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Abstract
Context—Large randomized trials have previously shown that high-dose micronutrient
supplementation can increase CD4 counts and reduce human immunodeficiency virus (HIV)
disease progression and mortality among individuals not receiving highly active antiretroviral
therapy (HAART); however, the safety and efficacy of such supplementation has not been
established in the context of HAART.

Objective—To test the hypothesis that high-dose multivitamin supplementation vs standard-dose
multivitamin supplementation decreases the risk of HIV disease progression or death and
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improves immunological, virological, and nutritional parameters in patients with HIV initiating
HAART.

Design, Setting, and Participants—A randomized, double-blind, controlled trial of high-
dose vs standard-dose multivitamin supplementation for 24 months in 3418 patients with HIV
initiating HAART between November 2006 and November 2008 in 7 clinics in Dar es Salaam,
Tanzania.

Intervention—The provision of daily oral supplements of vitamin B complex, vitamin C, and
vitamin E at high levels or standard levels of the recommended dietary allowance.

Main Outcome Measure—The composite of HIV disease progression or death from any cause.

Results—The study was stopped early in March 2009 because of evidence of increased levels of
alanine transaminase (ALT) in patients receiving the high-dose multivitamin supplement. At the
time of stopping, 3418 patients were enrolled (median follow-up, 15 months), and there were 2374
HIV disease progression events and 453 observed deaths (2460 total combined events). Compared
with standard-dose multivitamin supplementation, high-dose supplementation did not reduce the
risk of HIV disease progression or death. The absolute risk of HIV progression or death was 72%
in the high-dose group vs 72% in the standard-dose group (risk ratio [RR], 1.00; 95% CI, 0.96–
1.04). High-dose supplementation had no effect on CD4 count, plasma viral load, body mass
index, or hemoglobin level concentration, but increased the risk of ALT elevations (1239 events
per 1215 person-years vs 879 events per 1236 person-years; RR, 1.44; 95% CI, 1.11–1.87) vs
standard-dose supplementation.

Conclusion—In adults receiving HAART, use of high-dose multivitamin supplements compared
with standard-dose multivitamin supplements did not result in a decrease in HIV disease
progression or death but may have resulted in an increase in ALT levels.

Trial Registration—clinicaltrials.gov Identifier: NCT00383669

During the last 15 years, the provision of highly active antiretroviral therapy (HAART) has
significantly decreased morbidity and mortality associated with human immunodeficiency
virus (HIV) infection.1–3 Despite the substantial health benefits resulting from HAART,
there are certain limitations to its efficacy—immune reconstitution may not be complete or
sustained and the risk of opportunistic infection and death can remain high.4–6 In addition,
antiretro-viral therapy (ART) is associated with toxic adverse effects contributing to
increased morbidity and decreased quality of life.7

To maximize the benefits of HAART, the provision of adjuvant treatments may be
considered. Multivitamins are key factors in maintaining immune function and neutralizing
oxidative stress8,9 and could play an important role in reducing morbidity associated with
HIV disease and treatment. Among individuals not receiving HAART, 2 large randomized
trials10,11 have demonstrated that high doses of B-complex vitamins, vitamin C, and vitamin
E with and without other micronutrients reduced the risk of morbidity and mortality due to
HIV. Among patients receiving HAART, the evidence is mixed. Several small randomized
studies12–15 suggest a potential benefit of high-dose vitamin supplementation on
immunological and virological end points. However, limited by small samples and short
follow-up, these studies remain insufficient to determine whether prolonged high-dose
multivitamin supplementation in the context of HAART is safe and can improve clinical
outcomes.

We have previously shown that high-dose multivitamin supplementation compared with
placebo reduced the risk of HIV disease progression and increased CD4 counts among
women infected with HIV not receiving HAART.10 To test the hypothesis that high-dose
multivitamin supplementation compared with standard-dose supplementation decreases the
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risk of HIV disease progression or death and improves immunological, virological, and
nutritional parameters in patients infected with HIV receiving HAART, we conducted a
double-blind, randomized controlled trial of multivitamin supplementation (including
vitamin B complex, vitamin C, and vitamin E) in adults initiating ART in Dar es Salaam,
Tanzania. A single level of the recommended dietary allowance (RDA) was provided as the
comparator regimen, rather than placebo, to increase the generalizability of our findings to
patients in developed and developing countries where a standard RDA multivitamin
supplement may be consumed.

METHODS
Study Design

The Trial of Vitamins and HAART in HIV Disease Progression was a double-blind,
randomized controlled trial involving men and women with HIV initiating HAART in Dar
es Salaam, Tanzania. Participants were recruited between November 2006 and November
2008 and were randomly assigned to receive daily oral supplements of vitamin B complex,
vitamin C, and vitamin E at high or standard levels of the RDA16,17 for a minimum of 24
months. The primary goal was to determine whether high-dose vs standard-dose daily oral
supplements of vitamin B complex, vitamin C, and vitamin E administered to individuals
infected with HIV initiating HAART reduced the risk of HIV disease progression or death.
All patients provided written informed consent to participate. Patients participating in this
study were not included in any other research study.

The study included 3418 patients presenting to 7 clinics providing HAART under the
Tanzania National AIDS Control Program with the support of the President’s Emergency
Plan for AIDS Relief program and in collaboration with the Harvard School of Public
Health, Muhimbili University of Health and Allied Sciences, and the City of Dar es Salaam
Regional Office of Health. At the time of the study, all patients with World Health
Organization (WHO) clinical stage IV disease or CD4 count of less than 200/μL, or with
WHO clinical stage III disease and CD4 count of less than 350/μL, were initiated to receive
HAART.18 First-line drug combinations included stavudine, lamivudine, nevirapine,
zidovudine, and efavirenz. As part of standard care, all patients receiving HAART attended
clinic visits with nurse counselors and collected medications on a monthly basis.
Cotrimoxazole prophylaxis was provided when CD4 counts were less than 200/μL and
treatment for all opportunistic infections was provided according to the national and WHO
guidelines. HAART regimens were changed with evidence of toxicity or treatment failure.19

Individuals were eligible for the study if they were aged 18 years or older, infected with
HIV, initiating ART at the time of study enrollment (within 2 weeks), and intending to stay
in the city of Dar es Salaam for at least 2 years. Women who were pregnant or lactating
were excluded from the study and were provided with high-dose multi-vitamin supplements
given earlier findings that high-dose multivitamin supplements reduced the risk of fetal loss,
low birth weight, and prematurity among pregnant women not receiving HAART.20

Intervention and Randomization
Eligible participants were individually randomized at each study site to receive daily oral
supplements of vitamin B complex, vitamin C, and vitamin E at high or standard levels of
the RDA (Table 1). The high-dose supplements provided 2 to 21 times the RDA for the B
vitamins, 2 times the RDA for vitamin E, and 6 times the RDA for vitamin C. These doses
were similar to those used in our previous placebo-controlled randomized trial, in which
multivitamins reduced the risk of HIV disease progression or death among women.10 They
were chosen on the basis of evidence from previous observational studies, which suggested
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that individuals infected with HIV require higher dietary intakes of micronutrients to
achieve normal serum concentrations.21,22 Vitamin B complex, vitamin C, and vitamin E at
the single level of the RDA were provided as the comparator regimen, rather than placebo.
This choice of comparator regimen was made to increase the generalizability of our findings
to patients in developed and developing countries where a standard RDA multivitamin
supplement may be consumed.23

Allocation was performed according to a computer-generated randomization sequence
generated by a statistician for the data and safety monitoring board (DSMB) using blocks of
size 20. At enrollment, research staff assigned each eligible person to the next numbered
bottle at that site. At each subsequent visit, study supplements were dispensed in identically
coded bottles labeled with the patient’s study identification number prepared by independent
pharmacists who had no contact with the patients or study team. All participants and
research staff were blinded to the intervention allocation. The 2 types of study supplements
were manufactured as tablets by Tishcon Corporation and were indistinguishable from one
another in appearance and taste.

Enrollment and Follow-up
Patients initiating HAART at the 7 study clinics in Dar es Salaam were referred to research
staff for screening and recruitment. At the initial recruitment visit, HIV status was confirmed
using 2 sequential enzyme-linked immunosorbent assays, with discordant results confirmed
by Western blot test. Study procedures and the schedule of follow-up visits were explained
at the same visit. All participants who provided written informed consent to participate were
asked to come back 1 week later, when research staff confirmed eligibility and performed
randomization and enrollment.

At enrollment, a full clinical examination was conducted and a standardized questionnaire
was administered to collect information on sociodemographic information, including age,
education, and socioeconomic and marital status. At enrollment and subsequent monthly
visits, study physicians performed a complete physical examination and assessed HIV
disease stage according to the WHO staging criteria. Clinical algorithms based on clinical
examination, medical history, and available diagnostics were developed to assist physicians
in the diagnosis of all HIV disease staging events (suspected or confirmed). Training on
these clinical algorithms was conducted every 6 months. At enrollment and subsequent
monthly visits, study nurses recorded the occurrence of any illness in the previous month
and performed anthropometric measurements (height at enrollment; weight; and waist, hip,
mid-thigh, and mid-arm circumferences at enrollment and monthly visits) according to
standard techniques. Adherence was assessed by study nurses at each visit by pill count and
direct questioning of supplement use.

Determination of absolute count of T cell subsets (FACSCalibur flow cytometer, Becton
Dickinson), complete blood cell count (AcT5 Diff AL analyzer, Beckman Coulter), and
alanine transaminase (ALT; Cobas Integra 400 Plus analyzer, Roche Diagnostics Systems)
was conducted every 4 months. Plasma viral load assessment, not a primary end point or
part of standard of care in this setting due to the high cost, was to be performed at
enrollment and every 4 months thereafter, subject to the availability of reagents (Cobas
Amplicor HIV-1 Monitor test version 1.5, Roche Diagnostics Systems). All venous blood
samples were collected by trained phlebotomists using EDTA vacutainer tubes. EDTA
whole blood was used for determination of absolute T cell subsets and complete blood cell
counts without processing. Plasma sample was separated from whole blood within 30 hours
of collection by centrifugation at 1600g for 20 minutes at room temperature (18°C–25°C).
Plasma specimens were stored at −70°C until the time for batch testing of viral load tests.
Serum sample was collected using plain vacutainer tubes and separated within the same day
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of collection by centrifugation at 1600g for 10 minutes and stored up to 7 days at 2°C to 8°C
for ALT analyses. Screening for hepatitis B surface antigen and antibodies to hepatitis C
was conducted at enrollment and as indicated thereafter using rapid test strips (ACON
Laboratories Inc). Dietary intake, including alcohol intake, was measured with the use of
semi-quantitative food frequency questionnaire at enrollment and every 12 months
thereafter.

Home visits were made in the event that a scheduled clinic visit was missed, and neighbors
and relatives were contacted to obtain information on the survival status of those who had
left Dar es Salaam. For participants who died, data to determine cause of death were
collected using medical record review and standard verbal autopsy techniques, including
open-ended and closed-ended questions on the clinical condition and treatments received in
the period before death. The verbal autopsy data were coded by 2 senior HIV clinicians who
established cause of death by consensus. Similar verbal autopsy procedures (eg, clinician
coding of structured interviews with relatives to identify cause of death) have been
recommended by the WHO24 and validated for diagnosing HIV-related mortality.25

Participants were followed up until the date of death, loss to follow-up, or study closure,
whichever occurred first.

Outcome Measures
The primary outcome was the composite of HIV disease progression or death from any
cause. The study was powered to detect a treatment effect for this outcome alone. HIV
disease progression events comprised a new or recurrent episode of any of the following:
pulmonary tuberculosis (TB), pneumonia, Pneumocystis jiroveci pneumonia, chronic
diarrhea, cryptococcal meningitis, cytomegalovirus retinitis, TB meningitis, mucocutaneous
herpes simplex virus, progressive multifocal leukoencephalopathy, HIV encephalopathy,
histoplasmosis, coccidiomycosis, esophageal candidiasis, atypical mycobacterial infection,
extrapulmonary TB, lymphoma, and Kaposi sarcoma. These end points are standard HIV
disease staging end points as identified by the WHO.26 Secondary outcomes included AIDS-
related death (defined as death due to P jiroveci pneumonia, pulmonary TB, extrapulmonary
TB, Kaposi sarcoma, wasting, HIV/AIDS with opportunistic infection, or invasive cervical
carcinoma27) and changes in CD4 count, plasma viral load, body mass index (BMI,
calculated as weight in kilograms divided by height in meters squared), and hemoglobin
level concentrations. We also evaluated other clinical and laboratory complications that
were reported during the month before each study visit or diagnosed at the study visit as
secondary outcomes. These included fatigue, nausea and vomiting, diarrhea, severe anemia
(hemoglobin level <8.5 g/dL), skin rashes or lesions, peripheral neuropathy, genital
discharge or ulcers, and increased levels of ALT (above the upper level of normal: ALT >40
IU/L and 5 times the upper level of normal: ALT >200 IU/L).

Sample Size
A sample size of 3000 patients was calculated for the study to have more than 90% power to
detect a 25% decrease in the risk of the primary end point, HIV disease progression or death
from any cause, assuming a 2-sided type 1 error of .05. This calculation was based on an
assumed incidence of HIV disease progression or death of 10 per 100 person-years, as
reported in similar populations in sub-Saharan Africa while receiving ART,28,29 and allowed
for a 20% cumulative loss to follow-up rate over a mean 3-year study duration. The assumed
25% treatment effect is consistent with previous studies, in which high-dose multivitamin
supplements compared with placebo resulted in a 29% reduction in risk of progression to
WHO stage IV or AIDS-related death (relative risk, 0.71; P =.0410) and a 47% reduction in
mortality (hazard ratio, 0.53; P = .1011).
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Statistical Analysis
Analyses were based on the intention-to-treat principle and comprised all randomized
patients who began the assigned treatment regimen at the time of HAART initiation. We
assessed baseline characteristics for clinically relevant differences by treatment group using
the χ2 test for categorical variables and the Wilcoxon rank sum test for continuous variables.
We used the χ2 test to assess the statistical significance of any difference observed in the
proportion of patients who experienced HIV disease progression or death from any cause,
death from any cause, or AIDS-related death by treatment group.

We used generalized estimating equations (GEEs) with an exchangeable correlation matrix
and robust standard errors to assess the statistical significance of any difference observed
between baseline and postrandomization levels of CD4 count, plasma viral load, BMI, and
hemoglobin level concentrations, and the occurrence of clinical complications by
intervention group.30 Continuous end points were analyzed using the identity link and
Gaussian variance function, with P values estimated from a GEE for parallel-group design.30

Binary end points were analyzed using a robust regression approach with the log link
function and a working Poisson variance function. All available measurements were
included in the GEE analyses. In post hoc analyses for all end points, we examined whether
the effects of the high-dose supplement were modified by the following baseline
characteristics: sex, BMI (<16 vs ≥16), CD4 count (<100/ μL, 100–199/μL, or ≥200/μL),
hemoglobin level (<8.5 g/dL vs ≥8.5 g/dL), and HAART regimen.

To assess the statistical significance of each interaction, we used the Wald test for risk-ratio
homogeneity in the risk analyses and the score test in the GEE analyses. All P values were
2-sided with P <.05 considered statistically significant. Analyses were performed using SAS
version 9.2 (SAS Institute Inc). No adjustment for multiple comparisons was made because
we only considered a single primary end point. All other analyses included are secondary
end points best regarded as exploratory; any significant findings for these end points would
need to be confirmed in future studies.

Data and Safety Monitoring
The study was approved by the institutional review boards of the Harvard School of Public
Health, Muhimbili University of Health and Allied Sciences, Tanzania Food and Drugs
Authority, and National Institute of Medical Research. An independent DSMB reviewed
study progress and directed interim analyses for assessing treatment effects in terms of
safety and efficacy every 6 months during the trial. Peto stopping guidelines were adopted,
with cutoff P values of .05 for safety end points and .001 for the primary end point.
Preliminary results of an interim analysis indicated an increased risk of death with high-dose
supplementation, and the DSMB recommended all patients receive standard-dose
supplements between November 30, 2007, and March 16, 2008. In March 2008, based on
further analyses suggesting that the increased risk of death due to the high-dose multivitamin
supplementation was restricted to severely malnourished patients, the DSMB recommended
that patients with a BMI of less than 16 be excluded from enrollment and enrolled patients
be switched to standard-dose supplementation for any period during which their BMI was
less than 16.

According to the intention-to-treat principle, all person-time and events recorded during
follow-up were attributed to the assigned treatment group. The study was stopped early in
March 2009 (29 months after study initiation) on the recommendation of the DSMB because
of evidence of increased levels of ALT, a proxy for liver function, among patients receiving
the high-dose multivitamin supplement. At the time of stopping, 3418 patients had been
enrolled with a median 15 months of follow-up for the primary end point. All patients
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enrolled in the study between November 30, 2007, and March 16, 2008, received open-label
multivitamin supplementation as per the DSMB recommendation. These patients (n = 612)
therefore did not fulfill the eligibility criteria of the study protocol. To account for these
enrolled individuals, an increase in the study sample size (rounded to 4000 patients) was
requested and approved by the institutional review board in April 2008. Therefore, at the
time of early stopping in March 2009, 3418 patients had been enrolled according to the
study protocol, which comprised the study population. The power to detect a 10% reduction
in the risk of HIV disease progression or death at the time of early study termination was
more than 90% (2-sided type 1 error = .05).

RESULTS
Study Population

The flow of participants through the trial is shown in the Figure. A total of 3418 patients
were randomized between November 2006 and November 2008 to receive either daily oral
supplementation at the high dose or standard dose. The study was stopped early in March
2009, with a median length of follow-up of 15 months (interquartile range, 6–19) in both the
standard-dose and high-dose groups. Treatment groups were comparable with respect to sex,
education, clinical characteristics, and HAART regimen (Table 2). Adherence, calculated as
the number of tablets absent from the returned bottles divided by the total number the
individual should have taken, was high and did not vary by group (90% for the high-dose
group vs 90% for the standard-dose group, P = .74).

HIV Disease Progression and Mortality
A total of 2374 HIV disease progression events and 453 deaths were observed (n=2460 for
combined end point of HIV disease progression or death from any cause). HIV disease
progression or death occurred in 1231 of 1710 patients (72.0%) in the high-dose group and
in 1229 of 1708 patients (72.0%) in the standard-dose group. Compared with the standard-
dose supplementation, high-dose supplementation had no effect on the overall risk of HIV
disease progression or death (risk ratio [RR], 1.00; 95% CI, 0.96–1.04) (Table 3).

Among the 453 deaths observed, the most frequent causes of death included pneumonia (n =
65), P jiroveci pneumonia (n = 21), pulmonary TB (n = 24), vomiting (n = 30), diarrhea (n =
42), meningitis (n = 19), malaria (n = 25), severe anemia with congestive heart failure (n =
24), and HIV/ AIDS with opportunistic infections (n=89) (eTable, available at http://
www.jama.com). There was no difference in death from any cause (13.6% vs 12.9%; RR,
1.06; 95% CI, 0.89–1.26) or AIDS-related death (4.3% vs 3.8%; RR, 1.14; 95% CI, 0.82–
1.58) by treatment group. There was no appreciable difference between groups in the risk of
HIV progression or death from any cause, death from any cause, or AIDS-related death by
sex, baseline CD4 count, hemoglobin level, or HAART regimen, but there was a statistically
nonsignificant difference in the risk of death by baseline BMI (P for interaction=.14).
Among patients with BMI of at least 16, we found no effect of high-dose multivitamin
supplementation compared with standard-dose supplementation on the risk of death (11.6%
vs 11.8%; RR, 0.98; 95% CI, 0.81–1.19; P = .88). Among patients with BMI of less than 16
at baseline, for high-dose multivitamin supplementation compared with standard-dose
supplementation, the risk of death was elevated but the result did not reach statistical
significance (44/116 [37.9%] vs 31/111 [27.9%]; RR, 1.36; 95% CI, 0.93–1.98; P = .11).
The most frequent causes of death among patients with BMI of less than 16 at baseline
included pneumonia (n = 7), pulmonary TB (n=4), vomiting (n=5), diarrhea (n = 14),
malaria (n = 5), severe anemia with congestive heart failure (n = 5), and HIV/AIDS with
opportunistic infections (n = 18).
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CD4 Count, Plasma Viral Load, BMI, and Hemoglobin Level Concentrations
The mean difference in CD4 count (mean difference, −6/μL; 95% CI, −16 to 4/μL) and
plasma viral load (mean difference, −0.1 log copies/mL; 95% CI, −0.4 to 0.3 log copies/mL)
over time did not differ between groups (Table 4). No significant differences were noted
between groups in BMI or hemoglobin level concentrations.

Clinical and Laboratory Complications
Table 4 summarizes the occurrence of clinical complications during follow-up. The
occurrence of fatigue, nausea, diarrhea, and severe anemia were similar across treatment
groups. Compared with standard-dose supplementation, high-dose supplementation reduced
the risk of neuropathy, which was reported in 42% of patients (1213 events per 1503 person-
years vs 1365 events per 1450 person-years; incidence rate ratio [IRR], 0.81; 95% CI, 0.70–
0.94). The ALT above the upper level of normal (ALT >40 IU/L) and the ALT 5 times the
upper level of normal (ALT >200 IU/L) were reported in 38% (n = 1118) and 2% (n = 54)
of patients with ALT measurements, respectively. The incidence of ALT above the upper
level of normal was significantly greater among patients in the high-dose supplementation
group than the standard-dose supplementation group (1239 events per 1215 person-years vs
879 events per 1236 person-years; IRR, 1.44; 95% CI, 1.11–1.87).

COMMENT
In light of increasing access to HAART worldwide, it is essential to document the safety and
effectiveness of prolonged multivitamin supplementation in patients receiving combination
therapy. In the first randomized trial to evaluate the effect of high-dose multi-vitamin
supplementation on clinical outcomes in the context of HAART, we found that the provision
of high-dose multivitamin supplementation from the initiation of HAART did not reduce the
risk of HIV disease progression or death from any cause and had no effect on the secondary
end points of CD4 count, plasma viral load, BMI, or hemoglobin level concentrations
compared with standard-dose multivitamin supplementation. We found a nonstatistically
significant risk of death with the high-dose multivitamin supplementation among severely
malnourished patients in secondary analysis, and the study was stopped early due to an
increase in the risk of ALT elevations with high-dose multivitamin supplementation.

High doses of multivitamins were considered in our study based on the rationale that
individuals infected with HIV may require nutritional intakes at multiples of the RDA to
achieve adequate nutrient status. Early observational studies have demonstrated a high
prevalence of vitamin deficiencies among HIV-infected individuals reporting intakes at the
RDA level21,22 and suggested that vitamin intakes at levels several times greater than the
RDA may be necessary to slow the progression to AIDS or death.31–33 We previously
reported that a high-dose regimen of vitamin B complex, vitamin C, and vitamin E
administered to untreated women with HIV in early stages of HIV disease resulted in
significant reductions in disease progression, and improved CD4 counts and several other
important outcomes.10 In a study from Thailand among individuals infected with HIV, the
majority of whom were not receiving HAART, high-dose multivitamin supplementation also
reduced mortality among individuals with baseline CD4 count of less than 100/ μL.11 To our
knowledge, there is no other evidence to suggest that high-dose multivitamin
supplementation increases ALT levels among individuals with or without HIV.

We found that high-dose multivitamin supplementation provided no benefit to patients with
HIV initiating HAART compared with standard-dose multivitamin supplementation.
Previous evidence among patients receiving ART, although limited by small sample sizes
and short follow-up, suggested that high-dose supplementation with vitamin E, or vitamins
E and C, may provide some benefit by increasing lymphocyte viability12 or decreasing viral
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load15 and oxidative stress.13,34 In a small trial among patients with HIV receiving HAART
in the United States, multiple micronutrient supplementation for 12 weeks also increased
CD4 counts.14 It is possible that the inconsistency between this study and earlier work is in
part due to the choice of comparator regimens, as the latter were all placebo-controlled. The
existence of a threshold at the standard dose, beyond which there is no further benefit, would
be consistent with the observation of significant benefit of high-dose vitamin
supplementation when compared with placebo, but not when compared with a standard
dose. The absence of comparison groups receiving placebo or other low doses of
multivitamins in our study limits our ability to evaluate this hypothesis. We found that high-
dose multivitamin supplementation reduced the risk of neuropathy, a common complication
of HIV infection in this setting. The exact mechanism for this effect is unclear, though may
be related to correction of vitamin E deficiency, which has been associated with peripheral
neuropathy.35

Although the provision of high-dose vitamin supplements has been safe among patients
infected with HIV not receiving HAART,10,11 safety cannot be presumed in the context of
potent combination therapies due to potential negative interactions among nutrients and
antiretroviral drugs.36 We found in our study that high-dose multivitamin supplementation
from the time of HAART initiation increased the risk of ALT elevation above the upper
level of normal and contributed to a nonstatistically significant risk of death among severely
malnourished patients. Several studies have suggested that ART may cause an increase in
levels of ALT,37–39 and the provision of antioxidants at the time of HAART initiation could
be considered a plausible adjuvant treatment to reduce drug-related hepatotoxicity.

To the contrary, we observed a significant increase in levels of ALT associated with high-
dose multivitamin supplementation. The exact mechanism of action for high-dose
multivitamins to cause ALT elevation in the context of HAART is unknown but may be
modified by specific drug regimens or other risk factors for ALT elevations (eg, heavy
alcohol consumers or those patients infected with hepatitis B or C virus). Unfortunately, the
very low prevalence of alcohol intake and hepatitis coinfection in this population limits
further consideration of these factors herein. Overall, the ALT elevation of more than 200
IU/L was observed in a small proportion of patients and the relevance of an increased risk of
ALT of more than 40 IU/L for clinical outcomes in the context of HIV infection remains
unclear. Continued monitoring of ALT levels is recommended in future intervention studies
among individuals infected with HIV and receiving HAART, and attention to the severity
and duration of ALT elevation may help to differentiate between persistent and isolated
increases in levels of ALT and to guide clinical concern.

Increased mortality after HAART initiation has been observed among patients with low
BMI in several analyses from sub-Saharan Africa.40–42 Although the cause is likely
multifactorial, it has been suggested that the metabolic abnormalities consistent with muscle
depletion in HIV-associated wasting may lead to disturbances in the homeostasis of key
nutrients when food intake increases with HAART initiation43; this phenomenon has been
termed the “re-feeding syndrome.” It is conceivable that multivitamin regimens that are
overly aggressive or poorly timed may propagate similar metabolic disturbances and
contribute to poor clinical outcomes among patients who are severely malnourished.

The principle of appropriate timing in the provision of micronutrient supplementation has
long been recognized in the treatment of severe acute malnutrition; iron, for example, is
withheld during the initial or stabilization phase of nutritional rehabilitation, while
potassium and magnesium are provided early in treatment to correct deficits.44 The timing
of therapeutic interventions in the context of HIV and TB infection has similarly been
shown to be important. A negative effect of early micronutrient supplementation during TB
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treatment in Mwanza, Tanzania, has been reported (multiple micronutrients provided in a
daily biscuit for the first 2 months of TB treatment decreased weight gain among patients
with HIV but had no effect among patients without HIV).45 More recently, early compared
with later initiation of ART increased the risk of TB-associated immune reconstitution
inflammatory syndrome but decreased the risk of death among individuals coinfected with
HIV and TB.46,47 The metabolic pathways through which adverse effects may occur with
supplementation soon after treatment initiation are currently not well described but warrant
further consideration. The potential for multivitamin supplementation that follows a period
of stabilization after ART initiation to be safe and efficacious should be considered in future
studies.

Further investigation is required to understand how micronutrient supplements can be best
positioned alongside antiretroviral drugs to reduce morbidity and mortality due to HIV. As
different doses may have different effects, dose-finding trials with a placebo control are
warranted to confirm the potential benefits of multivitamin supplementation on clinical
outcomes, and to identify the lowest safe and effective dose in the context of HAART.
Research from a variety of settings will be needed as the effect of specific micronutrient
interventions, and thus the optimal dose, will likely depend on many factors, including
background micronutrient intake and the prevalence of coinfection. To better understand the
mechanisms of action underlying the adverse effect found herein, further investigation is
recommended on the effect of micronutrients on plasma levels of antiretroviral drugs and
specific immune parameters, including lymphocyte proliferation and Th-1 cytokine
production. In addition, the use of supplementary foods, including ready-to-use foods and
fortified blended flours, to deliver multiple micronutrients and energy is increasing within
HIV care and treatment programs in sub-Saharan Africa.48,49 Nutritional support may
increase treatment adherence50 and contribute to weight gain,51,52 but data are lacking on
the clinical benefit of such interventions.53,54 The potential of providing multiple
micronutrients with food to safely improve nutritional status and clinical outcomes of
individuals with HIV warrants immediate consideration.

In conclusion, the provision of high-dose multivitamin supplementation from the initiation
of HAART did not reduce the risk of HIV disease progression or mortality compared with
standard-dose multivitamin supplements and had no effect on CD4 count, plasma viral load,
or BMI. The adverse effect of high-dose multivitamins compared with standard-dose
multivitamins to increase ALT level is a reason for concern, but the mechanism by which
multivitamins resulted in this adverse effect is not well understood. In the absence of clear
evidence of the benefit of high-dose micronutrient supplementation on morbidity and
mortality in adults receiving HAART, it is prudent to follow current recommendations to
promote and support adequate dietary intake of micronutrients at RDA levels.
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Figure. Study Flow of Patients
All 3418 patients randomized were included in the primary analysis.
a Reasons for exclusion do not sum to 428 because patients could be excluded for more than
1 reason.
b As recommended by the data and safety monitoring board, all patients received standard-
dose multivitamin supplements between November 30, 2007, and March 16, 2008.
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Table 1

Daily Multivitamin Content of Study Regimens

Vitamin Standard-Dose Regimen High-Dose Regimen

Thiamin 1.2 mg 20 mg

Riboflavin 1.2 mg 20 mg

Vitamin B6 1.3 mg 25 mg

Niacin 15 mg 100 mg

Vitamin B12 2.4 μg 50 μg

Folic acid 0.4 mg 0.8 mg

Vitamin C 80 mg 500 mg

Vitamin E 15 mg 30 mg
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Table 2

Baseline Characteristics of the Study Populationa

Characteristics Standard-Dose Regimen (n = 1708) High-Dose Regimen (n = 1710)

Age, mean (SD), y 38.4 (8.6) 37.8 (8.6)

Female sex 1181 (69.2) 1141 (66.7)

Highest attained education, primary 766 (60.7) 769 (62.1)

BMI

 Mean (SD) 21.1 (4.1) 21.0 (4.2)

 <16 111 (6.5) 116 (6.9)

Hemoglobin, g/dL

 Mean (SD) 10.1 (2.1) 10.2 (2.3)

 <8.5 366 (22.5) 352 (21.8)

CD4 count/μL

 Mean (SD) 137.4 (104.3) 129.8 (97.1)

 <100 674 (40.9) 702 (43.0)

 100–199 611 (37.1) 617 (37.8)

 ≥200 362 (22.0) 313 (19.2)

Viral load, mean (SD), log copies/mL 5.2 (0.7) 5.2 (0.7)

ALT, mean (SD), IU/L 24.7 (22.0) 24.6 (22.7)

HAART regimen

 Stavudine, lamivudine, and nevirapine 1013 (59.3) 970 (56.7)

 Stavudine, lamivudine, and efavirenz 171 (10.0) 179 (10.5)

 Zidovudine, lamivudine, and nevirapine 130 (7.6) 147 (8.6)

 Zidovudine, lamivudine, and efavirenz 394 (23.1) 414 (24.2)

Abbreviations: ALT, alanine aminotransferase; BMI, body mass index, calculated as weight in kilograms divided by height in meters squared;
HAART, highly active antiretroviral therapy.

a
Data are No. (%) unless otherwise indicated. Because of missing values, sums may be less than the totals.
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Table 3

Effect of High-Dose Multivitamin Supplementation on HIV Disease Progression and Mortality

Outcome

No. (%) of Patients

High-Dose Multivitamins,
RR (95% CI) P Valuea

Standard-Dose
Regimen (n = 1708)

High-Dose Regimen (n
= 1710)

HIV disease progression or death from
any cause

 All patients 1229 (72.0) 1231 (72.0) 1.00 (0.96–1.04) .98

 By baseline BMIb

　 ≥16 1127 (71.1) 1120 (71.1) 1.00 (0.96–1.05) .99

  <16 92 (82.9) 99 (85.3) 1.03 (0.92–1.15) .61

Death from any cause

 All patients 220 (12.9) 233 (13.6) 1.06 (0.89–1.26) .52

 By baseline BMIb

　 ≥16 187 (11.8) 183 (11.6) 0.98 (0.81–1.19) .88

  <16 31 (27.9) 44 (37.9) 1.36 (0.93–1.98) .11

AIDS-related death

 All patients 64 (3.8) 73 (4.3) 1.14 (0.82–1.58) .44

 By baseline BMIb

　 ≥16 54 (3.4) 57 (3.6) 1.06 (0.74–1.53) .75

  <16 8 (7.2) 14 (12.1) 1.67 (0.73–3.84) .22

Abbreviations: BMI, body mass index, calculated as weight in kilograms divided by height in meters squared; HIV, human immunodeficiency
virus; RR, risk ratio.

a
By χ2 test.

b
P values were calculated by test for interaction from the Wald test for risk-ratio homogeneity. Test for interaction by baseline BMI, P=.63 for HIV

disease progression or death from any cause; P=.14 for death from any cause; and P=.32 for AIDS-related death.
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