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ABSTRACT
Background: Zinc plays an important role in immune function. The
association between serum zinc and pneumonia in the elderly has not
been studied.
Objective: The objective was to determine whether serum zinc
concentrations in nursing home elderly are associated with the inci-
dence and duration of pneumonia, total and duration of antibiotic
use, and pneumonia-associated and all-cause mortality.
Design: This observational study was conducted in residents from
33 nursing homes in Boston, MA, who participated in a 1-y random-
ized, double-blind, and placebo-controlled vitamin E supplementa-
tion trial; all were given daily doses of 50% of the recommended
dietary allowance of essential vitamins and minerals, including zinc.
Participants with baseline (n � 578) or final (n � 420) serum zinc
concentrations were categorized as having low (�70 �g/dL) or
normal (�70 �g/dL) serum zinc concentrations. Outcome measures
included the incidence and number of days with pneumonia, number
of new antibiotic prescriptions, days of antibiotic use, death due to
pneumonia, and all-cause mortality.
Results: Compared with subjects with low zinc concentrations,
subjects with normal final serum zinc concentrations had a lower
incidence of pneumonia, fewer (by almost 50%) new antibiotic pre-
scriptions, a shorter duration of pneumonia, and fewer days of anti-
biotic use (3.9 d compared with 2.6 d) (P � 0.004 for all). Normal
baseline serum zinc concentrations were associated with a reduction
in all-cause mortality (P � 0.049).
Conclusion: Normal serum zinc concentrations in nursing home
elderly are associated with a decreased incidence and duration of
pneumonia, a decreased number of new antibiotic prescriptions, and
a decrease in the days of antibiotic use. Zinc supplementation to
maintain normal serum zinc concentrations in the elderly may help
reduce the incidence of pneumonia and associated
morbidity. Am J Clin Nutr 2007;86:1167–73.

KEY WORDS Serum zinc, nursing home elderly, pneumonia,
mortality, antibiotic use

INTRODUCTION

Pneumonia is a major public health problem in the elderly (1).
An important predisposing factor to the increased incidence of
infections such as pneumonia in the elderly is the age-associated
decline in immune function (2). Such changes in immune re-
sponse with age, in addition to malnutrition, contribute to the
increased frequency and severity of pneumonia and to the mor-
tality due to pneumonia in the elderly (1–4).

Zinc has been shown to play an important role in the regulation
of the T cell–mediated function (5–7). Zinc deficiency has been
shown to cause thymus involution and to depress lymphocyte
proliferation, interleukin-2 (IL-2) production, delayed-type hy-
persensitivity skin responses, and antibody response to T cell–
dependent antigens (5, 8). Similar defects in T cell function have
been observed with aging (2). Several investigators have re-
ported low zinc status or decreased intakes in elderly subjects
(9–11). Furthermore, low zinc status in the elderly has been
shown to contribute to age-associated dysregulation of the im-
mune response (3, 12), and zinc supplementation has been shown
to improve T cell–mediated function in the elderly (9, 12–15). In
children, low concentrations of circulating zinc have been shown
to be associated with an increased risk of respiratory morbidity
(16), and zinc supplementation has been shown to reduce both the
risk and duration of pneumonia and deaths due to pneumonia in
children (17, 18). The association between serum zinc and pneu-
monia in the elderly, however, has not been studied.

From April 1998 to August 2001, a randomized controlled
trial was carried out to investigate the effect of vitamin E
supplementation on respiratory infections in an elderly nurs-
ing home population (19). We found a high proportion
(�30%) of nursing home elderly with low serum zinc con-
centrations at baseline and after 1 y of follow-up, despite the
fact that all participants received 50% of the recommended
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dietary allowance (RDA) of essential vitamins and minerals,
including zinc, during the trial. Because recently published
studies in children (17, 18) have shown zinc supplementation
to be beneficial in reducing morbidity and mortality from
pneumonia and past research has shown the negative effect of
zinc deficiency on immune function in the elderly, we exam-
ined the relations between serum zinc concentration and the
incidence and duration of pneumonia, the number of new
antibiotic prescriptions, the days of antibiotic use, death due
to pneumonia, and all-cause mortality in elderly nursing home
residents.

SUBJECTS AND METHODS

Study design and intervention

A total of 617 subjects was enrolled (�33% enrolled in each
of 3 successive years) into a randomized, double-blind, placebo-
controlled trial of the effect of 1 y of vitamin E supplementation
(200 IU/d) on respiratory infections in a nursing home population
(19). The Tufts–New England Medical Center Institutional Re-
view Board approved the study protocol and the informed con-
sent form. For subjects who were not capable of giving informed
consent, such as those with dementia, a proxy identified by the
nursing home staff was contacted for written informed consent.
In cases in which either the staff or the investigators were uncer-
tain as to a subject’s ability to give informed consent, informed
consent was sought from both the subject and the proxy (both
were required for participation).

Nursing home residents have a heterogeneous intake of mi-
cronutrients (20), some of which are necessary for proper im-
mune function. To reduce variability in the vitamin E trial, all
subjects received a daily capsule containing 50% of the RDA
(21) for essential micronutrients, including zinc. Fifty percent of
the RDA was selected because few subjects meeting our eligi-
bility criteria would have dietary intakes �50% of the RDA for
micronutrients (22). The exact composition of the essential nu-
trients mix per capsule given to the subjects was as follows:
vitamin A (400 �g), thiamine (0.6 mg), riboflavin (0.6 mg),
niacin (6.0 mg), pyroxidine (0.9 mg), folate (100 �g), cyanoco-
balamin (1 �g), vitamin C (30 mg), vitamin D (100 �g), vitamin
E (200 IU for those in the treatment group, and 4 IU in the control
group), iron (5 mg), selenium (25 �g), iodine (75 �g), zinc (7
mg), and copper (0.8 mg). Zinc was given to study subjects in the
sulfate form.

At baseline and at follow-up, �30% of subjects were found to
be of marginal zinc status based on the presence of low serum
zinc concentrations. Other micronutrient deficiencies were much
less prevalent at baseline (from 0% to 10%), and their prevalence
did not change significantly at follow-up (19).

Selection of study participants

Detailed information on the screening and recruitment of par-
ticipants was described previously (19). The eligibility criteria
included age �65 y, life expectancy �6 mo, no anticipated
discharge within 3 mo, not room-bound for the past 3 mo, body
mass index (BMI; in kg/m2) �16, serum albumin �3.0 g/dL,
ability to swallow pills, and willingness to receive influenza
vaccine and provide informed consent. Exclusion criteria in-
cluded active neoplastic disease, tube feeding, kidney dialysis,
intravenous or urethral catheters for the past 30 d, tracheostomy

or chronic ventilator use, chronic steroid treatment �10 mg/d,
use of immunosuppressive drugs, use of antibiotics within the
previous 2 wk, and more than the RDA level of supplements of
selenium, zinc, �-carotene, fish oil, and vitamins E, C, and B-6.

The current analyses included all enrolled subjects with base-
line (n � 578) or end-of-study zinc measurements (n � 420,
including 7 subjects with only end-of-study zinc values). For the
purposes of this study, subjects were categorized by serum zinc
concentrations on the basis of cutoffs of �70 �g/dL to indicate
low serum zinc concentrations and �70 �g/dL to indicate nor-
mal serum zinc concentrations (23). Although there is no con-
sensus that zinc status can be easily defined by serum zinc values,
it is the most widely used biochemical indicator of zinc status and
is the only biochemical indicator of zinc status for which ade-
quate reference data are available (23, 24). In addition, several
studies in the elderly have shown that serum zinc concentrations
do respond to zinc supplementation (13, 14, 25).

Outcomes

Pneumonia-related outcomes included incidence of and num-
ber of days with pneumonia, number of new antibiotic prescrip-
tions for pneumonia, days of antibiotic use for treatment of pneu-
monia, and death due to pneumonia. We also examined all-cause
mortality.

Data collection

Information regarding subject characteristics, baseline dis-
eases and medications, and vaccination history was obtained
from medical records. Fasting blood samples were collected at
baseline and at study completion for clinical chemistries, com-
plete blood count, and nutritional status as previously described
(19). Serum samples were collected into trace metal–free tubes,
and serum zinc concentrations were measured with a Perkin-
Elmer flame atomic absorption spectrometer (26) at the Nutrition
Evaluation Laboratory (NEL), Human Nutrition Research Cen-
ter on Aging at Tufts University (HNRCA). Specifically for the
validation of the zinc procedure, the NEL used reference material
from the National Institute of Standards and Technology (NIST).
Commercially available controls (Lyphochek Assayed Chemis-
try Control Levels 1 & 2, Bio-Rad Laboratories, Irvine, CA;
NIST certified material, Bi-Level Trace Metal QC Check Sam-
ple, VHG Labs, Inc, Manchester, NH) were used in the daily
operational procedures for zinc. The interassay CV for zinc is
5.5–6.5%, and the intraassay CV is 3.5–4.5%. The laboratory
reference range is 70�130 �g/dL.

Study nurses were trained by a study physician to identify
relevant respiratory symptoms and to perform a focused physical
examination of the respiratory tract. Supervised practice evalu-
ations were repeated throughout the study to reinforce the nurses’
clinical skills and to ensure consistency of the pneumonia data
collection. The study nurses collected information weekly relat-
ing to infection, including symptoms of respiratory infections,
temperature, respiratory and heart rate, and a physical examina-
tion focused on the respiratory system. The nurses reviewed each
participant’s chart for documentation of laboratory analyses, ra-
diography, medications, micronutrient supplementation, weight,
and nursing or physician descriptions of symptoms and signs
relating to pneumonia and other respiratory infections.

At the end of the study, data collected from the subjects were
randomly assigned, by nursing home, to the 2 study physicians
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for diagnosis of infections. Infection data from any one subject
were evaluated by only one physician, except for 18 subjects
whose records were used to determine the concurrence of diag-
noses between physicians.

Diagnosis of pneumonia

Details on how the study physicians evaluated the data to
determine incidence and duration of pneumonia were described
previously (19). Briefly, clinical definitions of pneumonia were
developed on the basis of accepted definitions (27). To increase
the specificity of the definitions, a diagnosis of pneumonia had to
include at least one physical sign and thus could not be made on
symptoms alone. An episode was considered resolved when all
symptoms ceased. A new infection was defined as one occurring
after 7 symptom-free days. Pneumonia symptoms could include
cough with or without sputum production, chest pain, dyspnea,
and fever. Signs of infection included an elevated temperature
(�38 °C), tachycardia, tachypnea, abnormal breath sounds, and
dullness to percussion of the chest. The diagnosis required ra-
diologic findings of one or more new pulmonary infiltrates.

Statistical analysis

The demographic and clinical characteristics of participants in
the low and normal serum zinc groups were compared by using
Student’s t test for independent samples (continuous measures)
and Fisher’s exact test (categorical measures).

As noted above, all subjects received a capsule containing
50% of the RDA for essential micronutrients, including zinc.
Because of this supplementation, the baseline zinc concentra-
tions might not reflect the usual zinc status during the entire study
period. Therefore, we also used zinc concentrations measured at
the final study visit as a marker of zinc status. However, analyses
based on final zinc concentrations were necessarily limited to
those who survived or completed the trial.

Rate ratios and their CIs for incidence of pneumonia and num-
ber of new antibiotic prescriptions per year were modeled by
using Poisson regression with the natural logarithm of time as an
offset (28). None of the deviance statistics from the Poisson
regressions exceeded 1, which suggests that the variability in
response was in keeping with the Poisson distribution. Multiple
linear regression analyses were used to determine the association
between serum zinc and duration of pneumonia and days of
antibiotic use due to pneumonia. Cox proportional hazards mod-
els using baseline zinc concentrations were fitted to determine
the hazards ratio for deaths due to pneumonia and all-cause
mortality. Except for the proportional hazards analyses, the anal-
yses were performed by using both baseline and final zinc con-
centrations as predictors. Although the original study did not
show a significant difference in the rate of pneumonia between
the vitamin E and placebo groups (19), we nevertheless con-
trolled for allocation to treatment and placebo groups in these
analyses. We also adjusted for year of enrollment, age, sex,
baseline BMI, current smoking status, diabetes mellitus, and
chronic obstructive pulmonary disease (including bronchial
asthma), which have been shown to be associated with an in-
creased risk of pneumonia or pneumonia-associated death (1, 29,
30). Analyses of the comparison of those with low compared with
those with normal final serum zinc concentrations were also
controlled for change in BMI between baseline and follow-up
values. Additionally, in separate analyses, we also controlled for

baseline serum albumin and change in serum albumin concen-
trations between baseline and follow-up in these models. Two-
sided observed significance levels (P � 0.05) were considered to
be statistically significant. All calculations were performed by
using SAS for WINDOWS (version 9.1.3; SAS Institute Inc,
Cary, NC).

RESULTS

The demographic and clinical characteristics of participants
with baseline zinc (n � 578) and those with final study zinc
concentrations (n � 420) were not different (Table 1). The
distribution of these characteristics was also not different from
our original study population (n � 617) (19).

Elderly with low baseline serum zinc concentrations were
significantly older (P � 0.0001), were more likely to have had
congestive heart failure (P � 0.047), and had lower serum albu-
min concentrations (P � 0.0006) and white blood count (P �
0.042) (Table 1). Elderly with low final serum zinc concentra-
tions were older (P � 0.014), had lower serum albumin concen-
trations (P � 0.003), and a lower percentage of lymphocytes
(P � 0.048) and were more likely to have had coronary artery
disease (P � 0.042) at baseline than were those with normal final
zinc concentrations. All subjects received influenza vaccine, and
there was no significant difference in the proportion of subjects
who had pneumococcal immunization between those with low
and those with normal serum zinc concentrations (19).

When participants with low or normal baseline zinc concen-
trations were compared, differences in the incidence and dura-
tion of pneumonia, the number of new antibiotic prescriptions,
and the days of antibiotic use for pneumonia were not statistically
significant (Table 2). Deaths due to pneumonia were 53% lower
in those with normal than in those with low baseline serum
concentrations of zinc, but this association was not statistically
significant (P � 0.198). The all-cause mortality rate was 39%
lower in those with normal than in those with lower baseline zinc
concentrations (P � 0.049) (Table 2). Controlling for congestive
heart failure and other variables found to be significantly differ-
ent between those with low and those with normal baseline serum
zinc concentrations in the model did not materially change the
statistical significance of the differences observed.

End-of-study serum zinc concentrations were strongly asso-
ciated with the incidence and duration of pneumonia and with the
number of new antibiotic prescriptions and days of antibiotic use
(Table 3; P � 0.004 for all). The incidence of pneumonia and the
total number of new antibiotic prescriptions used for the treat-
ment of pneumonia were �50% lower in those with end serum
zinc concentrations �70 �g/dL than in those with concentrations
�70 �g/dL. In addition, the duration of pneumonia was lower by
3.9 d and the days of antibiotic use by 2.6 d in those with end
serum zinc in the normal range than in those with low concen-
trations (Table 3). Control for coronary artery disease and other
variables found to be significantly different between those with
low and those with normal final serum zinc concentrations in
our multiple regression analyses model did not materially
change the statistical significance of the differences observed.
In addition, differences remained statistically significant after
baseline serum albumin and change in serum albumin con-
centrations between baseline and follow-up were controlled
for. The 310 subjects with normal end zinc concentrations at
completion had 78 episodes of pneumonia, whereas the 110
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subjects with low end zinc concentrations had 51 episodes.
The fraction of pneumonias occurring in the final 2 mo of the
study was not significantly different between those subjects
with normal (14 cases out of 78) and those with low (8 cases
out of 51) end serum zinc concentrations, ie, 18% compared
with 16%, respectively.

Thirty percent of the participants had marginal zinc status.
However, given that there were other nutrients in the capsules
provided, which might influence pneumonia incidence, we cor-
rected for these nutrients in the same model that included zinc.
Our findings with zinc remain robust despite the control for these
nutrients. In addition, the mean changes in weight and BMI from

TABLE 1
Characteristics of study participants by baseline and final serum zinc concentrations1

Baseline characteristics

Baseline serum zinc Final serum zinc

All
(n � 563–578)

Normal2

(n � 386–396)
Low3

(n � 177–182)
All

(n � 412–420)
Normal2

(n � 305–310)
Low3

(n � 105–110)

Age (y) 84.6 � 7.64 83.8 (72.3) 86.4 (7.9)5 84.6 (7.5) 84.1 (7.1) 86.1 (7.7)6

Female sex [n (%)] 419 (72) 283 (71) 136 (75) 314 (75) 227 (73) 87 (79)
White race [n (%)] 544 (94) 373 (94) 171 (94) 398 (95) 291 (94) 107 (97)
BMI (kg/m2) 25.8 � 5.2 25.9 (4.9) 25.5 (5.8) 26.0 (5.2) 26.0 (4.9) 26.0 (5.9)
Current smoker [n (%)] 43 (8) 31 (8) 12 (7) 30 (7) 24 (8) 6 (6)
Vitamin E supplementation [n (%)] 290 (50) 199 (50) 91 (50) 217 (52) 141 (45) 62 (56)
Serum albumin (g/dL) 3.76 � 0.34 3.79 (0.32) 3.69 (0.36)5 3.77 (0.34) 3.80 (0.33) 3.69 (0.33)6

Total cholesterol (mg/dL) 197 � 46 199 (46) 193 (45) 197 (45) 197 (46) 199 (43)
White blood count (cells/�L) 7.10 � 2.30 7.23 (2.46) 6.81 (1.87)5 6.96 (1.78) 7.01 (1.81) 6.82 (1.69)
Total lymphocyte count (cells/�L) 2.12 � 1.41 2.18 (1.63) 1.98 (0.66) 2.10 (0.75) 2.15 (0.78) 1.98 (0.66)
Percentage lymphocytes (%) 30.1 � 9.3 30.1 (9.0) 30.2 (10.1) 30.7 (9.0) 31.1 (9.1) 29.7 (8.8)6

Pneumococcal vaccination [n (%)] 53 (9) 39 (9) 14 (8) 46 (11) 33 (11) 13 (12)
NSAID use [n (%)] 212 (37) 156 (39) 56 (31) 158 (38) 120 (39) 38 (35)
Obstructive lung disease [n (%)]7 146 (25) 100 (25) 46 (25) 98 (23) 71 (23) 27 (25)
Coronary artery disease [n (%)] 194 (34) 123 (31) 71 (39) 131 (31) 88 (28) 43 (39)6

Congestive heart failure [n (%)] 120 (21) 73 (18) 47 (26)6 79 (19) 52 (17) 27 (25)
Hypertension [n (%)] 297 (51) 205 (52) 92 (51) 222 (53) 162 (52) 60 (55)
Diabetes mellitus [n (%)] 117 (20) 81 (20) 36 (20) 87 (21) 68 (22) 19 (17)
Malignancy [n (%)] 53 (9) 37 (9) 16 (9) 44 (10) 34 (11) 10 (9)
Dementia [n (%)]8 286 (49) 202 (51) 90 (49) 207 (49) 149 (48) 58 (53)

1 NSAID, nonsteroidal antiinflammatory drug.
2 Defined as �70 �g/dL.
3 Defined as �70 �g/dL.
4 x� � SD (all such values).
5,6 Significantly different from normal [Student’s t test for independent samples (continuous measures) and Fisher’s exact test (categorical measures)]:

5P � 0.01, 6P � 0.05.
7 Includes asthma, chronic obstructive pulmonary disease, and chronic bronchitis.
8 Includes Alzheimer disease.

TABLE 2
Pneumonia, antibiotic use, and death by baseline serum zinc concentration

Baseline serum zinc1

Rate ratio or mean
difference (95% CI)2 P3

�70 �g/dL
(n � 379)

�70 �g/dL
(n � 174)

Incidence of pneumonia (no./person-year) 0.34 0.37 0.87 (0.63, 1.21) 0.414
Duration of pneumonia (d/person-year) 4.32 5.65 �1.5 (�3.4, 0.4) 0.126
Number of new antibiotic prescriptions for

pneumonia (no./person-year)
0.34 0.36 0.90 (0.65, 1.25) 0.539

Days of antibiotic use for pneumonia (d/person-year) 3.07 3.58 �0.7 (�2.0, 0.7) 0.330
Deaths due to pneumonia (no./person-year) 0.02 0.04 0.47 (0.15, 1.49) 0.198
All-cause mortality (no./person-year) 0.12 0.19 0.61 (0.37, 1.00) 0.049

1 Crude values.
2 Poisson regression analyses were used for incidence of pneumonia and number of antibiotic prescriptions, least-squares regression analyses for duration

of pneumonia and of antibiotic use, and Cox proportional hazard regression for deaths. All analyses controlled for treatment (supplemented with vitamin E or
not), age, sex, chronic obstructive lung disease, current smoking status, diabetes mellitus, year of enrollment (1998–2000), and baseline BMI; additional control
for coronary artery disease, congestive heart failure, and white blood cell count, and, in separate models, for baseline serum albumin concentrations, did not
materially affect the observed associations.

3 Derived from Poisson, least-squares, and Cox proportional hazard regression analyses.
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baseline to follow-up between subjects with low and normal zinc
concentrations were not significantly different; the mean (�SD)
changes in weight were �0.81 � 4.70 and �0.01 � 4.39 kg,
respectively, and in BMI were �0.35 � 1.87 and �0.03 � 1.65,
respectively.

DISCUSSION

We observed that elderly nursing home residents with low
serum zinc had a higher risk of pneumonia, a longer duration of
pneumonia episodes, a greater number of new antibiotic pre-
scriptions, and more days of antibiotic use for the treatment of
pneumonia at the end of 1 y of daily micronutrient supplemen-
tation with 50% of the RDA, including zinc. In addition, low
baseline concentrations of serum zinc in our elderly nursing
home population were associated with increased all-cause mor-
tality.

Our finding of a significantly lower all-cause mortality rate (by
39%) in those with normal baseline serum zinc concentrations
than in those with low baseline serum zinc concentrations sug-
gests that zinc may play a crucial role in influencing mortality in
the elderly. Severe zinc deficiency can impair immunity and
increase susceptibility to infectious diseases, a major cause of
mortality in the elderly (1, 3, 31, 32). Indeed, the risk of mortality
was reduced by 27% in participants of the Age-Related Eye-
Disease Study (aged 55–81 y) who received supplementation
with 80 mg Zn/d (relative risk: 0.73; 95% CI: 0.61, 0.89) (33).
Results from our study indicate that supplementation with �80
mg Zn/d might reduce mortality in the elderly. In addition, zinc
supplementation has been shown to reduce overall mortality by
as much as 51% in children with diarrhea and by as much as 68%
in infants born full-term and those small-for-gestational age (34,
35). However, a recent zinc mortality trial in Zanzibar found a
nonsignificant 7% reduction in the relative risk of all-cause mor-
tality in children supplemented with zinc (36).

When baseline serum zinc status was used as a measure of zinc
to determine whether low serum zinc affects susceptibility to
pneumonia, the differences were not statistically significant. It
may be that findings from baseline zinc concentrations were
attenuated because of a higher risk of death among subjects with
low baseline zinc concentrations or because of a loss of subjects
due to serious illnesses, hospitalizations, or both. In support of

this finding, participants with low baseline serum zinc concen-
trations had a significantly shorter period to “death or first pneu-
monia” as a combined outcome than did those with adequate
baseline serum zinc concentrations (data not shown). In addition,
introducing a supplement that provided 50% of the RDA for zinc
to all study subjects might make the baseline zinc concentration
a biased estimate of usual zinc status during the follow-up period.
It is expected that some subjects whose serum zinc concentra-
tions were low or borderline at baseline might move into the
normal range in response to the supplementation. Thus, baseline
zinc concentrations may not reflect the true zinc status during the
follow-up period. If normal zinc status were associated with a
lower incidence of pneumonia, inclusion of subjects with normal
zinc concentrations in the low baseline serum zinc group could
result in a lower apparent incidence of pneumonia in that group
and thereby attenuate the true association between zinc status and
risk of pneumonia. This is supported by the observation that the
elderly whose serum zinc concentrations responded to zinc sup-
plementation, ie, low at baseline and adequate at the end and
adequate at baseline and adequate at the end, had lower rates of
pneumonia (0.22 and 0.26, respectively) than did those with low
concentrations at baseline and at the end (0.41) and adequate at
baseline and low at the end (0.57).

Because of the potential biases introduced by zinc supplemen-
tation, we performed similar analyses using final zinc concen-
trations, because this measure may better reflect the zinc status of
subjects during the course of the study. We observed a strong
association between low final zinc concentrations and an in-
creased incidence and duration of pneumonia, the number of new
antibiotic prescriptions, and days of antibiotic use for pneumonia
treatment. As described in Results, the association between se-
rum zinc concentration and pneumonia remained significant
even when other micronutrients were included in the model.
Furthermore, the lower incidence and morbidity of pneumonia
observed in subjects with normal final zinc concentrations than
in those with low final zinc concentrations was not due to dif-
ferences between the 2 groups in changes in weight, BMI, or
other micronutrients during the study period (19).

Zinc deficiency has been suggested to be a risk factor for
immune deficiency and subsequent infection relapses in the el-
derly (12, 31, 37). Zinc is essential for membrane integrity, DNA

TABLE 3
Pneumonia and antibiotic use by final serum zinc concentration

Final serum zinc1

Rate ratio or mean
difference (95% CI)2 P3

�70 �g/dL
(n � 310)

�70 �g/dL
(n � 110)

Incidence of pneumonia (no./person-year) 0.25 0.46 0.52 (0.36, 0.76) �0.001
Duration of pneumonia (d/person-years) 3.19 6.82 �3.9 (�6.2, �1.6) �0.001
Number of new antibiotic prescriptions for

pneumonia (no./person-years)
0.26 0.48 0.52 (0.36, 0.75) �0.001

Days of antibiotic use for pneumonia (d/person-years) 2.50 4.85 �2.6 (�4.4, �0.9) 0.004

1 Crude values.
2 Poisson regression analyses were used for incidence of pneumonia and number of antibiotic prescriptions and least-squares regression analyses for

duration of pneumonia and of antibiotic use. All analyses controlled for treatment (supplemented with vitamin E or not), age, sex, chronic obstructive lung
disease, current smoking status, diabetes mellitus, year of enrollment (1998–2000), and baseline and change in BMI between baseline and follow-up; additional
control for coronary artery disease, congestive heart failure, and percentage of lymphocytes, and, in separate models, for baseline serum albumin and change
in serum albumin concentrations between baseline and follow-up, did not materially affect the observed associations.

3 Derived from Poisson and least-squares regression analyses.
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synthesis, and cell proliferation and is a cofactor to �300 en-
zymes (5, 38). Also, zinc is essential to the function of all highly
proliferating cells in the human body, especially the immune
system (39). Thymus atrophy, lymphopenia, and other defects in
T cell function have been observed in both zinc deficiency and in
the elderly (2, 5, 8).

Low zinc consumption has been reported in the elderly (10,
40–42). Bogden et al (42) reported that zinc ingestion was below
the RDA in �90% of their 100 study subjects aged 60–89 y.
Prasad et al (25) reported that �35% of the elderly in their study
were zinc deficient. In addition, as mentioned above, we found
below normal serum zinc concentrations in �30% of the nursing
home elderly enrolled in our vitamin E supplementation study.
This level of marginal zinc status persisted during the study
period despite the provision of 50% of the RDA for zinc to the
participants (19). Thus, our finding of a significant association
between low serum zinc concentration and pneumonia could be
of major importance to the health of the elderly, because poor
zinc status would lead to an impaired immune response, which
could in turn result in an increased susceptibility to infections in
the elderly (9, 31, 37). Supplementation with 50% of the RDA for
zinc appeared to benefit many of the participants with inadequate
baseline zinc concentrations, but the results also showed that this
level of supplementation was not adequate to maintain serum
zinc concentrations in a significant proportion of the subjects.

Plasma or serum zinc concentrations are also known to de-
crease sharply in many infections (38, 43, 44). The decline is part
of a set of metabolic reactions to infection known as the acute
phase response (45). Although one could argue that lower serum
zinc concentrations might be due to a higher incidence of pneu-
monia, or that reverse causality may be a possible explanation for
these findings, this was unlikely in the present study because the
acute effect of pneumonia on zinc is likely to be transient—�2
wk if effective therapy is provided (46). Given the similar inci-
dence of pneumonia in our participants in the last months of the
study, transient suppression of serum zinc by the acute phase
response was unlikely to be responsible for the low end-study
zinc concentrations.

Zinc supplementation may play an important role in the pre-
vention and/or modulation of infectious diseases in the elderly (3,
9, 14, 31). Various studies of zinc supplementation in the elderly
(with supplements ranging between 25 and 100 mg/d in the
sulfate, gluconate, or acetate form over 3–12 mo) have observed
increased circulating zinc concentrations (13, 14, 25) and an
enhanced immune status, including an improved cell-mediated
immune response, serum thymulin activity, and IL-2 production,
and an increased response to skin-test antigens (12, 15, 25, 47).
Also, when cultures of white blood cells from elderly subjects
were supplemented with 98 �g/dL (or 15 �mol/L) of zinc (the
physiologic concentration), they produced interferon-� in
amounts comparable with those from the younger subjects (48).
In a randomized, double-blind, placebo-controlled clinical trial
(n � 81), institutionalized elderly had a significant decrease in
the mean number of respiratory infections 2 y after supplemen-
tation with micronutrients containing zinc and selenium, but not
vitamins (49). In another larger (n � 725), randomized, double-
blind, placebo-controlled intervention study, low-dose supple-
mentation with zinc and selenium significantly increased the
humoral response in institutionalized elderly after vaccination
(50). The number of subjects without respiratory tract infections
during the study was also found to be higher in the elderly who

received trace elements over a 2-y period (50). Although these
studies suggest a protective effect of zinc against respiratory
infections, the contribution from other nutrients and/or the syn-
ergistic effects with other nutrients present in the mixture could
not be ruled out. A recent study by Prasad et al (25) showed that
supplementation with 45 mg elemental Zn/d in the gluconate
form for 12 mo in a small number of elderly (n � 49; 24 in the
supplemented group and 25 in the placebo group) significantly
reduced the incidence of all infections, including respiratory
infections. The authors concluded that the results, although en-
couraging, need to be corroborated in a larger number of partic-
ipants.

The results from our current study, in addition to these earlier
findings, suggest that elderly with low serum zinc concentrations
might benefit from zinc supplementation. Such a measure has the
potential to reduce not only the number of episodes and duration
of pneumonia and the number of new antibiotic prescriptions and
days of antibiotic use due to pneumonia but also all-cause mor-
tality in the elderly. An adequately powered randomized, double-
blind, controlled trial seems to be the likely next step. Such a
study is needed to determine the efficacy of zinc supplementation
as a potential low-cost intervention to reduce morbidity and
mortality due to pneumonia in this vulnerable population.
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It is worth pointing out that the larger trials (VISP, HOPE2,
VORVIT, and HOST) were conducted in subjects with advanced
vascular disease. In these trials the subjects were also given a variety
of drugs and other treatments that may have obscured the potential
beneficial effects of the B vitamin intervention. Advanced vascular
disease is in theory accompanied by depletion of thioretinaco ozo-
nide from cellular membranes (6). Intervention with B vitamins
could not be expected effectively to counteract depletion of this
substance, which is implicated in oxidative metabolism (7). Future
human trials with this substance in subjects with advanced vascular
disease would be expected to be more effective than intervention
with folic acid, vitamin B-6, and vitamin B-12 because thioretinaco
ozonide requires synthesis from homocysteine thiolactone, retinoic
acid, cobalamin, and ozone. If future studies confirm this prediction,
homocysteine that is bound to plasma proteins, as determined by
current assay methods, is correctly considered to be a marker of
disease caused by the underlying cellular deficiency of thioretinaco
ozonide.
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Erratum
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