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Background: Malnutrition and tuberculosis (TB) tend to interact with each other. TB may lead to nutrition deficiencies that will conversely
delay recovery by depressing immune functions. Nutrition support can promote recovery in the subject being treated for TB. The aim of this
study was to evaluate the effectiveness of nutrition support on promoting the recovery of adult pulmonary TB patients with anti-TB drug therapy.
Methods: English database of the Cochrane Controlled Trials Register, PubMed, EMBASE, and Chinese database of CBM, CNKI, VIP,
and WANFANG were searched. Randomized controlled trials comparing nutrition support (given for more than 2 weeks) with no nutrition
intervention, nutrition advice only, or placebo-control for TB patients being anti-TB treated were included. Two reviewers conducted
data extraction, assessed the quality of the studies independently, and any discrepancies were solved by the third reviewer. Data were
entered and analyzed by RevMan 5.2 software, and meta-analysis was done using risk ratios (RRs) for dichotomous variables and mean
differences (MDs) for continuous variables with 95% confidence intervals (CIs).

Results: A total of 19 studies (3681 participants) were included. In nutritional support for TB patients, pooled RR and its 95% CI of
sputum smears- or culture-negative conversion rate and chest X-ray (CXR) absorption rate were 1.10 (1.04, 1.17) and 1.22 (1.08, 1.39),
respectively, the pooled MD and its 95% CI of body mass index (BMI) and time of sputum smears or culture negativity were 0.59 (0.16,
1.2)and —5.42 (=7.93,-2.92), respectively, compared with the control group. The differences in outcomes of CXR zone affected, TB score,
serum albumin, and hemoglobin were not statistically significant (P = 0.76, 0.24, 0.28, and 0.20, respectively) between the intervention
group and the control group. No systemic adverse events were recorded.

Conclusions: During anti-TB course, nutrition support may be helpful in treatment of TB patients by improving both sputum smears- or
culture-negative conversion rate and BMI, shortening the time of sputum conversion negative. Whether it can improve the final clinical
effect, there still needs high-level quality studies to confirm in the future.
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time. Each year, about 1.5 million people die of TB. More
than 95% of'the cases and deaths are in developing countries.
Worldwide, the link between poor nutritional status and TB

INTRODUCTION

Tuberculosis (TB) is a contagious bacterial disease caused by
Mpycobacterium tuberculosis, which most commonly affects

the lungs. It is the leading killer from a single infectious agent Address for correspondence: Prof. Yuan-Zhong Zhou,

worldwide, especially in Asia and Africa. In 2009, in terms
of a total number of TB cases in the world, India, China,
Indonesia, and South Africa ranked first to four, respectively.
The WHO 2014 reported™ that TB remains a major public
health problem in the world. An estimated 9 million people
were infected with TB, including 1.1 million people who
living with human immunodeficiency virus (HIV) at the same
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is well known in people with active TB, and weight loss is
a well-recognized symptom of the disease.”) In accordance
with guideline 2013, TB is associated with poverty,
malnutrition, and poor immune function, and malnutrition
can both precede and result from TB. For one thing, TB
leads to malnutrition worse, protein-energy malnutrition,
micronutrient deficiencies, be in a catabolic state, weight
loss or low body mass index (BMI), loss of appetite, and
fatigue.>”! For another perspective, malnutrition is believed
to make people more susceptible to TB and to delay recovery
by impairing cell-mediated immunity against M. tuberculosis,
and thereby increasing the probability that latent TB will
develop into active disease.**! In addition, poor nutrition is
known to influence the treatment of TB by reducing in some
patients’ drug absorption of some key anti-TB drugs and by
predisposing to drug-induced hepatotoxicity, which can lead
to interruptions of therapy and may be fatal by itself.

In some trials, compared to the placebo group, consecutively
receiving micronutrient is helpful to sputum smear, culture
conversion negative rate, and other indicators or even make
them significantly increased.’'? Also, specific nutritional
diets (meals or food, such as enteral nutrition) provided for
TB patients in hospital had received benefit results on both
sputum smears conversion negative and gaining weight,
including BMI. However, some studies!'>'¥ showed that
the data from previous trials were inconsistent with the
potential therapeutic effects on sputum smears or culture
conversion negative when Vitamin A or zinc supplementation
was given alone or combined with other micronutrients. In
some developing countries,!'>!%! the nutritional status for the
majority of TB patients who combine with HIV infection or
diabetes mellitus has shown a lower BMI than those who
have no HIV or diabetes, and TB is even worse in severity
and can accelerate the progression of HIV infection. The
WHO suggests!'” that the primary predictors on body weight
and sputum smear examination should be monitored for
all TB patients during anti-TB treatment to evaluate their
response to therapy. In addition, sputum smears or culture
conversion negative is the major substituted marker of the
efficacy of anti-TB chemotherapy.!"¥! However, no systematic
review is available for nutrition support as adjunctive therapy
to assess the effects on sputum smears or culture conversion
negative time or rate and other nutritional indicators for TB
patients during anti-TB course.

In this study, we aimed to solve above-mentioned conflicts
and explore the evidence for the effectiveness of nutrition
support in helping people to recover from TB and provide
the reference basis for TB clinical treatment.

MeTtHoDS

Criteria for considering studies for this
review (Participants, Interventions, Comparisons, and
Outcomes)

The selected studies for analysis were all randomized
controlled trials. We chose adult TB patients with sputum

smear-positive for acid-fast bacilli or culture-positive for
M. tuberculosis, with or without concurrent HIV infection,
diabetes mellitus, and diagnosed malnutrition as types of
participants; extra-pulmonary tuberculosis (PTB) patients
and child patients (age <15 years old) were excluded. The
types of interventions covered any nutritional support that
given at least 2 weeks during the anti-TB treatment, including
high-energy-protein dietary, enteral or intravenous nutrition
support, dietary guidance of a special group, and/or single or
multiple micronutrients. Actually, only the time of nutrition
intervention and control measure more than 3 weeks was
included in the data analysis. Placebo or no nutritional
intervention was chosen as type of control. The primary
outcome was intervention effect (time of sputum swears or
culture-negative, rate of sputum swears- or culture-negative,
or chest X-ray (CXR) improvement or absorption rate, or
TB score) at 1, 2, 3, and 6 months. The secondary outcomes
included change in BMI or weight gain 10% and changes in
levels of markers of serum albumin (ALB) and/or hemoglobin.
Only having at least one primary outcome studies with or
without secondary outcomes were included in this review.

Search methods for identification of studies

English database of the Cochrane Controlled Trials
Register, PubMed, EMBASE, and Chinese database of
CBM, CNKI, VIP, WANFANG were searched from January
2003 to December 2013 using keywords of “nutritional
support” or “nutrition therapy” or “nutrition intervention”
or “micronutrient supplement” or “Protein-Energy
malnutrition” or “nutrition assessment” and “tuberculosis
and pulmonary” or “TB” or “PTB,” these keywords have
already been verified by literature retrieval expert, the
limitation of language was Chinese and English, full reports
of potentially eligible trials were obtained, as well as the
references of eligible studies were also searched. Two
reviewers (Si ZL, Shen XB) independently selected all
potentially eligible studies using a predesigned eligibility
form based on the inclusion criteria. Any discrepancies or
differences in opinion were solved by discussion, where
necessary, we contacted with a third reviewer (Zhou YZ).
We also documented the reasons for exclusion that did not
satisfy the criteria.

Quality assessment in individual studies

Data extraction and quality assessment were performed
independently by two reviewers (Si ZL, Kang LL). Five
risk items of bias were used to assess the quality of included
studies based on Cochrane Collaboration guidelines:
Adequate sequence generation, allocation concealment,
blinding of participants and personnel, blinding of outcome
assessment, and incomplete outcome data. When the
information was missing or unclear, we tried to contact
the authors. Any dissimilar comments were settled by
discussion, in case of disagreement, one reviewer acted as
arbitrator (Zhou YZ).

Statistical analysis
Statistical analysis was performed using Review Manager
5.2 software (Available at http://ims.cochrane.org/reman).
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For dichotomous data, we calculated each study risk
ratios (RRs) for a binary variable. The mean difference (MD)
was calculated for continuous data. All results were made
with 95% confidence intervals (CIs). Results were stratified
into subgroups according to different follow-up period
with any nutrition support type and approach. We assessed
potential heterogeneity of effect estimates within each group
using /7 test, where 72 (%) >50% and P < 0.10 was considered
significantly heterogeneous, then random effect model was
applied to combine results from different trials, otherwise,
fixed-effect model was used. If significant statistical
heterogeneity was noted in the outcome, we conducted a
sensitivity analysis to investigate the stability of the results
by removing studies. Funnel plots for asymmetry were
examined whether there was possible risk of bias. The test
for overall effect of included studies with P values of <0.05
was considered statistically significant.

ResuLts

Description of studies

Actotal of 1055 articles were found using our search strategy.
Of them, 19 conformed to the inclusion criteria, 7 were in
Chinese, and 12 in English [Figure 1 and Table 1].06:19-3¢
These 19 trials included 3681 participants in total. The studies
were especially focused on adult patients; the age ranged from
15 to 70 years. Trials carried out in China included subjects
with diabetes mellitus.['*?*>3] Studies in other countries
included TB patients who were infected with the HIV.[20-2130]

The included trials assessed a range of diverse nutritional
supports. Interventions included a high-energy-protein
dietary,?325393¢ micronutrient supplements,!%-2122.24:26.27:29.32]
and arginine supplement.!'>3% Information on the doses and
anti-TB regimens is shown in Table 1. The trials were carried
out in China with blank as the control group, and the others
were used for placebo as the control group. Supplement and
placebo capsules were indistinguishable in appearance both
externally and internally.

These 19 articles covered primary outcome that are the
time of sputum smears or culture negativity, the conversion
rate of sputum smears or culture; 7 of the articles reported
the primary outcome of CXR improvement or absorption
or TB score; and 15 of the articles contained some or part

Initial search: n = 1055

CBM (n=328)  VIP (n=23)

CNKI (n=201) Wanfang Data (n = 124)
EMBASE (n = 152) Pubmed (n = 221)

Cochrane (n = 6)

‘ 243 initial included |

l—>| 203 were removed after reading title and abstract

‘ 40 full articles assessed eligibility |

—

19 articles were included (12 articles in English
and 7 articles in Chinese)

812 duplicates were removed ‘

21 articles were excluded for subjects not being
introduced detailed method and described datas

Figure 1: Flow diagram of study was completed with searching and
selection process.

of nutritional indicators, such as BMI, weight gaining,
hemoglobin, and ALB [Table 1].

Risk of bias in included studies

Eleven trials described an adequate method of generating
a truly random allocation sequence, one trial depicted
the method of generating a defective random allocation
sequence,®¥ and the other trials did not report that how
group allocation sequences were generated although all were
described as “randomized.”

Seven trials represented an adequate method of ensuring
allocation concealment. The other trials did report insufficient
information to determine if the allocation sequence was
truly hidden from the person allocating participants to the
treatment groups. Ten trials reported blinding of participants
and personnel and 9 trials blinded participants in their group
allocation using placebos and others with blank or dietary
advice only.

We can directly come to conclusion that the qualities of
included studies conducted in abroad were higher than
those carried out in China. After contacting the author,
7 articles carried out in China got “unclear” in “random
sequence generation” and no articles in China got “yes” in
“allocation concealment,” while 11 studies carried out in
abroad, only 3432 got “no” in allocation concealment,
and no trials in China got “yes” in “double blinding,” while
conducted in non-China was 10 trials used for blinding.

The quality assessment of the included studies is shown in
Table 2.

Primary outcomes of the effects of interventions
Sputum smears- or culture-negative conversion rate of
tuberculosis patients used any nutritional support method
Seventeen trials reported on the primary outcome of sputum
smears- or culture-negative conversion rate. According to the
various points of follow-up, we selected four points (1, 2,
3, and 6 months, respectively) to reflect intensive phase and
consolidation phase of the intervention effect for TB patients.

The pooled results of follow-up 1, 2, 3, and 6 months that given
nutrition support group showed that the sputum smears- or
culture-negative conversion rates were more remarkable
increased than control group, in particular at 2 months, and
the overall effects were significant different (P < 0.01).
Furthermore, test for subgroup differences showed that there
were not any differences among subgroups (P > 0.05). In
this regard, the time and specific nutritional support approach
impacted on the conversion rate of sputum smears or culture
was limited. Significant statistical heterogeneity was noted
in the outcome, therefore random effect model should be
applied (P <0.1 and 1> > 50%). The pooled RR and its 95%
CIs were 1.10 (1.04, 1.17) [Figure 2].

Time of sputum smears or culture negativity

In the pooled results of four trials [Figure 3], the time of
sputum smears or culture negativity in nutrition support
group was evidently shorter than that in the control
group (P < 0.01). The random effect model should be
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Table 1: Characteristics of included studies

Included Country Sample Age, years Interventions Course Outcome indictors
study size, n
E C E c E c
Martineau UK 62 64 Median=30.7 Median=30.5 Given VD3 2.5 mg + standard Placebo + 14,28, and Sputum culture
2011019 TB treatment standard TB 42 days conversion;
treatment hemoglobin, BMI
Ralph et al. Indonesia 99 101  Median =27 Median = 28 L-arginine 6.0 g + anti-TB Placebo + 4,8, Sputum culture
20131201 therapy anti-TB therapy 24 weeks  conversion, TB
score; >10% weight
gain
Caol'® China 24 23 45-70 45-70 Dietary intervention + Blank + 4 weeks  Sputum turning
2EHRZ/4HR 2EHRZ/4HR negative time
Wejse Guinea- 187 178 37+13 38+ 14 100,000 IU of VD3 + anti-TB Placebo + 2,5,8,12  Sputum smears
et al.?! Bissau treatment anti-TB months conversion, TB
treatment score; ALB, BMI
Villamor Tanzania 314 314 29.4+9.0 30.6+9.0 Micronutrient supplementation + Placebo + 1,8,24  Culture-negative;
et al.? anti-TB treatment anti-TB months body weight, ALB,
treatment hemoglobin
Guo and China 39 39 42.0+9.8 46.0+9.3 Nutrition support therapy + Blank + 8 weeks  Sputum conversion
Xul?! conventional anti-TB treatment conventional rate; CT absorption
anti-TB rate
treatment
Ginawi India 29 32 >15 >15 Micronutrient supplementation Placebo + 2, 6 months Sputum smears-
et al.?¥ (Vitamine A 5000 U + anti-TB drugs on negative;
zinc 15 mg) + anti-TB drugs on DOTs day hemoglobin, ALB
DOTs day
Ma and China 80 80 Mean = 39 Mean = 39 High-energy-protein dietary + Blank + 3 weeks  The conversion rate of
Xiel! Sanjiu enteral nutrition 30 g/d +  conventional sputum culture; BMI,
conventional therapy anti-TB therapy ALB
Visser South 77 77  Median =30 Median = 27 Micronutrient (Vitamine A Placebo + 2,8 weeks  Sputum culture/smears
et al.* Africa 200,000 IU and zinc 15 mg) +  anti-TB therapy conversion rate;
TB therapy ALB, hemoglobin
Salahuddin ~ Saudi 132 127  27.8+13.2 283+ 14.1 VD3 (60,000 IU) + DOTs Placebo + DOTs  4,8and  Sputum smears
et al.?” Arabia regimen 12 weeks  conversion;
resolution of chest
radiograph; TB
score; weight gain
Range Tanzania 251 248  35.5+122 353+123 Multi-micronutrient supplement Placebo + 2,4and  Sputum smears/culture
et al.*® + TB therapy anti-TB therapy 8 weeks conversion; weight
gain
Chandra®®!  India 22 22 27-49 28-50 Multivitamins supplementation ~ Placebo + DOTs 2, 3, 5 and 6 Sputum conversion,
+ DOTs regimen regimen months CXR zone; BMI
Schon Ethiopia 90 90 284+1.1 265+ 1.0 Food supplement rich in arginine Blank + 2, 8 months Sputum smear
et al.B" + treatment short-course (DOTs)  short-course conversion rate,
clinic (DOTs) clinic CXR improvement;
treatment weight gain >10%
Tan et al.®"  China 26 26  Median=45 Median = 42 Energy essence mixture + Blank +3DEC+ 3,6and9 Sputum changing
3DEC + X/6DE X/6DE months negative rate; BMI;
ALB
Pakasi Indonesia 66 86 30.1+12.0 314+10.4 Micronutrient supplementation Placebo + 2, 6 months Sputum conversion
et al.®? (Vitamine A 5000 U + standard anti-TB time; BMI,
zinc 15 mg) + standard treatment abnormalities on
treatment CXR
Wang and  China 42 40 53.0£3.8 55.0£3.6 High energy-protein-vitamin diet Blank + anti-TB 3 weeks ~ The conversion rate of
Xub3 nutrition therapy + TB therapy therapy sputum culture; BMI,
hemoglobin, ALB
Xul China 200 198 42.6+17.4 44.1+15.9 Dietary + high-protein enteral Blank + 3 weeks  The conversion rate of
nutrition formulations + conventional sputum culture; BMI,
conventional therapy anti-TB therapy ALB
Yang China 48 48  Mean=41.2 Mean =39.6  Dietary treatment + conventional Blank + 2,4and  Sputum conversion
et al.’®! therapy conventional 8 weeks rate; CT absorption
anti-TB therapy rate
Yuan(! China 60 40 16-50 16-50 Dietary + DOTs Blank + DOTs 8 weeks  Sputum conversion rate

E: Experimental group; C: Control group; ALB: Serum albumin; BMI: Body mass index; CT: Computed tomography, TB: Tuberculosis; CXR: Chest
X-ray; DOTs: Directly-observed treatment strategy; VD3: Vitamin D3; 2EHRZ/4R: Ethambutol, isoniazid, rifampicin and pyrazinamide for 2 months,
then rifampicin for 4 months; 3DEC: D means isoniazid + para-aminosalicylic acid, E means ethambutol, C means ciprofloxacin, 3 means 3 months;
X/6DE: X means one of susceptibility drug, 6 means 6 months.
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Table 2: Quality assessment of included studies

Allocation
concealment

Included study Random sequence

generation

Blinding of participants Blinding of outcome
and personnel

Incomplete  Selective Other

assessment outcome data reporting bias

Martineau 20111 L
Ralph 2013[%
Caol!?

Wejse et al.!]

=

Villamor et al.??
Guo and Xu®!
Ginawi et al.?¥
Ma and Xiel!
Visser et al.l%)
Salahuddin et al.?")
Range et al.?®
Chandra®”

Schon et al B

Tan et al.®Y

Pakasi et al.??
Wang and Xul®!
Xu[34]

Yang et al.*)
Yuan® U

crcrh-crhcrh 0
I I I I IS CIDCCCITIDT O T

L

j=sg=sigasiianil o= BN < e N ol oai @ B« i e B« s o O o= o

=

H L U

I I I I~ TT---C- - CTH T T
| ol o o e = o B« o o B« = N o B = Y o B o B ol = e o o Bl
|onl o B o o o o N o B o B o B o B o B B o B o B o B
cocccccococaoccccaocacaacca

H: High risk; U: Unclear; L: Low risk.

applied (P < 0.1 and 1> > 50%), and the pooled MD and its
95% CI were —5.42 (=7.93, —2.92).

Chest X-ray absorption rates

Two trials?3 reported the effect of CXR absorption in
high-energy and protein dietary was superior to dietary
advice only or general diet group (P <0.01). The fixed effect
model should be applied, and the pooled RR and its 95% CI
were 1.22 (1.08, 1.39) [Figure 4].

Chest X-ray zones affected

From the pooled results of three trials,!'*?”3 there was no any
statistical difference (P > 0.05) in the CXR zones affected
between micronutrient supplement group and the control
group when micronutrient supplement was performed at
follow-up 2 months [Figure 5].

Tuberculosis score

In the pooled results of three trials,?*?!'?7 there was no
any statistical difference (P > 0.05) in TB score between
micronutrient supplement group and the control group
when micronutrient supplement was performed at follow-up
2 months. The fixed effect model should be applied,
and the pooled MD and its 95% CI were —0.17 (—0.44,
0.11) [Figure 6].

Secondary outcomes

Body mass index changed during follow-up

The pooled results of following up 1, 2, 3, and 6 months
showed that the nutrition support group gained significantly
more BMI than the control group at different follow-up
points, in particular, 1 month, and the overall effects
with statistical significance (P < 0.01). However, test for
subgroup differences showed that there was statistical
significance among subgroups (P < 0.05). There was

significant statistical heterogeneity in the outcome,
the further analysis should be accounted for subgroup
differences. The random-effects model should be used,
and the pooled MD and its 95% CI were 0.59 (0.16,
1.02) [Figure 7].

Weight gain 10% at 2 months

Three trials®!3% reported that there was not any statistical
difference (P > 0.05) in weight gain 10% between
micronutrient supplement group and the control when
micronutrient supplement was performed at follow-up
2 months. There was no significant statistical heterogeneity
in the outcome; therefore, fixed effect model should be
applied, and the pooled RR and its 95% CI were 1.10 (0.88,
1.38) [Figure 8].

Hemoglobin changed during follow-up

From the pooled results of following up 2 months,
6 months after giving micronutrient supplement
compared with the control groups showed that there
was no any statistical difference (P> 0.05) in improving
hemoglobin between micronutrient supplement group
and the control group when micronutrient supplement
was performed at follow-up 2 and 6 months. However,
test for subgroup differences showed that there was no
any statistical significance among subgroups (P > 0.05).
There was no any significant statistical heterogeneity
in the outcome, and then fixed effect model should be
applied. The pooled MD and its 95% CI were 0.22 (—0.12,
0.55) [Figure 9].

Meta-analysis of serum albumin increase in tuberculosis
patients during follow-up

The pooled results of following up 1 month, 2 months,
6 months with any nutrition support method compared with
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Nutrition support Control Risk Ratio Risk Ratio
_Events _ Total Events Total Weight M-H Random 95%Cl MM Random 98%Cl
6.5.1 Use of any nutrition intervention method at 1 month
Anna P. Ralph 2013 a8 =] 48 101 28% 1.02[0.76, 1.36) e
Eduardo Vilamor 2008 249 34 266 314 63% 094 (087, 1.01) -
Ma guiyan 2009 €0 80 4“4 8 35% 1.36[1.08, 1.73) —_—
Mananng E Visser 2011 24 ” 20 7mO12% 12000.73, 1.98)
Nyagosya Range 2005 85 251 100 248 36% 0.85(0.68, 1.07) —
Xu yingling 2008 112 200 5 198 32% 202(1.56, 2.60) —
Yang haiying 2010 a6 43 42 48 55% 1.10(0.97, 1.24] ———
Subtotal (95% CI) 1069 1066  26.0% 1.15 (0,95, 1.40)
Total avents 625 575
Haterogeneity: Tau® = 0.05; Chi* = 46.39, df = 6 (P < 0.00001); I* = 87%
Test for overall effect: Z = 1.42 (P = 0.16)
6.5.2 Use of any nutrition intervention method at 2 months
Adrian R Matinaau 2011 48 62 45 B4 39% 1.10(0.89, 1.26) =T
Anna P, Ralph 2013 63 -] 63 101  40% 0.95(0.77, 1.16) S
Guo xiaciel 2011 a3 29 25 39 30% 1.32(1.01,1.73) fr——
Ibeshim A M. Ginawi 2013 s a 37 41 53% 1.03[0.90, 1.17] .
Maranne E Visser 2011 46 44 ¥ M 28% 1.18(0.89, 1.57] T
Nyagosya Range 2005 196 251 181 248 59% 1.07 (0.97, 1.18) T
Ranjit Kumar Chandra 2004 20 7] 15 2 25% 1330097, 1.83) |
T. Schén 2011 76 20 77 %0 54% 0.99(0.87, 1.12) ——
Wang chuanmei 2011 25 42 19 40 1™ 1.25(0.83, 1.89]
Yusn dengmei 2005 €0 €0 35 40 54% 1.15[1.01, 1.29] ——
Subtotal (95% CI) 783 762 39.9% 1.08 (1.02, 1.14) <
Total events 605 541
Heterogeneity: Tau® = 0.00; Chi* = 9.98, df = 8 (P = 0.35) I* = 10%
Test for overall effect: Z = 2.60 (P = 0.009)
6.5.3 Use of any nutrition intervention method at 3 months
Nawal Salahuddin 2013 108 132 103 127 56% 1.01(0.90, 1.13) T
Ranjit Kumar Chandra 2004 21 2 18 2 Im™ 1.17 (0.94, 1.45] oo ——
Tan shouyong 2006 20 2% 20 26 2™ 1.00 (0.74, 1.35) I Se—
Wang chuanmei 2011 kY] a2 25 40 28% 1.30(0.98, 1.72] | P
Subtotal (95% CI) 222 215 14.8% 1.07 (0.96, 1.20) <
Total events 183 166
Haterogeneity: Tau® = 0,00; Chi* = 365, df = 3 (P = 0.31) I = 16%
Test for overal effect: Z = 1.30 (P = 0.19)
6.5.4 Use of any nutrition intervention method at 6 months
Eduardo Villamar 2008 183 26 218 238 64% 0.92 (0.8, 0.99) =]
Ranjit Kumar Chandra 2004 2 2 21 2 54% 1.05(0.92, 1.18] = R
Tan shouyong 2006 25 26 21 26 40% 1.19(0.97, 1.46) —
Wang chuanmei 2011 39 a2 28 42 35% 1.39[1.11, 1.75] ——
Subtotal (95% CI) 306 328 19.3% 1.10 (0.93, 1.29] -
Total events 269 288
Heterogeneity: Tau® = 0.02; Chi* = 16.38, df = 3 (P = 0.0009) I* = 82%
Test for overall effect: Z = 1.11 (P = 0.27)
Total (95% CI) 2380 2371 100.0% 1.10 [1.04, 1.17] <
Total events 1682 1570
!;ote'oaemily: Tau® = g.m; cmp- 81.10, df = 24 (P < 0.00001); F = 70% °°5 0:7 3 “5 2
est for overall effect: 2 = 3.11 (P = 0.002) ' ) ;
Test for subaroun iferences: Chi* = 0.46. of = 3 (P = 0.93), I = 0% NEVEURCTIES WS T S

Figure 2: Sputum smears- or culture-negative conversion rates in tuberculosis patients with any nutrition support methods during follow-up.
Vertical line indicates no difference between the two groups (Mantel-Haenszel vs. control). Squares indicate point estimates of risk ratio in each
individual study, the size of the squares indicates the weight of the corresponding study in the meta-analysis, 95% confidence intervals of point
estimates are demonstrated by horizontal lines. Pooled risk ratio and its 95% confidence interval are shown by a diamond shape.

the control groups showed that there was no any statistical
difference (P > 0.05) in increasing ALB between nutrition
support group and the control during follow-up points at
2 and 6 months. However, test for subgroup differences
showed that there were no statistically significant differences
among subgroups (P > 0.05). There was no any significant
statistical heterogeneity in the outcome, and then fixed effect
model should be used. The pooled MD and its 95% CI were
1.40 (—1.14, 3.94) [Figure 10].

Sensitivity analysis and funnel plots analysis
Sensitivity analysis

In the studies of sputum smears- or culture-negative
conversion rate, after removing two studies,!?**¥ the result
of RR was 1.08 (95% CI: 1.03—1.14). The two studies either
included or excluded, the result of P value is the same. To
further analyze the sensitivity of included studies, two studies
were excluded because of dissimilar results or high risk on
generating a truly random allocation sequence. For time of

3224
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Nutrition support Control

Test for overall effect: Z = 4.24 (P < 0.0001)

StudyorSubgroup _ Mean _ SD Total Mean SD Total Weight IV, Random.95% Cl

Adrian R Martineau 2011 86 2337 62 935 2194 64 83% -7.50(-15.42,042) *

Cao hong 2013 126 13 24 192 12 24 454% -6.60[-7.31,-589) bl

Trevino A Pakasi 2010 136 14 66 175 17 86 463%  -3.90(-4.39,-341] B

Total (95% Cl) 152 174 100.0% -5.42[-7.93,-2.92] ~

Heterogeneity: Tau® = 3.46; Chi* = 38.08, df = 2 (P < 0.00001); I = 95% 0 € o 5 =

Mean Difference
IV. Random, 95%Cl

Mean Difference

Favours control  Favours nutrition support

Figure 3: Time of sputum smears or culture negativity in tuberculosis patients with any nutrition support methods.

Control

Nutrition support

Guo xiaolei 2011 37 39 27 39 40.3%
Yang haiying 2010 45 48 40 48 59.7%
Total (95% CI) 87 87 100.0%
Total events 82 67

Heterogeneity: Chi? = 2.28, df = 1 (P = 0.13); I? = 56%
Test for overall effect: Z = 3.14 (P = 0.002)

Risk Ratio Risk Ratio
1.37[1.10, 1.71)
1.13[0.97, 1.30)

1.22 [1.08, 1.39]

0.2 0.5 1 5
Favours control Favours nutrition support

Figure 4: Chest X-ray absorption rate in tuberculosis patients with high-energy and protein dietary.

Nutrition support

Mean Difference Mean Difference

Test for overall effect: Z = 1.18 (P = 0.24)

StudyorSubgroup ______Mean ___SD _Total Mean SD Total Weight IV, Random,95% Cl V. %.Cl

Adrian R Martineau 2011 23 129 62 228 118 64 286%  0.02[-0.41,045)

Nawal Salahuddin 2013 135 113 132 182 135 127 329% -0.47[-0.77,-0.17] -

T. Schon 2011 2 01 % 18 01 90 385% 0.20(0.17,0.23) u

Total (95% Cl) 284 281 100.0%  -0.07 [-0.53, 0.38]

Heterogeneity: Tau? = 0.14; Chi’ = 19.13, df = 2 (P < 0.0001); I* = 90% i 2 o 2 X

Test for overall effect: Z = 0.31 (P = 0.76) Favours control  Favours nulrition support

Figure 5: Chest X-ray zones affected in tuberculosis patients used micronutrient supplement.
Nutrition support Control Mean Difference Mean Difference

StudyorSubgroup ~ Mean  SD Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI

Anna P. Ralph 2013 69 19 99 68 2 101 259% 0.10(-0.44,0.64) —

Christian Wejse 2009 19 17 187 21 2 178 520% -0.20[-0.58,0.18] —

Nawal Salahuddin 2013  -319 237 132 -279 244 127 22.1% -0.40[-0.99,0.19] — =

Total (95% CI) 418 406 100.0% -0.17 [-0.44, 0.11] q

Heterogeneity: Chi* = 1.57, df = 2 (P = 0.46); I = 0% - g : : '3

Favours control Favours nulrition support

Figure 6: Tuberculosis score in tuberculosis patients used micronutrient supplement.

sputum smears or culture negativity and BMI, the summary
of MD was —5.42 (—7.88, —2.59) and 0.54 (0.07, 1.01) after
removing either of the two studies,!*** respectively, which
were still near to the results before they were excluded.
Regarding the CXR absorption rate, we could not analyze the
sensitivity because of there are only two studies. Therefore,
regardless of the nutrition support type and approach, the
results of the sensitivity analysis demonstrated that the
results of our study were steady and believable [Table 3].

Funnel plots analysis of sputum smears- or
culture-negative conversion rate

Figure 11 shows that the funnel plots were focused on top,
and there was no obvious symmetrical, especially at 1 month,
which may mainly cause by publication bias.

Discussion

In this review, we attempted to evaluate the evidence
for the effectiveness of nutrition support in assisting
PTB. The 19 trials, in which a total number of 3681 TB
patients involved, were conducted in a variety of settings
including different layer income countries crossing Africa,
South-East Asia, and Western Pacific, which mainly
concentrated in Africa and Asia. Test for all subgroup
differences showed that there were not any statistical
differences among subgroups when provided any nutrition
support type and approach for TB patients. Therefore,
the effect of any nutrition support type and approach
was similar for TB patients when compared with the
control group. So, the study only considered two main

.Chinese Medical Journal | December 5, 2015 | Volume 128 | Issue 23

3225




Nutrition support Control

10.5.1 Use of any nutrition intervention method at 1 month

Ma guiyan 2009 19.1 28 80 18 15 80
Wang chuanmei 2011 231 43 42 189 42 40
Xu yingling 2008 197 48 200 187 37 198
Subtotal (95% Cl) 322 318
Heterogeneity: Tau® = 1.04; Chi* = 10.35, df = 2 (P = 0.006); I = 81%
Test for overall effect: Z = 2.66 (P = 0.008)

10.5.2 Use of any nutrition intervention method at 2 months

Adrian R Martineau 2011 2129 272 62 21.18 275 64
Trevino A Pakasi 2010 17.7 2 66 175 24 86
Subtotal (95% CI) 128 150
Heterogeneity: Tau® = 0.00; Chi* = 0.02, df = 1 (P = 0.88); I’ = 0%

Test for overall effect: Z = 0.59 (P = 0.56)

10.5.3 Use of any nutrition intervention method at 3 months

Nawal Salahuddin 2013 1867 016 132 1826 0.12 127
Tan shouyong 2005 189 29 26 187 27 26
Subtotal (95% ClI) 158 153
Heterogeneity: Tau® = 0.00; Chi* = 0.07,df = 1 (P = 0.79); F = 0%

Test for overall effect: Z = 23.39 (P < 0.00001)

10.5.4 Use of any nutrition intervention method at 6 months

Tan shouyong 2005 19.1 28 26 189 27 26
Trevino A Pakasi 2010 183 2.02 66 184 262 86
Subtotal (95% CI) 92 112
Heterogeneity: Tau® = 0.00; Chi* = 0.12,df = 1 (P =0.72). I = 0%

Test for overall effect: Z = 0.12 (P = 0.90)

Total (95% CI) 700 733

Heterogeneity: Tau® = 0.23; Chi* = 24.66, df = 8 (P = 0.002); I* = 68%
Test for overall effect: Z = 2.67 (P = 0.008)
Test for subaroup differences: Chi* = 6.71. df = 3 (P = 0.08), ¥ = 55.3%
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Figure 7: Body mass index gain in tuberculosis patients with any nutritional support method.

Nutrition support Control

Anna P. Ralph 2013 15 99 20 101 19.6%
Christian Wejse 2009 70 187 56 178 56.7%
T. Schon 2011 28 90 24 90 23.7%
Total (95% Cl) 376 369 100.0%
Total events 113 100

Heterogeneity: Chi* = 1.71, df = 2 (P = 0.42); I = 0%
Test for overall effect: Z = 0.84 (P = 0.40)

~Study or Subgroup ____Events __Total Events Total Weight M-H, Fixed, 95% CI

Risk Ratio Risk Ratio
M-H, Fixed, 95%Cl
0.77 [0.42, 1.41) —
1.19[0.89, 1.58] L o
1.17 [0.74, 1.85) I
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Figure 8: Weight gain 10% in tuberculosis patients with micronutrient support method.

factors (intervention time and effect size) without any
complicating co-factors between diverse groups.

The current meta-analyses found that the impact of improved
sputum-negative conversion rates and BMI, shortened the
time of sputum-negative conversion, is well-recognized.
All above results were statistically significant compared
with control groups during long-term anti-TB. However,
significant statistical heterogeneity was noted in both
outcomes. Also, CXR absorption in high-energy and
protein dietary was superior to dietary advice only or
general diet group with statistically significant. The main
factors of these findings might be considered. It is well
known that the TB infectious source are mainly sputum
smear- or culture-positive TB patients, especially with
smear-positive PTB possess stronger infectious. Sputum

conversion negative was the main result of anti-TB
treatment. This review showed that nutritional support may
accelerate the process since the time of sputum conversion
negative for nutritional support was shorter than control as
shown in Figure 3. The possible reasons for this result as
follow, immune function of the body might be weak when
M. tuberculosis invades, and commonly losing of appetite
during anti-TB course, inadequate intake of food and
micronutrients might lead to malnutrition, especially in the
first 2 months-intensive phase. So, continuously providing
nutrition support (protein and energy intake and intake of
micronutrients) not only enhances the immune response
function but also makes the cell-mediated immunity fight
the M. tuberculosis, which can be maintained or increased
in nutritional status.
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Nutrition support Control

12.2.1 Use of any nutrition intervention method at 2 months
Adrian R Martineau 2011 133 16 62 134 15 64
Ibrahim A.M. Ginawi 2013 1.2 073 41 1116 116 41

Marianne E Visser 2011 131 16 77 133 16 7
Trevino A Pakasi 2010 13.18 248 66 1212 243 86
Subtotal (95% CI) 246 268

Heterogeneity: Tau® = 0.11; Chi* = 7.54, df = 3 (P = 0.06); I* = 60%
Test for overall effect: Z = 0.54 (P = 0.59)

12.2.2 Use of any nutrition intervention method at 6 months

Ibrahim AM. Ginawi 2013 1234 077 41 1182 082 41
Trevino A Pakasi 2010 12.8 29 66 126 173 86
Subtotal (95% CI) 107 127
Heterogeneity: Tau® = 0.00; Chi* = 0.53, df = 1 (P = 0.47); F=0%

Test for overall effect: Z = 2.91 (P = 0.004)

Total (95% Cl) 353 395
Heterogeneity: Tau? = 0.09; Chi* = 11.98, df = 5 (P = 0.04); I = 58%
Test for overall effect: Z = 1.27 (P =0.20)

Test for subarouo differences: Chi* = 1.65. df = 1 (P = 0.20). I’ = 39.4%
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Figure 9: Hemoglobin increase in tuberculosis patients with micronutrient support method.

Test for overall effect: Z = 1.08 (P = 0.28)
Test for subaroup differences: Chi* = 3.91. df = 2 (P = 0.14). F = 48.8%

Nutrition support Control Mean Difference Mean Difference
% Cl IV, Random, 95% CI

13.1.1 Use of any nutrition intervention method at 1 month
Ma guiyan 2009 366 43 80 318 69 80 10.0% 4.80 [3.02, 6.58] I
Marianne E Visser 2011 37 56 77 37 5 77 101% 0.00 [-1.68, 1.68) G
Wang chuanmei 2011 40.2 23 42 311 29 40 10.3% 9.10 [7.96, 10.24) .
Xu yingling 2008 39.8 61 200 386 52 198 10.3% 1.20 [0.09, 2.31) i
Subtotal (95% Cl) 399 395 40.7% 3.79 [-0.62, 8.20) e
Heterogeneity: Tau? = 19.71; Chi* = 123.84, df = 3 (P < 0.00001); I* = 98%
Test for overall effect: Z = 1.68 (P = 0.09)
13.1.2 Use of any nutrition intervention method at 2 months
Ibrahim A.M. Ginawi 2013 36.1 29 41 385 35 41 102% -240[-3.79,-1.01) S
Marianne E Visser 2011 41 46 77 41 5 77 102% 0.00 [-1.52, 1.52] 5 2
Trevino A Pakasi 2010 44 96 66 4 78 86 0.00[-2.84, 2.84] -1
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Heterogeneity: Tau® = 1.61; Chi* = 5.94, df = 2 (P = 0.05); I’ = 66%
Test for overall effect: Z = 1.04 (P = 0.30)
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Ibrahim A.M. Ginawi 2013 408 26 41 423 28 41 103%  -1.50[-2.67,-0.33) .
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Trevino A Pakasi 2010 47 6.2 66 46 52 86 10.0% 1.00 [-0.86, 2.886) T
Subtotal (95% Cl) 133 153  29.6% 0.16 [-1.94, 2.26) <
Heterogeneity: Tau? = 2.48; Chi* = 7.65,df = 2 (P = 0.02); I’ = 74%
Test for overall effect: Z = 0.15 (P = 0.88)
Total (95% Cl) 716 752 100.0% 1.40 [-1.14, 3.94) ?
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Figure 10: Meta-analysis of serum albumin increase in tuberculosis patients with any nutrition support method during follow-up.

It is well known that low BMI (<18.5 kg/m?) is an established
indicator for energy deficiency and malnutrition also
influences the capacity of the cell-mediated immunity,
which is the principle host defense against MTB.7-¥]
Receiving an adequate high-energy-protein diet added
enteral or intravenous nutrition group during anti-TB
treatment in hospital may directly result in BMI gaining
more significantly than the control at 1 and 3 months. It is
possible that an adequate diet, containing all essential macro-
and micro-nutrients, is beneficial for TB patients to improve
the BMI, and it might be the reason why test for subgroups

differences showed no significant difference. Similar
meta-analysis studies show!*#!l that short- and long-term
use of specific nutritional support (oral supplements and tube
feeds) for patients with diabetes are associated with improved
glycemic control compared with standard formulas, and this
may have implications for reducing chronic complications
of diabetes such as cardiovascular events.

Macro-nutrition and enteral or intravenous nutrition showed
statistical significance on CXR absorption rate. However,
only two studies account for it, and the quality of the two
trials is low. Is it the true effect or just a distorted estimate
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because of poor sample size needs to be considered? Similar
results in individual studies with low quality distributed
relatively in some areas. It is worth further research and
more studies of high quality are warranted.

The meta-analysis of TB score, hemoglobin, and ALB with
micronutrient supplement does not show any statistical
significance during anti-TB treatment period. A couple of
factors may account for these: First, TB score,*” based on
symptoms and relate to signs, is a newly developed tool aimed
at assessment of change in clinical state in patients. A high
TB score correlates well with mortality, and low TB scores
correlate with favorable outcomes, cure, and completed
treatment rate. Micronutrient intake, especially intake of
vitamins and minerals, has been associated with immune
response, so it may have a weak relationship to improve the
symptoms. Perhaps, it may relate to the insufficient number
of included studies and a short intervention period. Second,
a large majority of included patients are under-nutrition
and being in catabolic state, especially during anti-TB
drug treatment, which may be an issue that related to the
extremely high dose requirement compared with healthy
people, especially combined HIV and diabetes. For another,
in accordance with previous studies,*** the concentrations
of ALB have the potential to be a useful diagnostic and
prognostic marker for TB, however, malnutrition, chronic
inflammation, or hepatic disease may lead to reduced ALB,
and then relying on nutritional support to improve ALB
of PTB patients is not obvious. Hemoglobin synthesis is
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Figure 11: Funnel plots analysis of sputum smears- or culture-negative
conversion rate.

an impediment when the M. tuberculosis invades, because
the metabolic cycle of hemoglobin is taking longer than
normal. So, the utility of nutrition support to improve the
ALB and hemoglobin in common clinical practice is not
straightforward.

Nutrition support is safe and well tolerated without any
systemic adverse events reported in the included studies. The
quality assessment showed this notion in high, especially
the non-China trials. Furthermore, the results of sensitivity
analysis showed the same result between after removing
trials and before, thereby the results are reliable. There are
still several factors that may lead to heterogeneity such as
publication bias, carrying out in different settings with limited
technological examination. The combination of nutrient
support and anti-TB treatment show that it is beneficial on
sputum conversion negative rates, time and BMI.

There are still several limitations in our review: First, with
restriction on language, only Chinese and English studies
are included, may lead to language bias. Second, there
are still some references missing, poor sample size, gray
literature, which may lead to publication bias. Third, the
follow-up time points varied across studies and were not
in complete accordance with each other. So, we choose
the follow-up period that can represent the intensive phase
and consolidation period to divide further time points,
perhaps it is not applied to some trials. Moreover, the
high-energy-protein food or intravenous nutrition and the
multi-dose use of micronutrients in different countries are
not standardized, so the optimum dosing schedule has still
to be determined. In addition, it is worth noting that there
is still no evidence on cure of TB treatment outcomes when
using nutrition support as an addition to standard care. It is
just beneficial to improve the sputum-negative conversion,
shorten the conversion time, and increase the BMI.

In conclusion, there is sufficient evidence to assess the effect
on sputum conversion negative rate, time, and BMI. During
anti-TB course, regardless of its type and approach, nutrition
support may be useful for the treatment of TB patients by
improving both sputum conversion negative rate and BMI,
shortening the time of sputum conversion negative. Based on
the present evidence, there still needs higher quality trials to
test about the effect of nutrition support on CXR absorption
rate. Moreover, in terms of improving the TB score, further
evidence that accounts for ALB and hemoglobin should be
considered as well.

Table 3: Sensitivity analysis of comparing with the random effect results after removing the dissimilar trials

Study indicator Excluded study

Before excluded
Random effect RR/MD (95% C/)

Villamor et al.??
Xul
Martineau 20110

Sputum smears- or
culture-negative rate

Time of sputum smears
or culture negativity

Change in BMI Xul

1.10 (1.04, 1.17)

—5.42(=7.93,-2.92)

0.59 (0.16, 1.02)

P After excluded P
Random effect RR/MD (95% C/)
0.002 1.08 (1.03, 1.14) 0.002
<0.001 —5.42 (7.88,-2.59) 0.0001
0.008 0.54 (0.07, 1.01) 0.030

CI: Confidence interval; RR: Risk ratios; MD: Mean differences; BMI: Body mass index.
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It is necessary for further studies to concentrate on any
nutrition types for which encouraging results have already
been demonstrated, including high-energy-protein food,
multiple micronutrients or in combination with single
micronutrient (zinc, Vitamin A, Vitamin D, and so on), as
well as other meal replacements, conducted in areas where
TB is prevalent to evaluate the effect on CXR absorption
rate or zone changes, TB score, ALB, and hemoglobin.
These trials should have sufficient sample sizes and at
least moderate quality to detect what may be relatively
final clinical effect. Moreover, it is needed for further
trials to include participants who are HIV-positive or have
complication diseases.
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