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• Three different dosages of vitamin C, dependent on body weight,
were administered to 44 school-aged monozygotic twins for five months
using a double-blind, co-twin control study design. The mothers recorded
daily observations of cold symptoms, and multiple biochemical, anthropometric, and psychological measurements were made at the beginning and
end of the study. Paired comparisons showed no significant overall treatment effect on cold symptoms, but the response was not uniform in all subgroups. Treated girls in the youngest two groups had significantly shorter
and less severe illness episodes, and an effect on severity was also observed in the youngest group of boys. The seven treated twins in the latter
group also grew an average of 1.3 cm more than their untreated co-twins
during the five-month period of the study.
(JAMA 237:248-251, 1977)

THE PUBLICATION in 1970 of
Linus Pauling's controversial book
Vitamin C and the Common Cold1
greatly renewed interest in the effects of pharmacologic doses of vitamin C. Pauling recommended a prophylactic daily intake of 1 to 3 gm
ascorbic acid to reduce the incidence
and severity of upper respiratory infections, and he attributed the inconclusive results of previous studies
to inadequate dose levels. However,
studies conducted since that time
have still not revealed a consistent
overall effect. Anderson et al2 showed
a significant reduction in morbidity
in 407 adult volunteers receiving 1 gm
ascorbic acid per day, in comparison
with a placebo group of 411 adults,
but they were unable to replicate the
finding in a larger series. 3 Wilson and
Loh,4 in a nine-month study of boarding school children in Ireland, found
an apparent reduction of catarrhal
symptoms in girls but not in boys. A
14-week study of 641 Navajo boarding school children by Coulehan et al 5
revealed 26% fewer symptomatic days
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in treated younger children and 33%
fewer in older girls but no effect in
older boys. However, these results
could not be confirmed in a subsequent trial. 6 In a study by Karlowski
et al7 that was complicated by a high
attrition rate, the observed treatment
effects on severity and duration were
thought possibly to have resulted
from departures from the doubleblind protocol.
The present study was designed to
assess the effect of supplemental vitamin C on the incidence and morbidity
of the common cold by monitoring
the occurrence and severity of its
most common symptoms. School-aged,
monozygotic twin pairs were enrolled
in a five-month, double-blind, co-twin
control study in which one member of
each twin pair received twice daily
doses of supplemental ascorbic acid,
while the co-twin received a placebo.
Numerous clinical and metabolic variables were also monitored to search
for other possible treatment effects.
MATERIALS AND METHODS
Eighteen male and 26 female pairs of
school-aged monozygotic twins (Table 1),
ranging in age from 6 to 15 years, were recruited for the study, and only three pairs
who were asked declined to participate.
Zygosity was determined by dermatoglyphic analysis and extensive blood typing, and
there was no conscious selection for susceptibility to colds. Informed parental con-

sent was obtained, and the rationale for
conducting a double-blind, co-twin control
study was explained in detail. Within a
twin pair, the assignment to the treatment
group was random. The capsules contained
250 mg vitamin C or starch and were coded
accordingly. The code was not broken until
after the analysis of symptom data had
been completed. The twin pairs were separated by body weight into three dosage
groups, receiving 500 mg, 750 mg, or 1,000
mg ascorbic acid daily, administered in
two doses. This effort to equalize dosage on
the basis of body weight also partitioned
the sample by age, with the younger twins
receiving the lower dosage.
Compliance was monitored by monthly
collection of casual urine samples for measurement of vitamin C excretion. Daily observations of the presence of 14 cold symptoms were recorded by the mothers using a
five-point severity scale. The symptoms
recorded were sore throat, cough, laryngitis, headache, nasal discharge, nasal congestion, fever, diarrhea, aching limbs, aching back, earache, cold sores, restlessness,
and feeling out-of-sorts. For purposes of
analysis, a cold was defined as a respiratory illness episode of two or more days'
duration, with at least two different symptoms, separated by at least two days from
a previous episode. A single day was
counted as an episode if there was more
than one symptom of moderate (3+) or
greater severity.
Multiple blood studies, including 12-factor automated chemical analysis (SMA 12)
and blood counts, and 24-hour urine collections were obtained prior to both the initiation and the conclusion of the study to detect other possible treatment effects.
Anthropometric measurements including
height, weight, and blood pressure, and
clinical observations of tonsil and cervical
node size were also made. At the conclusion of the study, a battery of psychological tests was administered to measure cognitive alertness, accuracy and speed, fine
muscle control, reaction time, and subjective time sense. Diet histories were obtained to estimate the approximate daily
vitamin C intake prior to both the initiation and the conclusion of the study. All
twins received a multiple vitamin preparation that contained 50 mg of vitamin C in
order to ensure that any observed treatment effect could reasonably be attributed
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to pharmacologic doses of the vitamin
rather than to dietary deficiency.
The study began in November 1974 and
lasted for five months. The twins were visited each month, and the mothers were
contacted by phone at least once between
visits to encourage interest and strict compliance with the protocol.
Vitamin C was assayed in the casual and
24-hour urine samples and in fasting plasmas by the method of Aeschbacher and
Brown adapted for an automated analyzer.8
RESULTS

All 44 twin pairs completed the
five-month study; however, two male
pairs were omitted from the analysis
of cold symptoms because of incomplete questionnaire data.
As shown in Table 2, an overall
analysis of treated and untreated
twins showed no significant difference in vitamin C excretion prior to
initiation of the study, and the initial
correlation between twin pairs was
0.7, doubtless reflecting similarities in
diet and genetic background as well
as age. In the sample obtained just
before the end of the study, the
paired comparison test showed a
highly significant difference between
t r ea t ed a n d u n t r ea t ed t wi n s
(P < 0.0001), as expected. Although
there were no impressive differences

*One pair from each of these groups was
omitted from the analysis of cold symptoms
because of incomplete data.
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in vitamin C excretion between the
sexes in untr eated twins, treated
boys had higher excretion levels of
vitamin C than did girls in all three
dosage groups. It is noteworthy that
the pretreatment excretion levels
were rather high, probably reflecting
the generally high socioeconomic
background of the families.
For each subject the following variables were derived from the data on
cold symptoms: (1) incidence of illness
episodes, (2) total duration of episodes (ie, total symptom days during
the study), (3) average duration
(days) of episodes, (4) average total
severity per episode (sum of severity
ratings divided by number of episodes), and (5) total days in bed.
Table 3 shows mean values for these
variables. The overall average number of respiratory illnesses during the
study was 4.9 per twin, with an average duration of 7.2 days per episode,
and an average severity index of 26.9
per episode, which represents the
average sum of the severity ratings
for all the symptoms present per episode of illness. Inspection of the data
presented in Table 3 shows that on
the average boys had fewer colds
than did girls and that the number of
episodes was greater in the younger
twins. Analysis of the paired comparisons showed no significant overall
treatment effect on the mean differences between treated and control
twins in any of the variables examined. However, a statistical analysis
showed that the treatment effect on
average severity and total duration
was not uniform among subgroups.
In particular, the combined two
lower-dosage groups of girls showed
significant treatment effects (P < 0.05)
on total duration, average duration,

and severity, and boys in the lowest
age group also demonstrated a significant treatment effect on severity
(P<0.05). Failure to take into account the group and sex differences
would have led to acceptance of the
null hypothesis of no treatment effect; however, inspection of subgroups reveals a trend toward beneficial effects in younger girls receiving
either 750 mg or 500 mg daily.
The diet histories showed no significant intrapair differences in the dietary intake of vitamin C either before
or after the study. The range of estimated intakes was decreased at the
conclusion of the study, attributable
to the addition of the multiple vitamin with 50 mg of vitamin C for
those with initially low intakes and to
the replacement of high potency multiple vitamins taken by some twin
pairs prior to the study.
Analysis of anthropometric measurements by means of paired comparisons also showed no overall treatment effect on blood pressure, height,
weight, or tonsil and cervical node
size, or on the changes in these variables during the course of the study.
However, the statistical analysis did
reveal an unexpected variation
among groups on change in height
(P < 0.05), resulting from an apparent treatment effect on linear growth
in the lowest dosage group of male
twins (P < 0.01); the effect was not
significant in the other data subsets
(Table 4). The seven pairs of young
male twins in this group ranged from
6 to 11 years of age, and in all but one
pair the treated twin grew from 0.64
to 2.54 cm more than did the untreated co-twin during the five-month
study period. In the seventh pair
there was no difference in growth.
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Overall analysis of the blood chemistries and hematologic data showed
no consistently significant treatment
effect on white blood cell or red blood
cell count, liver function tests, or levels of uric acid, cholesterol, electrolytes, total protein, or albumin.
Mental alertness and cognitive processing were assessed with four
timed, psychometric measures that
were developed as performance tasks
sensitive to transient effects of psychoactive compounds. 9 The coding
subtest from the Wechsler Intelligence Scale for Children—Revised,10 a
speed measure of new learning, was
also administered, as was a version of
the Stroop color-word interference
task. No treatment effects were found
for any of these tasks. Reaction time,
fine motor control, tapping speed, and
subjective time sense were evaluated
with a series of brief, standardized
tests designed by R. Shipley and R. J.
Harley of Eli Lilly and Company for
measuring psychomotor effects of
drugs. Although no overall treatment
effects were noted, there was a sex
difference (P < 0.01) in the most sensitive tremor measure: treated boys
had less tremor than their co-twins,
whereas the opposite was generally
250
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true in girls. Tremor was measured
by the frequency with which a probe
affixed to the index finger touched the
sides of a ring 1.3 cm in inner diameter during a fixed time span after a
standardized period of practice.
As a final approach to the detection
of subtle treatment effects on general
well-being that might not have been
measured by any of our tests, each
mother was asked to guess, while she
and the investigator were still
blinded, which twin had received the
vitamin. Twenty-three of the 44
mothers could not tell any difference
between the treated and control
twins. However, among the 21 mothers who felt there was a detectable

effect of treatment, 17 correctly identified the twin who had received the
vitamin (P < 0.05). Among the mothers of the young twins in whom the
objective evidence for a treatment effect was the greatest, eight of nine
guessed correctly (P < 0.02).11
COMMENT

The use of young identical twins in
the present study not only permitted
perfect matching with respect to possible genetic variation in cold susceptibility and metabolic response,
but also provided close matching for
viral exposure and other environmental factors as well as for subjective
variation in the maternal reporting
Vitamin C—Miller et al

of cold symptoms. The efficiency of
the co-twin control model was 2 to 14
times greater than that of an unpaired study design.12 Thus, for some
variables, if unrelated children and
controls had been used, more than 14
times as many subjects would have
been required to demonstrate the
same effect.
The most striking overall finding
was the heterogeneity of treatment
effects in different age and sex groups
with respect to cold symptoms, linear
growth, and fine motor control. The
observed effects of vitamin C on cold
symptoms are consistent with several
previous studies. Coulehan et al5 studied children of a similar age range
and also found a reduction in symptom days in younger children of both
sexes and in older girls. Wilson and
Loh 4 reported a reduction in the severity of symptoms in girls receiving
500 mg per day. It seems likely that
the reduction in severity and duration
of upper respiratory symptoms observed in this and previous studies
represents a real effect in younger
boys and girls, with girls continuing
to benefit until an older age. However, estimates of the magnitude of
the treatment effects revealed that
even in the two younger female
groups where the benefit was most
pronounced, the treatment accounted
for only 17% of the variation in total
severity, 28% of the variation in incidence, and 21% of the variation in total
duration. Thus, even though pharmacologic doses of vitamin C may
have a detectable prophylactic effect
in some age and sex groups, the genetic, environmental, or subjective
factors would appear to account for a
substantially greater fraction of the
total morbidity. No evidence was
found for any harmful treatment effects, as detected by the changes in
the blood chemistries or hematologic
indices and as revealed in a detailed,
side-effects questionnaire that was
administered to the mothers each
month.
The effect of vitamin C on growth
in young male twins was entirely unexpected. The paired comparison ttest for this group was significant at
the 1% level. A retrospective litera-
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ture review showed, however, that
Lewin previously predicted that pharmacologic doses of vitamin C might
influence growth either by altering
the equilibrium between ascorbic acid
levels in blood and bone or by stimulating collagen synthesis.13 It is possible that there is a stage in the development of young boys at which
they are unusually sensitive to increased ascorbic acid intake; however,
the effect on growth observed in this
study must be confirmed before it can
be accepted as an established fact.
Our attempt to detect an effect of
vitamin C on mental alertness and
motor performance was prompted by
the review of Pauling,14 in which he
reported an association between vitamin C intake and increased mental
alertness and feelings of well-being.
While there was no evidence of a
treatment effect on distractibility,
learning efficiency, reaction time, accuracy, time sense, or tapping speed,
the male twins who received vitamin
C showed better performance than
the co-twin controls in a test of fine
muscle control, and in all but five of
the 16 tested male pairs, the treated
twin showed less tremor. In contrast,
girls in the two higher dosage groups
showed the opposite effect, with the
treated twin generally performing
more poorly. It is possible that all genetic constitutions do not benefit
equally from pharmacologic doses of
vitamin C. The opinions of the mothers tend to support this view: only 21
felt there was a therapeutic effect,
but of these, most were able to identify the treated twin correctly.
Although the investigators remained blinded throughout the study
and the parents were not informed of
the identity of the treated twin until
after completion of the data analysis,
four mothers acknowledged tasting
the contents of the capsules. We cannot exclude the possibility that these
and possibly other mothers recognized the vitamin C by taste and that
this knowledge may have influenced
their subjective symptom ratings.
Our results and those of previous
investigators indicate that the effects
of pharmacologic doses of vitamin C
depend upon the age, sex, and possi-

bly the genetic constitution of the
subject, with young children being
most receptive to benefit from the
vitamin. However, a large number of
variables have been analyzed in this
study, and the majority showed no
significant treatment effects. The
reader should be aware that, as the
number of tests performed increases,
the possibility of obtaining a “significant” result by chance alone is also increased.

This investigation was supported in part by
Public Health Service grants GM-21045 and HD10291 and a grant from the Hartford Foundation.
The vitamin C capsules and multiple vitamin
preparation (Novacebrin Chewable) used in this
investigation were supplied by Eli Lilly and
Company, Indianapolis.
Joann Campbell, Emily Harris, and Phyllis
Winter assisted in this study, as well as Karyl
Rickard and Deborah Repasky of the Riley Children's Hospital Dietetic Service.

References
1. Pauling LC: Vitamin C and the Common
Cold. San Francisco, WH Freeman & Co Publishers, 1970.
2. Anderson TW, Reid BW, Beaton GH: Vitamin C and the common cold: A double blind trial.
Can Med Assoc J 107:503-508, 1971.
3. Anderson TW, Suranyi G, Beaton GH: The
effect on winter illness of large doses of vitamin
C. Can Med Assoc J 111:31-36, 1974.
4. Wilson CMW, Loh HS, Foster FG: The beneficial effect of vitamin C on the common cold.
Eur J Clin Pharmacol 6:26-32, 1973.
5. Coulehan J, Reisinger KS, Rogers KD, et al:
Vitamin C prophylaxis in a boarding school. N
Engl J Med 290:6-10, 1974.
6. Coulehan JL, Eberhard S, Kapner L, et al:
Vitamin C and acute illness in Navajo school
children. N Engl J Med 295:973-977, 1976.
7. Karlowski TR, Chalmers TC, Frenkel LD,
et al: Ascorbic acid for the common cold: A
prophylactic and therapeutic trial. JAMA
231:1038-1042, 1975.
8. Aeschbaeher HU, Brown RG: Automated
vitamin C analysis. Clin Chem 18:965-967, 1972.
9. Moran LJ, Meffera RB: Repetitive psychometric measures. Psychol Rep 5:269-275, 1959.
10. Wechsler Intelligence Scale for ChildrenRevised. New York, The Psychological Corporation, 1974.
11. Tables of the Cumulative Binomial Distribution. Cambridge, Mass, Harvard University
Press, 1955.
12. Sokal RR, Rohlf FJ: Biometry. San Francisco, WH Freeman & Co Publishers, 1969, pp
289 and 211.
13. Lewin S: Evaluation of potential effects of
high intake of ascorbic acid. Comp Biochem
Physiol 47:681-695, 1973.
14. Pauling L: Are recommended daily allowances for vitamin C adequate? Proc Natl Acad
Sci 71:4442-4446, 1974.

Vitamin C—Miller et al

251

Vitamin C and Growth
To the Editor.—Miller and co-workers
(237:248, 1977) claim to have observed
an “effect of vitamin C on growth in
young male twins.” Inspection of their
data (Table 1) indicates that such a
conclusion is unjustified.
Their conclusion was drawn solely
from the comparison with placebo for
500 mg/day. An opposite conclusion
could just as easily (and equally erroneously) be drawn from the figures for
1,000 mg/day for male twins. Actually,
three sets grew more rapidly with
vitamin C, and three more rapidly with
placebo. Finally, when the total
growths for both sexes are summarized, 42 vitamin C twins grew a total
of 129.60 cm for an average of 3.09 cm,
and 42 placebo twins grew 131.69 cm
for an average of 3.14 cm. In short,
growth on vitamin C was slightly, but
obviously insignificantly, less than
growth on placebo. In any experiment
on growth rates conducted with experimental animals, such agreement between duplicate groups on the same
treatment would be considered unusually good.
THOMAS H. J UKES
University of California,
Berkeley

In Reply. —We agree with Jukes that
JAMA, Aug 29, 1977 —Vol 238, No. 9
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must be confirmed before it is accepted
as fact.
J UDY Z. MILLER, PhD
J AMES A. N ORTON, JR , PhD
Indiana University School of Medicine
Indianapolis
W ALTER E. N ANCE , MD, PhD
Medical College of Virginia
Richmond

our data provide no overall evidence for
a treatment effect of pharmacologic
doses of vitamin C on growth and
clearly stated this in our article.
However, we did observe significant
heterogeneity by analysis of variance
in the response to vitamin C among
treatment groups (P<.05) and, as
reported, found an apparent effect on
growth in the male twins receiving 500
mg per day (P<.01) when individual
group means were compared. The
actual measurements are given in
Table 2, where it can be seen that six of
the seven treated male twins grew
more than their co-twins, while in the
seventh pair there was no difference in
growth.
We disagree with Jukes' statement
that “an opposite conclusion could just
as easily . . . be drawn from the 1,000
mg/day figures for male twins,” since
the mean difference for this group was
less than twice its standard error,
while the mean difference was more
than four times the standard error in
938
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the group of male twins who received
500 mg/day. When the null hypothesis
is rejected, as in the case of the male
twins on 500 mg/day, the risk of the
claim being false is known (it is the
significance level of the test), while the
same is not true when the null hypothesis is accepted.
Finally, it should be noted that since
the twin pairs were assigned to dosage
groups by body weight, they were also
partitioned approximately by age. Consequently, the dosage groups cannot be
considered to be replicate experiments
with respect to growth potential.
As we noted in the conclusion of our
article, a large number of variables
were investigated, and the majority
showed no significant treatment effects. As the number of comparisons
increases, so does the possibility of
obtaining a statistically significant
result by chance. For this reason, we
stated that the reported effect of
vitamin C on the growth of the young
male twins in the lowest dosage group
Letters

