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Abstract: To evaluate the relation between vitamin C intake and
mortality, a prospective follow-up study was carried out among 3,119
noninstitutionalized adult residents of Alameda County, California
who had completed a detailed lifestyle questionnaire around the
beginning of 1974. During 10 years of follow-up, 276 deaths have been
identified. The questionnaire information and mortality data indicate
that this sample is fairly representative of the county population and
similar to the United States population. There is no important
relation between the estimated 1974 vitamin C intake at levels above
and below 250 mg per day and subsequent mortality from cancer,

Introduction
There has been much interest in recent years in the

possible role of vitamin C (ascorbic acid) in the prevention
and/or treatment of cancer and other disease.' Among its
several biochemical functions, ascorbic acid is found to
maintain the integrity of tissue ground substance, synthesize
collagen, and stimulate lymphocytes to a higher level of
immunocompetence. It is known to inhibit hyaluronidase
upon which tumor invasiveness is supposedly dependent;
and increased levels of ascorbic acid have been hypothesized
to inhibit cell proliferation. The inhibitory action of ascorbic
acid on the nitrosation process has been observed in ani-
mals,2 and arguments have been made that ascorbic acid may
prevent human stomach cancer.3 Although the RDA (recom-
mended dietary allowance) is generally considered to be
sufficient intake for most Americans,4 Cameron and Pauling
have suggested that substantially higher intake may be
beneficial.5

Epidemiologic data on this subject are sparse and incon-
clusive.6 A 1948 survey examined 577 elderly residents ofSan
Mateo County, California with respect to their dietary intake
of vitamin C. Seven-year mortality follow-up through 1955
showed that 399 individuals consuming more than 50 mg per
day had a death rate only one-half that of 130 individuals
consuming less than 50 mg per day.7* Follow-up studies of
103 elderly Michigan women8'9 and 300 elderly Scottish
residents'0 have provided inconclusive evidence regarding
vitamin C intake and survivorship. A major study determined
the 1967 dietary intake of 17,000 Norwegian adults; follow-up
through 1978 found that those with the highest vitamin C
intake had a mortality rate from stomach cancer only halfthat
of those with the lowest vitamin C intake," but there was no
relation with lung cancer.'2 Results were not reported with
respect to total cancer and total mortality rates. A few
case-control studies have tended to indicate an inverse

*Drake RM, Buechley RW, Breslow L, Chope HD: A seven-year
follow-up of the San Mateo Nutrition Study Population. Presented at the
Western Branch meeting of the American Public Health Association, Long
Beach, CA, 1957.
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circulatory disease, all other causes, or all causes combined. How-
ever, there is an inverse relation between combinations of several
health habits and total mortality. The health habits include never
smoking cigarettes, regular physical activity, moderate or no use of
alcohol, 7-8 hours of sleep per day, and maintaining proper weight.
The conclusions with regard to vitamin C are limited by the
crudeness with which the dietary intake has been estimated and
changes in intake over time. Nevertheless, these results are not
consistent with any substantial relation between vitamin C intake and
subsequent mortality (Am J Public Health 1986; 76:1124-1130.)

relation between vitamin C intake and stomach cancer but the
data are tentative." All of these studies examined levels of
vitamin C intake around the RDA, currently 60 mg per day.4

Blood levels of vitamin C were estimated for a random
sample of 159 terminally ill patients in an acute geriatric
hospital in England in 1968 and found to be strongly and
inversely related to mortality during the year following
admission after controlling for the severity of the initial
illness. 13 A clinical trial was conducted in this same geriatric
hospital among 538 patients admitted during 1970-71. The
administration of 200 mg per day of vitamin C did not
substantially influence mortality during the six months of
follow-up, although there was an indication of an inverse
relation between low blood levels of vitamin C and subse-
quent mortality.'4 Another clinical study indicated that 100
terminal cancer patients in Scotland receiving 10 grams of
vitamin C per day had up to four times longer survival than
1,000 matched historical controls not receiving vitamin C.'5However, two randomized controlled trials of terminal can-
cer patients in Minnesota have shown no benefit of these
same high doses of vitamin C. 16 In another study examining
mortality in elderly persons consuming high levels of vitamin
C, the results were inconclusive.'7

Since half of all United States adults now use vitamin
supplements,'8"9 and because of the suggestive but incon-
clusive epidemiologic data, we have undertaken a prospec-
tive follow-up study of a general population sample in
Alameda County, California.

Methods
This is a prospective mortality follow-up study of 3,119

adults aged 16 years and above who were a representative
sample of noninstitutionalized residents of Alameda County,
California in early 1974.20 This survey was conducted by the
Human Population Laboratory (HPL) of the California State
Department of Health Services in Berkeley, California; it is
related to a larger ongoing study of 6,928 Alameda County
adults who were first interviewed in 1965.2122 The 1974
survey used a systematic subsample of the 1965 housing
units, supplemented by a stratified probability sample of
Alameda County housing units newly constructed or con-
verted between July 1965 and June 1973.20 All occupants of
each selected housing unit were eligible for the study if they
were at least 20 years old or 16-19 years old and married. Out
of 2,531 addresses, 2,312 housing units were occupied and
found to have 4,209 eligible occupants. An enumeration list
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was completed on 3,883 occupants who were solicited to
participate in the study, and 3,119 (74 per cent of the eligible
occupants) were successfully interviewed between October
1973 and June 1974.

Each respondent completed a 28-page detailed lifestyle
questionnaire which contained items on health/illness status,
various personal (e.g., smoking and drinking) and other
lifestyle characteristics, health care patterns, various demo-
graphic information, and vitamin supplement usage. Of
primary interest to the present investigation was the question
on vitamin pill usage, particularly vitamin C. The question
asked "do you take vitamin pills or other vitamin supple-
ments never, regularly, or occasionally?" It also asked the
number of such pills taken per day and the number of mg of
vitamin C contained in each. Two additional questions asked
how many small glasses of orange, tomato, or grapefruit juice
on an average day are drunk and how often at least two
servings of fruits or vegetables in a day are eaten. No
additional dietary data on vitamin C intake were collected,
and no biochemical measurements were made. Exact word-
ing of the vitamin C questions is given elsewhere.20

An estimate of vitamin C intake per day has been
computed from the available data on liquid, food, and
supplement sources. Each small glass of orange, tomato, or
grapefruit juice was assumed to contribute 40 mg of vitamin
C. Two servings of fruits and/or vegetables per day were
assumed to contribute 50 mg of vitamin C. Finally, the
supplement intake was estimated from the number and
strength ofeach vitamin C pill taken per day for regular users.
For "occasional users," the supplement intake was assumed
to be zero. The total daily intake was considered to be the
sum of the intake from these three sources, although these
people obviously had some intake from other sources.

Seven questions about cigarette smoking status, physi-
cal activity, drinking, weight to height ratio, sleep, eating
breakfast, and eating between meals have been used to form
three health practice indices that have some relationship to
vitamin C intake and mortality. These indices are important
because they relate to previous findings on the Alameda
County population. A seven-component index (HPI 7) has
previously been shown to be strongly related to mortality in
the 1965 Alameda County cohort.2' A five-component index
(HPI 5), the first five components ofHPI 7, was subsequently
shown to be strongly related to mortality in the 1965 cohort.23
A simple two component index (HPI 2), involving only
cigarette smoking status and physical activity, has been
introduced here because these two variables have the strong-
est independent relationship to mortality. In addition, a
general index of self-reported health status has been based on
the question whether an individual's health was generally
excellent, good, fair, or poor. A more specific index of
self-reported health status (physical health spectrum) has
been formed from questions about symptoms, chronic con-
ditions, energy level, and degree of disability. These last two
indices measure relative health status as of 1974. Other
questionnaire variables have not been analyzed here.

Mortality follow-up has been conducted from January 1,
1974 through December 31, 1983 using procedures similar to
those in related studies. 17,24 The primary means of mortality
ascertainment was checking the entire cohort against 10 years
of California death records. Alphabetical microfiche lists and
computer tapes containing all 1974-83 California death rec-
ords were obtained from the Vital Statistics Section of the
California State Department of Health Services in Sacramen-
to. An additional means of follow-up was the matching of

cohort names with the California Department of Motor
Vehicles (DMV) files on licensed drivers and registered
vehicles. The DMV information is regularly updated (annu-
ally for vehicle registration and usually every four years for
a driver's license), yielding a relatively current residence
address for the vast majority of cohort members who drive.
Driver's license renewal is positive confirmation of alive
status as of the time of last renewal. In addition, several
hundred cohort members were resurveyed by HPL in early
1983 as a direct means of follow-up.

Based on these sources, the January 1, 1984 follow-up
status of the cohort is as follows: 9 per cent (276) are known
dead in California; 68 per cent have currently valid California
driver's licenses; 5 per cent have had California driver's
licenses but are no longer California residents according to
the DMV; 5 per cent have expired California driver's licenses
but most likely still live in California; 2 per cent have no
California driver's license but currently have a vehicle
registered jointly with their spouse; 11 per cent have no
California drivers license or vehicle registration and their
current address is uncertain, but they are not known to have
died in California. We have not attempted to ascertain the
estimated 5-10 per cent of deaths that occurred outside of
California or were otherwise missed by the matching pro-
gram.

An estimate of expected deaths during 1974-83 is about
340 (180 males and 160 females) based on concurrent death
rates for both Alameda County and the US. The observed
number of 276 deaths is less than the expected number by
about the proportion (19 per cent) seen previously among the
noninstitutionalized Alameda County questionnaire respon-
dents surveyed in 1965.2124 This deficit is presumably due to
the cohort selection of only noninstitutionalized residents
and the inability to ascertain all deaths. For the most
unbiased analysis, we have limited ourselves to internal
comparisons within the cohort itself.

The statistical analyses examine vitamin C intake and the
health practice indices in relation to each other and to
mortality. The standardized mortality ratio (SMR) for each
subgroup of the cohort is the number of observed deaths
divided by the number of expected deaths. The number of
expected deaths is based on the mortality experience of all
males and all females within the cohort. By this definition the
SMR is 100 for all males and all females in the cohort. This
procedure of indirect standardization has been used in
previous HPL analyses.2 22 Indirect standardization using
SMRs is not the preferred method of calculating and com-
paring death rates; however, it is necessary when the number
of deaths is so small that age-specific death rates have large
statistical variability as is the case for most of the mortality
results presented in this study. For comparison, direct
standardization has been used by age-adjusting the propor-
tion of deaths among persons initially aged 0-34, 35-44,
45-54, 55-64, 65-74, and 75+ years to the age distribution of
the entire cohort of 3,119 persons. In addition, a multivariate
technique was used to investigate vitamin C while controlling
for age, sex, initial health status, and smoking status.23'25
Specifically, we used the logistic regression procedure from
Statistical Analysis System SAS.26
Results

A composite demographic picture of the 1974 Alameda
County adults compared with US adults as depicted in the
1979 National Survey of Health Habits'8 indicates that the
Alameda County population is similar to the 1979 US popu-
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TABLE 1-Detailed Percentage Distribution of Estimated Vitamin C
Intake in 1974 among a Representative Sample of 3,119
Noninstitutionalized Alameda County Adults

Estimated Vitamin C
Intake (mg/day) Number of Subjects Per Cent of Total

0 414 13.3
40 262 8.4
50 522 16.7
80 45 1.4
90 701 22.5
100 31 1.0
120 15 0.5
130 183 5.9
140 80 2.6
150 20 0.6
160-190 113 3.6
200 10 0.3
210-240 43 1.4
250 37 1.2
260-490 166 5.3
500 14 0.4
510-990 170 5.5
1000 8 0.3
1010-1490 78 2.5
1500 3 0.1
1510-1990 49 1.6
2000 0 0.0
2040-2490 20 0.6
2500 0 0.0
2510-5250 39 1.3
Unknown 96 3.1

Vitamin C intake estimated as Total VC = Pill VC + Drink VC + Eat VC. Pill VC = (No.
vitamin C pills) x (50, 100, 250 or 500 mg/pill) x (O for occasional use or 1 for regular use);
Drink VC = (No. small glasses of orange, tomato, or grapefruit juice) x 40 mg/glass; Eat VC
= 50 mg (if eat at least 2 servings of fruits and vegetables perday. No other food sources
of vitamin C are included. All possible values of Total VC are given up to 150 mg.

lation in most demographic and health-related variables
studied. Both samples were roughly the same with respect to
race, marital status, educational level, occupational level,
mean height and weight, initial health status, smoking status,
and consumption of alcohol, coffee, and tea. Detailed pre-
sentation of the Alameda County demographic data is given
elsewhere.20 Also, the mortality experience of the Alameda
County cohort appears to be reasonably representative of the
Alameda County and US populations within the limitations
discussed earlier.

Table 1 gives the percentage distribution of estimated
daily vitamin C intake for the Alameda County cohort. This
distribution assumes that occasional use of vitamin C pills
equals zero use and the distribution is not changed substan-
tially by other assumptions about occasional use of vitamin
C pills. The crudeness ofthe vitamin C intake measure results
in a spiked distribution at 0 mg, 40 mg, 50 mg, and 90 mg. The
Alameda population had a greater consumption of vitamin C
(median of about 90 mg and mean of about 200 mg with 27 per
cent above 150 mg) than the US (HANES I) population in
1971-74 (median ofabout 60 mg and mean ofabout 90 mg with
16 per cent above 150 mg).27 The 1976-80 (HANES II) survey
of the US population shows a median of about 70 mg and a
mean of about 100 mg with 22 per cent above 150 mg.28

The vitamin C categories of 0-249 and 250+ mg per day
were chosen in order to obtain two distinct subgroups of the
cohort. As shown in Table 2, these two categories depend
primarily on vitamin pill intake (15 per cent regular users vs
96 per cent regular users). Finer subdivision of the cohort has
not been done because of the crudeness of the vitamin C
intake and its variability over time. In Table 2, percentage

distributions are presented for several variables indicating
initial health status (the history of heart trouble and/or
cancer, general health status, and physical health spectrum)
and health habits (cigarette smoking status and health prac-
tices index). For the vitamin C intake groups, no large
differences were found for the initial health status variables.
The distribution of cigarette smoking status indicates that
male smokers tended to use less vitamin C. The distribution
of health practice indices (HPI 7, HPI 5, HPI 2) suggests that
individuals consuming 250+ mg per day of vitamin C had a
slightly higher health practice index than those individuals
consuming 0-249 mg per day. Although not shown, the
distribution of age, education, income, height, and weight did
not differ by vitamin C intake. In summary, the demographic,
health status, and health practice variables discussed above
show little or no association with the two vitamin C catego-
ries.

The observed deaths, the expected deaths that are
calculated from total death rates for all males and all females
in the cohort, and the standardized mortality ratio (SMR) for
all causes of death as a function of the two 1974 estimated
vitamin C consumption levels are presented in Table 3. The
SMRs are also presented for cancer, all circulatory diseases,
and all other causes. No major differences in SMRs were
noticed as a function of vitamin C consumption for all causes
combined or any specific cause of either of the sexes or both
sexes combined.

To examine the relationship between other health prac-
tices and mortality in this cohort, the SMRs for smoking
status are presented in Table 4. "Current smokers" had the
highest mortality ratio and "never smokers" had the lowest
ratio, in agreement with past epidemiologic studies. Table 4
also shows the relation between mortality and a health
practice index (HPI 7) that was constructed from the follow-
ing seven good health practices: never smoking cigarettes,
regular physical activity, moderate or no use of alcohol, 7-8
hours of sleep regularly, maintaining proper weight, eating
breakfast regularly, and not eating between meals.2' Results
using the five-practice index (HPI 5) and the two-practice
index (HPI 2) are also shown in Table 4. Further refinement
by us indicates that cigarette smoking and physical activity
are the two most important practices (HPI 2), and the most
important single health practice is never smoking cigarettes.
Finally, Table 4 presents corresponding SMRs for the 1965
Alameda County cohort based on previous analyses of these
health practices.21-23 The findings for the 1965 and 1974
cohort are consistent within the limits of statistical fluctua-
tion. These results indicate that it is possible to identify
factors that consistently show a strong relationship to mor-
tality.

Since the SMRs presented in Tables 3 and 4 may be
somewhat inaccurate due to the method of indirect standard-
ization, age-adjusted risks ofdeath using the method of direct
standardization are presented in Table 5. The results are
limited to the variables of vitamin C intake, cigarette smoking
status, and health practice index (HPI 2), for which it is
possible to form reasonably stable age-specific total death
rates. These results, although slightly different, are statisti-
cally consistent with the corresponding SMR results.

To further explore the relationship of vitamin C con-
sumption, initial health status, and health practices to mor-
tality, a series of logistic multiple regression models has been
created and fit to the binary dependent variable of mortality
(alive versus dead). Table 6 summarizes the logistic coeffi-
cient and relative mortality for each variable. The first model
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TABLE 2-Percentage Distribution of Health-related Characteristics Across Four Levels of Vitamin C Intake for Alameda County Males and Females In
1974

Estimated Vitamin C Intake (mg/day)

Males Females

Variables 0-249 250+ Total 0-249 250+ Total

Number in sample 1128 241 1409 1311 343 1710

Initial Health Status
Disease history:

heart trouble 5.5 7.5 5.8 6.0 7.9 6.4
cancer 1.6 0.4 1.4 1.7 1.8 1.7

General health status:
excellent 35.0 34.4 34.9 28.5 31.2 29.0
good 52.2 52.7 52.3 51.7 46.7 50.7
fair 10.1 8.7 9.9 16.1 19.8 16.9
poor 2.5 3.7 2.7 3.6 2.0 3.3

Physical health spectrum:
lesser disability 4.9 6.2 5.1 7.0 9.0 7.4
severe disability 7.0 8.7 7.3 12.6 11.1 12.3

Health Habits
Cigarette smoking status:

current 39.8 29.9 38.0 32.8 33.4 32.9
former 25.8 34.9 27.4 15.7 17.9 16.2
never 34.4 35.3 34.5 51.5 48.7 50.9

Health practices index (HPI 7):
0, 1 or 2 3.2 3.3 3.2 4.3 2.6 4.0
3 12.7 7.5 11.8 11.8 6.4 10.6
4 25.5 19.9 24.5 21.6 19.2 21.1
5 27.5 31.5 28.2 28.9 32.4 29.6
6 22.6 25.3 23.1 24.1 27.4 24.8
7 8.5 12.5 9.2 9.3 12.0 9.9

Health practices index (HPI 5):
0 or 1 2.8 1.2 2.5 2.8 2.3 2.7
2 11.4 11.2 11.4 11.1 7.0 10.3
3 32.0 29.9 31.6 26.2 24.2 25.8
4 38.4 39.4 38.6 38.3 41.7 39.0
5 15.4 18.3 15.9 21.5 24.8 22.2

Health practices index (HPI 2):
0 7.0 6.6 6.9 9.5 8.2 9.3
1 61.8 60.2 61.5 50.7 48.4 50.2
2 31.2 33.2 31.6 39.7 43.4 40.5

Vitamin C Sources
Use vitamin pills or other supplements?

yes, regularly 12.3 95.9 27.0 17.3 97.4 33.9
yes, occasionally 28.6 1.7 23.9 31.7 1.8 25.6
no 59.0 2.5 49.1 51.0 0.9 40.6

Drink at least one glass of orange, tomato or grapefruit juice every day?
yes 54.8 63.1 56.2 63.0 70.3 64.6

Eat two servings of fruits and/or vegtables almost every day?
yes 59.6 75.5 62.4 71.2 81.9 73.5

*Totals include persons with unknown level of vitamin C intake.

contains the independent variables of age (in single year
increments) and sex. Age is by far the most important
predictor of mortality and sex is also a significant predictor.
Thus, they are used in subsequent models as control varia-
bles. Each of the next six models introduces a single lifestyle
variable in an ordered categorical form as defined in Table 6.
After controlling for age and sex, the lifestyle variables in
order by decreasing relationship with mortality are: health
status, physical health spectrum, HPI 2, cigarette smoking,
HPI 5, and HPI 7. These results are consistent with the SMRs
in Table 4. The last three models introduce the following
variables (after controlling for age and sex): vitamin C intake;
cigarette smoking and vitamin C intake; health status and
vitamin C intake. In all three models, vitamin C intake is an
unimportant predictor of mortality, consistent with the SMRs
found in Table 3. The models involving age, sex, smoking,

and/or health status explain the greatest amount of variability
in mortality with the least number of independent variables.

Discussion
In spite of suggestive theories and some previous epi-

demiologic evidence, this study shows no clear relation
between estimated 1974 vitamin C intake in the HPL sample
and subsequent 10-year mortality. However, the study did
show a relation of total mortality with cigarette smoking and
three indices of health practices (HPI 2, HPI 5 and HPI 7),
consistent with previous results for the 1965 Alameda County
cohort.21'23

As this was not primarily a dietary survey, the absolute
intake of vitamin C was crudely measured. Each subject's
estimated vitamin C intake was computed from a single
self-report of selected dietary habits that are fairly loosely
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TABLE 3-Standardized Mortality Ratio (SMR) and 95% Confidence Interval (Cl) for Major Causes of Death during 1974-83 as a Function of Vitamin C
Intake in 1974 as Calculated in Table 1

All Causes Cancer All Circulatory Diseases All Other Causes

Estimated Daily No. Alive Observed Expected Observed Observed Observed
Vitamin C Intake in 1974 Deaths Deaths SMR (95% Cl) Deaths SMR Deaths SMR Deaths SMR

Males
0-249 mg 1128 110 108.7 101 (83-122) 28 104 49 96 33 106
250+ mg 241 24 25.1 96 (62-143) 5 83 14 116 5 71

Females
0-249 mg 1311 103 103.6 99 (81-121) 26 95 53 104 24 95
250+ mg 343 27 26.4 102 (67-149) 9 115 11 87 7 119

Both Sexes
0-249 mg 2439 213 212.3 100 (87-115) 54 100 102 100 57 101
250+ mg 584 51 51.5 99 (74-131) 14 101 25 101 12 93

Totals 3023 264 68 127 69

TABLE 4Standardized Mortality Ratio for Total Mortality during 1974-83 as a Function of Cigaretrte Smoking Status and Health Practice Index based
on 2, 5, or 7 health practicesa

1974-83 Study 1965-74 Study

Males Females Both Sexes Both Sexes

No. Alive in 1974 SMR* No. Alive in 1974 SMR No. Alive in 1974 SMR No. Alive in 1965 SMR (95% Cl)

Cigarette Smoking
Status
Current 532 129 (45) 564 142 (45)' 1096 135 (90)' 3051 134 (276)'
Former 385 99 (47) 278 112 (22) 663 103 (69) 1088 96 (127)
Never 490 83 (47) 858 76 (69)* 1348 82 (116)* 2724 84 (307)' [75-94]

Health Practice Index
(HPI 2)
0 98 175 (28)* 163 175 (29)* 261 175 (57)* 650 153 (122)*
1 864 102 (81) 863 111 (70) 1727 106 (151) 4048 107 (408)
2 447 69 (31)' 684 66 (37)' 1131 67 (68)* 2230 72 (180)* [62-83]

Health Practice Index
(HPI 5)
0-2 197 120 (30) 230 133 (32) 427 127 (62) 893 167 (157)*
3 445 113 (46) 440 111 (49) 885 112 (95) 2074 114 (260)
4 545 93 (49) 665 90 (41) 1210 92 (90) 2798 84 (227)
5 222 70 (15) 375 63 (14) 597 67(29)* 1163 61 (73)' [48-77]Health Practice Index
(HPI 7)
0-3 216 157 (23) 254 122 (21) 470 131 (44) 862 178 (99)*
4-5 735 98 (68) 866 108 (74) 1601 97 (142) 3623 109 (388)
6 329 98 (40) 421 88 (32) 750 93 (72) 1775 85 (182)
7 129 60 (9) 169 66 (9) 298 63 (18)* 668 52 (48)* [38-69]

aHealth practice index 7 is the number of positive responses to the following 7 items: never smoked cigarettes; physical activity (often or sometimes engage in active sports, swim or take
long walks, or often garden or do physical exercises); drink not more than four drinks at a time; weight for men between 5% under and 20% over desirable weight for height and weight for women
not more than 10% over desirable weight for height; usually sleep 7 or 8 hours; eat breakfast almost every day; eat between meals once in a while, rarely or never. Health practice index 5
is the number of positive responses to the first 5 of the above 7 items. Heaith practice index 2 is the number of positive responses to the first 2 of the above 7 items.

A comparison is given with 1965-74 Alameda County data.21 Number of observed deaths upon which each SMR is based is given in parentheses and *indicates SMR has a 95% confidenceinterval that does not include 100.

defined. A list of food items considered to be "fruits and
vegetables" was not presented and the knowledge of such
specific foods within the categories was assumed. Foods
containing vitamin C that are neither fruits nor vegetables
were not included. The information about mere frequency of
consumption does not allow the absolute intake of vitamin C
to be accurately determined. This general categorization
scheme is obviously only a crude measure of the relative
vitamin C intake. But, by dividing the cohort into those
consuming more or less than 250 mg per day, the classifica-
tion is based primarily on vitamin supplement usage and is
relatively unaffected by changes in dietary intake of vitamin
C. However, measurement errors and intake variability over
time would tend to obscure a relation between mortality and

1128

vitamin C,29 and our results must be interpreted with this
problem in mind.
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TABLE 5-Age-adjusted Risk of Death (proportion dying during 1974-83) as a Function of Vitamin C Intake,
Cigarette Smoking Status, and Health Practice Index (HPI 2)

Males Females

No. Alive Observed Age-adjusted No. Alive Observed Age-adjusted
in 1974 Deaths Risk of Death in 1974 Deaths Risk of Death

Estimated Daily Vitamin C Intake
0-249 mg 1128 110 .109 1311 103 .074
250+ mg 241 24 .110 343 27 .079

Cigarette Smoking Status
Current 532 45 .121 564 45 .166
Former 385 47 .105 278 22 .087
Never 490 47 .082 858 69 .063

Health Practice Index (HPI 2)
0 98 28 .213 163 29 .142
1 864 81 .147 863 70 .083
2 447 31 .071 684 37 .049

Total Cohort 1409 140 .108 1710 136 .074

TABLE 5-Logistic Regression Models Fitting Various Health-related Variables in 1974 to Vital Status (alive
versus dead) at the End of 1983

Model Statistics

Logistic Standard Relative Mortality 95% Cl for
Model Variables Coefficient Error for High vs Low High vs Low

Age .098 .005 1000 500-2000
Sex .551 .147 1.7 1.3-2.3

Cigarette Smoking .418 .091 2.3 1.6-3.3
Health practices (HPI 2) .701 .113 4.1 2.6-6.4
Health practices (HPI 5) .261 .070 3.7 1.8-7.4
Health practices (HPI 7) .170 .058 3.3 1.5-7.4
Health status .524 .075 4.8 3.6-6.5
Physical health spectrum .255 .044 4.6 3.5-6.0
Vitamin C -.036 .184 1.0 0.7-1.4
Cigarente smoking/ .428 .093

Vitamin C -.054 .185 1.0 0.7-1.4
Health status/ .561 .078

Vitamin C -.043 .187 1.0 0.7-1.4

Variables used: age (single years from 18 to 95), sex (female, male), cigarette smoking status (never, former, current), health practice
index (7 to 0, 5 to 0, and 2 to 0 health practices), general health status (excellent, good, fair, poor), physical health spectrum (no complaints
through severe disability), and daily vitamin C intake (0-249 mg vs 250+ mg). The variables, except vitamin C intake, are ordered (low
to high) in an expected direct relationship with mortality. The last nine models control first for the variables of age and sex.
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