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Materials and methods 

We performed a systematic review and Bayesian meta-analysis. We included 
randomized controlled trials and prospective studies and imposed no language 
or time restrictions. The protocol was registered with PROSPERO (Carter, 
2011). We extracted data in duplicate. We searched Cochrane Central Register 
of Controlled Trials (CENTRAL) (The Cochrane Library), MEDLINE, EMBASE, 
AMED and CINAHL using search terms (multivitamin) OR (mineral) OR 
(micronutrient) OR (vitamin) OR (folic) OR (carotene) AND "HIV"[Mesh] AND 
(Humans[Mesh] AND (Clinical Trial[ptyp] OR Meta-Analysis[ptyp] OR 
Randomized Controlled Trial[ptyp] OR Review[ptyp]).  We built an iterative 
hierarchical Bayesian model, following a random effects model. Inferences are 
based on the posterior distribution approximated by Markov chain Monte Carlo 
in OpenBugs.  
 
 

Figure 2. Forest plot of relative risk of progression to clinical disease/AIDS !

Figure 1. Forest plot of mortality data !

Results!
I. Mortality 
Of 1771 initial hits, we pulled 60 articles for full review and data extraction and 
identified six pertinent RCTs with mortality data (see Table 1 below). We pooled 
data of 2,915 patients and estimated the number needed to treat (NNT) as 
25 to prevent one death, however with a credible interval of (4.3, ∞), 
reflecting our inability to conclude statistically that micronutrients reduce 
mortality rates. However, the posterior probability that micronutrients reduce 
mortality is 91.4% (the Bayes factor, a measure of the increased credibility of 
the hypothesis based on the new data was 10.6, suggesting strong evidence for 
the effectiveness of micronutrients according to the guidelines of Kass & 
Raftery, 1995).  Notably, a stratified study observed a mortality benefit among 
those with CD4<100 (P = 0.03; Jiamton, 2003) underscoring the importance of 
baseline CD4 count and study duration. Participants In most studies had higher 
mean or median CD4 counts at baseline. 

Table 1. Summary of data reviewed assessing impact of a multiple vitamin/mineral 
supplement on mortality.!

Introduction!
HIV infection impairs micronutrient status, which may accelerate the rate 
of disease progression. Micronutrient supplementation (MNS) may improve 
morbidity and mortality among HIV-infected individual in the developing world, 
who often have limited access to antiretroviral therapy and adequate food. 
Available randomized clinical trials (RCT) vary in outcomes, study populations 
and micronutrient formulas and strengths, complicating orthodox frequentist 
meta-analysis. We hypothesized that micronutrient supplementation reduces 
mortality or progression rates among HIV+ adults. 
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II.  Adverse Events 
Of the 8 studies reviewed here (including the two discussed below), 5 explicitly 
reported on adverse events. Of these, none reported any serious side effects 
from MNS, with minor events being reported in one study more frequently 
among placebo recipients. A range of clinical benefits were reported in several 
studies. 
 
III.  Progression to Clinical Disease/AIDS 
We pooled data from 3 studies, one of which was a prospective-observational 
study (Abrams, 1993), including a total of 2,249 patients. The hazard ratios for 
each of the three studies favored, individually, the use of a multivitamin, with a 
reduction in the rate of disease progression from 30-50%. 
 
   

Conclusions 

v  For mortality, the NNT was 25 (credible interval, 4.264, ∞, i.e., we have 
not ruled out that there may be no effect on mortality) with a posterior 
probability of MN reducing mortality of .914. 

v  Bayes factor = 10.6, suggesting strong evidence for reduction of 
mortality with micronutrients;  

v  Disease progression may be slowed by the use of a micronutrient 
supplement, though data are inconclusive under Bayesian analysis. 

MN=Micronutrients; 
MV=Multivitamins; 
RCT=Randomized 
controlled trial 
*# Deaths  (among 
HIV+ participants): 
§ Mortality Hazard 
Ratios (MHR): Among 
pts with CD4 <200, 
MHR= 0.37 (0.13-1.06, 
p=0.05); among pts 
with CD4< 100: 
MHR=0.26 (0.07-0.97, 
p=0.03) 

Author, 
PMID, 
Year 

Location Dura-
tion 
(mos) 

Participants Inter-
vention 

Control Design Mortality Outcome 
Placebo 

Mortality Outcome 
Intervention 

Fawzi WW 
15229304 
2004 

Tanzania 71 HIV+ pregnant 
women, 
n=1078 

MV with 
Vit A 

1. Placebo 
2. Vit A alone 
3. MVs w/o 
Vit A  

RCT, 2x2 
factorial 
design 

# Deaths  
(from AIDS-related causes): 
Placebo: 66/267 
Vit A: 65/272  (p=0.7) 

MN: 52/271  (p=0.09) 
MN + Vit A: 60/268  
(p=0.58) 
 

Jiamton S 
14600517 
2003 

Thailand 11 HIV+ adults with 
CD4 of 50-550, 
n=481 

MN Placebo RCT # Deaths:§ 
Placebo: 15/239 

MN: 8/242§ 
See note below 

Kelly P. 
18842788 
2008 

Zambia  40 HIV-/HIV+ 
adults,  
n=500 (total) 
n=148 (HIV+) 

MN Placebo RCT, cluster 
randomized; 
midpoint 
crossover 

# Deaths in first 12 mo. of 
study: 
Placebo: 6/79 * 
# Deaths in 36 mo.  
Placebo: 11/79* 

# Deaths in first 12 mo. of 
study: 
MN: 3/69* 
# Deaths in 36 mo. 
MN: 4/69* 

Range N. 
16571156 
2006 
 

Tanzania 8 Adults w/TB, 
mixed HIV 
status, 
n=499 (total) 
n=213 (HIV+) 

MN +/- 
Zinc 

Placebo RCT Placebo only: 14/42*  
Placebo+Zn: 13/52* 

MN: 11/45 * 
MN + Zn :4/42* (p=0.07) 

Semba RD 
17705950 
2007 

Malawi 24 Adults w/ TB, 
mixed HIV 
status, 
n= 1402 (total) 
n= 829 (HIV+) 

MN Placebo RCT Placebo: 171/423*  
 

MN: 157/406* 

Villamor E 
18471061 
2008 

Tanzania 43 Adults with TB,  
n=887 (total) 
n=471 (HIV+) 

MN Placebo RCT Placebo: 66/238* MN: 74/232* 

Discussion!
There is accumulating but yet inconclusive evidence that the use of a relatively 
inexpensive micronutrient supplement may have an important impact on the 
progression of HIV disease among adults in developing nations. In addition, 
MNS may reduce mortality among adults with low CD4 counts. 
 
One limitation of  the Bayesian random effects model is that the point estimate 
and its confidence depend critically on the number of studies pooled, regardless 
of their size. Thus, a fourth study assessing disease progression might be 
sufficient to establish efficacy of MN supplementation on HIV disease 
progression. A trial of MN supplementation could stratify on CD4 count and 
comorbidities like tuberculosis, report the results for these subgroups and 
consider both mortality and disease progression as primary endpoints. A Large 
Simple Trial might be contemplated. 
 
One of the strengths of Bayesian meta-analysis (compared to the frequentist 
approach) is to provide a positive predictive value for the likelihood of effect: 
The probability of reducing mortality at a population level is 91%.  
 
The estimated NNT of 25 for MN supplementation for HIV mortality is low, 
especially taking into account cost and lack of serious side effects. Several 
studies described costs which ranged from $8 to $38/pt/yr (Fawzi, 1999; 
Jiamton, 2003; Range, 2006). A cost effectiveness evaluation will be 
undertaken.  
 
While food and clean water as well as access to ARV remain priorities, 
the potential of a non-toxic, low cost MNS to slow disease progression and to 
reduce mortality is encouraging but requires firmer verification.  
  
  
 

Study
Villamor 2008
Jiamton 2003
Kelly 2008
Range 2006
Semba 2007
Fawzi 2004
Combined

Plac.
66/238
15/239

6/79
27/94

171/423
66/267

 

Treat.
74/232

8/242
3/69

15/87
157/406
112/539
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Study
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N
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(.28,.90)
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We used Jeffreys prior, an uninformative prior that is invariant to transformations of 
the parameters.  While the posterior credible interval (95%) does cross a RR of 
1.0, the posterior probability that micronutrients are effective in reducing the rate of 
progression is 95.5%; the probability that micronutrients increase the rate of 
progression is 4.5% (Bayes Factor =21.2, strong evidence for effectiveness 
according to the Bayes Factor guidelines of Kass & Raftery, 1995). 

Table 2. Summary of data reviewed assessing impact of a multiple vitamin/mineral supplement on disease 
progression (Bayesian-transformed data).!


