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Serum retinol and the inverse relationship between
serum cholesterol and cancer

J D KARK, A H SMITH, C G HAMES

Abstract

Several human studies have shown an inverse relation
between vitamin A intake (and serum concentrations of
retinol and carotene) and cancer. Serum cholesterol
concentrations have also been reported in inverse
relation to cancer. In a study of 3102 people in Evans
County, Georgia, who were followed for over 12-14 years
to assess the incidence of cancer there was an inverse
association between the risk of cancer and both serum
retinol and serum cholesterol concentrations. The data
also showed an unexpectedly strong correlation between
serum retinol and total cholesterol concentrations.
The inverse relationship with cancer was stronger

with serum retinol than with cholesterol, which sug-
gested that the association with cholesterol might be
secondary. This suggestion may also explain the
cholesterol-cancer association reported in several other
cohort studies. Further studies of the relation between
serum concentrations of cholesterol, retinol, and carotene
and the incidence of cancer are needed.
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Introduction

A large and rapidly expanding body of laboratory evidence
shows that retinoids possess striking antineoplastic properties,
inhibiting both the transformation and promotional stages of
the neoplastic process.'-3 The epidemiological data have recently
been reviewed by Peto et al.4 Two prospective5 6 and several
retrospective dietary studies7-9 have shown an inverse relation-
ship between vitamin A intake (mainly in the form of carotene)
and cancer. Users of vitamin A pills showed a non-significant
reduction in the risk of developing cancer.'0 Within wide bounds,
blood retinol concentrations are generally little affected by
varying vitamin A intake,4 and excessive intake causes a rela-
tively small increase in serum retinol concentrations.'1 Case-
control studies of the relationship between serum retinol and
serum carotene concentrations and cancer have consistently
shown that serum retinol concentrations are lower in patients
with cancer than in controls1'-2 0 and serum carotene concentra-
tions have also been lower in those studies in which they
have been measured.2'-4 18 The question whether low serum
values precede the development of cancer or are a consequence
of it remains open in these studies. Two prospective studies,
however, one in Evans County, Georgia,2' 22 and the second in
England,23 have shown an inverse relationship between the risk
of cancer and serum retinol concentrations.

Quite separately interest has grown in the inverse relationship
between serum cholesterol concentrations and the incidence of
cancer. Several studies have reported an inverse relationship
between serum or plasma cholesterol concentrations and cancer
outcomes, usually mortality.24 -28 The findings were more
apparent for men than women in the three studies that included
both sexes.25 26 28 An Oslo cohort29 and the three Chicago
study cohorts,30 however, did not show an association between
cholesterol concentrations and cancer. The major method-
ological issue in these studies is whether the cancer produces the
reduced cholesterol concentration. Rose and Shipley3l pre-
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sented data which support this explanation since removal of
deaths from the first two years of follow-up eliminated an
initial inverse relationship. Data from the Paris prospective
study suggest that low serum cholesterol values are a conse-
quence rather than a precurser of cancer. :12 Analysis by sub-
dividing periods of follow-up, however, or by excluding deaths
occurring during the first years does not eliminate the relation-
ship in other studies.
We have previously presented results from the Evans County

cardiovascular disease cohort showing that both serum retinol
and cholesterol concentrations relate inversely to the incidence
of cancer.2' 25 In this paper we tie these results together and
show that associations between cholesterol and cancer may be
secondary to an association between retinol and cancer.

Methods

The Evans County cardiovascular disease cohort, a total com-
munity study, has been described in detail elsewhere. In 1960-2, 3102
people were examined, their serum cholesterol concentrations were
measured by the Abell-Kendall method,3 and specimens were stored
at - 18 C for later examination. New cases of cancer were ascertained
up to 1974. Only those cases documented at least 12 months after
intake were included.25 Retinol concentrations were measured in 1976
on the stored sera of 85 subjects with cancer and 174 controls drawn
from the cohort; we used a modified fluorimetric method after
alumina column separation.22 The question of measuring retinol in old
stored sera and the fact that many of the patients' sera had been used
for another study whereas many of the control sera had not have been
discussed elsewhere." Stability studies performed to simulate the
exposure of the sera stored for 14-16 years showed retinol to be stable
in ambient laboratory lighting conditions, during exposure at room
temperature, and during recurrent freezing and thawing cycles.

Results

Table I shows age-adjusted differences between the subjects who
developed cancer and the controls. The 85 patients had serum

TABLE I-Mean difference in seruni cholesterol and serum retinol concentrations
between subjects with cancer and controls* selected from the Evans County
cohort, adjusted by race-sex-specific regressions on age

Serum cholesterol Serum retinol

No of No of Case- Case-
Subjects subjects controls control p value control p value

with difference 2-tailed difference 2-tailed
cancer (mmol I) (tlmol/l)

Total 85 174 -0-28 0 05 -0-23 0-002
White men 31 61 - 0-46 0-09 -0 24 0-02
White women 32 70 - 0-16 0-48 -0 18 0 16
Black men 16 29 - 0 23 0-46 -0-39 0-08
Black women 6 14 -0-04 0 92 -0 08 0-70

*Twvo controls were selected for each of the 92 patients for whom serum was available.
Retinol could not be estimated in seven patients and 10 controls because of insuffi-
cient serum. tIherefore 85 cases and 174 controls remained for analysis.

Conversion: SI to traditional units-Cholesterol: 1 mmol/I 38-6 mg/100 ml.
Retinol: 1 1smol'1v 28-7 cug 100 ml.

cholesterol values 0 28 mmol/l (10 8 mg/100 ml) lower on average than
those of the controls (p-- 0 05), a difference amounting to 50( of the
average study value of 5 6 mmol/l (218 mg/100 ml). For serum retinol
the overall difference was 0-23 sumol/l (6 6 14g/100 ml; p=0-002), a
difference amounting to nearly 150(, of the average study value of
1 6 mmol/l (46 tsg/100 ml). In each race-sex group the difference
between patients and controls was proportionately larger and more
significant for serum retinol than for cholesterol concentrations, while
the differences for both retinol and cholesterol concentrations were
larger for men than for women.
The association of serum concentrations of cholesterol and retinol

with cancer was remarkably similar when examined by site of the
cancer (table II). All 127 cases of cancer analysed in the Evans County
cohort were used to examine the relationship between cholesterol
concentration and the site of the cancer, while 85 of the 127 cases (for

TABLE II-Mean serum cholesterol* and mean serum retinolf differences between
patients grouped according to site of cancer and controls, adjusted by race-sex
specific regressions on age

Serum cholesterol Serum retinol

Case- Case-
Cancer site No of control No of control

patients difference patients difference
(mmol/l) (,umol/l)

Female reproductive system 22 -0-19 17 -0-22
Alimentary tract. 22 -0-21 14 -0-30
Lung .22 -0-25 12 -0-32
Prostate .12 -0-51 8 -0-12
Skin and lip: 19 -0-08 18 -0-25

Basal .13 + 0-32 12 -0-09
Non-basal .6 -0 93 6 -0.59

Leukaemia and Hodgkin's disease 13 -0-03 8 + 0-06
Others .17 -0-16 8 -0 39

Total 127 -0-21 85 -0-23

*Adapted from reference 25. tAdapted from reference 22.
Conversion: SI to traditionoal inits-Cholesterol: 1 mmol/l 38-6 mg/100 ml.

Retinol: 1 ,umol/l 28 7 ,ug/ 100 ml.

whom sera were available) were used for serum retinol comparisons.
For those sites showing a reduced concentration of cholesterol, retinol
concentrations were proportionately lower (except for cancer of the
prostate). In the leukaemia-Hodgkin's disease group, neither chol-
esterol nor retinol concentrations were lower than expected, while
both cholesterol and retinol concentrations showed the same pattern
among the patients with skin cancer, with the non-basal cell types
(epithelial and melanoma) being associated with lower concentrations
than the basal cell cancers.
We are unaware of prior studies on the relationship of serum retinol

and serum cholesterol concentrations in healthy adults. In our study
(of 92 white men, average age 57-5; 102 white women, average age
54-9; 45 black men, average age 62 1; and 20 black women, average
age 55-4) there was a surprisingly strong association between the two
variables (table III), the correlation being stronger and more con-
sistent in whites than in blacks, and evident in both subjects with
cancer and controls when analysed separately. Indeed, retinol
appeared to be one of the variables most strongly correlated with
serum cholesterol concentrations in Evans County.

Because of these statistical associations between serum cholesterol
and retinol concentrations, the differences between the subjects with
cancer and the controls were assessed for each factor while we con-
trolled for the potential confounding effect of the other (table IV). The
association of cholesterol with cancer was much reduced when we
controlled for retinol, but the reverse was not apparent. In other
words the inverse association between retinol concentrations and the
incidence of cancer was mostly independent of cholesterol concentra-
tions, while that of cholesterol concentrations and cancer was strongly
related to the retinol-cancer association.

TABLE iii-Correlation of serum cholesterol and serum retinol concentrations in
the four race-sex groups in Evans County for cases and controls separately
(p values are given in parentheses)

White men White women Black men Black women

No of cases 31 32 16 6
Pearson correlation 0-45 (0-01) 0-47 (0 006) 0-55 (0-03) - 0 17 ( > 0-25)
No of controls 61 70 29 14
Pearson correlation 0-47 (`_ 0-001) 0-40 ( < 0 001) 0-11 ( :0-25) 0-43 (0Q13)
Cases and controls
combined 92 102 45 20

Pearson correlation 0-48 ( 0-001) 0 44 (< 0-001) 0 27 (0-07) 0 26 ( _0-25)
Age-adjusted partial

correlation 0-48 (` 0-001) 0-32 (<0-002) 0-26 (0-08) -0-13 ( >0-25)

Discussion

There appear to be three main competing hypotheses to
explain the inverse association between cholesterol concentra-
tions and the incidence of cancer. Firstly, lower cholesterol
values, even before the manifestation or detection of cancer, may
be a result of the cancer process; secondly, lower cholesterol
values may precede the development of cancer but the associ-
ation with cancer is secondary-that is, cholesterol serves as a
marker for some other causal variable or set of variables; thirdly,
lower cholesterol values may precede the development of cancer
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TABLE IV-Differences in serum cholesterol concentrations between patients and controls with and without controlling for retinol*, and differences in serum retinol
concentrations between patients and controls with and without controlling for cholesterolt (two-tailed p values are given in parentheses)

Total White men White women Black men Black women

Cholesterol difference (mmol/l) without controlling for retinol .. - 0-28 (0-05) - 0-46 (0-09) - 0-16 (0-48) - 023 (0-46) - 0-04 (0-92)
Cholesterol difference (mmol/l) controlling for retinol .. .. - 0-11 (0-38) - 0 19 (0-40) - 0-07 (0-76) - 0-09 (0-76) - 004 (0-92)
Retinol difference (rtmol/l) without controlling for cholesterol .. - 023 (0-002) - 0-24 (0-02) - 0-18 (0-16) - 0-39 (0-08) - 0-08 (0-70)
Retinol difference (,tmol/l) controlling for cholesterol .. .. -0-18 (0-01) - 0-15 (0-14) - 0-15 (0-24) -0-35 (0-12) - 0-08 (0-70)

*By race-sex specific regressions of serum cholesterol on age, age-squared and serum retinol.
tBy race-sex specific regressions of serum retinol on age and serum cholesterol.

Conversion: SI to traditional units-Cholesterol: 1 mmol/l 38-6 mg/100 ml. Retinol: 1 ,umol/l 28-7 Lg/100 ml.

and may be causally associated with the occurrence ofsome forms
of cancer.
The data from Evans County described here suggest that the

relationship between cholesterol concentrations and cancer may
be secondary to an association between retinol concentrations
and the incidence of cancer. Indeed, the lack of a consistent
association between cholesterol concentrations and cancer in
different studies would lead one to search for a secondary asso-
ciation. Additionally, the evidence that retinol has a protective
effect is stronger than the evidence that cholesterol has a
protective effect.
The possibility that these findings are due to an artefact

resulting from the use of old stored sera that may have been
differentially exposed to ambient laboratory conditions cannot
be dismissed. Nevertheless, the simulation studies we conducted
reduce the probability of such an explanation. The correlation
between serum cholesterol and serum retinol concentrations,
measured 14-16 years apart, cannot be attributed to such an
artefact as the relationship was equally strong in both subjects
with cancer and controls. In addition, Wald et al,23 applying a
study design almost identical to ours, showed an inverse asso-
ciation between retinol concentrations and the incidence of
cancer independent of serum cholesterol values.
The relatively strong correlation between serum retinol and

total cholesterol concentrations that we found has recently been
confirmed by one of us (AHS) in a New Zealand study,'34 in
which the association was shown to be with low-density lipo-
protein cholesterol. This study used serum specimens frozen for
several months only and used a different method of estimating
serum retinol concentrations. The study also provided pre-
liminary evidence for an association between (-carotene and
cholesterol concentrations, although (-carotene and retinol
concentrations were not associated. Basu et a115 also showed a
linear relationship between retinol and cholesterol concentra-
tions in a small series of hospital patients with and without
cancer. We surmise that the correlation of retinol and cholesterol
concentrations reflects a relationship between their carrier
proteins-retinol binding protein and low-density lipoprotein-
and that the determinants of the blood concentrations of these
carrier proteins are partly shared.
We suggest that a study of serum cholesterol, serum retinol,

and serum carotene concentrations in relation to the incidence
of cancer may elucidate the cholesterol-cancer relationships
described in published reports. Certainly, further detailed
examination of the interrelationship of serum cholesterol,
retinol, and carotene concentrations, preferably on fresh speci-
mens, would be of great interest in itself.
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