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Abstract

The effect of a micronutrient supplement containing physiological amounts of trace-elements and
vitamins on selected immune responses and infection was evaluated in 44 apparently healthy subjects
aged 50—65 years for 12 months. At the baseline, 19 out of 44 (43.2%) subjects showed evidence of
one or more nutrient deficiencies. In the supplemented group, al individuals except one showed
normal nutrient levels when tested at 6 months; one person with iron deficiency persisting at 6 months
required another 6 months of therapy and showed normal iron levels at 12 months. In the control
group, there was no change in the prevalence of nutrient deficiencies. There was a significantly higher
antibody response to influenza virus vaccine and an increase in the number of T lymphocytes and
CD4+ helper T cells in the supplemented group compared with the placebo group. Interleukin-2
production was higher in the treated individuals compared with controls. Among the supplemented
group, the immune responses increased more in those with one or more nutrient deficiencies compared
with those with normal nutrient levels. The total number of days of infection during the one year of
observation was 11.1 = 0.8 in the supplemented group and 23.7 = 2.1 in the placebo group (p<<0.01).
The beneficial effect on morbidity was of greater magnitude during the 7—12 month period of thetrial.
It is concluded that supplementation with modest amounts of vitamins and trace-elements results in
higher immune responses and lower incidence of infection in the 50—65 year age group. © 2002
Elsevier Science Inc. All rights reserved.
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1. Introduction

Many studies have demonstrated an age-related decline in immune functions and an
increased incidence of infection [1-3]. These two phenomena may be causally related. It is
now established that nutritional statusis a critical determinant of immunity in all age groups
[4-8]. A few studies have examined the effect of nutrient supplementation on immune
response of elderly subjects above 65 years of age [9—-13]. Some have used a single nutrient
whereas others employed a multinutrient supplement. In this study, we looked at the impact
of supplementation with modest amounts of all essential vitamins and trace-elements on
selected immune responses and infection-associated illness in agroup of healthy 50—65 year
old subjects.

2. Subjects and methods

The basic design of the study was similar to a previously published investigation and
reference should be made to those publications [14,15]. The 44 subjects were aged 50—65
years; there were 22 males and 22 females. Three subjects (two men, one woman; all from
the placebo group) dropped out of the study for personal reasons. The observation period was
12 months.

The composition of the daily oral supplement was similar to that used in the earlier study
[14,15]. It contained vitamin A 400 retinol equivalents, beta-carotene 16 mg, thiamin 2.2 mg,
riboflavin 1.5 mg, niacin 16 mg, vitamin B6 3.0 mg, folate 400 mcg, vitamin B12 4.0 mcg,
vitamin C 80 mg, vitamin D 4.0 mcg, vitamin E 44 mg, iron 16 mg, zinc 14 mg, copper 1.4
mg, selenium 20 mcg, iodine 200 mcg, calcium 200 mg, magnesium 100 mg. The placebo
contained calcium 200 mg and magnesium 100 mg.

Blood samples were obtained twice at one-week interval prior to supplementation and
again at the end of 6 and 12 months. These were analyzed for levels of selected nutrients and
for defined immune responses as described earlier [14]. The average of three estimations on
the two blood samples taken one-week apart at the beginning and at the end of the 6 months
and 12 months was used for the analyses.

One dose of influenza virus vaccine A/Sydney and A/Beijing was given approximately at
the end of 3 months of the study; blood sample for antibody levels was drawn 12 weeks later.
Antibody titre was determined by hemagglutinin-inhibition assay. Log10 HI antibody titres
for A/Beijing are reported.

Infection was diagnosed based on clinical history of fever, cough, elevated sedimentation
rate and C-reactive protein, X-ray of the sinuses and chest, blood culture, sputum culture, and
urine culture. Each subject was contacted at least once in two weeks to obtained history of
illness.
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Table 1
Effect of multinutrient supplementation on immune responses
Parameter Placebo Supplement
Oom 6m 12m Om 6m 12m
Number of subjects 22 19 19 22 22 22
T lymphocytes (%)
Mean 56.3 59.1* 58.6 59.3 68.1* 69.7
SD 4.1 25 34 2.7 29 23
CD4+ cells
Mean 40.1 38.6* 40.5 41.3 49.3* 50.5
SD 23 2.7 26 34 31 29
Interleukin-2 (U/ml)
Mean 38 4.0%* 3.6 4.6 10.8** 11.7
SD 05 04 0.7 1.0 0.6 0.9
HI antibody titre (geometric mean) 27 69** ND 19 157** ND

Statistical significance of differences; * <0.05, ** <0.02.
ND = not done
Om = At baseline, 6m = At 6 months of the study, 12m = at the end of 12 months.

The overt prevalence of nutrient deficiencies at 0 and 6 months was compared by the
Fisher’s exact probability test. The two groups were compared with respect to mean change
in immune responses by ANOVA. Results of nutrient levels and immune responses were
correlated by Pearson’s coefficient. Wilcoxon rank-sum test was used where appropriate.
SPSS and minitab software packages were used to analyse results.

3. Reaults

The immunologic results are shown in Table 1. In the supplemented group, there was a
significant increase in the number of T lymphocytes, CD4 cells, and IL-2 production, both
at 6 and a 12 months. The enhancement in the number of cells and IL-2 production was
observed by 6 months of the study; no further significant increase was seen between 6 and

Table 2
Number of subjects and the overall prevalence of nutrient deficiencies

Placebo Supplement

Om 6m 12m Om 6m 12m
Number of subjects 22 19 19 22 22 22
Male/female 7/15 5/14 5/14 7115 7/15 7115
Deficiency of one 40.9 474 52.6 454 45 0

or more nutrients (%)

Subjects whose blood nutrient levels were below the 95% confidence limits of the “normal reference standard”
[15] were defined as “deficient.”
Om = At baseline, 6m = at 6 months of the study, 12m = at the end of 12 months.
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Table 3
Percentage prevalence of nutrient deficiencies
Nutrient Placebo Supplement

Om 6m 12m Om 6m 12m
Vitamin A 45 53 9.1 4.5 0 0
Beta-carotene 13.6 15.8 15.8 9.1 0 0
Vitamin B6 13.6 10.5 10.5 13.6 0 0
Folic acid 9.1 10.5 15.8 9.1 0 0
Vitamin B12 9.1 10.5 10.5 9.1 0 0
Vitamin C 9.1 15.8 211 13.6 0 0
Vitamin D 45 53 53 9.1 0 0
Vitamin E 45 10.5 10.5 9.1 0 0
Iron 13.6 15.2 10.5 13.6 45 0
Zinc 13.6 15.2 15.2 13.6 0 0

Subjects whose blood nutrient levels were below the 95% confidence limits of the “normal reference standard”
[15] were defined as “deficient.”
Om = at baseline, 6m = at 6 months of the study, 12m = at the end of 12 months.

12 months. Antibody level to influenza virus at 6 months was higher in the supplemented
individuals than in placebo controls (Table 1).

At the beginning of the trial, 19 of 44 subjects, or 43.2 percent, showed evidence of
deficiency of one or more nutrients. There was no difference in the prevalence of nutrient
deficiencies between the two groups (Table 2).

By the end of 6 months, there was a significant increase in the blood nutrient levels in
supplemented persons, resulting in a reduced prevalence of nutrient deficiency (Table 3). By
the end of 12 months, only one subject showed evidence of iron deficiency. On the other
hand, in the placebo group, there was no significant change in the prevalence of deficiency
of any nutrient at both 6 and 12 months of observation.

Infection was experienced significantly less often in the supplemented subjects compared
with controls, both during the 0—6 and 7-12 month periods of the study (Table 4). The
differences between the two groups were more significant in the 7-12 month period of the
study. This resulted in a very significant reduction in the total number of days of illness with
infection during the entire period of the one-year study. In the supplemented group, the
reduction in 6-month morbidity was greater in the second half of the trial compared with the
first half.

Table 4
Infection-related illness
Group Morbidity (days)

0-6 months 6-12 months 0-12 months
Placebo controls 12.7 + 1.6* 11.0 £ 1.2%** 23.7 = 2.3**
Supplemented 85+ 0.7* 2.6 + 0.3*** 11.1 = 0.8**

Statistical significance of differences: * <0.5, ** <0.02, *** <0.004.
Data are shown as Mean + SD.
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Table 5
Effect of supplementation on immune responses in those with one or more nutrient deficiencies at the base-
line and in those with no nutrient deficiency

Parameter Deficient (10) Normal nutrient levels (n = 12)
Om 6m Om 6m

T lymphocytes (%) 545+ 38 65.3 = 5.1** 61.6 = 5.7 68.2 = 4.6*

CD4+ T cells (%) 40.6 = 3.0 52.1 = 2.7** 445 + 32 51.4 + 3.8*

Interleukin-2 (U/ml) 29+ 05 9.5 & 1.Q%** 80=*=09 119 + 1.2*

Antibody response 22 168*** 56 153+**

to influenza virus
(geometric mean)

Om = at the baseline, 6m = at 6 months of the study.

Data are shown as Mean = SD.

Statistical difference of 6 month response and 0 month response within the “deficient” or “adequate” groups.
* = <0.05, ** = <0.02, *** = <0.007.

Multiple regression analyses showed that no single nutrient was responsible for the change
in immune responses in the supplemented group. All supplemented individuals showed
higher response on one or more immune function tests. However, those with evidence of
nutrient deficiencies at the beginning of the trial showed a bigger improvement in immunity
compared with that seen in those with no nutrient deficiency at the onset (Table 5).

There were no side effects that could be attributed to the use of the micronutrient
supplement.

4. Discussion

Previous studies have attested to the role of nutrient deficiency as a factor in modulating
immunity and risk of infection in the elderly above 65 years of age. Some studies showed
improvement in a few immunologic parameters with the use of a single nutrient supplement,
such as zinc, vitamin B6, others. However, such trials did not examine or did not show any
beneficial effect on infection-related morbidity.

Therationale for using a multinutrient supplement to improve immune responses has been
discussed [14]. At least 40 percent of the elderly have low blood levels of one or more
nutrients. Multiple nutrient deficiencies are seen. At the same time, it is impractical and
extremely costly to attempt dietary intake and blood analyses for al the important nutrients
on al individuals in the populations. Furthermore, modest almost physiological amounts of
vitamins and trace-elements have been used for prolonged periods of months and years by
apparently healthy individuals and no side-effects were observed. In the light of these
observations, it was pertinent to conduct a prospective randomized placebo-controlled study
in which all essentially vitamins and trace-elements were administered daily; besides im-
mune responses, infection-related morbidity was observed [15]. From the results of thistrial,
it was concluded that the daily administration of a supplement containing modest amounts
of vitamins and trace elements resulted in an increase in the number of T cell subsets, natural
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killer cells, and anincrease in natural killer cell activity, interleukin production and antibody
response to influenza virus vaccine. There was a marked reduction in infection-related
illnesses, both mild and severe. This resulted in lesser need for antibiotic usage.

These results have been confirmed and extended in other studies. For example, Jain [16]
used the same supplement of vitamins and trace elements and showed similar benefit in terms
of reduction in respiratory illness. In very old elderly residents of long-stay institutions with
an average age of 85 years, the daily use of the same supplement for 19 months was
associated with fewer days of illnessin the later part of the study, namely from 4—19 months
(Allard JA, 2001, persona communication). This study suggests that in the very frail old
elderly, it might take up to 3 months for such a supplement to show aclinical benefit in terms
of reduced infection-related morbidity.

Preliminary calculations indicate that such a supplement would cost approximately US$10
per month and would result in asaving of at least $280 in fewer visitsto doctors, |ess expense
on laboratory tests such as blood examination and radiology, less need for antibiotics and
other prescription and over-the-counter medications, and reduced number of days of hospi-
talization. In addition, there is clearly a reduction in morbidity, fewer days of absenteeism
from work that would trandate into greater productivity. All this adds to an extremely
cost-benefit and cost-effective intervention.

The present study confirms and extends the observations of the earlier study [15] and
shows that the daily administration of the same supplement of micronutrients results in
similar benefits for immunity and risk of infection for the dlightly younger age group of
50-65 years. The benefits were demonstrated within 6 months of the supplementation. No
side effects from the use of the supplement were noted.

It is concluded that nutrient deficiency observed in the age group of 50—65 years is
associated with impaired immunity that can be restored to norma within 6 months by
providing a supplement containing modest amounts of al essential vitamins and trace
elements. These findings have considerable significance for maintaining health and preven-
tion of disease. The intervention is both cost-beneficial and cost-effective.
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