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INFECTIONS, PARTICULARLY RESPIRA-
tory tract infections, are common in
elderly individuals, resulting in
decreased daily activity, prolonged

recovery times, increasedhealthcare ser-
vice use, and more frequent complica-
tions, including death.1-11 In the United
States, an estimated 43% of elderly per-
sons will be admitted to a nursing home,
with more than 85% of them admitted
to long-term (�1 year) care facilities.12

Infectionsoccurmore frequently innurs-
ing home residents than among inde-
pendent-living elderly,2-10,13 and respi-
ratory tract infections are a major cause
of morbidity and mortality.9,14,15 Con-
tributing to the increased incidence of
infection with age is the well-described
decline in immune response.16 For
example, those who have diminished
delayed-type hypersensitivity skin test
responses have higher morbidity and
mortality from cancer, pneumonia, and
postoperative complications.17-19

Nutritional status is an important
determinant of immune function.20,21

Nutritional supplementation has been
shown to enhance the immune response
in older persons.22,23 In our earlier pla-

Author Affiliations are listed at the end of this
article.
Corresponding Author: Simin Nikbin Meydani, DVM,

PhD, Nutritional Immunology Laboratory, Jean Mayer
USDA-HNRCA at Tufts University, 711 Washington
St, Boston, MA 02111 (simin.meydani@tufts.edu).

Context Respiratory tract infections are prevalent in elderly individuals, resulting in
increased morbidity, mortality, and use of health care services. Vitamin E supplemen-
tation has been shown to improve immune response in elderly persons. However, the
clinical importance of these findings has not been determined.

Objective To determine the effect of 1 year of vitamin E supplementation on res-
piratory tract infections in elderly nursing home residents.

Design, Setting, and Participants A randomized, double-blind, placebo-
controlled trial was conducted from April 1998 to August 2001 at 33 long-term care
facilities in the Boston, Mass, area. A total of 617 persons aged at least 65 years and
who met the study’s eligibility criteria were enrolled; 451 (73%) completed the study.

Intervention Vitamin E (200 IU) or placebo capsule administered daily; all partici-
pants received a capsule containing half the recommended daily allowance of essen-
tial vitamins and minerals.

Main Outcome Measures Incidence of respiratory tract infections, number of per-
sons and number of days with respiratory tract infections (upper and lower), and num-
ber of new antibiotic prescriptions for respiratory tract infections among all partici-
pants randomized and those who completed the study.

Results Vitamin E had no significant effect on incidence or number of days with infec-
tion for all, upper, or lower respiratory tract infections. However, fewer participants re-
ceiving vitamin E acquired 1 or more respiratory tract infections (60% vs 68%; risk ratio
[RR], 0.88; 95% confidence interval [CI], 0.76-1.00; P=.048 for all participants; and 65%
vs 74%; RR, 0.88; 95% CI, 0.75-0.99; P=.04 for completing participants), or upper res-
piratory tract infections (44% vs 52%; RR, 0.84; 95% CI, 0.69-1.00; P=.05 for all par-
ticipants; and 50% vs 62%; RR, 0.81; 95% CI, 0.66-0.96; P=.01 for completing partici-
pants). When common colds were analyzed in a post hoc subgroup analysis, the vitamin
E group had a lower incidence of common cold (0.67 vs 0.81 per person-year; RR, 0.83;
95% CI, 0.68-1.01; P=.06 for all participants; and 0.66 vs 0.83 per person-year; RR, 0.80;
95% CI, 0.64-0.98; P=.04 for completing participants) and fewer participants in the vi-
tamin E group acquired 1 or more colds (40% vs 48%; RR, 0.83; 95% CI, 0.67-1.00;
P=.05 for all participants; and 46% vs 57%; RR, 0.80; 95% CI, 0.64-0.96; P=.02 for
completing participants). Vitamin E had no significant effect on antibiotic use.

Conclusions Supplementation with 200 IU per day of vitamin E did not have a sta-
tistically significant effect on lower respiratory tract infections in elderly nursing home
residents. However, we observed a protective effect of vitamin E supplementation on
upper respiratory tract infections, particularly the common cold, that merits further
investigation.
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cebo-controlled, double-blind trials in
elderly persons, vitamin E supplemen-
tation improved immune response,
including delayed-type hypersensitiv-
ity and response to vaccines.24,25 Fur-
thermore, participants receiving vita-
min E in the 6-month trial25 had a 30%
lower incidence of infectious diseases
(primarily respiratory tract infections)
compared with those receiving placebo,
but this result was not significant, per-
haps because of insufficient power, and
infections were self-reported. To over-
comethese limitations, thecurrent study
determined the effect of 1 year of supple-
mentation with vitamin E on objec-
tively recorded respiratory tract infec-
tions in elderly nursing home residents.

METHODS
Study Design, Enrollment,
and Randomization

This randomized, double-blind, pla-
cebo-controlled trial to investigate the
effect of 1 year of vitamin E supple-
mentation on respiratory tract infec-
tions in a nursing home population was
conducted from April 1998 to August
2001. The Tufts–New England Medi-
cal Center institutional review board ap-
proved the study protocol and in-
formed consent form. Participants were
recruited from 33 long-term care fa-
cilities in the Boston, Mass, area. A total
of 2814 residents were initially identi-
fied as potential candidates (FIGURE).
According to the nursing home staffs,
874 participants met the following eli-
gibility criteria: aged 65 years or older;
life expectancy greater than 6 months;
no anticipated discharge within 3
months; not room-bound for the past
3 months; absence of active neoplastic
disease; no tube feeding, no kidney di-
alysis; no intravenous or urethral cath-
eters for the last 30 days; no tracheos-
tomy or chronic ventilator; antibiotic-
free for more than 2 weeks; no long-
term steroid treatment greater than 10
mg/d, no use of immunosuppressive
drugs, or greater than the recom-
mended daily allowance (RDA) level of
supplements of vitamins E, C, or B6, se-
lenium, zinc, beta-carotene, or fish oil;
body mass index of at least 18; serum

albumin at least 3.0 g/dL; able to swal-
low pills; willing to receive influenza
vaccine; and willing to provide in-
formed consent (for patients with de-
mentia, family members provided in-
formed consent).

Subsequent rescreening by our study
nurses led to exclusion of 173 partici-
pants who had given informed con-
sent. An additional 84 candidates were
not enrolled for various reasons de-
tailed in the Figure. Participants were
assigned to vitamin E or placebo with
equal probability in blocks of 4 accord-
ing to lists generated by the study’s stat-
istician, who used a computer pro-
gram. Six randomization lists were
constructed for each nursing home ac-
cording to age (65-79, 80-89, and �90
years) and smoking or chronic obstruc-
tive pulmonary disease (COPD) sta-
tus (yes or no). Identification codes of
newly enrolled persons were entered in
order by the study statistician into the

next available slots in the appropriate
list. Those enrolling the participants had
no access to the randomization lists.
Participants were unknown to the
statistician. A total of 617 participants
were randomized to the vitamin E (311
participants) or placebo (306 partici-
pants) groups.

Interventions
Nursing home residents have a heter-
ogeneous intake of micronutrients,26,27

some of which are necessary for proper
immune function. To reduce variabil-
ity, all participants received a capsule
containing 50% of the RDA28 for essen-
tial micronutrients. Fifty percent RDA
was selected because few candidates
meeting our eligibility criteria would
have intakes less than 50% of the RDA
for micronutrients.29

The vitamin E group received a daily
capsule containing 200 IU of vitamin
E (DL-�-tocopherol), and the control

Figure. Study Profile

257 Not Enrolled
173 Ineligible Upon Rescreening
53 Participant, Family, or Physician

Withdrew Consent 
17 Died Before Study Initiation
7 Transferred Out of Facility
7 Medical or Surgical Contraindications

to Participation

86 Did Not Complete Treatment
44 Died
19 Discontinued by Physician
15 Withdrew Consent
7 Transferred Out of Facility
1 Started Long-term

Antibiotics

80 Did Not Complete Treatment
39 Died
17 Discontinued by Physician
17 Withdrew Consent
6 Transferred Out of Facility
1 Started Long-term

Antibiotics

874 Met Eligibility Requirements and Provided Informed Consent

1940 Did Not Meet Inclusion Criteria

2814 Individuals Identified as Potential Participants

617 Randomized

311 Assigned to Receive Vitamin E
Plus Multivitamin

306 Assigned to Receive Placebo
Plus Multivitamin

231 Completed Study 220 Completed Study

311 Included in Primary Analysis
231 Included in Completers Analysis

306 Included in Primary Analysis
220 Included in Completers Analysis

The multivitamin capsule contained 50% of the recommended daily allowance for essential micronutrients.
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group received a placebo capsule con-
taining 4 IU of vitamin E, both in soy-
bean oil. The vitamin E dose was based
on earlier studies in elderly individu-
als in which 200 IU per day induced the
most robust improvement in immune
function.25

Capsules were manufactured by
Tishcon Corporation (Westbury, NY)
in 2 equal batches, with all ingredients
from the same sources. The vitamin E
and placebo capsules were soft gel and
identical in color and taste. The manu-
facturer’s certified ingredient concen-
trations were confirmed by the investi-
gators. The capsules were packed by
Pharmasource Healthcare Inc (Marl-
boro, Mass) in 30-dose blister packs
and administered by the clinical nurs-
ing home staff during routine medica-
tion rounds. Nurses and participants
were blinded to treatment group.
Adherence to study protocol was veri-
fied by nursing home medication
records, returned pill count, and quar-
terly measurement of plasma vitamin
E levels.

Outcomes
Primary outcomes of the study in-
cluded incidence of, number of per-
sons with, and number of days with res-
piratory tract infections (upper and
lower), and number of new antibiotic
prescriptions for respiratory tract in-
fection. Because common colds con-
stituted the majority of respiratory tract
infection among all participants ran-
domized and those who completed the
study, a post hoc subgroup analysis was
performed to determine the effect of vi-
tamin E on common colds. Secondary
outcomes included emergency depart-
ment visits, hospitalization, and death.

Data Collection
Information about participant charac-
teristics, baseline diseases and medica-
tions, and vaccination history was ob-
tained from medical records. Fasting
blood was collected at baseline and at
study completion for clinical chemis-
tries, complete blood cell count with
differential, plasma vitamin E, and se-
lected nutrient analyses, as previously

described.30,31 In addition, blood was
collected after 3, 6, and 9 months of
supplementation to measure vitamin E
levels.

The study nurses collected informa-
tion weekly relating to infection, in-
cluding respiratory and heart rates and
temperature. Symptom and physical ex-
amination checklists, focused on the
respiratory system, were used to re-
cord clinical findings. The nurses re-
viewed each participant’s medical rec-
ord for documentation of laboratory
analyses, radiography, medication, nu-
trient supplementation, weight, and
nurse or physician descriptions of
symptoms and signs relating to respi-
ratory tract infection.

Study nurses were trained by a study
physician to elicit relevant respiratory
symptoms and to perform a focused
physical examination of the respira-
tory system. Supervised practice evalu-
ations were repeated throughout the
study to reinforce the nurses’ clinical
skills and ensure consistency of the res-
piratory tract infection data collection.

At the end of the study, data col-
lected from the participants in each
treatment group, by nursing home,
were randomly assigned to 2 of the
study physicians (B.C.F. and D.H.H.)
for diagnosis of infections. Infection
data from any one participant was
evaluated by only 1 physician, except
for 18 participants whose records were
used to determine concurrence be-
tween physicians.

Diagnosis of Respiratory
Tract Infection
The study physicians, who were blinded
to the treatment group, evaluated data
collected by the nurses from the partici-
pant examinations, interviews, and rec-
ord reviews to determine incidence and
duration of respiratory tract infection.
Clinical definitions of respiratory tract
infection were developed according to
accepted definitions.13,32-37 To increase
the specificity of the definitions, a diag-
nosis of respiratory tract infection had
to include at least 1 physical sign and not
be made on symptoms alone. An infec-
tion was considered resolved when all

symptoms ceased. A new infection was
defined as one occurring after at least 7
symptom-free days.

To assess the ability of the study phy-
sicians to apply the diagnostic criteria
concordantly, the records of 18 partici-
pants were selected at random for each
physician to evaluate independently. Af-
ter each record was reviewed in its en-
tirety, a total of 45 respiratory tract in-
fections were identified. The probability
that a physician would diagnose an in-
fection if the other physician had di-
agnosed an infection was estimated to
be 0.93.38,39

Clinical Diagnostic Criteria
Common Cold. At least 1 of the fol-
lowing signs or symptoms had to be
present: rhinorrhea or stuffy nose (na-
sal obstruction) or sneezing plus 1 or
more of the following: sore or scratchy
throat, dry cough, hoarseness, or low-
grade fever (temperature �1°C above
normal range). Symptoms had to be
new and not caused by allergies. Sea-
sonal allergic rhinitis was defined as
clear rhinorrhea or nasal congestion
plus itchiness of the nose or eyes or wa-
tery eyes; fever, sore throat, and cough
had to be absent; and symptoms had to
manifest between April 1 and Septem-
ber 30 and include at least 1 objective
sign of rhinitis.

Influenzalike Illness. Influenzalike
illness was defined as temperature of at
least 38°C plus new or increased dry
cough and 1 or more signs or symp-
toms (chills, new headache or eye pain,
myalgias, malaise or loss of appetite, or
sore throat).

Pharyngitis. Pharyngitis was de-
fined as symptoms of a sore or scratchy
throat and at least 1 of the following ab-
normalities on pharyngeal examina-
tion: erythema, exudate, ulceration,
vesicles, or edema.

Otitis Media. Otitis media was de-
fined as ear pain plus either erythema
or bulging of the tympanic mem-
brane.

Sinusitis. Symptoms of sinusitis could
include facial pain, purulent nasal dis-
charge, and nasal congestion. If radio-
graphs were available, the finding of mu-
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cosal thickening, opacities, or air fluid
levels confirmed the diagnosis.

Acute Bronchitis. At least 2 of the fol-
lowing signs or symptoms had to be
present to meet the criteria for acute
bronchitis: increased frequency and se-
verity of cough, new or increased spu-
tum production, burning substernal
chest discomfort with coughing or deep
inspiration, and fever (temperature
�38°C). Radiologic evidence of pneu-
monia excluded this diagnosis.

Pneumonia. Symptoms of pneumo-
nia could include cough with or with-
out sputum production, chest pain,
dyspnea, and fever. Signs of infec-
tion included elevated temperature
(�38°C), tachycardia, tachypnea, ab-
normal breath sounds, and dullness to
percussion of the chest. The diagnosis
required radiologic findings of 1 or
more new pulmonary infiltrates.

Statistical Analysis
Sample size was based on an estimated
mean number of respiratory tract infec-
tions per person-year of 1.00 in the con-
trol group5,7 and 0.70 in the treatment
group. The within-group SD was esti-
mated at 1.27 according to data from a
localnursinghome.Withanexpectedat-
tritionrateof25%,thesamplesizeneeded
togivean80%chanceofdetectionof the
differenceininfectionratesatthe.05level
of significance was 320 per treatment
group, for a total of 640 participants.

All randomized persons and all com-
pleters were compared at baseline,
as were participants who had final
measurements taken, by a t test for
independent samples (continuous
measures) and Pearson �2 test of homo-
geneity of proportions (categorical mea-
sures). Among completers, mean differ-
ences between the treatment groups with
respect to changes in nutritional status
were compared by using a t test for in-
dependent samples. Differences in
changes in the fractionofcompleterswho
were judged nutritionally deficient were
assessed by using a weighted least-
squares linear model, with time, treat-
ment, and their interaction as predic-
tors. Data on race was collected from the
nursing home medical record.

Rate ratios (RRs) and their confi-
dence intervals (CIs) were obtained by
using Poisson regression, with the natu-
ral logarithm of time as an offset.40 Rate
ratios were adjusted for obstructive lung
disease, current smoking, diabetes
mellitus, dementia, year of enroll-
ment, baseline albumin level, and base-
line hemoglobin level. The adjusted RR
for having 1 or more infections was ob-
tained by using logistic regression ac-
cording to the method of Zhang and
Yu.41 Two-sided observed significance
levels (P values) less than .05 were con-
sidered to be statistically significant. All
calculations were performed using SAS
for Windows, version 8.2 (SAS Insti-
tute, Cary, NC).

RESULTS
Participant Characteristics

The mean (SD) follow-up time was 317
(104) days for the vitamin E group and
321 (97) days for the placebo group. Of
the 617 randomized persons, 231 (37%)
and 220 (36%) in the vitamin E and pla-
cebogroups, respectively, completed the
1-year study period (Figure). The 2
groups did not differ statistically in the
proportion or causes of discontinuation

(Figure) or in mortality rates (12.5%
[39/311]and14.4%[44/306] for thevita-
minEandplacebogroups, respectively).

TABLE 1 shows participant charac-
teristics for all who were enrolled in the
study (all) and for those who com-
pleted 1 year (completers). The groups
were well balanced with regard to
baseline characteristics. One excep-
tion was a lower percentage of com-
pleters with diabetes mellitus in the vi-
tamin E group compared with placebo
(P=.04) (Table 1).

All participants received influenza vac-
cine, and the 2 groups did not differ sta-
tistically in the percentage of partici-
pants receiving pneumococcal vaccine
(30/311 [9.6%] vitamin E vs 23/306
[7.5%] placebo, P=.53 for all; 29/231
[12.6%] vitamin E vs 19/220 [8.6%] pla-
cebo, P=.18 for completers). The mean
number of days during which com-
pleters took immune-related medica-
tions during the study period did not dif-
fer significantly (nonsteroidal anti-
inflammatory drugs [131 vs 110],
antihistamines [4.5 vs 7.9], steroids [16.3
vs 9.2], or nutrient supplements [84 vs
92] for vitamin E and placebo groups,
respectively).

Table 1. Baseline Characteristics of Elderly Persons by Completion Category and Treatment
Groups

All Randomized Completers

Vitamin E
(n = 311)

Placebo
(n = 306)

Vitamin E
(n = 231)

Placebo
(n = 220)

Age, mean (range), y 84.9 (65-102) 84.5 (66-103) 84.7 (65-102) 84.3 (66-99)

Women, No. (%) 228 (73) 220 (72) 176 (76) 162 (74)

Whites, No. (%) 293 (94) 290 (95) 219 (95) 208 (95)

Current smoker, No. (%) 17 (6)† 28 (9) 12 (5)† 22 (10)

Medical history, No. (%)
COPD* 86 (28) 74 (24) 60 (26) 48 (22)

Coronary artery disease 116 (37) 97 (32) 80 (35) 63 (29)

Congestive heart failure 66 (21) 64 (21) 42 (18) 40 (18)

Hypertension 151 (49) 166 (54) 122 (53) 117 (53)

Diabetes mellitus 54 (17)† 71 (23) 39 (17)‡ 54 (25)

Malignancy 26 (8) 32 (11) 22 (10) 24 (11)

Dementia 164 (53) 142 (46) 127 (55)† 101 (46)

Alzheimer disease (% of dementia) 33 (20) 39 (27) 29 (23) 26 (26)

Participants taking NSAIDs, No. (%) 120 (39) 106 (35) 93 (40) 72 (33)

C-reactive protein, mean (SD), mg/L 6.8 (10) 8.4 (17) 6.2 (8) 7.2 (12)

Total No. of medications, mean (SD) 7.4 (4.0) 7.4 (4.0) 7.2 (3.8) 7.3 (4.0)
Abbreviations: COPD, chronic obstructive pulmonary disease; NSAID, nonsteroidal anti-inflammatory drug.
*Includes COPD, chronic bronchitis, and asthma.
†P�.10 compared with placebo.
‡P = .04 compared with placebo.
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Biochemical and hematological mea-
surements before and after vitamin E
supplementation indicated no differ-
ence between the 2 groups, except as
otherwise specified (complete data
available on request).

Adherence
Ninety-eight percent (442/451) of those
completing the study consumed the
capsules for at least 330 days (�90%
of the 1-year supplementation pe-
riod). The number of missed supple-
ments did not differ statistically be-
tween the vitamin E and placebo groups
(data available on request). Adher-
ence was confirmed by plasma vita-
min E measurement every 3 months.

Nutritional Status
Vitamin E and placebo groups did not
differ statistically in body mass index
or serum levels of vitamins and min-
erals before or after supplementation
(data available on request). The vita-
min E group had small but signifi-
cantly higher hemoglobin levels than
the placebo group before and after
supplementation (mean [SD], 12.4

[1.4] vs 12.2 [1.3] g/dL before and 12.4
[1.3] vs 12.1 [1.5] g/dL after in the vi-
tamin E and placebo groups, respec-
tively; P=.02). Significantly fewer par-
ticipants had low serum albumin levels
in the vitamin E group compared with
placebo at baseline and after supple-
mentation (TABLE 2). The percentage
of participants with low albumin lev-
els increased significantly during the
1-year period for both groups, but the
change over time in serum albumin be-
tween the 2 groups did not differ sig-
nificantly.

Except for vitamin E, the level of mi-
cronutrients did not change signifi-
cantly during the study period in either
group. Plasma vitamin E levels in-
creased significantly in the vitamin E
group, which doubled after 3 months
of supplementation with no further
change (mean [SD], 1141 [391] vs 2119
[689] µg/dL before and after supple-
mentation, respectively; P�.001). No
significant change in serum vitamin E
levels was observed in the placebo
group (1148 [429] vs 1209 [408] µg/dL
before and after supplementation,
respectively). The fraction of partici-

pants with low serum vitamin A levels
increased slightly but significantly,
whereas the fraction of participants with
low vitamin D and B6 levels decreased
in both groups (Table 2), with no
significant difference between treat-
ments in change over time.

Significantly fewer participants had
low hemoglobin levels in the vitamin
E group before and after supplemen-
tation (Table 2). The fraction of par-
ticipants with low hemoglobin levels in
each group did not change signifi-
cantly over time. Low serum zinc lev-
els were equally prevalent in both
groups (Table 2).

Respiratory Tract Infections
Results generally were similar whether
the data from all participants (TABLE 3)
or completing participants (TABLE 4)
were compared. Adjustment for ob-
structive lung diseases, current smok-
ing status, diabetes mellitus, demen-
tia, year of enrollment, and baseline
albumin and hemoglobin levels did not
affect the outcomes, with a few excep-
tions, as noted in the text. Further ad-
justment for nursing home gave essen-
tially the same results. Thus, only the
unadjusted data are shown (Tables 3
and 4), except as noted in the text.

The highest incidence of respira-
tory tract infection occurred in the win-
ter and the lowest in the summer (0.41
and 0.24 episodes per placebo partici-
pant, respectively). For all study par-
ticipants, the rate of respiratory tract in-
fection for vitamin E and placebo
groups was 1.35 and 1.47 per person
per year, respectively (Table 3), and for
completers, 1.30 and 1.44 respiratory
tract infections per person per year, re-
spectively (Table 4). Rates of respira-
tory tract infections and number of days
with respiratory tract infections per per-
son-year (Tables 3 and 4), although
lower in the vitamin E group, did not
differ significantly in either group. How-
ever, significantly fewer persons in the
vitamin E group contracted 1 or more
respiratory tract infections (60% [186/
311] vs 68% [207/306] for all partici-
pants, 65% [150/231] vs 74% [163/
220] for completing participants in

Table 2. Nutritional Status of Elderly Persons Before and After Supplementation,
by Treatment Group*

Deficient Participants, %

Vitamin E Placebo
Measure of
DeficiencyBefore After Before After

Albumin 19† 28†‡ 27 39‡ �3.6 g/dL Female, �3.7 g/dL male

Hemoglobin 32† 31† 37 43 �11.5 g/dL Female, �13 g/dL male

Carotenoids 11 11 6 12 �40 µg/dL

Vitamin A 1 2‡ 2 4‡ �30 µg/dL

Vitamin D 2 0‡ 2 0‡ �15 ng/mL

Vitamin E 3 0 1 0 �500 µg/dL

Vitamin B1 0 2 4 0 �0.9 AC

Vitamin B2 0 2 2 2 �0.9 AC

Vitamin B6

(pyridoxal phosphate),
10 6‡ 9 5‡ �30 nmol/L

Vitamin B12, pg/mL 0 0 0 0 �200 pg/mL

Folate, ng/mL 0 0 0 0 �3 ng/mL

Ferritin, ng/mL 0 0 0 0 �10 ng/mL Female, �20 ng/mL male

Zinc 48 42 50 53 �70 µg/dL

Copper 6 3 7 3 �55 µg/dL
Abbreviation: AC, activity coefficient.
*n = 201 to 228 for albumin; hemoglobin; vitamins A, E, B6, and B12; folate; zinc; and copper; and n = 49 to 65 for

carotenoids; vitamins D, B1, and B2; and ferritin.
†Significantly different (P�.05) from placebo group at the same time point.
‡Significantly different (P�.05) from before for the same group.
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the vitamin E and placebo groups,
respectively).

The incidence, proportion, or num-
ber of sick days of lower respiratory
tract infection (includes acute bron-
chitis and pneumonia) did not differ
significantly between the 2 treatment
groups (Tables 3, 4).

The number of upper respiratory tract
infections (URIs) per person-year and
days with URI, although lower in the
vitamin E group, were not signifi-
cantly different between groups (Tables
3 and 4). However, significantly fewer
participants in the vitamin E–treated
group contracted 1 or more URIs com-
pared with the placebo group (44%
[137/311] vs 52% [159/306], respec-
tively, for all participants [Table 3]; 50%
[116/231] vs 62% [136/220], respec-
tively, for completers [Table 4]). After
adjusting for obstructive lung disease,
current smoking status, diabetes melli-
tus, dementia, year of enrollment, and
baseline albumin and hemoglobin lev-
els, the RR for having at least 1 URI was
0.82 (95% CI, 0.66-0.98, P=.03) among
all persons randomized to receive vi-
tamin E.

Among the URIs, 84% [397/470]
were common colds. Post hoc sub-
group analysis indicated that vitamin
E–supplemented participants who com-
pleted the study had a significantly
lower incidence of common colds
(Table 4). In addition, significantly in
the vitamin E group acquired at least
1 cold (for all participants: 40% [125/
311] vs 48% [147/306] in the placebo
group [Table 3]; for completers: 46%
[106/231] vs 57% [126/220] in the pla-
cebo group [Table 4]). After adjust-
ment for obstructive lung disease, cur-
rent smoking status, diabetes mellitus,
dementia, year of enrollment, and base-
line albumin and hemoglobin levels, the
risk ratio for all persons randomized to
vitamin E having at least 1 cold was 0.81
(95% CI, 0.64-0.98; P=.03). The vita-
min E group had fewer days with com-
mon cold per person-year, but the re-
sult did not reach statistical significance
(20% for all randomized in the vita-
min E group [difference of 1.59 days
compared with 7.82 days in the pla-

cebo group; P=.11] and 22% for com-
pleters [difference of 2.05 days com-
pared with 9.42 days in the placebo
group; P=.11; Table 3 and Table 4]).

Post hoc analysis found no signifi-
cant effect of vitamin E on other URIs
(0.035 vs 0.050 for influenzalike infec-
tions, 0.082 vs 0.073 for pharyngitis,
0.013 vs 0.009 for otitis media, and
0.030 vs 0.009 for sinusitis per person-
year in the vitamin E and placebo
groups, respectively), although inci-
dence was low and the study was not
powered to detect differences.

Vitamin E had no significant effect on
antibiotic use for all respiratory tract in-
fections (Tables 3 and 4), number of
emergency department visits (0.086 for
vitamin E vs 0.058 for placebo per per-
son-year; RR, 1.66; 95% CI, 0.80-3.43;
P=.17) or hospitalizations for respira-

tory tract infection (0.060 for vitamin E
vs 0.067 for placebo per person-year; RR,
0.91; 95% CI, 0.43-1.95; P=.81).

COMMENT
We found that vitamin E had no sta-
tistically demonstrable effect on the in-
cidence or duration of all respiratory
tract infections, as well as upper and
lower (after adjustment for confound-
ing factors). However, fewer persons in
the vitamin E group acquired 1 or more
respiratory tract infections or URIs.
Common colds were the most fre-
quent URIs, and in a post hoc sub-
group analysis, participants in the vi-
tamin E group who completed the study
had significantly fewer common colds
and a 20% lower risk of acquiring a cold
than those in the placebo group. Fur-
ther clinical trials of vitamin E supple-

Table 3. Respiratory Tract Infection Among All Participants Enrolled in the Study*

Vitamin E
(n = 311)

Placebo
(n = 306)

Rate Ratio
(95% CI)

P
Value

Incidence of infection
All respiratory tract infections

Infections, No. 365 394

Infections per person per year 1.35 1.47 0.92 (0.80 to 1.06) .26

Lower respiratory tract infection†
Infections, No. 145 144

Infections per person per year 0.54 0.54 1.00 (0.80 to 1.26) .99

Upper respiratory tract infection‡
Infections, No. 220 250

Infections per person per year 0.82 0.93 0.88 (0.73 to 1.05) .15

Colds
Infections, No. 180 217

Infections per person per year 0.67 0.81 0.83 (0.68 to 1.01) .06

Antibiotic prescriptions for all
respiratory tract infections

Prescriptions, No. 185 168

Prescriptions per person per year 0.685 0.626 1.10 (0.89 to 1.35) .39

Risk Ratio
Participants with �1 infection, No.

All respiratory tract infections 186 207 0.88 (0.76 to 1.00) .048

Lower respiratory tract infection 100 100 0.99 (0.78 to 1.23) .63

Upper respiratory tract infection 137 159 0.84 (0.69 to 1.00) .05

Colds 125 147 0.83 (0.67 to 1.00) .05

Difference
(Vitamin E−Placebo)

No. of days with infection per person per year
All respiratory tract infections 13.74 15.37 −1.64 (−4.56 to 1.29) .27

Lower respiratory tract infection 6.28 6.38 −0.10 (−2.09 to 1.88) .92

Upper respiratory tract infection 7.46 8.99 −1.53 (−3.70 to 0.63) .16

Colds 6.23 7.82 −1.59 (−3.56 to 0.38) .11
Abbreviation: CI, confidence interval.
*Total days in study: 98 594 vitamin E, 98 091 placebo.
†Bronchitis, pneumonia.
‡Common cold, influenzalike infection, pharyngitis, otitis media, sinusitis.
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mentation in elderly persons, with com-
mon cold as the primary outcome, are
warranted.

Although our data suggest that vita-
min E may protect against the com-
mon cold, the most frequently encoun-
tered form of URI in this study, vitamin
E had no effect on the incidence or du-
ration of other URIs or of lower respi-
ratory tract infections, which may have
been due to the small number of such
episodes or differences in the types of
pathogens responsible. Most URIs, es-
pecially the common cold, are caused
by viruses. Animal studies suggest that
vitamin E protects against viral but not
bacterial infection in aged mice.42 We
have found that although vitamin E
supplementation did not protect old
mice against primary pulmonary
Staphylococcus aureus infection, it was

protective against secondary S aureus
infection after influenza infection.43

The respiratory tract infection defi-
nitions applied in our study were de-
rived by using commonly accepted cri-
teria from the medical literature.13,32-37

These criteria do not allow the differ-
entiation of viral from bacterial etiol-
ogy. Future studies should include de-
tailed microbiologic methods to
determine whether vitamin E has an
effect on respiratory tract infections of
viral vs bacterial etiology.

Vitamin E did not affect antibiotic
use. If the effects of vitamin E were on
URIs of viral etiology, this could ex-
plain the finding. In addition, overuse
of antimicrobial agents in nursing
homes44 may have impaired our abil-
ity to demonstrate an effect of vitamin
E on antibiotic use.

Previous studies of vitamin E and in-
fection in the elderly have demon-
strated mixed results. A retrospective
study showed that persons with plasma
vitamin E levels above 1670 µg/dL had
significantly fewer infections com-
pared with those with plasma vitamin
E levels below 1200 µg/dL (mean, 1.0
vs 2.3, respectively; 95% CI for differ-
ence, 0.12-2.48).45 A recent double-
blind trial of Dutch elderly46 persons liv-
ing in the community reported no
difference for all respiratory tract in-
fections among those receiving vs not
receiving vitamin E (RR, 1.12; 95% CI,
0.88-1.25). Our population and diag-
nostic method differed from those of the
Dutch study. In the Dutch study,46 par-
ticipants self-reported their infections
by telephone, and then the infections
were confirmed by nurse visits. Lack of
infection was not confirmed. In our
study, the presence and type of respi-
ratory tract infection, or absence, was
documented by infectious disease spe-
cialists according to review of data gath-
ered by trained research nurses dur-
ing weekly participant interviews,
review of medical records, and physi-
cal examination focused on respira-
tory tract infection according to stan-
dardized case definitions.13,32-35 Our
results indicate that vitamin E may re-
duce URIs, particularly common colds,
with no effect on lower respiratory tract
infections or seasonal allergies. Graat
et al46 did not differentiate between
types of infections or between respira-
tory tract infections and allergies, and
thus might have overlooked any effect
of vitamin E on URI. Furthermore, in
our study adherence was checked by
nursing home medication records and
by periodic plasma vitamin E measure-
ments, whereas the study by Graat et
al46 measured plasma vitamin E levels
only at baseline.

Several potential limitations of our
study merit comment. First, of the origi-
nally planned sample size of 640, 617
were enrolled. However, this limita-
tion should not influence the reported
results because the change in power to
detect statistical significance was from
80% to 78.5%. Second, 27% (166/

Table 4. Respiratory Tract Infection Among Participants Completing the Study*

Vitamin E
(n = 231)

Placebo
(n = 220)

Rate Ratio
(95% CI)

P
Value

Incidence of infection
All respiratory tract infections

Infections, No. 304 320

Infections per person per year 1.30 1.44 0.91 (0.77 to 1.06) .22

Lower respiratory tract infection†
Infections, No. 115 105

Infections per person per year 0.49 0.47 1.05 (0.80 to 1.36) .74

Upper respiratory tract infection‡
Infections, No. 189 215

Infections per person per year 0.81 0.96 0.84 (0.69 to 1.02) .08

Colds
Infections, No. 155 186

Infections per person per year 0.66 0.83 0.80 (0.64 to 0.98) .04

Antibiotic prescriptions for all
respiratory tract infections

Prescriptions, No. 153 125

Prescriptions per person per year 0.655 0.561 1.17 (0.92 to 1.47) .20

Risk Ratio
Participants with �1 infection, No.

All respiratory tract infections 150 163 0.88 (0.75 to 0.99) .04

Lower respiratory tract infection 76 71 1.02 (0.77 to 1.31) .89

Upper respiratory tract infection 116 136 0.81 (0.66 to 0.96) .01

Colds 106 126 0.80 (0.64 to 0.96) .02

Difference
(Vitamin E−Placebo)

No. of days with infection per person per year
All respiratory tract infections 15.36 17.32 −1.97 (−5.55 to 1.62) .28

Lower respiratory tract infection 6.69 6.45 0.24 (−2.11 to 2.59) .84

Upper respiratory tract infection 8.66 10.87 −2.21 (−4.95 to 0.54) .12

Colds 7.37 9.42 −2.05 (−4.57 to 0.47) .11
Abbreviation: CI, confidence interval.
*Total days in study: 85 342 vitamin E, 81 436 placebo.
†Bronchitis, pneumonia.
‡Common cold, influenzalike infection, pharyngitis, otitis media, sinusitis.
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617) of the enrolled persons did not
complete the study because of with-
drawal or death. This level of loss to fol-
low-up was anticipated in our original
study design. It demonstrates the chal-
lenges inherent in a 1-year study of a
frail nursing home population. Be-
cause there were minimal differences
in the characteristics of those who did
and did not complete the study, this loss
to follow-up did not have an impact on
our overall results. Results among com-
pleters only were more likely to show
an effect of vitamin E because attain-
ing plasma and tissue saturation levels
of vitamin E requires several months.25

However, the analysis of all patients
randomized is the most conservative
analysis and showed fewer significant
effects.

Third, the use of a half RDA multi-
vitamin28 capsule for all participants
might have lessened the impact of vi-
tamin E on respiratory tract infection
by improving the micronutrient sta-
tus of the placebo group. However, we
found no statistically significant differ-
ences between the vitamin E and pla-
cebo groups with change over time in
the status of any nutrients other than
vitamin E. Although our vitamin E
group had a lower proportion of per-
sons with low albumin and hemoglo-
bin levels at baseline and follow-up, sta-
tistical adjustment for these potentially
confounding factors did not change our
conclusion. A high percentage of par-
ticipants had low plasma zinc levels, but
the 2 groups did not differ in the frac-
tion of zinc-deficient participants be-
fore or after treatment and thus did not
influence the reported results.

Fourth, the significant reduction in
URIs with vitamin E supplementation
was not consistent in all analyses, and
the common cold analysis was post hoc.
However, these results suggest that fu-
ture randomized trials of vitamin E
should concentrate on these end points.
The common cold is generally less se-
vere than influenza. However, its much
higher incidence and its recognized
morbidity in the elderly33 make it an im-
portant public health problem in this
age group. This is particularly rel-

evant because no clinically useful vac-
cine or antiviral therapy is available to
combat colds.

In conclusion, we found no effect of
vitamin E supplementation on the in-
cidence or duration of respiratory tract
infections. However, significantly fewer
vitamin E participants acquired 1 or
more respiratory tract infections, which
was most evident in URIs. Post hoc sub-
group analysis among individuals com-
pleting the study revealed a signifi-
cantly lower incidence of common cold
and fewer participants acquiring a cold.
Common colds are frequent36 and as-
sociated with increased morbidity33 in
this age group, and if confirmed, these
findings suggest important implica-
tions for the well-being of the elderly.
Future studies in elderly individuals
should assess the effect of vitamin E
supplementation on the common cold
and incorporate microbiologic meth-
ods to allow for assessment of the im-
pact of vitamin E on specific types of
respiratory pathogens.
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The secret of joy in work is contained in one word—
excellence. To know how to do something well is to
enjoy it.

—Pearl S. Buck (1892-1973)
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Severe Acute Pancreatitis

To the Editor: Using Ranson’s criteria to forecast outcome in
patients with pancreatitis would indicate that a 56-year-old in-
dividual with a glucose level of 201 mg/dL (11.2 mmol/L) and
a white blood cell count of 16.1 �103/µL has the same risk for
adverse outcome as one who develops a PO2 of less than 60
mm Hg, has a decrease in hematocrit by 10%, and sequesters
6 L of abdominal fluid in 48 hours.1 I would call into question
the validity of a scoring system that equally weights these dis-
parate factors.

An important article by Ranson and Pasternack2 used ver-
sions of stepwise regression analysis to search for the criteria
most predictive of acute pancreatitis. In this article, the 11 vari-
ables of Ranson were not equivalent in predictive value. El-
evated lactate dehydrogenase and aspartate aminotransferase
in the several tested models had the greatest prognostic capa-
bility.2 I consider lactate dehydrogenase and aspartate amino-
transferase to be covariates indicative of liver disease and think
Ranson’s studies show that patients with unhealthy livers and
pancreatitis are more likely to have poor outcomes. I believe
the prognostic system proposed by Rabeneck et al3 to be a bet-
ter and simpler tool, relying on the presence or absence of il-
eus in association with comorbidities to forecast outcome. I sug-
gest that a continued endorsement of Ranson’s criteria seems
out of place.

Stephen Piwinski, MD, MOH
piwinski@uthscsa.edu
Department of Medicine
University of Texas Health Science Center
San Antonio

1. Swaroop VS, Chari ST, Clain JE. Severe acute pancreatitis. JAMA. 2004;291:
2865-2868.
2. Ranson JH, Pasternack BS. Statistical methods for quantifying the severity of
clinical acute pancreatitis. J Surg Res. 1977;22:79-91.
3. Rabeneck L, Feinstein AR, Horwitz RI, Wells CK. A new clinical prognostic stag-
ing system for acute pancreatitis. Am J Med. 1993;95:61-70.

To the Editor: Human immunodeficiency virus (HIV)-AIDS
should be noted when considering recent trends in acute pan-
creatitis. In patients with AIDS, pancreatitis is 35 to 800 times
more common than the annual incidence of 170 cases per mil-
lion in the United States.1 Patients infected with HIV appear
to be at extremely high risk for acute pancreatitis for several
reasons. They are vulnerable to direct toxicity to pancreatic aci-
nar cells from several medications that are frequently used in
treatment. Didanosine, pentamidine, pentavalent antimony, sul-
fonamides, corticosteroids, and octreotide have definite asso-
ciation and zalcitabine has probable association with pancre-
atitis. Infections due to cytomegalovirus, Toxoplasma gondii,
Mycobacterium avium intracellulare, Mycobacterium tuberculo-

sis, and cryptosporidium are other causes for acute pancreati-
tis in this population.1

Ajit Singh Kashyap, MD
kashyapajits@hotmail.com
Kuldip Parkash Anand, MD
Department of Medicine
Surekha Kashyap, MD
Department of Hospital Administration
Armed Forces Medical College
Pune, India

1. Dassopoulos T, Ehrenpreis ED. Acute pancreatitis in human immunodeficiency
virus-infected patients: a review. Am J Med. 1999;107:78-84.

In Reply: Dr Piwinski has correctly stated the limitation of Ran-
son’s criteria in the assessment of severity of acute pancreati-
tis and believes that the prognostic system proposed by Rabe-
neck et al1 is more useful. In our review, we cited the scoring
systems of Ranson, Imrie, APACHE II, and Balthazar because
these have been validated and extensively used in the litera-
ture. Space constraints for a short review did not permit us to
discuss in detail the acknowledged imperfections and short-
comings of all of these systems, although we did note that Ran-
son’s criteria system has the disadvantage of a 48-hour delay
for completion.

Although we agree with the general sentiments expressed
by Dr Piwinski and believe that systems used to predict sever-
ity can and should be improved, it is our opinion that the sys-
tem proposed by Rabeneck et al has not been validated in any
prospective study and, therefore, is not a suitable replacement
for those currently in use.

Space constraints also limited discussion of the various causes
of acute pancreatitis, including those related to HIV-AIDS, as
described by Dr Kashyap and colleagues.

Vege Santhi Swaroop, MD
vege.santhi@mayo.edu
Suresh T. Chari, MD
Jonathan E. Clain, MD
Department of Internal Medicine
Mayo Clinic
Rochester, Minn

1. Rabeneck L, Feinstein AR, Horwitz RI, Wells CK. A new clinical prognostic stag-
ing system for acute pancreatitis. Am J Med. 1993;95:61-70.

CORRECTION

Word Omitted: In the Original Contribution entitled “Vitamin E and Respiratory
Tract Infections in Elderly Nursing Home Residents” published in the August 18,
2004, issue of THE JOURNAL (2004;292:828-836), an important word was omit-
ted. On page 833, the third sentence of the third paragraph should have read “In
addition, significantly fewer in the vitamin E group acquired at least 1 cold. . . .”
The word “fewer” did not appear in the article.
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