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Abstract To evaluate earlier observations, includ-
ing our own, showing usefulness of vitamin C for man-
aging the common cold, we performed a double-blind
trial of vitamin C versus placebo in 868 children. There
was no difference in number becoming ill {133 versus
129), number of episodes {166 versus 159) or mean
illness duration (5.5 versus 5.8 days) between the
groups. Children receiving vitamin C had fewer
throat cultures yielding S-hemolytic streptococcus
(six versus 13, P<0.10), but no difference in

DURING a 14-week period in 1973, we conducted

a double-blind study among Navajo schoolchil-
dren to evaluate the effects of large vitamin C supple-
ments on acute illness, respiratory and otherwise.! Al-
though we noted no prophylactic influence, our find-
ings suggested modest symptomatic benefit in that
children taking 1 or 2 g of vitamin C daily had about
30 per cent fewer total days of morbidity from respi-
ratory illness, and 26 per cent fewer symptom-days of
cough or nasal complaints, than those taking a place-
bo. The clinical implications of such findings were,
in themselves, questionable, especially so far as non-
parametric statistical tests failed to show our results
significantly different from chance alone. However,
other recent work Had indicated some influence of
pharmacologic doses of vitamin C in ameliorating
acute illness.* Consequently, we considered further

study indicated to determine if use of vitamin C could

prevent complications of the commeon cold, such as su-
perinfections or otitis media, if certain symptoms or
symptom complexes responded to vitamin C therapy
and if, indeed, as our small sample had suggested,’
higher blood ascorbic acid levels were correlated with
fewer days of illness.

Thus, another investigation was des:gned to con-
firm, if possible, and cxpand these observations.

The"second trial, conducted in two Navajo boarding

schools during early 1974, used suppiements of 1 g
ascorbic acid versus placebo tablets. In a preliminary

analysis of classroom surveillance data, we found no

significant difference in the reporting of a variety of
symptoms between children taking vitamin C and
those on placebo.? The present report completes the
analysis of this second trial, with clinical illness expe-
rience, data on school absence and biochemical re-
sults. '
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overall compllcated illness rate (24 versus 25). Plasma
ascorbic acid levels were higher in the vitamin group
24 to 26 hours after supplementation (1.28 versus 1.04
mg per 100 ml, P<0.01}). Children with high plasma
ascorbic acid concentrations had longer mean ill-
ness (6.8 versus 4.0 days, P<0.05) than those with
low levels. Vitamin C does not seam to be an effec-
tive prophylactic or therapeutic agent for upper
respiratory illness. (N Engl 4 Med 295:973-977,
1976) '

MATERIALS AND METHODS

Subjects

The study population included children enrolied at two boarding
schools: Toyei, located at Steamboat, Arizona, and Greasewood, lo-
cated at Lower Greasewood, Arizona. At each schaal, there was an
Indian Health Service clinic and a physician, physician assistant or
registered nurse available throughout each week. Parental permis-
sion forms were signed during the autumn of 1973, Permission to
conduct this investigation was granted by the Indian Health Ser-
vice, the Bureau of Indian Affairs and appropriate Navajo tribal au-
thorities, including local schoo! boards.

At the outset, 944 children were enrotler with parents; consent,
including 484 at Greasewoad and 460 at Tayei, which constituted
approximately 80 per cent of the total enrollmern of botk: schools.
These children ranged in age from six through 15 vears and all lived
at the schools, with the cxccpti(m of 83 day students at Greasewood.
The two schools had identical meal plains designed by an Indian
Health Service nutritionist. These meals contained vitamin Cia ex-
cess of minimum recommended daily requiremen:s.

Materials and Procedures

Tablets manufactured for this study contained 50 mg of ascorbic
acid in anhydrous form, and placebo tabiets wer: iormutated with
citric acid to be identical in appearance and taste with ascorbic acid
pills. This procedure was unlike our eardicr elinical trial, in which
study tablets were composed of sodium as.orbaic and anhydrous
ascorbic. acid in an approximate ratio of 3-1.

Each child received tablets from his or Lier own bottle, identified
only by siudy namber. Individual treat.sents were assinnec tan-
domly by computer within groups of 20 consecuiiv: numbers. Peo-
ple involved in data collection or tablet dist-ibutior. had ne access to
treatment identification, although one of us (8.E.} r2taine; a roaster
key to use in case of adverse reactions.

The investigation took place from Junuary l-oough raid-May,
1974, at Greasewood School, a period of 18 weeks, whert as at Toy-
ei, the study was 15 weeks in length. Children took 2 tabixts daily (1
g for those on vitamin C), supeivised by teachers at the beginning of
the school day and drawn from: the chile = own Loitle. On Fridays
or before holidays, children were given individual packets for use on
the weekend or holiday period, but there was no spzcific, consistent
supervision outside the classroom. Those zhsent from school unex-

. pectedly did not get tabiets during their alvence Children were in-

structed to take the tablets whether they felt sick or well.

Data Collection

- Three major types of observation wers made wn thiz study. A
trained clerk conducted classioom surveiliance i each school to
ascertain the frequency of vartous symptoms. Children were simpiy
asked if any of these symptoms were present on the day i quesiion.
The results of this part of the investigation were the suiject of an
earlier report.*

The second type of cbservation involved clinics] episcdes of ill-
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ness seen at either of the clinics. An “episode’ was defined as any

illness for which a child sought or was referred for medical evalua-
tion and treatrnent, preceded by at least seven symptom-free days.
Written diagnostic eriteria were established for four acute respira-
tory syndromes* (upper respiratory infection, pharyngitis, otitis
media and lower respiratory infection}. Other diagnostic catego-
ries included gastroenteritis, impetigo, conjunctivitis and “all other
illaess.” After a diagnosis was made, the child was observed daily
until symptoms subsided. A complete record of school absence for
all children was kept at Greasewood School.

A third ferm of data assessment, involving biochemical determi-

nations of plasmna ascorbic acid levels on children at Toyei School, .

used the automated 2,6-dichlorophenol-indophenaol technic de-
scribed by Garry et al.® Blood samples were drawn at two times
during the trial, on the fifth and ninth weeks, but on different chil-
dren each time Samples were obtained by venipuncture at differ-
ent times after vitamnin C (or placebo) ingestien, so that groups of
values were ob:ained from one to two, three to six and 24 to 26
hours after the supplement was taken.

REsuLTS

Of the original 944 children participating, 76 (8 per
cent} dropped out during the investigation. Twenty-
one Greasevwood students were eliminated from con-
sideration because of high absenteeism {(greater than
one third of the total study days), but no children
were dropped at Tovyei for this reason since accurate
records of attendance were unavailable. The remain-
ing 55 childien were removed from the program by
parental request, because they officially left school or
because they were simply unwilling to take the tab-
lets. No children left the study because of observed ad-
verse effects. This analysis includes only the experi-
ence of 868 children who completed the entire investi-
gation.

Iliness-episode data were collected beginning in the
second study week. Overall, 263 children (30.3 per
cent) reported to the clinic with 325 discrete illness
cpisodes. Among those taking vitamin C (C group),
133 childrer: had 166 episodes, whereas 129 children
receiving placebo (P group) experienced 159 episodes.
With correction for a three-week shorter trial period
at Toyei, absolute incidence of illness was similar in
the two scheols. Proportionately, more females than
males became il (33.2 versus 27.6 per cent, chi-
square = 3.73, with 1 degree of freedom, P<0.10),
whereas the proportion of children ill 10 years of age
and under was much the same as those over 10 (29.4
and 31 5 per cent).®

Tabl: 1 shows total illness episedes according to
treatment groups, sex and clinical category. Respira-
tory illness included all four defined clinical catego-
ries. Illnesses characterized primarily by gastrointes-
tinal complaints were kept separate, since pharmaco-
logic doses of ascorbic acid can cause abdominal dis-
comfort and diarrhea. Vitamin C did not decrease the
incidence of illness in any group, nor did it cause more
gastrointestinal problems. “Complicated™ respirato-
ry episodes were defined as otitis media and lower re-
spiratory infections. Overall, 25 of 98 respiratory epi-

sodes were complicated in the P group, and 24 of 98 in

*Available from the authors upon request.
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Table 1. Types of lliness. EplSOdBS" Accordmg to Treatment
Group and Sex.

TYPE OF

- ¥YiITamiN C PLACERD 'fu'r.qu_
E#isopE -
no. of episodes
Respiratory®: .
Boys - ' I8 (213) 43 (207 8l
Girls . 0(215). 55210 1S
" Totals 9B 98 196
© (Gastrointestinal: .
Boys 3 4 7
Girls 2 4 6
Totals . 5 .8 : 13 .
Othert: ) :
Boys: : 18 21 39
Girls . 34 21 55
Totals 52 42 " 94

*Total of 325 episodes, kess 22 injuries.
tincludes upper respiratory infection, pharyngitis, otitis media & lower respiratory in-
Feclion. 5

$includes all oiher diugnoses, except injurics.
§Mo. of children in treatment graup.

the C children. Throat cultures were performed in all
cases in which there was a complaint of throat dis-
comfort. There were 57 such cultures performed in
each treatment group, six (11 per cent) of which were
positive for 8-hemolytic streptococcus in C children,
and 13 (23 per cent) were positive in the P group (chi-
square = 3.095, with 1 degree of freedom, P<0.10).

Fifty-five episodes (26 in P and 29 in C) either were

‘caused by injuries or their durations not evaluated.

However, in all other cases, children were seen daily
by a nurse until symptoms resolyed; date of onset of
symptoms was ascertained from the clinical history.
Table 2 shows distributions of iliness duration ac-
cording to age, sex and treatment groups. Mean dura-
tion of episodes in C children was 5.5 days (137 epi-.
sodes) whereas that of P children was 5.8 days (133
episodes). Vitamin C supplements were not associat-
ed with a significant reduction in illness duration.
Although an accurate recording of days absent from
class was available at Greasewood, it did not specify
the reason for absence. There were no differences in’
distribution of days absent between overall P and C.
children, dr other age and sex groups, but P male

Table 2. Distribution of Episode Duration According to Sex
and Treatment Group.

Days L Boys . GiIRLS ToTALS

VITAMIN G FLACEEO  VITAMING PLACERO  VITAMINC PLAI'_'EB.D

o* ) 16 14 13 12 29 26
i-5 22 21 . 41 35 63 56
6-10 24 25 28 28 52 53
>11 £ B 0“4 n 1 o u
Total episodes 70 73 94 &6 166 . 159
Comparison of-  chi-square=1.30" chi-square=3.35' chi-square=0.46"
duration dis- . .
tribution {3
degrees of
frecdom)

*Includes injuries & episodes lor which accurate duralion was not ascertzined.
tNol significant. '
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‘childrén over 10 did have significantly fewer days ab-
sent (chi-square = 11.22, with 3 degrees of freedom,
P<0.05). s :

Table 3 presents plasma ascorbic acid values ac-
cording to age, sex, treatment group and hours after
ingestion. Samples drawn at five weeks. and nine
weeks on different children were included together be-
cause there were no meaningful, consistent differ-
ences between subgroups. There were consistent ele-
vations in plasma ascorbic acid in the C group at both
one to two hours and three to six hours, with peak val-
ues at one to two hours, as compared to time-matched
P children, although these increases were not signifi-
cant in girls over 10. In girls a smaller difference re-
mained at 24 to 26 hours, indicating improved tissue
saturation in these C children. The mean plasma lev-
el overall at 24 to 26 hours in the C group was 1.28 mg
per 100 ml (45 children), whereas the mean ascorbic
acid value for all P students (156) was 1.04 g per 100
ml (t, = 4.45, P<0.01).¢

For each interval after ingestion, age and sex group,
plasma ascorbic acid levels were arrayed from highest
to lowest. Children with values in the upper third
within each cell were combined with children whose
values were in the upper third of all other cells in the
same treatment group (G or P). Children with values
in the middle or lower thirds were handled similarly.
Absolute ascorbic acid levels could not be arrayed in a
continuous distribution since the three separate tires
after ingestion were employed. This procedure pro-
vided a relative index of ascorbic acid status within
each subgroup, and then lumped children on the ba-~
sis of their relative standing in the subgroup. Table 4
shows the illness experience of children with low, mid-
dle and high ascorbic acid levels derived from this pro-
cedure. '

Table 3. Plasma Ascorbic Acid (AA) Levels According to Age,
Sex, Treatment Group and Time after Supplement Ingestion.

HR AFTER VITAMING PLacCeBn e
INGESTION ’
NO. MEAN £5.D. NG MEAN 3D,
AN . Ak
LEVEL 5 LEVEL
mgf 100 mf " mgf 100 mi
Boys:
Age<(0yn -
-2 10 278 044 4 0% 013 o BT
3-6 25 .84 0.74 26 102 032 5.20¢
24-28 . 10 131 043 t4 . 125 034 0.36
Age >0y ' : ’
1.2 6 247 045 I 070 — ==
-6 10 . 1.54 0.87 1 095 013 S22
24-26 14 124 Q46° 5 098 020 1.57
Girls: o5 . . :
iy . : o }
1-2 3 283 036 7 142 038 5.48' |
1.6 37 L85 D67 SN 102 027 643t
24-26 9 135 042 18 L.04 0.16 2,74t
- =Dy : : .
i-2 4 159 0% - "3 084 023 1.35
3-6 13 .50 066 16 " L.11 041 1.92
24.26 12 L2 036 16 089 0.22 341t
*$tudent t-statistic. 1P<0.01.

$P<D.05,
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Table 4. Itiness Experience According to Relative Plasma As-
corbic Acid (AA) and Vitamin C (C) or Placebo (P) Group.

AA LEVEL Vitamn C PLACERO
NO. OF NO. OF MEAN NGO, OF NO. OF MEAN
CHILDREN EPISODES DURATION CHILDREN EPISODES DURATION
days days
Low:
Cgy 9 o2 4,0t 14 pii ] 5.6
B(51)
Middle:
C 33 12 15 2.7t 17 13 4.5
P(54) .
High:
C{49) 11 13 6.8t 9 i0 4.4
P{51) :

*Ne. of children in group.

tDistributions of episede duration different (Kruskal-Wallis H test = 9,20, P<0.05);
low vs middlc, 2 = 0.41, not significant; low vg high, z = —2.58, P<{0.05; middle vs high,
z=—275 P<005

There were no significant differences in number of
children with episodes among relative ascorbic acid
levels or between treatment groups. However, when
we compared the distributions of illness duration us-
ing the nonparametric Kruskal-Wallis H test, we
four:d low, middle and high ascorbic acid distribu-
tions to be different from one another in the C group
only (H = 9.20, P<0.05).” Specifically, durations
‘were longer in the children with high than in those
with low or middie ascorbic acid levels {Dunn’s sta-
tistic for multiple comparisons: low vs. high, z =
—2.58, P<0.05; middle vs. high, z = —2.75, P<
0.05).” This finding corresponds with the longer mean
duration in the group with high ascorbic acid levels
(6.8 days).

DiscussioN

In our first double-blind trial of vitamin C supple-
ments, we concluded “there are enough data suggest-
ing a beneficial influence of vitamin C on respiratory
infections to warrant further investigation.” This re-

_pori, in conjunction with our previous analysis of sur-

veillance data,* gives no evidence of prophylactic or.
therapeutic potential for 1 g of vitamin C supple-
mewts in Navajo schoolchildren. More specifically, we
were unable to show that vitamin C prevents ‘‘com-
plicated” respiratory infections, such as otitis media.
Although children receiving vitamin C did have few-

-er positive throat cultures, the numbers were quite

small, and not all those with respiratory episodes had
cultures performed. We also found no support for the.
hypothesis that vitamin C preferentially ameliorates
certain symptoms. In the earlier investigation, we not-
ed catarrhal symptoms, such as cough and nasal dis-

‘charge, to be most relieved,’ an observation similar to

the findings of Wilson,*® but unlike those of Ander-
son et al.,?* who reported the benefit of vitamin C to
be greater with systemic or toxic symptoms, rather
than “colds” per se. Finally, we were unable to dem-
onstrate that higher plasma ascorbic acid levels are



976 THE NEW ENGLAND JOURNAL OF MEDICINE

associated with less respiratory lilness at least on a
single, controlled determination. :
How can the differences between our first and
second investigations be explained? In the first place,
some of the discrepancy may be only apparent and
based on statistical artifact. Our conclusion that vita-
min C supplements of 1 or 2 g ameliorate acute ill-
ness by decreasing duration was based on an analysis
of symptoms reported in a systematic, though inter-

mittent, classroom surveillance and an analysis of to-’

tal “days of morbidity” in illness episodes. Difficul-
ties with the first technic were previously discussed.*
Regarding the second anazlysis, there were relatively
few episodcs observed (164, of which 75 were respira-
tory), and a nonparametric test of illness duration
distribution showed no influence of vitamin C on du-
ration. We went on, however, to analyze total “days of
morbidity” using a chi-square test, but this proce-
dure has been correctly criticized in that the units
compared were not truly independent of one anoth-
er.’® The same criticism holds for our suggestion that
children with higher whole-blood ascorbic acid val-
ucs may have a more favorable illness experience.
On the other hand, a number of controlled, double-
blind trials have indicated some reduction in severity
of colds or “winter illness” with pharmacologic doses
of vitamin C, and others have shown decreased inci-
dence as well. Wilson recently summarized the evi-
dence published through the end of 1974.* It is im-
portant, however, to examine the positive data in con-
text, and to look at the negative data as well. The re-
ported efficacy is generally modest, although statisti-
cally significant when extrapolated to large popula-
tions, and it deals with minor symptoms, generally
self-reported, in self-limited illness. We agree with
Chalmers, who, in reviewing the evidence, concluded
that he did not consider “the very minor potential
benefit that might result from taking ascorbic acid
three times a day for life worth either the effort or the
risk, no matter how slight the latter might be.”™?
‘The series of trials by Anderson et al. is most com-
prehensive, involving a variety of regimens and at-
tempts at replication.>®'? In the initial study, those
receiving a t-g prophylactic supplement of vitamin C
and 4 g daily during the first three days of any illness,
had 30 per cent fewer days of disability (confined in-
doors) .han those on placebo.? Similar results were
obtained in a third trial using much smaller doses, 500
mg per week and 1.0 to 1.5 g daily for three days dur-
ing sickness; those on vitamin C had 25 per cent fewer
days of disability.” Anderson believes,’ in interpreting
this sequence, tissue saturation with ascorbic acid
does ameliorate “the burden of winter illness,” but
this saturation can be achieved with much lower sup-
plements than those suggested by Pauling,' and is not
restricted to colds per se in that systernic symptoms
were more influenced in his trials than catarrhal
symptoms. At 24 to 26 hours after ingestion in our
study, the mean plasma ascorbic acid level in C chil-
dren was 1.28 mg per 100 ml (45 children) — sub-
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stantially higher than that of P children: 1.04 mg per
100 m! (156). This finding indicates that, as a group,
children receiving supplements had improved “tissue
saturation,” ‘although. not at the steady-state maxi-
mal plasma ascorbic acid level, which is approxi-
mately 1.40 to 1.45 mg per 100 ml.*> Thus, we did in-.
crease tissue saturation at a presumably base-line
state, but did not reduce the burden of illness.
Navajo children have a high incidence of acute re-
spiratory disease, and particularly otitis media, and
we believed a boarding school, with its potential for
epidemic transmission, would be an ideal setting to
show therapeutic potential for a cold remedy. How-
ever, we observed many fewer illness episodes than
Anderson,? for example. He noted 1.38 to 1.48 epi-
sodes pér person in 12 weeks whereas we saw (1,34 ep-

- isodes per child in 14 weeks, excluding the additional

three weeks at Greasewood. The former, of course,
were self-reported .whereas ours. involved medical re-
ferral and treatment. Our surveillance-data technic,
relying on a single observation per child every two
weeks, was much less sensitive than the log-book re-
cordings used by Wilson,*® Anderson**'? and most
other investigators. Consequently, the data are not
strictly comparable, but we believe our observations,
at least so far as clinical episodes are concerned,

showed more symptomatlc though less frequent ill-
ness.

Lewin summarized the bicchemistry of ascorbic ac-
id, with particular emphasis on the potential effects of
high intake.'* The observation that leukocyte ascor-
bic acid levels decrease in colds and a number of other
stress situations’®'” in no way necessarily implies that'
“resaturation’’ will shorten or ameliorate the patho-
logic state. We believe the work of Zuskin et al.'s:1®
suggests a more likely method in which high-dose vi-
tamin C supplements may influence cold symptoms to
a modest degree. They showed that aerosols of ascor-
bic acid can prevent or lessen histamine-induced
bronchospasm in both human beings and laboratory
animals. This effect was also evident on pulmonary-
function testing of flax workers, many of whom were
known to have byssinosis.!? Little is known about the
functional aspects of acute airway responses during
upper respiratory infections. We believe, however,
that an antihistaminic action of vitamin C could pro-
vide mild relief for symptoms such as nasal conges-
tion and cough, particularly in atopic persons.

Thus, despite our earlier promising report,’ we
were unable to demonstrate a benefit of 1-g vitamin C
supplements in Navajo children. It is clear that ef-
fects, if any, are so modest and inconsistent as to re-
quirc large populations and detailed statistical analy-
sis to make them apparent. We believe introducing -
daily supplements of 1,2 or more g per subject into a
population system conceivably leads to change.in re-
sponse to acute illness observable in the system. It is
not clear which of the many pharmacologic proper-
ties of ascorbic acid could be involved, but we suggest
that an antihistaminic property may be relevant. In
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any case, we do not believe that vitamin C has wide- 9. Andcrscﬁn‘] wa, B;:atoanH, (éorl:y I(’:‘N, e;talé\:interjillnﬁgzajng -ntar;:in
C: the effect of relatively low doses. Can Med Assoc ] | 12:823-826, 1975
sprgad usefulness as a cold remcdy. 10. Shader R1, Harmatz J}: La Brie R: Vitamin C prophylaxis and some
’ S problems .of statistical influence. Curr Ther Res 16;655-658, 1974
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