index................ 57 4 (p <0.01) 21 (p = 0.03)
Cholesterol...........covveiineininainnn .. 57 41 (p < 0.01) 20 (p = 0.06)

Note: All tabulations and calculations in this table prepared at the Donner Laboratory.
* p values greater than 0.10 are designated by x.
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TaBLE 21.—Comparisons of Specified Lipid Measures Based Upon Percentile Positions of Definite
New Events, Men, 40-59

Lipid measures compared Mean percentile
Number of events Mean difference
Measure A Measure B Measure Me%gure
Donner
Measured standard S¢12-20. .......... Cholesterol 28 61.9 56.5 | +5.4
Measured standard S¢ 20-100. ......... Cholesterol 28 60.1 56.5 | +3.6
Measured standard S¢ 12-100. ......... Cholesterol 28 61.9 56.5 | +5.4
Measured Atherogenic Index........... Cholesterol 28 63.3 56.5 | +6.8
Standard 12-20........................ Uncorrected 28 61.9 52.8 | +9.1p < 0.01
S¢ 12-20
Standard S;20-100.................... Uncorrected 28 60.9 56.2 | +4.7
St 20-100
All sources
Estimated standard 12-20.............. Cholesterol 57 59.5 61.3 | —1.8
Estimated standard 20-100. ........... Cholesterol 57 56.2 61.3 | —5.1
Estimated standard 12-100. ........... Cholesterol 57 58.8 61.3 | —2.5
Estimated Atherogenic Index.......... Cholesterol 57 63.1 61.3 | +1.8
Estimated standard 12-20............. Uncorrected 57 59.5 53.2 | +6.3
St 12-20
Estimated standard 20-100............ Uncorrected 57 56.2 55.4 | 4+0.8
St 20-100

Note: All tabulations and calculations in this table prepared at the Donner Laboratory.

TaBLE 22.—Summary of Within Laboratory (Don-
ner) Reproducibility Studies, September 1951-June
1953

Yoz

. of paire

Period measure-
ments

Lipid measure Technical error

S 12-20 9/51-6/53 264
S 20-100 9/51-6/53 237
Cholesterol | 9/51-6/53 564

5.6 mg./100 ml.
13.0 mg./100 ml.
14.5 mg./100 ml.

Standard 9/51-6/53 135 7.4 mg./100 ml.
Sy 12-20*

Standard 9/51-6/53 135 9.0 mg./100 ml.
S¢ 20-100*

Atherogenic | 9/51-6/53 135 5.2 A.1. units
Index*

Note: All tabulations and calculations in this
table prepared at the Donner Laboratory.

* Samples used here are those involved in inter-
laboratory reproducibility. However, since Donner
alone did the standard measurements they provide
data on intra-laboratory reproducibility.

the statement that there exists a predictive re-
lationship of various blood lipid measures with
de novo coronary disease. Indeed, it has been
possible to demonstrate the relationship in

spite of the dilution of the new events group
by an appreciable number of cases of diag-
nostic certainty less than that for myocardial
infarction or coronary thrombosis documented
by clinical, laboratory, and electrocardio-
graphic evidence. A much better measure of
the true predictive relationship of blood lipid
measures with de movo coronary disease and
with each other is obtained by considering
only the cases having definite clinical and
laboratory evidence of myocardial infarction
or coronary thrombosis. Such analysis is pre-
sented in Appendix A.

This Cooperative Study establishes clearly
for the first time that elevation of blood lipids
precedes clinical coronary disease and predicts
it, rather than being a metabolic result of
coronary disease.

DiscussioNn B

Representing the views of Lena A. Lewis,
Frederick Olmsted, Irvine H. Page, Cleve-
land Clinic; Eleanor Y. Lawry, George V.
Mann, Fredrick J. Stare, Harvard School of
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The data collected in this Cooperative Study
indicate that the appearance of clinical mani-
festations of atherosclerosis is associated with
prior elevation, on the average, of the total
cholesterol and the S¢ 20-100 lipoproteins. The
possibility that the S¢ 12-20 lipoproteins are
also elevated cannot be ruled out, although
this difference is small and statistical signifi-
cance could not be shown. The present study
does not confirm the hypothesis that lipid
levels can successfully be used to predict those
individuals who will develop coronary heart
disease. The extent to which the various lipid
measures failed in predictions is shown in
figures 4-7.

This limitation of the lipid measures may
also be illustrated by consideration of a hypo-
thetical population of 1000 “well” men with
an incidence of coronary heart disease, in rela-
tion to lipid values, similar to those studied
here. Among 1000 “well” men of the ages
studied there might be expected at most 20
new occurrences of coronary heart disease dur-
ing 2 years of observation. By considering the

half of the 1000 men with highest lipid levels
as under suspicion from the outset, i.e., by
setting the cutting point at the median, a
correct prediction would have been made (de-
pending on the lipid measure used) for only
10 to 14 of the 20 men who, in this hypotheti-
cal population, would have experienced a new
event. Six to 10 of the new events, or a third
to a half, would have been missed—these are
the “false negatives.” Almost 500 men, or
about 50 per cent of the total population,
would have been placed under suspicion but
would not have experienced any event of clini-
cal importance—these are the “false positives.”
The only way to diminish the number of
“misses” or “false negatives’” would be to set
the cutting point at some position below the
median, but this would further inflate the num-
ber of “false positives.” It is this imprecision
that casts serious doubt on the utility of these
lipid measures in case finding or therapy.

The confirmation by the study that certain
lipids are on the average elevated in advance
of coronary heart disease may, however, be a
useful finding for medical research, even though
lipid measures do not permit clinically useful
predictions for individuals. Even if the lipid
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abnormality is not sufficiently distinctive,
either in quality or quantity, to permit detec-
tion of individuals with imminent risk of
attack by the disease, the differences in lipid
levels that characterize groups of men may be
useful in epidemiologic investigations of racial
differences, sex differences, and perhaps of
differences at more critical ages than were
studied here. This use of lipid measurement
may ultimately contribute substantially to the
identification of causal factors in atherogenesis.

If there is a defect of lipid metabolism in
coronary heart disease, why has this study
demonstrated such a low association between
elevated lipid levels and subsequent clinical
events? There are several possible explanations.

The proper human population for an evalu-
ation of measurements intended to discrimi-
nate between “well” persons and those afflicted
with atherosclerosis—or prone to develop the
clinical manifestations of atherosclerosis—may
not be one composed of middle-aged, Ameri-
can men, for these are almost universally af-
fected with the disease to some degree. Such
extensive prevalence of the disease may pre-
vent demonstration of a measurement-predic-
tion relationship in the same way that an
excessive dose may obscure evaluation of a
response to a treatment. This limitation of the
study population also applies to the premise
that the lipid levels of the “well” or base popu-
lations are normal, and thus suitable referents
for the subjects who developed coronary heart
disease. The proper referent may lie outside
that population, or in American subjects at a
much earlier age, since there is important evi-
dence that the anatomic changes of athero-
sclerosis begin early in life.?®: 26 Conceivably,
also, atherogenesis is an episodic process with
short-lived periods of advancement associated
with high lipid levels and longer intervals of
quiescence associated with low lipid levels.
The limited available measurements of lipid
levels of men at successive intervals do not,
however, suggest such fluctuation. It may also
be that the imprecision of methods, both labo-

ratory and clinical, obscure the true relation-
ship of lipid levels to coronary heart disease.
The similarity of the several independent lipid
measurements in classifying individuals seems
to minimize this possibility.

It seems more reasonable, however, to assign
at least a part of this lack of association of
serum lipid levels with clinical events to the
poorly understood phenomena that precipitate
the occlusion of coronary flow. This event may
or may not be thrombotic, and may bear little
relationship to either the extent of atheroscle-
rosis or serum lipid levels. It is well known
that coronary insufficiency or occlusion may
occur with either a minimim of strategically
placed atherosclerosis, or it may fail to occur
despite the most florid atheromatosis.

The original hypotheses of Gofman and his
colleagues were based upon studies of groups
of people with established evidences of coro-
nary heart disease. The findings in these were
compared with the measurements in “well”
populations. Aside from the difficulty of avoid-
ing the selection of those “after the fact’’ coro-
nary subjects with gross derangements of
serum lipid levels, there are other elements of
selection that may prejudice the conclusions
drawn. Such a diseased population must repre-
sent survivors. The existence of the diagnosis
almost certainly assures that these people have
been subjected to some kind of treatment and
also establishes that the disease which they
experienced must have been sufficient to have
produced an important train of clinical events.
All these factors may cause prospective and
retrospective studies of coronary heart disease
to be concerned with different kinds of people.

In their earliest report! the Donner group
considered only disease subjects for whom
there was “(a) a typical clinical history of
myocardial infarction, (b) typical laboratory
findings during the episode, and (c) electro-
cardiographic changes characteristic of myo-
cardial infarction.” These criteria were not de-
fined nor were the data for individual subjects
shown. But later in 1950 data were shown
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that indicated that patients with “coronary
insufficiency’’ also showed elevation of the S
10-20 class and this was taken as “further evi-
dence consistent with the hypothesis that the
molecules of S; 10-20 class are associated with
atherosclerosis.” Again, in 1951% 63 patients
with angina pectoris, who had not experienced
an evident infarct were found to have higher
levels of S; 10-20 than did 203 men with estab-
lished myocardial infarction. The “coronary
cases’’ were combined and that practice was
continued thereafter.’® There is thus a clear
precedent for the consideration of the kinds of
definite coronary heart disease that the Review
Committee accepted in the present work. A
selection of some subgroup of these new events
after the lipid data are correlated with clinical
observations introduces the possibility of seri-
ous bias.

This arduous and expensive study has em-
phasized the limitations of the methods of lipid
assessment that were used. These methods,
and especially the lipoprotein methods, are ex-
ceedingly complex. Aside from the large capi-
tal outlay for equipment, the lipoprotein
measurement requires a team of exceptionally
well-trained personnel. The tasks are tedious
and the “standard” measurements (S;°) require
still another complex measurement and com-
putation.

The origin of these “standard” measure-
ments is of some interest. The Donner group
asserts that their original investigation of the
lipoproteins in human subjects, which led to
the conclusion that certain serum lipoproteins
were related to atherosclerosis, were done with
serum aliquots of 3 ml. (C.,3). The original
publication did not describe this important de-
tail.! When the Cooperative Study was begun
in 1950 the Donner Laboratory was using
serum aliquots of 5 ml.! and this practice was
recommended to the study. In 1951 and 1952,
the Donner group observed that the data they
were obtaining with 5-ml. serum aliquots did
not confirm certain of their earlier observa-
tions. They concluded that this difference was

was caused by the larger lipoprotein concen-
trations in the analytic cells that resulted from
the larger serum aliquot. The Donner group
then devised a method for compensating for
these concentration effects and this process led
to the “standard’” measurements.

A general outline of this procedure was first
presented to the Technical Group of the study
in July 1952. Sufficient details for application
of the method were made available by Donner
in January 1953. The Donner group pro-
posed that the study should adopt this new
procedure and offered to carry out the meas-
urements on the film records of the other labo-
ratories. The majority did not agree that the
methods of the Cooperative Study should be
altered. Because of structural characteristics
in the optical systems of half the centrifuges
used in the eastern laboratories, these “stand-
ard” measurements could not in any event have
been obtained from many of the film strips.
The introduction of the calibration cell greatly
facilitated the standardization of machine fac-
tors in the lipoprotein measurement. Never-
theless, the measurements in table 2 indicate
that wide disparities then existed when ali-
quots of the same serum were analyzed in the
various laboratories.

In a practical sense the lipoprotein measure-
ments described in this work have serious
disadvantages when compared with the meas-
urement, of cholesterol. The operation of the
optical ultracentrifuge is costly and techni-
cally difficult. The cholesterol measurement,
which is at least as useful, is better adpated
to the facilities and production requirements
of hospital laboratories.

The combinations of lipid measurements,
either with one another or with observations
of other kinds such as age or diastolic blood
pressure, offer an almost endless variety of
possible predictors. Each of these requires a
new experiment for evaluation of its merits.
Evaluation of 1 of these combined measures,
the Atherogenic Index (A.I.), which was pro-
posed by the Donner group in 1953,12 has been
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made on only the Donner data in the present

. study. Since computation of the A.I. requires

the “standard” measurements and also the
measurement of the S;® 0-12 and S;° 100-400
bands, the A.I. was not available from the
Harvard, Pittsburgh, and Cleveland data. The
Donner A.I. was not appreciably more suc-
cessful in predicting definite new events than
was the cholesterol measurement (table 21 in
Discussion A).

This study was designed for the testing of
certain rather specific hypotheses and for
several reasons the data are not appropriate
for making estimates of general incidence of
coronary heart disease, even for the restricted
age-sex group studied. The study population
was of necessity drawn from groups where
clinical follow-up would be available. The cri-
teria for inclusion as a ‘‘well” person were
intentionally set up to exclude many cate-
gories of borderline disease that might have
caused difficulties of interpretation at follow-
up, e.g., borderline high blood pressure. Fi-
nally, the evaluation of new events was very
rigorous in order to exclude any event from
the ‘‘definite’” category about which there
might be a reasonable doubt.

In summary, the authors of this discussion
conclude:

Atherosclerosis, as manifested by definite
evidence of coronary artery disease, was asso-
ciated with an antecedent elevation of the
serum S; 20-100 (and possibly S; 12-20) lipo-
proteins and of the serum cholesterol.

The elevation of serum lipoprotein and cho-
lesterol was not of clinical use in predicting
those individuals who would develop coronary
heart disease during the observation period.

The demonstration of elevations of choles-
terol and lipoproteins in the serum of groups
of men who developed coronary heart disease
may have a useful application in epidemiologic
studies of heart disease.

The difficulty of demonstrating an associa-
tion of serum lipids with atherogenesis may be
related to the inappropriate use of an Ameri-
can population, which is almost universally
affected with atherosclerosis.

The use of S; 12-20 and S; 20-100 lipopro-
tein measures, or the related Atherogenic In-
dex (A.I.), had no advantage over the simpler
measurement of cholesterol in the characteri-
zation of men prone to develop coronary heart
disease.

The lipoprotein measurements are so com-
plex that it cannot be reasonably expected
that they could be done reliably in hospital
laboratories.
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ArpENDIX A*

John W. Gofman, Hardin B. Jones, Beverly Stri-
sower and Arthur R. Tamplin, Donner Laboratory.
The findings presented in the basic report dem-

onstrate a predictive relationship of blood lipid

measures with de novo coronary disease. Of impor-
tance is an evaluation of the strength of this predic-
tive relationship and of the relative merits of various
blood lipid measures in such prediction. Further it
is of great clinical importance to know the separate
relationships between blood lipids and such entities
as myocardial infarction or coronary thrombosis
established by clinical and laboratory evidence,
angina pectoris, and simple electrocardiographic
evidence of coronary disease.

The lipid measures in the various categories of
diagnosis are presented in table A-1. Inspection of
the ranking of cases shows clearly that definite

* All tabulations and calculations on Appendix A
prepared at the Donner Laboratory.

myocardial infarction or coronary thrombosis by
clinical and laboratory evidence is characterized by
higher blood lipid levels, for any lipid measure used,
than either angina pectoris alone or electrocardio-
graphic evidence alone of coronary disease. Neither
angina pectoris alone nor electrocardiographic
evidence alone nor the combination of both cate-
gories can be proven within these data to have
lipid values higher than the base population. In
contrast, there is striking segregation of the definite
myocardial infarction cases based upon clinical
plus laboratory evidence from the base population.
Our interpretation of those findings is that a clinical
diagnosis based upon the subjective finding of angina
pectoris alone or of electrocardiographic evidence
alone cannot be accepted as adequate evidence of
that process, associated with blood lipids, pre-
sumably atherosclerosis, which leads to myocardial
infarction or coronary thrombosis. It should be
noted here again that the original hypothesis of an
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TaBLE A-1.—Comparison of Various Diagnostic Categories with Respect to Blood Lipid Measurements,
All Laboratories

Percentile Ranking
Significance of
Category A vs. Category B Category A Category B 222?2;:‘;?011:‘
Above fiftieth | Below fiftieth Above fiftieth Below fiftieth
Lipid Measure
Cholesterol....................... 32 5 4 7 p <0.01
Estimated Atherogenic Index..... 33 4 6 5 p = 0.03
Estimated standard 12-20........ 31 6 4 7 p < 0.01
Estimated standard S¢ 20-100..... 28 9 6 5 x*
Estimated standard S¢ 12-100..... 30 7 5 6 p = 0.03
Percentile Ranking
Category A vs. Category C Category A Category C
Above fiftieth Below fiftieth Above fiftieth Below fiftieth
Lipid Measure
Cholesterol....................... 32 5 5 4 p = 0.08
Estimated Atherogenic Index..... 33 4 5 4 p = 0.06
Estimated standard 12-20. ....... 31 6 4 5 p = 0.04
Estimated standard 20-100. ...... 28 9 2 7 p < 0.01
Estimated standard 12-100. . ..... 30 7 3 6 p < 0.02

Category A = Definite myocardial infarction or coronary thrombosis by clinical plus laboratory

evidence.
Category B = Angina pectoris.

Category C = Electrocardiographic evidence as the only evidence of coronary disease.

* p values greater than 0.10 are designated by x.

association of blood lipids with coronary heart
disease was developed using only myocardial infarc-
tion cases documented by clinical, laboratory, and
electrocardiographic evidence. At no time in all
the investigations of the Donner group has electro-
cardiographic evidence alone been considered as an
adequate criterion for inclusion in a series of cases of
coronary heart disease. Lyon (A-1)* recently showed
that those angina pectoris cases that did develop
myocardial infarction subsequently were character-
ized by strikingly higher Atherogenic Index values
than those angina pectoris cases remaining uncom-
plicated.

Additional Evidence for the Association of Blood
Lipids with Coronary Disease

In table A-2 are presented the data for a very
interesting series of cases. All these cases were
originally and specifically classified by their respec-
tive referring sources as free of cardiovascular disease
and hence were eligible for the normal pool of 40-59
year old men. In the follow-up the referring sources
indicated that there was now evidence of clinical

* Reference notes preceded by A- refer to Appendix
references only. Other numbered references will be
found in bibliography of basic report.

coronary disease. Hence these represented cases
for consideration for inclusion among the de novo
events. However, upon the basis of information
obtained by the referring sources, by the statistical
consultant, or by the Review Committee a decision
was made by that Committee, though without
foreknowledge of their respective lipid patterns, that
these cases should have been considered abnormal
at entry to the study. Such retrospective diagnosis
may be exceedingly dangerous because of the possi-
bility that some bias may be brought into the selec-
tion of cases. Since every effort was made at the
original examination to exclude ‘‘abnormals,” this
should clearly have been the time for a final decision
with respect to eligibility for inclusion or exclusion
of the case with respect to the normal pool. Analysis
of the lipid findings in this group of “retrospective
abnormals” is presented in table A-2. It is found that
in this independent group of cases the Atherogenic
Index is highly significantly elevated, whereas the
cholesterol level is not significantly different from
that for the base population. In fact this group of
cases, retrospectively removed from the study, is
characterized by as high Atherogenic Index values
as any group in this over-all study. The removal of
these cases retrospectively has the effect of mini-
mizing the observed lipoprotein elevation in de novo
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TABLE A-2.—Mean Deviation in Lipid Level for ‘‘Retrospective Abnormals’’ from Levels for Base
Populations, Various Lipid Measures, Men, 40-59 years

Measure T | mase opuiation Hewn diteronce
Number Mean

Sf 12-20, all sources....................... 24 43.0 44.0 —1.0 x*
St 20-100, all sources...................... 24 114.2 99.9 +14.3 X
Cholesterol, all sources. .................. 23 251.0 240.9 +10.1 X
Cholesterol, (Donner—cases for which A.I.

and Cholesterol are both available) .. ... 11 249.5 243.3 + 6.2 X
Atherogenic Index

Donner, all cases....................... 12 95.3 79.4 +15.9 p = 0.02

Donner, cases for which cholesterol is

available............................. 11 94.5 79.3 +15.2 0.03 > p > 0.02

* p values greater than 0.10 are designated by x.

events and maximizing the serum cholesterol eleva-
tion. Since the number of cases so removed is an
appreciable fraction of the total, the seriousness of
possible bias cannot be overestimated. Whatever is
done with these ‘retrospective abnormals” in
this follow-up study, it is quite clear that lipopro-
tein-Atherogenic Index measurement showed an
ability to segregate them. Cholesterol level failed
to accomplish this.

“Strongest” de novo Cases

As referred to several times above, the cases of
definite myocardial infarction or coronary throm-
bosis by clinical plus laboratory evidence represents
the group of greatest diagnostic certainty and also
the group that corresponds to that upon which the
hypothesis of association of blood lipids with coro-
nary disease was developed. This group of cases
should logically represent the central core of cases
upon which the follow-up evaluation should be
based. Furthermore, independent logic can be
used, based upon the findings that the strongest
cases are characterized by different lipid values from
those for cases that the Review Committee itself
classified as of lesser diagnostic certainty. For-
tunately, the number of cases in the ‘“strongest
event” category is adequate to test several of the
critical issues for which this whole study was
designed. That these issues could not be resolved
as well in the array of cases presented in the fore-
going sections can be directly ascribed to the dilu-
tion effect of inclusion of relatively large numbers of
cases of less certain diagnosis.

Analysts of the Strongest New Events

In consideration of the segregation of new events
from the base population it is, of course, of impor-
tance to compare the results in such new events with
the hypothesis that was advanced. Thus, since the
hypothesis that lipoprotein levels segregate ‘coro-
naries” from ‘“noncoronaries” clearly stated that

some cases of definite myocardial infarction show low
lipoprotein levels it would not be expected that, in
this test of de novo events, all the cases should show
marked elevation of the lipid measure under con-
sideration. The question becomes one of determining
whether a predictive measurement will do as well in
a new population as it has done in study populations
of established coronary disease. These questions
can be answered by statistical analysis of the new
events to determine: 1. Is the mean level of lipids
in the de novo events that which had been found
for the study population of myocardial infarcts?
2. How do the various lipid measures compare
in segregation power? 3. Is the distribution of lipid
values in the de movo population that which had
been found for the study population? 4. Is the pre-
diction of coronary risk as a function of lipid
value (A.L. for example) in the de movo events in
agreement with that which was found in the study
population?

The extent of segregation of the new events by
measurement level can be subjected to statistical
test if some arbitrary percentile is chosen for a
comparison of the “success” of a measure in asso-
ciating a high level with the subsequent development
of cardiovascular disease. The fiftieth and seventy-
fifth percentiles have been chosen for the present
comparison. When the observed and expected
number of definite new events are compared by x2
tests, table A-3, the following results are obtained:

At the seventy-fifth percentile cutting points,
the Atherogenic Index (Donner), the estimated
Atherogenic Index (all laboratories) and serum
cholesterol showed segregation of the strongest
events from the base population at or below the
p = 0.01 level. Standard S¢ 12-20 and standard S
20-100 showed significant segregation also (p =
0.04).

At the fiftieth percentile cutting points, the
Atherogenic Index, the estimated Atherogenic
Index, the standard S 12-20, the standard S¢ 20-100,
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TaBLE A-3.—Significance Tests Based Upon Separation of Strongest New Events at the 50th and 75th
Percentile Cutting Points*

Number of new events Number of new events
Lipid measures Above Below 4 Above Below 4
Total |seventy-fifth | seventy-fifth Total fiftieth fiftieth
percentile percentile percentile percentile

Atherogenic Index (A.I. Value)

(Donner)........cooevvuuennn. 17 10 7 <0.01 17 15 2 <0.01
Estimated Atherogenic Index

(All Sources 1)............... 37 17 20 <0.01 37 33 4 <0.01
Standard S¢ 12-20 (Donner)... .. 17 8 9 0.04 17 15 2 <0.01
Standard S¢ 20-100 (Donner)....| 17 8 9 0.04 17 15 2 <0.01
St 12-20 (Uncorrected for flota-

tion-concentration dependence,

all sources)f.................. 37 14 23 0.01 > p| 37 21 16 xt

> 0.05

St 20-100 (Uncorrected for flota-

tion-concentration dependence,

all sources)f.................. 37 11 26 xt 37 28 9 <0.01
Cholesterol (All sources)f....... 37 16 21 0.01 37 32 5 <0.01

* Based upon one-sided x?2 test.
t x Indicates p > 0.10.

1 All sources = Pooled data from Cleveland, Harvard, Donner, and Pittsburgh laboratories.
All percentile values are referred to appropriate base population.

the S¢ 20-100 and serum cholesterol all showed
segregation of strong new events from the base
population at or below the p = 0.01 level. For the
various lipid measures the paucity of cases falling
below the fiftieth percentile is noteworthy and
indicative of the predictive strength of the blood
lipid measures. For the entire 37 cases from all
laboratories pooled, only 1 case fell below the twenty-
fifth percentile on the estimated Atherogenic Index
measurement, and only 2 cases fell below the twenty-
fifth percentile on the estimated Atherogenic Index
measurement and only 2 cases fell below the twenty-
fifth percentile on the cholesterol measurement. The
relative freedom of persons in the lowest 25 per cent
of the distribution of such lipid measures from
development of serious coronary disease is striking.

Comparison of the Various Lipid Measures in
Segregation Power

One objective of the cooperative study was to
compare the ultracentrifugal lipoprotein measure-
ment with the serum cholesterol measure with
respect to segregation power. Two ultracentrifugal
measures are pertinent in this regard, the standard
St 12-20 and the Atherogenic Index (A.L) value. The
comparison of these measures with serum cholesterol
for the strongest events are presented in table A-4.
The data of this table indicate that the Atherogenic
Index and standard S¢ 12-20 measurements are
significantly superior to the serum cholesterol

measure in segregation of the strongest new events.
In the previous sections of this report, additional
evidence in this same direction was presented,
although with the small number of cases available,
significance tests in each individual instance were
not below the p = 0.05 level.

There are fundamental considerations based upon
studies of the chemical structure of lipoproteins that
bear directly on the question of the information
potentially obtainable from a measurement of
serum lipoproteins as compared with a measurement
of serum cholesterol. These considerations indicate
that it would be impossible for the serum cholesterol
neasure to be more strongly related to coronary
heart disease than the serum lipoprotein measure-
ment. On the other hand, these same fundamental
considerations show readily why, in accord with
the results presented here and in previously pub-
lished data, the serum lipoprotein measure would be
expected to show a stronger relationship with
coronary disease than the cholesterol measure.

Essentially, no one today questions the fact that
cholesterol in the serum is present as a constituent of
several lipoprotein classes. There is no cholesterol
present in nonlipoprotein form. Logically then one
may deduce that if cholesterol is of any importance
with respect to coronary disease, which it is, then
such importance must arise because at least certain
of the serum lipoproteins are related to coronary
disease. For the high-density lipoproteins (which
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TaBLE A-4.—Comparison of Specified Lipid Measures, Men, 40-59, Based Upon Percentile Position of
Strongest New Events

Lipid measures compared Number of Mean percentile score Mean difference
events A-B 4
Measure A Measure B Measure A Measure B
Atherogenic Index Cholesterol 72.8 62.8 +10.0 0.05
Standard S¢ 12-20 Cholesterol 73.6 62.8 +10.8 0.05

Comparison of Specified Lipid Measures Based Upon Placement of Strongest New Events Relative to
Seventy-fifth Percentile

Agreement. Both measures | Disagr t. One e
on same side of cutting below, the other above
Measure A Measure B point cutting point b
Both Both A B
Total | Jbove | below | Total | ahove | above
Atherogenic Index Cholesterol 8 3 5 8 7 1 0.1 > p > 0.05
Standard 8¢ 12-20 Cholesterol 9 2 7 8 6 2 x*

* p values greater than 0.10 are designated by x.

correspond to a-lipoproteins by other technics) what
evidence there exists points to a lower level of such
lipoproteins in coronary disease than in matched
controls. This means that the cholesterol measure
will either be unaffected or will actually be lowered
in coronary disease with respect to that portion of
the cholesterol in high-density (o) lipoproteins. But
a far larger and more important effect is to be con-
sidered with respect to the low-density lipoproteins.
The standard S;¢ 0-12 lipoproteins contain 34 per
cent cholesterol by weight and the standard S; 12—
400 lipoproteins contain 13 per cent cholesterol by
weight. Therefore 100 mg. per cent of standard S;
0-12 lipoproteins contain an amount of cholesterol
equivalent to 260 mg. per cent of standard S
12-400 lipoproteins. Published evidence!? indicates
that the standard S¢ 12-400 lipoproteins are approx-
imately 1.75 times as important, milligram for
milligram, as standard S; 0-12 lipoproteins. The
confidence limits on this relative importance factor
make it extremely unlikely that the factor could be
as low as 1.0. Even if it were as low as 1.0, it is
evident that the most unfavorable situation with
respect to lipoproteins would still result in the
lipoprotein measure being more highly related to
coronary disease than the cholesterol measure.
This is so because in any coronary series studied,
some cases show predominant standard S; 0-12
elevation, others, standard Sy 12-400 elevation, and
others an elevation in both classes. With any
elevation in standard S 12-400 in coronary disease,
the low relative abundance of cholesterol in these
lipoproteins makes it imperative that the lipoprotein
over-all measure must be superior to the cholesterol
measure. The converse situation, of a superiority

of cholesterol over lipoproteins is an impossibility.
Should a particular population sample be selected
where an apparent superiority of cholesterol measure
over the lipoprotein measure is found, the only
possible explanation is some type of technical bias in
the study. The remote possibility that the standard
St 12-400 lipoproteins are less important, milligram
for milligram, than the standard S 0-12 lipoproteins
still leaves the situation unaltered. For under such
circumstances the cholesterol measure would be
underestimating the standard S; 0-12 lipoproteins
and hence would still be an inferior measure in
comparison with a measure of the lipoprotein
spectrum. Indeed the closer the standard S; 12-400
lipoproteins approached 0 importance or conversely
the closer the standard S; 0-12 lipoproteins ap-
proached 0 importance, the more inferior the cho-
lesterol measure would be to a lipoprotein measure-
ment of both standard S; 0-12 and standard S;
12-400 classes.

It is not surprising in this study to find that the
lipoprotein Atherogenic Index measure shows
superior segregation to the cholesterol measure,
since the logical considerations above indicate it
could not have resulted otherwise. Indeed, it was
by no means necessary to depend upon this study
for the purpose of comparing the cholesterol and
the lipoprotein measurements. The crucial issue of
this cooperative study was to establish whether the
blood lipid elevation, either of cholesterol or of
lipoproteins, precedes clinical coronary disease,
rather than follows it. Once this is established, it
follows from elementary logic that lipoprotein
measurement, adequately performed, must result in
superior segregation of coronary disease over the
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cholesterol measurement. Any consideration of a
possible superiority of the cholesterol measure is
equivalent to the acceptance of a physical impossi-
bility.

Comparison of the de novo Population Results with
the Muyocardial Infarction Population in the
Orvginal Hypothests

1. Is the mean level of lipids in the de novo strong-
est events that which had been found for the study
population of myocardial infarcts?

A.I. Value (40-69 year Men)

Mean
n Al units

Published data for myocardial in- 239 92.5
farctions!?

De novo strongest events in this 17 95.3
study

Base population (same for both 79.5
studies)

The difference between the de novo definite events
and the base population is 15.8 units, which is
significant beyond the p = 0.01 level. The de novo
definite events show a mecan level 2.8 A.I. units
higher than the study population of myocardial
infarctions, but this cannot be proven significant.
Thus, the findings with respect to A.I. value in the
de novo events is completely consistent with the
hypothesis that had been advanced.

Estimated A.I. value (all Laboratories)

Mean estimated

n Al units
For strongest cases 37 100.3
Base population 80.3
Difference 20 units

These findings for estimated A.I. values for all
laboratories are consistent with the A.I. values
measured for the Donner Laboratory and with the
data for the postinfarction study group.

The hypothesis that myocardial infarction is
characterized by elevation in standard S; 12-20
lipoproteins is substantiated by the de novo strongest
events. The improvement effected by correction of
the S; 12-20 for flotation-concentration dependence
is evident in comparison of the de novo events for
standard S¢ 12-20 and St 12-20 (see table 21).

Cholesterol levels. Post myocardial infarction
patients show elevated serum cholesterol levels in
comparison with matched base populations.20: 23, 24
The present study shows that the serum cholesterol
in the strongest new events is elevated in comparison
with the base population. The differences between
myocardial infarctions and their base populations
are as follows:

Males 40-69 Years

Cholesterol Levels
Difference in means
n Coronary-Noncoronary

Published data (Don-
ner Laboratory?®)
for already estab-
lished myocardial
infarction 40-59 yr
males............... 156
Definite new events
in this study 40-59
yr. men, all sources. . 37

27.3 mg./100 ml.

32.7 mg./100 ml.

It is evident that the findings in the de novo events
are completely consistent with the hypothesis that
elevated serum cholesterol is found in persons
developing myocardial infarction.

2. Is the distribution of lipid values in the de novo
population that which had been found for the study
population of myocardial infarction?

The standard deviations in the distribution of
lipid measures in the new events and in study
populations of myocardial infarction are presented
below;

A.I. Value (40-69 year Men)

Donner published standard deviation

of distribution (A-2) on 239 myocar-

dial infarction cases................. = 20 units
Standard deviation in 17 de novo defi-

nite events (this study) (Donner). ...
Sy 12-20 (40-69 year men)

Donner published standard de-
viation in 156 myocardial in-
farctions®..................... 34 mg./100 ml.

Standard deviation 37 de novo
events in this study (all
SOUTLCES) . . oo oo 30 mg./100 ml.

Serum Cholesterol Levels

Donner published standard de-
viations in 156 myocardial in-
farctions®..................... 62 mg./100 ml.

Standard deviation in 37 de novo
events in this study (all
SOUTCES) ... ...\, 49 mg./100 ml.

= 20 units

It is apparent that the standard deviation of the
distribution of lipid measures in the definite new
events reported in this study are comparable with
those for earlier study populations of postmyocardial
infarction patients.

3. Is the prediction of coronary risk as a function
of lipid value in the de novo events in agreement with
that found in the study population?

Since the mean values and the standard deviation
of the distributions of lipid measures in the de novo
events are within expectable agreement with those
for study populations, prediction of coronary risk
as a function of lipid level would be expected to
be similar from the de novo data as from the study
population data. Specifically, the Donner Labora-



8T0Z ‘/2 JequanoN uo Aq Bio'sfeuinofeye//:diy wouy pspeojumoq

REPORT OF TECHNICAL GROUP AND COMMITTEE 731

tory has published coronary risk data as a function
of the AL value.?

The de novo definite events may be used to test
this published predicted risk. For this purpose the
twenty-fifth, fiftieth, and seventy-fifth percentile
will be considered. From the published graph of
risk of coronary disease as a function of A.I. value,
one may calculate what the expected distribution of
de novo definite coronary events would be and com-

pare this with observation.
Observed Expected
in the 17 from
de novo published

A.L Values cases Data
Above twenty-fifth percentile 17 16
Below twenty-fifth percentile 0 1
Above fiftieth percentile 15 14
Below fiftieth percentile 2 3
Above seventy-fifth percentile 10 9
Below seventy-fifth percentile 7 8

It is seen that the risk of coronary disease rises as a
function of A.I. value, and that the observed
relative risks in the de movo events are consistent
at the twenty-fifth, fiftieth, and seventy-fifth percen-
tile with previously published risks based upon
postmyocardial infarction study cases.

SUMMARY

Blood lipid measures are distinctly shown by
this study to be predictive of coronary heart disease,
rather than the result of coronary heart disease.

The predictive power of serum lipoprotein and
and Atherogenic Index measurement, and serum
cholesterol measurement are consistent with esti-
mates published on the basis of study of postmyo-
cardial infarction patients. The lipoprotein-Athero-
genic Index measure is superior to the cholesterol
measure in predictive power.

The predictive power of such measurements is
high and hence should be of great clinical usefulness
in preselection of individuals with high risk of
future overt coronary heart disease.

Blood lipid measurements are higher in the well-
documented cases of myocardial infarction and
coronary thrombosis than in either angina pectoris
or individuals considered to show coronary disease
based upon electrocardiographic evidence alone.

Apparently well individuals characterized by high
lipoprotein Atherogenic Index or cholesterol meas-
urements should not be considered ‘“normal,” but
rather to have an elevated risk of future coronary
disease.
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It is stated in Discussion A that “In the course of

1951-1952 a highly refined ultracentrifugal analysis

procedure was developed#: 2 which took into account

the fact that when lipoproteins are more concen-
trated in solution, they slow themselves down in
flotation.” The reader might get the impression that
the “standard” lipoprotein methods were described
in the 1952 report.21* Actually these methods were
first described in general terms to the Technical

Group on June 11, 19521; the details of the method

were received by the statistical consultant on

January 14, 1953 and were published in 1954.4 Al-

most all of the lipid data included in the present

report had been collected before mid-1953. The
representatives of the Eastern laboratories held that

* References refer to the bibliography of the main
report.

introduction of the corrections at that time as pro-
posed by Donner would have been equivalent to a
change in the hypothesis.

The Donner group now proposes that the ap-
praisal of the predictive value of lipoproteins be
based solely on the results for the 37 men in the
Cooperative Study who developed ‘‘definite myo-
cardial infarction,” ‘“‘definite coronary thrombosis,”
or “definite coronary sclerosis,” thus excluding data
for 20 new events assigned by the Review Commit-
tee to the following classifications: “myocardial in-
farction, definite by ECG only,” “ECG abnormal-
ity, definite, associated with coronary artery dis-
ease,”” ‘“‘angina pectoris, definite, with ECG
changes,” or “angina pectoris, definite, without
ECG changes.”t This limiting of the type of case
is not in accord either with general understandings
or the specific agreements of the Technical Group of
the Committee on Lipoproteins and Atherosclerosis.

Between August 4, 1955 and April 11, 1956, the
Review Committee had examined the records of

t The Donner group has also excluded eight new
events for which no cholesterol measurements are
available.
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EXHIBITS

FORM NO 1 (Rev. 5:52)
COOPERATIVE STUDY OF LIPOPROTEINS AND ATHEROSCLEROSIS
INITIAL CASE REPORT FORM

T SOURCE 7 DATE FOR CODING
USE ONLY
37 NAME: FiRsT LAST 47 NUMBER
e © WACE 1. AGE
O MALE O FEMALE 0 WHITE [0 OTHER
T DATE TAST T HEIGHT i WEIGHT
IF YES,
11. HAS THIS PERSON A PREVI- SPECIFY:

OUS HISTORY, OR ARE THERE
PHYSICAL OR LABORATORY
FINDINGS SUGGESTING CAR-
DIOVASCULAR DISEASE, DIA.
BETES OR NEPHRITIS?

o No o ves
12. ECG FINDINGS: 0 NORMAL 0 ABNORMAL [ QUESTIONABLE O NOT DONE

o ALBUMIN b.SUGAR 147 3LOOD PRESSURE
13, URINALYSIS:

1S, OTHER SIGNIFICANT FINDINGS:

LABORATORY DATA
A3 100

[>T 7. 10T, CHOLESTEROL 18 OTHER

FORM NO. 2.
CLINICAL REAPPRAISAL
COOPERATIVE STUDY OF LIPOPROTEINS AND ATHEROSCLEROSIS
I NAME E3

3. DATE OF CLINICAL REAPPRAISAL
OF THIS SUBJECT

&. HAS THIS PERSON HAD ANY EVIDENCE OF MYOCARDIAL INFARCTION, ANGINA
PECTORIS, OR CEREBRO-VASCULAR ACCIDENT SINCE DATE OF INITIAL REPORT ?

O NO O YES [0 QUESTIONABLE [0 DATA UNOBTAINABLE
IF ANSWER IS YES OR QUESTIONABLE, COMPLETE FORM NO- s WHICH ITEMIZES THE DETAILS

|
I
I
|
|
|
| v
|
l
|

] s. IF UNABLE TO OSTAIN INFORMATION,
STATE REASON, (IF NON-CARDIOVASCULAR
DEATH, STATE DATE AND CAUSE.)

l
|
| 6. OTHER INFORMATION
|

ExHIBIT A.—Facstmiles of Forms 1 and 2
For a subject to be included in the study, the following items had to be completed:
Form No. 1: In addition to the serial number, assigned by the laboratory, items 1, 2, 3
(or 4), 5,7, 11, 16B. Form No. 2: Items 1 (or 2), 3, 4.
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all new events and had classified them according to
the categories listed in table 10; the Committee’s
classification and the lipid values had been reported
to the laboratories by January 26, 1956 for all except
2 of the 65 definite new events ultimately included
in the study. The proposal to limit the analysis to
the 37 cases described above was made by Donner
in a letter dated April 14, 1956. The Eastern labora-
tories held that the proposal for shifting a classifica-
tion scheme of such fundamental importance to the
Study should have been made before practically all
the data were in. At this point in the course of the
Study, the Eastern laboratories did not find this
change in classification acceptable because they be-
lieved it unsound to change the method of analysis
after the results were examined.

The Donner group cites the Sctence paper of 1950!
and the Circulation paper of 1950 as proof that
definite infarction, thrombosis, and sclerosis were
the only kinds of disease used originally and thus
the only kinds admissible now. Perusal of reference
11 reveals that patients with uncomplicated angina
pectoris showed lipoprotein levels not different from
those of patients with myocardial infarction; in
subsequent publications both patients with myo-
cardial infarction and those with angina pectoris
were used in discussion and in the derivation of the
Atherogenic Index.13- 21+ 27

In Appendix A the contention is made that the
results of this Study may have been biased—in a
statistical sense—by the exclusion of persons orig-
inally classified as normal (possibly by clerical error)
on Form 1 who were later reclassified by the Review
Committee as “abnormal at entry.” The precautions
that were taken to avoid bias have been described
in the section “Evaluation of bias” in the body of
the report. The Review Committee, consisting of
Dr. Paul D. White, Chairman, Dr. Samuel A. Levine,
and Dr. Howard B. Sprague, which was charged
with the responsibility for passing on eligibility of
reported new events for inclusion in the Study as
well as classification of the type of clinical event, did
not have access to the lipoprotein or cholesterol
values. Furthermore, consideration of the 24 sub-
jects disqualified as abnormal at entry by the Re-
view Committee (see Exhibit F) indicates that only
9 would have been classified in the ‘“‘definite events”
categories listed in table 10. Inclusion of these 9
cases in the analysis would not have altered our
conclusions.

Finally, we believe the data show clearly that
neither the measurement of lipoprotein nor that of
cholesterol provided predictive value for individuals
during the 2-year observation period of this study.
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ExHiBiT B.—Electrocardiographic Abnormalities Disqualifying for the Normal Pool

1. Ventricular tachycardia 7. Bundle-branch block, right
2. Ventricular fibrillation 8. Intraventricular block, unclassified
3. Incomplete A-V block (prolonged A-V or P-R 9. Intraventricular block, intermittent
conduction time) 10. Elevation of S-T junction (J)
4. Incomplete A-V block with dropped beats 11. Depression of S-T junction (J)
5. Complete A-V block 12. Inverted T wave except in lead III, aVg, Vi or
6. Bundle-branch block, left V,.

All other electrocardiographic abnormalities will be rated in accordance with the ‘2 out of 3’ rule;
e.g., disqualifying if BP greater than 145/95.

ExHiBir C.—Mean Lipid Values According to Follow-up of Men, 40-69 in mg./100 ml. Serum

Number of cases Mean values

Standard
Followed | Followed N All Followed | Followed N (t!:nioavf'le(:in
cﬁis pgglid b olcl;l):d‘ follo%:ed cases pgt?l:d po?)?:d‘ foll(;)vsed and pooled

S¢ 12-20—all Sources......... 6133 4914 761 458 43.2 44.0 40.1 40.6 23.4%
Cleveland.................. 1280 974 195 111 33.9 34.3 33.1 31.9 22.7
Donner.................... 2530 2088 233 209 50.0 50.8 46.5 45.8 24.5
except Los Angeles....... 1817 1402 233 182 47.9 48.4 46.5 45.7 23.2
Los Angeles.............. 713 686 — 27 55.4 55.8 — 46.7 26.2
Harvard................... 1157 843 242 72 39.3 39.4 39.0 40.2 20.4
Pittsburgh................. 1166 1009 91 66 42.6 42.9 42.0 39.4 23.8
except prisoners.......... 840 773 35 32 45.0 45.0 46.5 43.8 24.8
Prisoners. ............... 326 236 56 34 36.5 36.1 39.1 35.3 18.8

St 20-100—all Sources. .. ..... 6119 4903 759 457 94.2 94.6 93.0 91.9 69.0f
Cleveland.................. 1272 968 194 110 85.2 84.4 89.6 84.6 63.3
Donner.................... 2530 2088 233 209 99.9 | 100.3 103.1 91.6 72.6
except Los Angeles....... 1817 1402 233 182 | 106.2 | 108.1 103.1 94.9 76.7
Los Angeles.............. 713 686 — 27 83.8 84.4 — 69.1 60.4
Harvard................... 1156 842 242 72 85.7 85.0 85.1 95.6 60.1
Pittsburgh................. 1161 1005 90 66 | 100.2 | 100.6 95.5 | 100.9 73.1
except prisoners.......... 836 769 35 32 |101.7 | 101.9 95.3 | 102.7 76.7
Prisoners................. 325 236 55 34 96.5 96.3 95.6 99.3 59.8

Cholesterol—all Sources. ... .. 4909 3985 539 385 | 237.2 | 237.4 235.2 | 238.2 48.0%
Cleveland.................. 684 475 111 98 | 241.6 | 241.4 243.9 | 239.8 50.0
Donner.................... 2016 1704 160 152 | 247.4 | 248.2 237.8 | 248.5 51.5
except Los Angeles....... 1450 1163 160 127 | 241.2 | 241.3 237.8 | 244.3 46.8
Los Angeles.............. 566 541 — 25 | 263.4 | 263.1 — 269.4 57.7
Harvard................... 1046 799 178 69 | 242.4 | 242.7 239.8 | 245.3 46.2
Pittsburgh................. 1163 1007 90 66 | 212.3 | 212.9 210.5 | 204.6 42.4
except prisoners.......... 837 771 34 32 | 218.5 | 218.5 226.9 | 209.8 42.6
Prisoners. ............... 326 236 56 34 | 196.1 | 194.6 200.6 | 199.8 36.3

* Not pooled because of irregular follow-up intervals.
t Calculated on the assumption of a common variance but different laboratory means.
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ExuiBir D.—New Events as Classified by the Review Commattee, Men, 40-69

735

Absolute values Percentiles
Case # Source Age (J;F?:::sl.) S Event*
Sf12-20 |Sg 20-100] chol. |Sg12-20 | ,0°f)y | chol.
Definite Events
1-01013 Cleve. Graph. Bronze 54 1:06 31 110 — 53 73 — 1
1-01398 Cleve. Graph. Bronze 44 1:09 34 158 — 59 90 — 1
1-01523 Cleve. Graph. Bronze 46 1:11 61 146 | 252 90 86 60 1
1-01616 Cleve. Graph. Bronze 44 0:07 91 326 — 98 99 — 1
1-02012 GE-Schenectady 50 2:01 57 17 | 325 88 9 95 1
1-02472 GE-Nela Park 50 0:07 43 185 — 75— | 93 —_ 1
1-02515 GE-Nela Park 56 1:11 22 91 — 31 64 — 1
1-02628 GE-Nela Park 40 2:02 68 176 | 342 93 92 97 1
1-04284 Nickel Plate 59 0:02 17 71 | 161 20 51 2 7
1-04285 Nickel Plate 58 1:00 13 99 | 166 13 68 4 3
1-04287 Nickel Plate 54 0:04 57 170 | 264 88 92 69 1
1-04783 Cleve. Graph. Bronze 47 0:07 10 77 — 6 54 — 1
2-07081 Pan American 53 0:07 58 56 — 75— | 21 — 3
2-07759 Los Angeles 56 1:03 47 68 | 286 44 504+ | 68 1
2-09510 Los Angeles 50 0:02 59 151 — 63 90 — 1
2-13898 Los Angeles 51 0:05 59 104 | 306 63 %+ | 79 4
2-14685 Los Angeles 56 1:00 34 73 | 342 18 54 92 7
2-15342 Eastman Kodak 55 3:06 47 80 | 271 57 41 77 5
2-15444 Framingham 52 <2:01 34 79 | 264 24 40 72 2
2-16779 Los Angeles 49 1:00 50 99 | 235 49 72 33 1
2-17494 Los Angeles 57 0:07 93 51 | 281 92 29 65 1
2-17506 Eastman Kodak 46 3:05 82 77 | 262 93 38 71 3
2-17517 Eastman Kodak 42 2:08 43 109 | 256 48 63 65 1
2-17803 Pan American 49 0:06 37 131 | 220 34 74 33 3
2-18867 Los Angeles 54 0:11 37 56 | 185 24 35 7 7
2-20307 Eastman Kodak 49 3:02 75 164 | 284 90 86 83 1
2-20721 Eastman Kodak 45 0:05 45 131 | 244 53 74 56 1
2-20866 Los Angeles 58 1:02 68 75 | 250 74 56 43 7
2-24423 Framingham 51 0:11 49 107 | 266 61 61 73 1
2-24965 Eastman Kodak 56 2:05 29 29 | 198 16 3 17 6
2-25554 Framingham 44 0:10 41 75 | 274 44 36 79 3
2-27307 Los Angeles 59 0:11 39 67 | 280 28 49 64 7
2-27664 Framingham 51 1:04 62 118 | 257 79 68 66 1
2-27690 Los Angeles 54 1:01 | 114 90 | 274 96 66 59 6
2-29964 Framingham 56 2:01 19 43 | 193 3 10 14 2
2-30516 Los Angeles 58 0:02 67 144 | 285 73 89 67 1
2-32104 Los Angeles 40 0:04 45 133 | 207 41 86 15 1
2-34597 Framingham 57 1:02 52 99 | 253 68 55 63 1
2-37479 Framingham 56 1:00 36 73 | 209-F| 30 35 24 5
2-38879 Framingham 47 0:09 43 172 | 247 48 87 59 1
2-42205 Pan American 51 1:08 83 131 | 335 93 74 97 1
2-46031 Framingham 59 1:02 37 120 | 234 34 69 46 6
3-04071 MIT 56 2:03 51 67 | 260 78 46 68 7
3-08302 MIT 40 0:05 44 99 | 363 68 73 99 1
3-08367 Rexall 46 1:09 30 44 | 218 38 21 29 5
3-08777 Met. Life 48 <1:01 24 29 | 206 22 9 19 5
3-09002 Met. Life 48 2:00 29 70 | 290 35 49 86 1
3-09135 Oxford 46 1:00 59 275 | 250 86 99 60 1
3-11493 Met. Life 47 0:07 62 123 | 292 88 83 86 1
3-12129 Met. Life 44 0:06 17 75 | 260 7 54 68 1
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ExuiBir D—Continued

Absolute values Percentiles
Case # Source Age (;:‘ste::::) S Event*
S£12-20 (S¢ 20-100 chol. | Sg12-20| 50°f,, | chol.
Definite Events
4-00911 Armco 45 1:09 38 138 | 276 4 80 91 2
4-02118 Atlantat 53 0:08 | 230 339 | 278 100 98 92 1
4-02285 Atlanta} 48 |'<2:00 21 64 | 157 11 33 5 7
4-02365 Atlantat 46 1:08 58 132 | 196 - 78 78 31 1
4-02666 Leavenworth{ 42 1:05 33 91 | 225 34 55 57 1
4-03002 Hoffman 55 1:11 | 33 16 | 319 34 2 99 1
4-03103 Weirton 53 1:01 20 63 | 251 9 32 80 1
4-03316 Weirton 48 0:07 41 113 | 254 49 70 81 1
4-03935 Weirton 58 0:11 106 92 | 239 98 55 73 1
4-03944 Weirton 44 2:00 14 42 | 207 3 15 41 6
4-04386 Ford 47 1:07 53 62 | 408 73 31 100 1
4-04430 Hoffman 53 1:11 40 71 | 241 48 38 74 5
4-04480 Weirton 45 2:01 77 168 | 255 91 87 82 5
4-04578 Weirton 48 1:07 34 90 | 256 36 54 82 1
4-04977 Weirton 43 1:04 34 54 | 247 36 25 78 3
Probable or Possible Events
1-02593 GE-Nela Park 50 1:04 46 27 | 335 78 15 97 9
1-03913 Chrsyler 51 2:02 80 172 | 272 96 92 75+ 9
1-04695 Cleve. Graph. Bronze 41 2:00 29 13 — 48 7 — 9
2-13055 United Airlines 45 <1:06 71 223 — 88 94 — 14
2-13538 Eastman Kodak 55 <2:02 47 109 | 227 57 63 40 10
2-17475 Los Angeles 59 1:03 53 34 | 179 55 12 5 12
2-21346 Framingham 57 1:03 45 80 | 194 53 41 15 15
2-22442 Eastman Kodak 48 3:00 52 108 | 239 68 62 51 15
2-26981 Los Angeles 57 0:09 28 40 | 232 10 16 30 11
3-07323 Rexall 42 0:04 30 75 | 241 38 54 52 11
3-08546 Met. Life 48 2:03 71 134 | 241 92 86 52 13
3-08986 Met. Life 41 <2:00 33 79 | 196 45 57 15 11
3-12658 Met. Life 45 0:09 73 89 | 363 93 65 99 15
4-02277 Atlanta} 58 <2:00 33 59 | 198 34 28 33 15
4-02961 Leavenworthi 45 1:10 37 74 | 198 42 41 33 11
4-03480 Weirton 59 1:03 17 49 | 163 6 20 7 8
4-05308 Weirton 48 0:08 82 251 | 302 94 96 97 9

(F)—Framingham cholesterol used in absence of Donner.

* Code for Committee Classification given in table 10.

t Civil service.
{ Prisoner.
ExHiBiT E.—New Events Reported for White Motors

Case # Age (ylrx::e;v:sl' ) Sg12-20 Sg 20-100 Reported event
1-00188 49 1:00 43 211 Myocardial infarction
1-00198 58 1:06 35 13 Def. myocardial infarction*
1-00498 43 1:04 26 -0 Myocardial infarction
1-00573 28 0:11 <12 74 Quest. coronary ocecl.
1-00702 51 1:04 35 29 Def. myocardial infarction*
1.00762 58 — 42 84 Coronary thrombosis
1-00840 56 1:02 26 13 Acute coronary insuff.

* So classified by Review Committee.
Note: Cholesterol values are not available for cases from White Motors.
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Case # Source Age 123_50 20_8130 Chol. per]s‘:li\d:l;l;zrix:gicgt:ti:gtry Classification of event}
1-02058 | GE-Schen- 49 | 32 | 95 | 228 Questionable ECG Angina pectoris, definite, with ECG
ectady at admission changes
1-02241 | GE-Schen- 44 | 29 | 42| 231 Possibly abnormal ECG abnormality, probable, assoc. with
ectady ECG at entry coronary insufficiency
1-04291 | Nickel Plate | 52 | 13 | 32 | 268 Abnormal ECG at Myocardial infarction, definite
entry
2-09230 | Framingham | 54 | 19 | 36 | 242 Pre-existing AP Angina pectoris, definite, w/o ECG
changes
2-14954 | Eastman 58 | 57 | 227 | 192 Persistent hyper- CVA, definite
Kodak tension
2-15084 | Pan Amer- 55 | 52 | 85 | 234 Pre-existing AP Insufficient evidence of disease
ican
2-16034 | Los Angeles | 58 | 52 | 164 | 227 Pre-existing AP Angina pectoris, definite, w/o ECG
changes
2-18672 | Eastman 46 | 43 | 254 | 198 Possible Buerger’s Peripheral vascular disease
Kodak disease at entry
2-22654 | Framingham | 46 | 39 | 80 | 319 Pre-existing cor- Angina pectoris, probable, w/o ECG
onary insufficiency changes
2-28521 | Framingham | 54 | 39 | 133 | 284 Intermittent claudi- | Coronary thrombosis, probable
cation at entry
2-30259 | Framingham | 46 | 37 | 146 | 276 Pre-existing ? AP Angina pectoris, possible
2-31017 | Los Angeles | 55 | 56 | 92 | — Pre-existing AP Coronary thrombosis, definite
2-33840 | Framingham | 48 | 82 | 363 | 242-F | Pre-existing ? AP Angina pectoris, definite, w/o ECG
changes
2-34969 | Framingham | 57 | 73 | 122 | 304 Pre-existing ? AP Angina pectoris, definite, w/o ECG
changes
2-39295 | Framingham | 54 | 41 | 77 | 226-F | Abnormal ECG at Coronary thrombosis, probable
entry
3-09787 | Oxford 45130 | 63 | 254 Abnormal ECG at Coronary thrombosis, definite
entry
4-02111 | Atlanta* 55|45 | 97 | 215 Pre-existing AP Myocardial infarction, definite
4-02127 | Atlanta* 45129 | 43| 201 Pre-existing AP Angina pectoris, probable, w/o ECG
changes
4-02964 | Leaven- 41 | 25| 70 | 187 Pre-existing AP Angina pectoris, probable, with ECG
wortht changes
4-03469 | Weirton 51 | 40 | 134 | 255 Questionable ECG at| Myocardial infarction, probable by ECG
admission only
4-03809 | Weirton 43 126 | 48 | 190 Abnormal ECG at ECG abnormality, probable, assoc. with
entry coronary artery disease§
4-03957 | Weirton 53 | 57 | 64 | 299 Abnormal ECG at ECG abnormality, possible, assoc. with
entry coronary artery disease
4-04304 | Weirton 48 | 42| 54 | 278 Abnormal ECG at ECG abnormality, probable, assoc. with
entry coronary artery disease§
4-05103 | Weirton 57 | 75| 219 | 235 Entry ECG suspi- ECG abnormality, probable, assoc. with
cious coronary artery disease

* Civil Service.

t Prisoner.

1 Dr. Paul D. White, Chairman of the Review Committee, assigned the classifications which in
his opinion would have been given by the Committee if the cases had not been rejected because of
abnormality at entry.

§ Right bundle-branch block.

(F)—Framingham cholesterol used in absence of Donner.
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COOPERATIVE STUDY ON LIPOPROTEINS AND ATHEROSCLEROSIS

ExuiBir G.—*Standard” Lipid Measures: Supplement to Exhibit D, Donner Only: Men, 40-69

Absolute values

Percentiles

Case ¥ Source
“Standard” | ‘‘Standard” Al “‘Standard”’ “Standard” AI
St 12-20 St 20-100 S¢ 12-20 S¢ 20-100
Definite Events
2-07081 Pan American 74 85 65 63 36 31
2-07759 Los Angeles 119 96 77 91 54 54
2-09510 Los Angeles 60 143 89 . 36 81 71
2-13898 Los Angeles 65 139 97 42 79 79
2-14685 Los Angeles 47 90 91 18 50— 73
2-15342 Eastman Kodak 78 97 90 69 49 70
2-15444 Framingham 56 99 81 37 51 58
2-16779 Los Angeles 72 92 71 51 51 45
2-17494 Los Angeles 130 136 104 94 7 85
2-17506 Eastman Kodak 128 175 113 97 91 91
2-17517 Eastman Kodak 76 110 77 66 61 51
2-17803 Pan American 58 123 75 41 71 48
2-18867 Los Angeles 85 87 81 68 48 60
2-20307 Eastman Kodak 81 166 98 71 90 80
2-20721 Eastman Kodak 113 100 101 92 52 82
2-20866 Los Angeles 88 91 74 71 50+ 49
2-24423 Framingham 67 128 81 54 74 58
2-24965 Eastman Kodak 31 40 53 6 3 11
2-25554 Framingham 92 99 88 81 51 68
2-27307 Los Angeles 67 78 69 45 42 42
2-27664 Framingham 110 125 110 91 73 88
2-27690 Los Angeles 119 184 112 91 90 89
2-29964 Framingham 25 47 46 2 6 5
2-30516 Los Angeles 134 190 126 95 92 95
2-32104 Los Angeles 72 110 98 51 63 80
2-34597 Framingham 78 108 82 69 59 59
2-37479 Framingham 49 85 60 27 36 22
2-38879 Framingham 65 134 97 51 78 79
2-42205 Pan American 116 179 125 93 92 96
2-46031 Framingham 63 125 79 47 73 54
Probable or Possible Events

2-13055 United Airlines 72 170 94 60 91 75+
2-13538 Eastman Kodak 63 105 70 47 56 40
2-17475 Los Angeles 53 68 54 26 31 17
2-21346 Framingham 54 99 61 33 51 24
2-22442 Eastman Kodak 96 99 90 84 51 70
2-26981 Los Angeles 52 63 68 24 25 40
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