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High density lipoprotein cholesterol and longevity.
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SUMMARY In the Twin Cities Prospective Study, executive men aged 45 to 55 and "healthy" at the

entry examinations in 1948 were re-examined yearly to 1975. Follow-up through 1983 lost only one

man. High density lipoprotein cholesterol (HDL) in the serum was measured in 1955 with a method

checked with recent standard methods. Among 217 men, 130 were dead by 1983, 56 from coronary

heart disease (CHD) and 27 from neoplasms. Survivors did not differ in mean HDL from the men

who died but they had higher values than the men dead from CHD. Men dead from neoplasms had

significantly higher HDL than men dead from CHD. Men dying early did not differ in HDL from
those dying later but they had higher blood pressures. HDL was unrelated to age at death from all
causes but was related to age at death from CHD. HDL was not related to age, total cholesterol,
smoking, or respiratory function but was negatively correlated with measures of body fatness.
Multiple regression and multiple logistic analyses showed no difference in HDL between survivors
and men dead from all causes, but men dead from CHD tended to have lower HDL. The data indicate
that longevity is not related to HDL in middle age.

The Twin Cities Prospective Study recruited executive
and professional men in 1947. The entrance
examinations were made in January and February
1948 when the men were 45 to 55 years old. The men
were examined annually in the same season of the year
until the mid 1970s, and their vital status was
ascertained until 1983. High density lipoprotein
(HDL) was measured in 1953 in 238 men and in 1955
in 206 men. By 1983, among the men with HDL data,
148 were dead, 58 from coronary heart disease (CHD)
and 35 from neoplasms. This is a report on the HDL
values of the men classified by vital status until 1983.
The subjects and methods of the Twin Cities Study

have been described in detail elsewhere. 1-4 Plans for a
long-time prospective study were discussed with the
heads of major corporations in Minneapolis and St.
Paul who were asked to provide names of middle aged
executives who were thought likely to remain in the
Twin Cities for many years. It was explained that the
goal would be to discover precursors of CHD that
later would be called risk factors. No medical advice
would be given to the participants, but the results of
the examinations would be sent to their personal
physicians. The heads of the corporations welcomed
the proposal and provided the names requested. More
than 90% ofthe men invited agreed to participate. For
public relations purposes invitations were also
extended to 20 other prominent men in the age range,

including the Governor of the State, the President of
the State Medical Association, and Deans of the
University, and all accepted. Only men believed to be
"healthy" were invited, but after the entry
examinations some men were excluded because of
evidence of possible serious disorder, and several men
decided to withdraw.

Methods

For each examination the men arrived by appointment
in the fasting state, having eaten nothing nor indulged
in vigorous exercise since the night before. The
protocol required standard history taking, physical
examination, anthropometric measurements, 12-lead
ECG, and such other items as chosen for the year. In
1953, HDL cholesterol in the blood serum, then called
alpha lipoprotein cholesterol, was separated by
Cohn's method with cold ethanol. In 1955, paper
electrophoresis was used to separate the lipoproteins.
Details of both methods have been published.5
Cholesterol in the separated fractions was measured
with our modification of the method of Abell et al.6

In 1980, we reported some findings in 25 years of
follow-up covering 133 deaths in the Twin Cities
Prospective Study.7 The present report extends the
follow-up to 1983 with 175 deaths and uses more
variables in new methods of analysis with age at death
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High density lipoprotein cholesterol and longevity
as the dependent variable in multiple regression
equations solved for all causes of death, for CHD
deaths, for deaths from neoplasms, and for deaths
from other causes.
The books were closed for vital status in 1983 with

only one man lost to follow-up. His data have been
excluded from all analyses. Death certificates were

obtained for all deaths. Additional information was
obtained from attending physicians, witnesses, and
relatives. Violence was the cause of 10 deaths. The
present analyses cover all deaths. A separate analysis
excluded the violent deaths; the results were essentially
the same as for all deaths.

Results

HDL CHOLESTEROL VALUES OF THE DEAD AND
SURVIVORS
Preliminary analyses of both the 1953 and 1955 HDL
cholesterol data showed that the 1953 values failed to
find significant differences between survivors and the
dead in contrast with the 1955 data which indicated an
important relation to CHD deaths. The analyses
reported here all pertain to the 1955 data. Table 1

compares the HDL and LDL cholesterol values of the
survivors with those of the men who died from all
causes, from CHD, and from neoplasms. Neither
HDL nor LDL cholesterol means for the survivors
differed significantly from the means for the men dead
by 1983 from all causes or from neoplasms. In
contrast, both HDL and LDL cholesterol means

significantly discriminated between the survivors and
the men dead from CHD. For the difference the
t value withHDL is larger than that with LDL but that
difference is not significant. Note that the difference
between the survivors and the CHD dead in HDL
cholesterol is positive; in LDL cholesterol the
difference is negative.
The data in table 1 show that a low value for HDL

cholesterol is a risk factor for death from CHD but not
for all causes deaths. In other words, in this material
longevity, which means long survival, is not found to
be related to HDL cholesterol concentration in the
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blood serum in middle age. Among a total of 130
deaths, 56 were attributed to CHD but a larger
number, 74 deaths, were attributed to other causes.
Among the non-coronary deaths were 27 deaths
caused by neoplasms and, as table 1 shows, the mean
HDL cholesterol concentration in the serum of the
men who died from neoplasms was substantially
higher than the average for the survivors and far
higher than the mean for the men dead from coronary
heart disease. Comparison of the HDL cholesterol
means for the men dead from CHD with those who
died from neoplasms shows for the difference a t value
of -3.17 and p=0.002.

Table 1 concerns the total follow-up period of 28
years after the HDL measurements in 1955. Table 2
compares the mean HDL and LDL cholesterol values
ofthe 60 men who died relatively early in the follow-up
and of the 72 men who died later. There is no

significant difference between the means of the men
dead by 1972 and the men who died from 1973 to 1983.
In contrast, the systolic blood pressure ofthe men who
died early in the follow-up was higher than in the men
who died later, and the difference would occur by
chance only once in a thousand trials.

Table 2 covers all causes of death and takes no
account of other variables. Table 3 shows the
coefficients of correlation between HDL and LDL
cholesterol and other characteristics of the men. HDL
cholesterol was not related to age, cigarette habit or
residual air as % of the vital capacity. HDL
cholesterol in the serum is negatively correlated with
high significance to the body mass index and to the
thickness of the skinfolds, indicators of body fatness,.
It is positively correlated with the specific gravity of
the body, a measure that is mainly an indication of
body leanness. The relation of HDL cholesterol to
these three indicators of relative fatness is
statistically highly significant. The 1955 HDL data
show a negative relation to systolic blood pressure and
a less impressive negative correlation with diastolic
blood pressure. Table 3 shows the coefficients of
correlation between LDL cholesterol and other
characteristics of the men. The positive correlation of

Table I HDL and LDL cholesterol (chol) meansfor survivors 1983, deadfrom all causes, dead coronary heart disease, dead
neoplasms, and t values and probalilities (p) for differences in means between men alive and men dead.

Variable Item Alive Dead CHD Neoplasms Alive Minus

HDL Choi N 87 130 56 27 t p
Mean 44-48 43-02 39-25 47-89 Dead 0-89 0-38
SD 11-31 12-91 9-63 12-89 CHD 2-95 0-004
SE 1-21 1-13 130 248 Neoplasm -1-32 0-19

LDL Chol Mean 184-40 190-82 200-61 178-26 Dead -1-24 0-21
SD 34-49 41-00 40-02 48-77 CHD -2 57 0011
SE 3 70 3 60 5-35 9-39 Neoplasm 0-73 0-47
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Table 2 HDL cholesterol and systolic bloodpressure: means
of 62 men dead by 1971 (early) and 68 men who died later
(later). The t value of the differences and probability p of
chance expectation, 2 tails, of the differences.

Item Early Later Compare early v later

Mean HDL 43-11 43 12 t = 000 p = 0-998
SD 1109 14-32
SE 1-48 170
Mean SBP 13206 12461 t = 329 p = 0001
SD 16 96 12 45
SE 188 133

Table 3 Correlation coefficients between HDL cholesterol
and other characteristics and between LDL cholesterol and
those characteristics: N = 209, 95% confidence limits in
parentheses.

With HDL cholesterol With LDL cholesterol

Age +0-096 (+0-23, -0 04) +0 037 (+0 17, -0 10)
Body mass index -0 288 (+0 41, +0 16) +0-168 (+0 17, +0 33)
Body density *0 297 (+0 42, +0 17) -0 211 (- 0-08, -0 34)
Skinfolds -0 337 (-0 21, -0 45) + 0 247 (+ 0 37, -0 12)
Systolic BP -0152 (-0 02, -0-28) +0 031 (+017, -011)
Diastolic BP -0103 (+003, -024) +0035 (+017, -010)
Cigarette use -0 046 (+0 09, -0 18) +0 046 (+0 18, -0 09)
Residual air* - 0-082 (+0-06, -0-22) +0 016 (+0 15, -0 12)
LDL cholesterol - 0307 (- 0 18, - 043) - 0-324 (- 0 20, - 044)

* As % of vital capacity.

the LDL cholesterol with the body mass index is at the
borderline of significance, but the negative correlation
with body density is highly significant. Note the highly
significant negative relation between HDL and LDL
cholesterol.
The data in table 4 compare the men alive in 1983

with the men who died in regard to the measures

relating to the body composition. The body mass

index is higher in the men who died from all causes and

Ancel Keys

in the men dead from CHD, but the probability of
finding the observed differences by chance is about
one in seven trials. The differences in specific gravity
are far from being statistically significant, but the
differences in skinfold thickness are statistically
significant. It should be noted that among the
variables considered in table 4 ony age and the use of
cigarettes discriminate significantly between the
survivors and men who died from CHD and men dead
from all causes.

RELATION OF HDL CHOLESTEROL TO AGE AT
DEATH
An interesting and useful way of examining the
importance of HDL cholesterol as a risk factor for
death is to calculate the regression of age at death on
HDL cholesterol, LDL cholesterol, and five other
characteristics of the men in this study. Table 5

summarises the results of analyses with that model for
deaths from any cause and for deaths from CHD.
Neither HDL nor LDL cholesterol makes any
significant contribution to the solution for deaths
from any cause, but both are highly significant in the
regression for deaths from CHD. The t value for the
coefficient for HDL cholesterol gives a probability of
only 24 in a thousand trials for the contribution of
HDL cholesterol to the solution for age at death from
CHD. LDL cholesterol is slightly more important
than HDL cholesterol for CHD deaths. For all causes
deaths, age, cigarette use, and residual air as % of vital
capacity are all highly significant risk factors. For
coronary deaths, age, LDL cholesterol, HDL
cholesterol, and cigarette use are all highly significant
risk factors, positive for LDL cholesterol and
cigarettes, negative for HDL cholesterol.
The multiple correlation of age at death with these

seven variables is R = 0.540, and its square, 0.292,
indicates that almost 30% of the variance in age at

Table 4 Regressions of age at death from any cause or from CHD on entry characteristics of age, skinfolds, systolic BP,
LDL cholesterol, HDL cholesterol in 1955, cigarettes, residual air as % of vital capacity.

Deaths from any cause Deaths from CHD
Item

Coeff SE t p Coeff SE t p

Intercept 36-970 46 935
Age 0 960 0 246 3 90 0000 1 254 0-383 3 28 0003
Skinfolds - 0 076 0 058 -0-13 0 190 -0 088 0 083 - 1 07 0-293
Systolic BP -0 019 0-039 -0-49 0 629 -0 015 0-043 -0 34 0 739
LDL chol -0-022 0017 - 133 0187 -0064 0024 -2-74 0010
HDL chol -0-060 0 059 - 101 0 313 - 0-269 0-114 - 2 36 0 024
Cigarettes -0 575 0 145 - 3-98 0 000 - 0-732 0 209 - 3 51 0 001
Residual air % -0127 0061 -2-07 0041 -0135 0086 - 157 0137

R = 0540, R2 = 0-292 R = 0-727, R2 = 0529
F ratio = 5 58 F ratio = 5 29

Probability (p) is for 2 tails
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High density lipoprotein cholesterol and longevity
Table 5 Solutions of the multiple logistic equation to
discrininate 87 survivors from 130 men deadfrom any cause
and 56 men deadfrom coronary heart disease.

Variable Coefficient SE t

All dead Entry age 01778 0-0556 3-20
Systolic BP 0-0187 0-0110 1-71
Smoking 0-1363 0-0885 154
Cholesterol 0-0017 0-0041 0 41
HDL cholesterol - 00106 0-0120 - 089
Intercept - 10-9109 3-1368 - 3-48

CHD dead Entry age 01944 0-0731 2-66
Systolic BP 0-0343 0-0145 2-37
Smoking 0-1897 01136 167
Cholesterol 00092 00055 1-67
HDL cholesterol -0 0484 0-0196 - 2-47
Intercept - 14-8868 4-3118 -3-45

Likelihood ratio statistic, All dead = 17-958
Likelihood ratio statistic, CHD dead = 28-192

death from CHD is accounted for by these entry
characteristics. For CHD deaths these seven entry
characteristics give R = 0.727, and its square, 0.529,
means that more than half the variance in age at death
from CHD is accounted for by these variables
recorded in 1955. The multiple regression equation for
age at death from neoplasms was solved for the same
seven independent variables. The coefficient for HDL
cholesterol is - 0.299 with standard error of 0.156.
Accordingly, the t value for HDL cholesterol is
- 1.922 and the probability is p = 0.0738. This means
that the higher the level of HDL cholesterol in the
serum, the younger the age at death from neoplasms,
but this finding could result by chance in one out of 14
trials. Incidentally, this helps to explain the fact that
the age at death from all causes is not related to HDL
cholesterol in spite of the fact that the age at death
fromCHD is positively related to the HDL cholesterol
level in the serum.
The multiple regression equation was solved for age

at death from all other causes besides CHD and
neoplasms, using the same independent variables. The
coefficient for HDL is + 0.0354 with SE = 0.0869 so
t = 0.408 and p = 0.686. There is no significant
relation between HDL cholesterol and age at death
from all causes other than CHD and neoplasms.
Finally, the equation was solved for all deaths before
1971, using the same independent variables but
omitting residual air percentage to increase the
number of men with all variables. The coefficient for
HDL cholesterol is + 0.0761, SE 0.0634 so t = 1.199
and p = 0.2362. Here the indication is that the age at
death from causes other than CHD or neoplasms was
not related to HDL cholesterol in the serum. Only 58
men with values for all the independent variables died
before 1971, and by that cut-off date the range of ages
was 67 to 77. With earlier cut-offdates for age at death
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the number of deaths becomes too small for
satisfactory analysis. The material in this study is
inadequate for decision about the significance ofHDL
cholesterol for death within a relatively short period of
time.

Discussion

The present study differs from other follow-up studies
that have evaluated the relation ofHDL cholesterol to
risk in that the follow-up period after measurement of
HDL cholesterol in this study is much longer. In the
prospective study on almost 10 000 men in Israel the
main report was based on only seven years of follow-
up.8 A second report from that study added only
slightly to the length offollow-up.9 Moreover, a major
question about the Israeli study concerns the non-
standard method used for the estimation of HDL
cholesterol and the remarkably low mean values for
HDL cholesterol reported.
The much cited report on HDL cholesterol in the

Framingham Study covered a follow-up period of
only six years of subjects who were 59 to 82 years old
when the measurements of HDL cholesterol were
made."° Other prospective studies reported so far not
only cover much shorter periods of follow-up than the
Twin Cities Study but also are primarily reports on the
incidence ofCHD dominated by non-fatal cases.11-16
The finding in the Twin Cities Study is that in the

long run longevity and total mortality are not
significantly related to the level ofHDL cholesterol in
the serum. This agrees with the results from a 24-year
follow-up of men in Finland."7 A much shorter
follow-up, averaging 4.2 years, on 7415 men in the
United Kingdom found a negative relation between
CHD incidence and HDL cholesterol in univariate
analysis, but the relation became non-significant when
other variables were considered in the solution of the
multiple logistic equation.'8 Non-HDL cholesterol,
however, proved to be highly significant for the
incidence of CHD in that study.
The report on the experience of the large study in

Great Britain included a critical analysis of the reports
in the literature on HDL cholesterol and the incidence
of CHD in other prospective studies. "These British
findings were compared with six other prospective
studies. All ofthe larger studies showed similar results,
suggesting that HDL cholesterol is not a major risk
factor in the aetiology of ischaemic heart disease."' 8
The one exception is the report on only 48 men in
Norway among whom 17 men developed CHD.'9 The
British report also pointed to limitations of the data
and analyses in the Framingham and Israeli reports
which have been, next to the reports of Miller et al
from Norway, the most insistent on the importance of
HDL cholesterol.
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The analyses in this report, like almost all other

reports on the relation between mortality and serum
cholesterol and HDL cholesterol, use linear regression
as the primary model. However, the data from the
MRFIT study show a curvilinear relation of serum
cholesterol to mortality, especially to deaths from all
causes.20 Elsewhere we have commented that the
relation of death rate to serum cholesterol in the
MRFIT study "is far from being a straight line."2' The
plot of the data from the MRFIT study suggests a
quadratic relation of death rate to serum cholesterol
and also to diastolic pressure. Adding the squares of
LDL cholesterol and of diastolic blood pressure to the
independent variables used here in table 5 gives a
slightly better fit of age at death to the independent
variables. Table 5 shows R = 0.540 for the multiple
correlation. Adding the squares of LDL cholesterol
and of diastolic blood pressure gives R = 0.551 and
R square = 0.303.

In regard to table 5 it should be noted that the age at
death is closely correlated with the age at entry.
Obviously the men aged 55 at entry had weathered 11
years of hazard that still faced the men aged 45 at
entry. The upshot is that the prospects for longevity
should be positively related to age at entry. The age at
entry is a negative risk factor that can be evaluated by
eliminating entry age from the variables considered in
table 5. The result is that R falls from 0.540 to 0.441
for the correlation between age at death and the
other six variables with R square = 0.195 and the
F ratio = 2.842. In the MRFIT study there were 240
deaths among the "controls," the men who had no
intervention to control risk factors.22 The death rates
adjusted for age, diastolic blood pressure, and
smoking habits showed no significant relation to HDL
cholesterol.

The last word has not been said on the significance
of HDL cholesterol in the blood serum. Final reports
are awaited on the results in several large collaborative
studies. As yet it is forbidden to quote the preliminary
reports on those studies, but it can be stated that no
great case has been made for the importance of HDL
cholesterol in regard to CHD and no case at all for all
causes deaths. Currently, many papers are being
published on subfractions of HDL but so far they do
not aid in the evaluation ofHDL cholesterol as a risk
factor.

The present paper is focussed on longevity and long
range prospects as related to characteristics recorded
in healthy men in middle age. It is concluded that
longevity is not related to the concentration of HDL
cholesterol in the serum of such middle-aged men, at
least among business and professional men in
Minnesota.

Ancel Keys

Many persons and organisations made possible the
work summarised here. Grants from the US Public
Health Service and the American Heart Association
were crucial. The late Dr Joseph T Anderson was
primar;ly responsible for the separation of the
lipoproteins and estimation of HDL and total
cholesterol.
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