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SERUM RETINOL AND RETINOL-BINDING PROTEIN LEVELS DO
NOT PREDICT SUBSEQUENT LUNG CANCER
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Retinol and retinol-binding protein levels were measured in sera previously
obtained, and stored in the frozen state, at multiphasic health checkups from 151
persons subsequently found to have lung cancer (cases) and 302 persons who
remained free of cancer (controls). Two controls were matched to each case for
sex, skin color, age, date of multiphasic health checkup, and aspects of the
smoking habit. Mean levels in cases and controls were, respectively, retinol:
82.17 and 82.37 ng/dl (p = 0.93), and retinol-binding protein: 6.04 and 6.00 mg/
di (p = 0.81). Mean differences between cases and controls were, retinol: 0.195
ug/dl with 95% confidence limits, —3.91 and 4.30 »g/dl; retinol-binding protein:
—0.033 mg/di with 95% confidence limits, —0.31 and 0.24 mg/dl. No significant
trend in relative risk of lung cancer was observed when the retinol or retinol-
binding protein distribution was divided into quintiles. No significant associations
were observed in subgroups based on age, sex, histologic type of cancer,
cigarette consumption, or interval between blood drawing and cancer diagnosis.
In this large study, retinol and retinol-binding protein levels were not usefut in
predicting the subsequent development of lung cancer. |
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Several lines of evidence suggest that a ation (1, 2). These effects have been dem-

Py

person’s retinoid (vitamin A) status may be
a determinant of the risk of developing
cancer. First of all, retinoids have powerful
effects on cell differentiation and prolifer-

onstrated with both normal and neoplastic
cells. Since carcinogenesis is fundamentally
a disorder of cell differentiation, it is pos-
sible that the retinoid status of a cell sig-
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nificantly influences its potential for cancer
development. Second, synthetic retinoids
have been shown to be useful and effective
in the prevention of carcinogenesis in ex-
perimental animals (3, 4). Third, a number
of epidemiologic studies have suggested
that the dietary intake, or the plasma level,
of vitamin A and/or beta-carotene may be
inversely associated with the incidence or
risk of cancer (5, 6).

Two epidemiologic studies reported that
low serum retinol levels were associated
with an increased risk of cancer, particu-
larly lung cancer (7, 8). However, in two
recent studies, no association was found
between the level of serum retinol and the
subsequent development of cancer (9, 10).

We now report a study designed to test
the hypothesis that a low level of serum
retinol is associated with an increased risk
of lung cancer in human beings. The levels
of retinol and of retinol-binding protein in
frozen serum specimens obtained from 151
persons who later developed lung cancer
were compared with those from 302
matched subjects who remained free of the
disease.

METHODS
Study subjects

Between 1964 and 1971, 263,000 serum
specimens were obtained routinely from
persons receiving multiphasic health
checkups (11) at the Oakland and San
Francisco facilities of the Kaiser Perma-
nente Medical Care Program in Northern
California. These were kept in frozen stor-
age (—23 C or colder) in Oakland until 1980,
when they were packed in dry ice and
shipped to a frozen storage facility of the
Orentreich Foundation for the Advance-
ment of Science, Inc., in New York. In
Oakland the specimens were maintained at
—30 C until June 1969, and at —25 C +2 C
thereafter. It is unlikely that sample tem-
peratures ever exceeded —23 C except for a
single short episode in December 1968
when a 22-hour power outage led to a rise
in air temperature to —15 C and an esti-
mated rise in specimen temperature to —21

C. In New York, the 263,000 specimens
have been kept at approximately —40 C,
and a computer-stored catalog was pre-
pared and maintained by the Orentreich
Foundation.

The subjects for the present study were
persons from whom at least one of these
frozen serum specimens had been drawn
and who also belonged to a special study
cohort of 143,574 persons who had received
at least one prescription from the Kaiser
Permanente pharmacy in San Francisco
between 1969 and 1973. This study cohort
has been carefully followed up to determine
which of its members developed cancer
(12). We aimed to select 156 cases and two
matched controls per case, a sample-size
that provided 95 per cent power to detect a
case-control difference of 6 ug/dl (0.35
standard deviation units), the smaller of
the two differences found previously (7, 8)
(two-sided a = 0.05). There were 233 per-
sons who developed lung cancer by the end
of 1978 who had serum frozen at least two
years before diagnosis and whose chest x-
rays at the multiphasic health checkup at
that time showed no suspicious density. To
be selected, a control subject had to be of
the same sex and skin color, and to match
the case for age within one year and date
of multiphasic health checkup within three
months. Also, we attempted to match for
cigarette smoking status and, among smok-
ers, for quantity of cigarettes per day (less
than one pack, one to two packs, two or
more packs), duration of smoking (less than
10 years, 10 to 20 years, 20 or more years),
and inhalation (yes or no). Controls also
had to be free of suspicious densities on
chest x-ray in the multiphasic health
checkup and they must not have developed
any cancer through 1978.

Of the 233 cases who met the above cri-
teria, we were able to find two matched
controls each for 160. Failures in matching
were due mostly to (a) peculiarities in the
case’s reported smoking habits, e.g., un-
known inhalation or quantity of cigarettes,
or short duration of smoking for age, and
to (b) cases being of minority races or in
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oider age groups containing few potential
controls. To obtain the planned 156 sets,
we omitted the last four of the 160 case-
control triplets (arranged by the case’s
medical record number). Lists of the tri-
plets were prepared so that the three spec-
imens in each would be thawed and ana-
lyzed at about the same time. The case’s
position in the triplet—first, second, or
third—was assigned using a table of ran-
dom numbers. Laboratory personnel and
investigators at both Columbia University
and the Orentreich Foundation were kept
blind to case-control status. All analyses
were performed between August 22 and De-
cember 5, 1983.

After the laboratory work was completed,
five case-control triplets were excluded,
leaving 151. One was dropped because one
control subject had insufficient serum for
analysis. In each of the other four there
was one subject (two cases and two con-
trols) who had measurable quantities of
retinyl esters (16-148 ug retinol equiva-
lents/dl). The presence of retinyl esters in
the serum reflects either recent dietary
intake of vitamin A (chylomicron retinyl
esters) or represents a manifestation of hy-
pervitaminosis A (13). Since it was not
possible to distinguish between these two
alternatives, the four case-control triplets
were dropped to ensure that no subjects
with abnormal vitamin A status were in-
cluded in the study.

The subjects ranged in age from 26 to 78
years at time of multiphasic health
checkup; mean age was 53.9 years; 65.6 per
cent were men and 34.4 per cent were
women; 92.1 per cent were white, 6.0 per
cent were black, 2.0 per cent were of other
and unknown race. The respective percent-
ages of cases and controls in the main cig-
arette smoking categories were as follows:
nonsmokers——7.3 per cent and 7.6 per cent,
exsmokers—13.9 per cent and 21.5 per cent;
smokers of less than one pack—8.6 per cent
and 8.9 per cent; smokers of one to two
packs—45.7 per cent and 41.4 per cent;
smokers of two or more packs—21.9 per
cent and 17.5 per cent; and unknown—2.6

per cent and 3.0 per cent. There were 94
case-control triplets that were perfectly
matched in these main categories. (The
mismatches, discovered after the labora-
tory work was completed, were due to a
failure in communication between one of
us (G. F.) and a programmer, who assumed
that all subjects were smokers and ignored
a question about current smoking status.)

Of the 151 cases, 105 (70 per cent) had
tissue samples examined by a pathologist,
21 (14 per cent) were confirmed by sputum
or pleural fluid cytology without additional
tissue examination, and 25 (17 per cent)
did not have information in their records
indicating a pathologic examination. The
histologic classification used in this study
was based on the pathology reports in the
records. The cases without pathologic ex-
amination are included in the subgroup la-
beled as “unknown.”

Assay of retinol and retinol-binding protein
levels

Serum samples were packed in dry ice
and shipped to Columbia University where
they were stored at —20 C until assayed.
Sera were thawed in the dark at room tem-
perature on the day they were assayed for
retinol. After thawing, two aliquots of 0.1
ml each were removed from each serum
sample for duplicate retinol determina-
tions. Four additional aliquots of each se-
rum sample were also removed and frozen
at —20 C for later duplicate retinol-binding
protein analyses and sodium determina-
tions. The remaining serum was then re-
frozen and kept at —20 C until all assays
were completed.

Serum retinol levels were determined by
high performance liquid chromatography
using modifications of the procedure de-
scribed by Bieri et al. (14). High perform-
ance liquid chromatography was conducted
with a uBondapak C,s column (Waters As-
sociates, Milford, MA), eluted at a constant
flow rate of 2.0 ml/minute by the following
solvents: 0-5 minutes, methanol:H,O (90
per cent/10 per cent); 5~15 minutes, linear
gradient to 100 per cent methanol; 15-25
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minutes, 100 per cent methanol. Retinol
and retinyl acetate were detected by ab-
sorbance at 325 nm; a second absorbance
detector set at 436 nm was used to monitor
for the possible presence of carotenoids.
Coefficients of variation for within- and
between-assay precision of retinol deter-
minations were 4.4 per cent and 7.8 per
cent, respectively. A quality control serum
specimen of known retinol content was in-
cluded with each assay, and the measured
value for this specimen was always found
to deviate by less than two standard devia-
tions from its known retinol value.

The high performance liquid chromatog-
raphy chromatograms obtained for the re-
tinol extracts from all case-control triplets
were qualitatively identical to those ob-
tained from fresh serum. No unusual or
additional high performance liquid chro-
matography peaks were observed in any of
these chromatograms. (In our experience,
additional ultraviolet-absorbing peaks, pre-
sumably representing modified or degraded
retinol, are often observed in extracts of
serum samples which were either poorly
collected or poorly stored.)

Beta-carotene was found in only 16.6 per
cent (75 samples) of the sera assayed in
this study. In those samples where beta-
carotene was detected, the levels were sub-
stantially lower than those observed con-
sistently in fresh serum samples. These
observations strongly suggest that beta-
carotene was not stable under the storage
conditions used for these sera. Hence, the
level of beta-carotene could not be included
as an additional measured parameter in
this study.

Radioimmunoassay for retinol-binding
protein was carried out as described for the
assay of rat retinol-binding protein (15).
The coefficients of variation for within-
and between-assay precision were, respec-
tively, 6.8 per cent and 8.4 per cent. A
quality control serum specimen of known
retinol-binding protein content was meas-
ured as part of each assay and always gave
a value which varied by less than two stand-
ard deviations from its known retinol-bind-
ing protein value.

it

All serum retinol and retinol-binding
protein assays were carried out in duplicate,
and the mean values were used for the final
data analysis. Duplicate values differed
from their mean by less than 8 per cent in
the great majority of instances. When the
agreement between duplicate assays was
less good (less than 10 per cent of samples)
another assay was carried out in duplicate
on that particular serum sample. The mean
so obtained was then used for the data
analysis instead of the mean obtained from
the first duplicate assay.

To check for dessication, sodium concen-
tration was measured in each specimen at
the Orentreich Foundation laboratory by a
Beckman model E2A electrolyte analyzer
(Beckman Instruments, Inc., Irvine, CA)
and at Columbia University on pooled spec-
imens by flame photometry. Mean levels
on pooled sera were 148-149 mM, with
expected mean values of 140-142 mM for
fresh normal serum.

Statistical methods

Statistical significance of case-control
differences in mean levels was determined
by the one-sample ¢ test in which the unit
for each triplet was the difference between
the value for the case and the mean of the
values for the two controls. For contingency
table analysis by quintiles, relative risks
were estimated both by simple odds ratios
with matching ignored and in a matched
fashion using conditional logistic regres-
sion for matched sets. Multivariate analy-
ses with control for cholesterol level and
smoking status also employed logistic
regression for matched sets.

RESULTS

There was virtually no difference be-
tween the cases and the controls in the
mean level of either retinol or retinol-bind-
ing protein. The mean concentrations for
the cases and controls were, respectively,
82.17 and 82.37 pg/dl for retinol (p = 0.93),
and 6.04 and 6.00 mg/dl for retinol-binding
protein (p = 0.81). The mean case-control
difference for retinol was 0.195 ug/dl with
95 per cent confidence limits, —3.91 and
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1.30 ug/dl; for retinol-binding protein the
mean difference was —0.033 mg/dl with 95
per cent confidence limits, —0.31 and 0.24
mg/dl. Progressing by quintiles from quin-
tile V (highest) to quintile I (lowest) there
was no clear trend of relative risk for lung
cancer associated with either retinol (x? for
trend = 0.004, p = 0.94) or retinol-binding
protein (x? for trend = 0.109, p = 0.74)
(table 1). In the matched analysis the rel-
ative risk was estimated to be 1.0 for a
decrease in retinol concentration of 20 ug/
dl with 95 per cent confidence interval, 0.8-
1.2. The relative risk associated with a de-
crease in retinol-binding protein of 1 mg/
dl was 1.0 with 95 per cent confidence in-
terval, 0.8-1.1.

As expected from the results for retinol
and retinol-binding protein, the retinol-
binding protein/retinol molar ratio (de-
fined as retinol-binding protein/retinol x
13.45) also showed no association with lung
cancer. Mean levels were 1.0039 for the 151
cases and 1.0059 for the 302 controls. The
relative risks by quintiles going from lowest
to highest were 1.15, 1.13, 1.09, 1.50, and
1.00 (reference) with x2 for trend = 0.002,
p = 0.96.

The study group was also subdivided by
age and sex, histologic type of lung cancer,
interval from multiphasic health checkup

to lung cancer diagnosis, and smoking cat-
egory. No statistically significant case-con-
trol difference in mean retinol or retinol-
binding protein was found in any subgroup.
One difference with a p value of 0.06 is
quite compatible with chance variation
since 46 comparisons were made (table 2).
Because of our failure to match fully for
smoking—particularly current vs. former
smoking—as we had intended, we also con-
ducted a multivariate analysis of the rela-
tion of retinol and of retinol-binding pro-
tein to lung cancer controlling for smoking
habit. As noted for all 94 smoking-matched
triplets (table 2), no association was evi-
dent.

Both retinol and retinol-binding protein
showed small (r = 0.20) but statistically
significant (p < 0.001) correlations with
serum cholesterol level measured by an au-
toanalyzer at time of multiphasic health
checkup. (Cholesterol values were recorded
for 125 cases and 257 controls.) Among the
98 triplets with no missing values the mean
cholesterol level for lung cancer cases was
233.3 mg/dl; for controls it was 241.0 mg/
dl, p = 0.09. The relative risks for lung
cancer in these 98 triplets for the quintiles
of cholesterol were as follows: Quintile V
(highest and reference category), 1.0; Quin-
tile IV, 0.9; Quintile III, 1.3; Quintile II, 1.3;

TABLE 1

Estimated relative risk of developing lung cancer according to quintile of retinol and retinol-binding protein.
Quintile V is the reference category

Relative risk (odds ratio)
Quintile No. of No. of
cases controls Unmatched Matched
analysis analysis
Retinol (ug/dl)
V (high) 98.7-173.3 28 62 1.0 1.0
v 85.0~ 98.6 35 57 14 1.3
111 75.0- 84.9 30 60 1.1 1.1
II 65.6- 74.9 27 66 0.9 0.9
I (low) 38.1- 65.5 31 57 1.2 1.2
Retinol-binding
protein (mg/dl)
V (high) 6.80-15.12 32 59 1.0 1.0
1AY 6.12- 6.79 24 67 0.7 0.6
111 5.55- 6.11 34 58 1.1 1.1
I 4.99- 5.54 31 59 1.0 1.0
1 (low) 2.91- 498 30 59 0.9 0.9
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TABLE 2

Comparison of mean retinol and retinol-binding protein in cases vs. controls in various subgroups

Mean retinol Mean retinol-binding protein
Subgroup tr;li;-lztfs (ug/dl) (mg/dl)
Case Control p Case Control D
Age-sex group
Men 45 86.7 87.3 0.88 6.1 6.1 0.59
<55 years old
55+ years old 54 79.6 84.4 0.13 58 6.1 0.28
Women
<55 years old 36 76.6 73.0 0.42 5.9 5.7 0.58
55+ years old 16 90.6 82.8 0.37 6.6 6.1 0.52
Histology
Squamous/epidermoid 33 79.3 81.7 0.61 5.9 5.9 0.81
Small cell anaplastic 18 80.9 87.8 0.21 5.6 6.2 0.12
Adenocarcinoma 50 80.7 84.6 0.52 6.2 6.0 0.66
Large cell undifferentiated 11 78.0 73.8 0.53 6.2 5.6 0.25
Bronchial/alveolar cell 13 85.8 85.1 0.90 6.1 6.2 0.70
Other (e.g., carcinoid) 5 102.7 84.5 0.06 6.8 71 0.49
Unknown 34 83.3 82.5 0.87 6.2 6.1 0.75
Interval (years): multiphasic health
checkup to diagnosis
2.1-35 25 82.6 76.6 0.13 5.8 5.8 0.84
3.6-5.5 25 871.3 86.5 0.89 6.5 6.1 0.34
5.6-6.8 25 80.8 82.6 0.71 6.3 6.1 0.70
6.9-8.6 25 80.6 81.3 091 58 6.0 0.61
8.7-10.4 25 822 83.8 0.75 6.0 5.9 0.56
10.5-13.8 26 79.6 83.4 0.46 5.8 6.2 0.12
Smoking category (matched
triplets)
Nonsmoker 10 78.1 84.8 0.50 6.5 6.2 0.79
Ex-smoker 6 95.7 90.2 0.77 6.4 6.8 0.28
<1 pack/day 7 75.8 75.7 0.98 6.1 6.0 0.80
1-2 packs/day 50 84.9 80.9 0.32 6.2 5.9 0.34
2+ packs/day 21 80.1 83.8 0.44 58 6.1 0.32
All smoking-matched 94 83.1 82.2 0.73 6.1 6.1 0.73

Quintile I, 1.4 (x? for trend = 1.106, p =
0.29). Control for cholesterol in multivar-
iate analysis did not change our finding
that retinol and retinol-binding protein
levels were not predictive of lung cancer.

DISCUSSION

Much has been learned in the past two
decades about the metabolism of retinoids.
Dietary provitamin A carotenoids are
largely converted to retinol during intes-
tinal absorption in the mucosal cell. In
humans, a limited amount of carotenoids
can also be absorbed intact. Intestinal vi-
tamin A (either derived from the diet or
newly synthesized from carotene) is ab-
sorbed as retinyl esters in association with

lymph chylomicrons. Newly-absorbed vi-
tamin A is stored in the liver as retinyl
esters. From the liver, vitamin A is mobi-
lized and transported in plasma as retinol
bound to its specific transport protein,
retinol-binding protein. Retinol-binding
protein thus serves to deliver retinol to
peripheral target tissues. For detailed re-
cent reviews of retinol and retinol-binding
protein metabolism see references 16-18.
Under normal conditions, the plasma
levels of retinol and retinol-binding protein
are highly correlated, and the molar ratio
of retinol-binding protein to retinol is close
to 1.1 (17). Moreover, in any single individ-
ual, the plasma level of retinol is normally
quite constant, even with fairly large vari-
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ations in dietary intake or in liver stores of
vitamin A. This constancy appears to re-
flect the high degree with which retinol-
binding protein production rate is regu-
lated. In the present study we measured
both retinol and retinol-binding protein
levels, because it was known that retinol-
binding protein is very stable in stored sera.
Hence, we hypothesized that the measure-
ment of retinol-binding protein levels
would serve as a good proxy, confirmatory
measure of retinol. Moreover, it was con-
ceivable that retinol-binding protein might
have some independent relationship with
lung cancer risk, although under normal

conditions retinol-binding protein circu- .

lates almost exclusively as the retinol +
retinol-binding protein complex.

Wolbach and Howe reported in 1925 (19)
that vitamin A deficiency in the rat led to
the replacement of differentiated epithelia
in many tissues with squamous cells. Since
then, extensive studies have shown that
retinoids profoundly influence cell differ-
entiation and proliferation (1, 2). It is
through this effect that low levels of retinol
in a tissue are thought possibly to encour-
age the development of epithelial cancer.
In experimental animals given carcinogens,
retinoids can prevent cancer of the urinary
bladder, mammary gland, and skin (3, 4).
Carcinogenesis at other sites, including the
lung (3), is also inhibited by retinoids. In
vitro, retinoids can act directly on nonneo-
plastic cells in culture to suppress the proc-
ess of malignant transformation (1, 4, 18).
Moreover, retinoids can convert neoplastic
cells in culture to differentiated, nonneo-
plastic ones (2, 20, 21).

The epidemiologic evidence suggesting
an inverse relation between vitamin A and
cancer risk comes mainly from serum stud-
ies and dietary recall studies. Peto et al. (5)
reviewed eight studies in which blood ret-
inol and/or beta-carotene levels were meas-
ured in patients with cancer of a variety of
sites and in persons free of cancer. In all
these studies retinol and beta-carotene
levels were lower in cases than in compar-
ison subjects. Unfortunately, these after-

the-fact measurements could be biased by
metabolic effects, anorexia, or difficulty in
eating (as with oral and gastrointestinal
sites) associated with the presence of can-
cer, particularly if advanced.

Four other serum studies were prospec-
tive like ours, in that serum in which vi-
tamin A levels were measured was obtained
before cancer was clinically evident. Wald
et al. (7) analyzed frozen sera collected from
men who received health examinations in
London between 1975 and 1978. There were
86 specimens from men who later developed
cancer of various sites and 172 from
matched control subjects. Relative risks of
cancer at any site progressed from 1.0 for
those in the highest quintile of retinol levels
to 2.2 for those in the lowest quintile. This
negative association was even stronger for
lung cancer (14 cases) and was independent
of cigarette smoking habit and serum cho-
lesterol level. Kark et al. (8) compared sera
previously drawn from 85 cases of cancer
and 174 matched control subjects in Evans
County, Georgia. Here, a negative associa-
tion was also observed for all cancers com-
bined, with relative risks ranging from 1.0
in the highest quintile of retinol to 5.7 in
the lowest. This finding was independent
of age, sex, race, obesity, social class, and
cigarette smoking. Almost all individual
cancer sites and histologic types showed a
negative association with retinol level.
These investigators also found higher risks
of cancer, particularly of the colon, in as-
sociation with low cholesterol level and sug-
gested that this may have been due to cho-
lesterol’s association with retinol. Willet et
al. (9) performed a case-control study of
frozen sera obtained from 111 participants
in the Hypertension Detection and Follow-
up Program who later developed cancer and
210 participants who remained cancer-free.
No relationship was found between reti-
nol, retinol-binding protein, or carote-
noids, and cancer of all sites combined. For
lung cancer, retinol was slightly higher in
the 17 cases than in their 28 controls. Wald
et al. (10), in a case-control study using
previously stored frozen plasma, found no
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relation of retinol level to risk of breast
cancer; carotene was somewhat lower in the
39 women who developed breast cancer
than in the 78 comparison subjects, but the
difference was not statistically significant.
In a recent monograph on vitamin A and
cancer (22), two new serum studies were
reported. In one, Peleg et al. (23) conducted
a new case-control study on the Evans
County population followed through 1981
and did not confirm in 135 cases and 237

controls the predictive value of retinol re--

ported earlier by Kark et al. (8). In the
Basel study, Stahelin et al. (24) found no
statistically significant case-control differ-
ences in plasma vitamin A level, but did
find a significantly lower mean level of
beta-carotene in 35 lung cancer cases than
in their 102 controls. More recently, No-
mura et al. (25), in a study of frozen sera
collected from Hawaiian men of Japanese
ancestry, found no predictive value of
retinol for any cancer. However, the 74 men
who later developed lung cancer had a sig-
nificantly lower mean beta-carotene level
than did 302 control subjects.

In three large prospective studies, dietary
intake assessed by interview, rather than
levels of substances in the blood, was stud-
ied in relation to cancer development. In a
study in Japan (26), decreased risk of can-
cer of the lung, stomach, and bladder was
noted among those who more frequently

consumed yellow-green vegetables rich in

beta-carotene. A study of Norwegian men
(27) yielded similar results for lung cancer
and consumption of foods rich in beta-
carotene. In a study of Western Electric
employees in Chicago (28), intake of beta-
carotene but not of retinol was inversely
related to the incidence of lung cancer,
independent of cigarette smoking.

In the study by Willett et al. (9), persons
who were in both the highest tertile of
retinol-binding protein and lowest tertile of
retinol showed a relative risk of 8.0 based
on only seven cases and two controls. Qur
analysis of the retinol-binding protein/
retinol molar ratio did not confirm that
persons with relatively high retinol-binding

protein and low retinol levels were at in-
creased risk. We also performed a tertile
analysis analogous to that of Willett et al.
and the relative risk in the high retinol-
binding protein low retinol tertile was only
0.19 based on one case and nine controls.
Apparently, persons with both high retinol-
binding protein and low retinol have been
few and subject to considerable sampling
variability in studies to date.

In our subjects, serum cholesterol level
was weakly correlated with retinol and re-
tinol-binding protein and it also showed an
inverse relationship with lung cancer that
was weak and not statistically significant.
Others have found a correlation between
retinol and cholesterol levels in serum (8,
9, 29), but findings regarding cholesterol
and lung cancer have been inconsistent
(30). Analytic control for cholesterol level
did not change our finding of no predictive
value for lung cancer of retinol and retinol-
binding protein.

Both the mean sodium and mean retinol
values were somewhat higher than are or-
dinarily observed on fresh specimens and
were therefore consistent with some slight
dessication of the frozen serum specimens.
Since this should have applied equally to
those of the cases and the controls, matched
as they were for date of multiphasic health
checkup, no bias should have resulted. It is
possible, however, that different amounts
of dessication in the individual samples
could have increased the person-to-person
variability of retinol and retinol-binding
protein levels, making it more difficult to
discern overall case-control differences. We
strongly doubt that this accounts for our
negative findings.

The present study is, statistically, the
most powerful study of the relationship
between serum retinol level and subsequent
lung cancer that has been done, and it
covers latency periods between retinol
measurement and lung cancer diagnosis of
from two to almost 14 years. It failed to
demonstrate any predictive value for re-
tinol or retinol-binding protein levels.
However, the possibility remains that can-
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