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Abstract 
Background: Epidemiological s tudies have 
demonstrated an overlap between malnutrition and 
tuberculosis (TB) in most developing countries, but 
reports of changes in nutritional status throughout 
TB treatment arc scarce. The objective of this study 
was to determine the nutritional status of pulmonary 
TB patients before and during anti TB chemotherapy. 
Materials and methods: This study comprised of 
sixty eight (68) participants, twenty-four (24) multi-
drug-rcsistant TB (MDR-TB) patients, twenty-four 
(24) drug-sensitive TB paticnts(DS-TB) and 20 non-
TB apparently healthy individuals. TB patients were 
fol lowcd-up throughout 6 months of ant i -TB 
chemotherapy. Anthropometric measurements; mid-
upper arm circumfcrcncc(MUAC), weight, body 
mass indcx(BMI), percentage body fat(PBF), fat 
mass indcx(FMI), fat-free mass indcx(FFMI), waist 
circumfcrcncc(WC), hip circumfcrencc(HC), waist-
hip ratio(WHR), and plasma protcins(totaI protein, 
transferrin, rctinol binding protcin-RBP, prc-albumin 
and albumin) concentrations were determined. 
Results: Under nutrition (BMI <18.5 kg/m2) was 
observed in 65% and 23.1% of MDR-TB patients 
and DS-TB patients respectively. MUAC, weight, 
BMI, FFMI, WC and HC were significantly reduced 
before commencement - and at 2 months of 
chemotherapy in DS-TB patients compared with 
controls. Plasma transferrin and prc-albumin levels 
were significantly increased at 2 and 4 months of 
chemotherapy respectively, but plasma albumin 
levels were increased at 2 and 4 months of 
chemotherapy in DS-TB patients compared with 
controls. In MDR-TB patients, MUAC, weight, BMI, 
PBF, FMI and FFMI decreased significantly before 
and 2 months of chemotherapy compared with 
controls . Plasma albumin and HC decreased 
significantly before chemotherapy, while plasma TP 
and RBP increased before chemotherapy and 2 
months of chemotherapy in MDR-TB patients 
compared with controls. At 4 months of anti-TB 
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chemotherapy, MUAC was decreased while plasma 
total protein, prc-albumin and albumin increased 
significantly in MDR-TB patients compared with 
controls. Plasma transferrin and albumin increased 
significantly at 6 months of chemotherapy in MDR-
TB patients compared with controls. 
Conclusion: Protein-caloric under nutrition remains 
a major challenge in TB patients and nutritional 
support forTB patients during anti-TB chemotherapy 
could ensure quicker recovery. 
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Resume 
Contexte: Lcs etudes cpidcmiologiqucs ont demontre 
un chcvauchcmcnt entrc la malnutrition et la 
tubcrculosc (TB) dans la plupart des pays en voic dc 
dcvcloppcmcnt, mais les rapports devolution dc 
Pctat nutritionncl pendant lc traitcmcnt de la 
tubcrculosc sont rarcs. L'objcctif dc ccttc etude ctait 
dc determiner Petal nutritionncl des patients 
tubcrculcux pulmonaircs avant ct pendant la 
chimiothcrapic anti-tubcrculose. 
Materiaux et methodes: Ccttc etude comprcnait 
soixantc-huit (68) patients attcints dc tubcrculosc, 
vingt-quatrc (24) patients attcints dc tubcrculosc 
multi-mcdicamcnt-rcsistantc (TB- MMR), vingt-
quatrc (24) patients attcints dc tubcrculcs scnsiblcs 
aux medicaments (TB-SM) ct 20 non tubcrculcux 
apparemment en bonne santc. Lcs patients attcints 
dc tubcrculosc ont etc suivis pendant 6 mois dc 
chimiothcrapic antitubcrculcusc. Lcs mcsurcs 
anthropomctriqucs; la circonfercncc du milieu dc 
Pavant-bras (CMAB), lc poids, Pindicc dc masse 
corporcl lc ( IMC), lc pourccntagc dc graissc 
corporcllc (PGC), Pindicc dc masse graisscusc 
(IMG), Pindicc dc masse scchc (IMS), lc pcrimctrc 
dc la taillc (PT), la circonfercncc dc la hanchc (CH), 
lc rapport taillc-hanchc (RTH) ct lcs concentrations 
de protcincs plasmatiqucs (protcincs totalcs, 
transfcrrinc, protcincs dc liaison rctinol - PLR, prc-
albuminc ct albuminc) ont etc determines. 
Resultats: La sous-nutrition (IMC <18,5 kg/m2) a 
ctc observe chcz 65% ct 23,1% des patients TB-
MMR ct des patients TB-SM rcspcctivcmcnt. La 
CMAB, lc poids, PIMC, PIMS, lc PT ct la CH ont 
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ctc,considcrablcmcnt rcduits avant Ic debut ct a 2 mois 
' dc chimiothcrapic chcz les patients attcints de TB-SM 
vpar rapport aux tcmoins. Les c o n c e n t r a t i o n s 
plasmatiqucs (j.elransfcrrinc ct dc prc-albuminc ont etc 

'significativcmeiit augmcntecs a 2 ct 4 mois de 
chimiothcrapic respect ivement, ma is les concentrations 
plasmatiqucs d'albuminc ont etc augmcntecs a 2 ct 4 
fnois dcchimfotherapicchcz les patients attcints dc TB-
SM par rapport aux tcmoins. Chez les patients attcints 
dc TB- MMR, la CMAB, Ic poids, HMC, Ic PGC, 
r iMG ct I'lMS ont diminuc dc manicrc significative 
avant ct 2 mois dc chimiothcrapic par rapport aux 
tcmoins. L'albuminc plasmatiquc ct la CH ont diminuc 
dc manierc significative avant la chimiothcrapic, tandis 
que Ic plasma TP ct PLR out augmcntc avant la 
chimiothcrapic ct 2 mois dc chimiothcrapic chcz les 
patients attcints dcTB- MMR par rapport aux tcmoins. 
A 4 mois dc chimiothcrapic antitubcrculcusc, la C M A B 
a diminuc tandis que la protcinc totalc du plasma, la 
prc-albuminc ct Talbuminc ont augmcntc dc manicrc 
significative chcz les patients TB- MMR par rapport 
aux tcmoins. La transfcrrinc plasmatiquc ct Talbuminc 
ont augmcntc dc manicrc significative a 6 mois dc 
chimiothcrapic chcz les patients TB- MMR par rapport 
aux tcmoins. 
Conclusion: La protcinc caloriquc sous-nutrition rcstc 
un defi majcur chcz les patients attcints dc tubcrculosc 
ct Ic souticn nutritionncl pour les patients attcints dc 
tubcrculosc pendant la chimiothcrapic anti-TB pourrait 
assurer unc rccupcration plus rapidc. 

Mots-cles: Sous nutrition; Tubcrculosc; 
Chimiothcrapic, anthropometric; Proteines 

Introduct ion 
Malnutrition and tuberculosis arc both problems of 
cons ide rab le magni tude in most d e v e l o p i n g 
count r ies , and epidemiologica l s tud ie s h a v e 
demonstrated an overlap between these conditions 
in low incomc countries [1]. Among other risk 
factors, malnutrition has been reported to predispose 
to the development ofactivc tuberculosis (TB). Also, 
ac t ivc tube rcu los i s leads to a g g r a v a t i o n o f 
malnutrit ion due to rcduccd appet i te , nu t r ien t 
malabsorption, altered metabolism and increased 
cxcrction [2]. This accounts for the age-long link 
between c o n s u m p t i o n / w a s t i n g and a c t i v c 
tuberculosis [3]. However, the na tu re o f the 
interaction between these two conditions has been 
widely speculative and largely inconclusive 14]. 
Bclorc the advent of anti tuberculosis chemotherapy, 
a diet rich in calorics, proteins, fats, minerals and 
vitamins was generally considered an essential factor 
in treatment ol tuberculosis. The introduction of anti-
tube rcu los i s d rugs , however has a l t e r e d t h e 
management of tuberculosis and the role ol' diet is 
given little to no consideration in t ube rcu los i s 
management. Malnutrition in tuberculosis patients 

may directly or indirectly a licet treatment outcomes 
as it has been reported that malnourished TB patients 
have delayed recovery and higher mortality rates than 
well nourished patients [2. 5). 

T B remains a major public health priority 
as worldwide 9.6 million people were estimated to 
have T B and 1.5 million died from Mycobacterium 
tuberculosis infection in 2014 |5J. liiTorts towards 
eradication of T B have been hampered by emergence 
o f d r u g r e s i s t a n t s t r a i n s of Mycobacterium 
tuberculosis. A study reported a 90% curc rates of 
pulmonary tuberculosis cases using directly observed 
t r e a t m e n t s h o r t c o u r s c ( D O T S ) s t ra tegy [6]. 
Treatment outcomes o f T B arc not entirely dependent 
on use of appropriate anti-TB drugs only, but also 
inefficient ccllular immunity which may be a result 
of poor nutritional status [7j. 

Food insecurity and hunger arc common in 
Africa due to a combination of climatic, economic, 
policy and political factors (8]. Analysis of multiple 
demographic and nutrition surveys estimated that 10-
2 0 % of A f r i c a n adu l t s 20-49 years of age a rc 
ma lnour i shed , with protein-calor ic malnutr i t ion 
being reported as the common form of malnutrition 
[9-11]. It has been suggested that protein-caloric 
malnutrition, by reducing the expression of gamma 
interferon, tumour necrosis factor alpha, and other 
m y c o b a c t c r i c i d a l s u b s t a n c c s may s e l e c t i v e l y 
compromise portions of the ccll-mcdiatcd immune 
r e s p o n s e that a re important for containing and 
restricting Mtb [12,13]. Correlation of protein-caloric 
m a l n u t r i t i o n and g r o w t h r e t a r d a t i o n a l l o w s 
a s s e s s m e n t of indiv idual nutr i t ional s t a tus by 
measurement of growth indicators such as mid-upper 
a rm c i rcumference , weight and body mass index 
(BM1). Low BMI (<18.5 kg/nr) and lack of adequate 
weight gain fo l lowing T B treatment have been 
associated with increased risk of death [14,15] and 
T B relapse [ 16,17]. Also, waist circumfcrcnce (WC), 
hip c i rcumference (HC) and percentage body fat 
( P B F ) a rc m e a s u r e s of bodily fat mass. T h e s e 
m e a s u r e s h a v e been extens ive ly employed in 
assessment of nutritional status'in health and disease. 
T r a n s f e r r i n , rctinol binding protein (RBP), pre-
a l b u m i n and a l b u m i n arc markers of p r o t e i n 
nutritional status |4 | . 

P r e v i o u s s t ud i e s concen t r a t ed on 
a n t h r o p o m e t r i c m e a s u r e m e n t s as m a r k e r s o f 
macronutr icnl status in TB patients. In addition, 
s t u d i e s | 1 . 4 , 12] on changes in b iochemica l 
n u t r i t i o n a l f ac to r s and anthropometric indiccs 
th roughou t treatment of either DS-TB patients. 
M D R - T B patients or both are scarce. This study 
assessed macronutricnl sti lus of drug sensitive 
and drug resistant pulmonary tuberculosis patients 
by combination of anthropometric measurements and 
plasma protein concentrations before and during anti-
T B treatment. 
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Materials and methods 
Stiu/v setting: University College Hospital, Ibadan, 
Nigeria 
Study design: Case control 
Study Instruments: Structured questionnaires and 
laboratory tests 
Study variables: Anthropomet r ic measurements 
(mid-upper arm circumference, weight, body mass 
index, percentage body fat, fat mass index, fat-free 
mass index, waist circumference, hip circumference, 
waist-hip ratio) and plasma protcins(total protein, 
transferrin, rctinol binding protciiv-RBP, prc-albumin 
and albumin). 

Study participants 
Sixty eight (68) participants were enrolled for this 
study, this comprised of twenty four (24) multi-drug-
resistant T B (MDR-TB) patients, twenty four (24) 
drug-sensitive TB patients (DS-TB) and twenty (20) 
non-TB apparently healthy individuals. MDR-TB 
patients had been previously diagnosed as being 
infected with isoniazid and r i fampicin resistant 
strains of Mtb using clinical history, Chest X-ray 
and GENE Xpert. These patients were admitted into 
the MDR TB centre, University College Hospital 
(UCH) Ibadan, Nigeria for anti-TB treatment. DS-
TB patients were recruited from the Medicine Out-
patient Clinic, University College Hospital, Ibadan, 
Nigeria by a Consul tan t Chest Physic ian a f te r 
confirmation with laboratory tests, chcst X-ray and 
clinical history. The study protocol was reviewed 
and approved by the University of Ibadan/Univcrsity 
College Hospital Joint Institutional Research Ethics 
Committee. Informed consent was obtained before 
data and samples collcction from study participants. 

Five (5) milliliters of blood was drawn from 
the anti cubital fossa vein into sterile lithium heparin 
tubes before commencement of chemotherapy, 2 
months, 4 months and 6 months of anti-TB therapy. 
Blood samples were ccntrifugcd and plasma obtained 
were analyzed. 

Anthropometric measurements 
Mid upper arm circumference (MUAC) 
MUAC was measured using a measuring tape. Tape 
was ex t ended a r o u n d the mid u p p e r a r m of 
participant while the arm was straight and relaxed. 
Measurement was taken to the nearest 0.1cm and 
recorded. 

H eight and Percentage body fat (PBF) 
Weight and PBF were measured with a bioclcctrical 
impedance ana lys i s (BIA) sca le (Intclli Sca le 
BS0114, China) which was placed on a flat surface. 
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Study part icipants (vofp j iyh t clothing "and were 
without shoes before t n b y ^ o u d s c a l e . 

Waist circumference (WC) 
T h i s w a s m e a s u r e d u s ing a m e a s u r i n g tape . 
Participants were instructed to raise their cloth above 
waist and cross their a rms at chcst level while 
maintaining an upright posture. Measurements were 
taken by extending the measuring tape around the 
participants from the belly button. 

Hip circumference (HC) 
This was measured using a measuring tape extended 
a r o u n d the hip of s tudy p a r t i c i p a n t s whi le 
maintaining an upright posture. 

Indices and Ratios 
The following indices and ratios were calculated 
using their respective formulae; 
Body mass index (BMI) = Weight (kg) 

Height2 ( n r ) 
Fat Mass Index (FMI) = Fat mass (kg) 

Height2 (m2) 
Fat mass = PBF x Body weight 

Fat Free Mass Index (FFMI) = Fat free mass (kg) 
Height2 (m2) 

Fat free mass = Body weight — Fat mass 

Waist circumference to Hip circumfcrcncc ratio 
( W H R ) = Waist circumfcrcncc (cm) 

Hip circumfcrcncc (cm) 

PTB Treatment protocol 
All bacteriologically confirmed MDR-TB patients 
received intensive phase for 6 -8 months in the 
hospital followed by 12 months of continuation phase 
in the community based on WHO updated guidelines 
in 2011 [18]. Standardized treatment regimen was 
done using five drugs namely: Kanamycin/Amikacin, 
L c v o f l o x a c i n , P r o t h i o n a m i d c , C y c l o s e r i n e , 
Pyrazinamidc and Pyridoxinc). This present study 
w a s conduc ted dur ing the in tens ive p h a s e of 
treatment. 

Patients admitted for MDR-TB treatment, 
r ece ived s u p p o r t f r o m n o n - g o v e r n m e n t a l 
organizations which provided nutritional assistance 
in the form of meals and micronutricnt supplements. 
Vitamin C (Spartan C), Folic acid (Vilabiotics), 
Vitamin B complex (Vi tabio t ics) , Vitamin B6 
(Pauco) and multivit (Pauco) supplements were 
administered daily with anti-TB drugs as part ol the 
treatment regimen at the study site . 

Spu tum smear pos i t ive D S T B pat ients 
received DOTS intensive phase for 2 months and 4 
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months c o n t i n u a t i o n in t h e h o s p i t a l , a s 
rccommcndcd in the 2011 W H O u p d a t e d g u i d e l i n e s 
|18j . Standardized t reatment r e g i m e n w i t h f i x e d 
d rugs c o n t a i n i n g ; R i f a m p i c i n , I s o n i a z i d , 
Pyrazinamidc and E t h a m b u l h o l d u r i n g i n t e n s i v e 
phase, and Rifampicin and Isoniazid in c o n t i n u a t i o n 
phase, w e r e used. Drug sensi t ive T B p a t i e n t s w e r e 
t r e a t e d a t Out-Patient C l in ic a n d d id no t b e n e f i t 
nutritional support du r ing the p e r i o d o f a n t i - T B 
treatment. 

Biochemical analysis 
Enzymc-linkcd immuno sorbent a s s a y ( E L I S A ) w a s 
used to m e a s u r e t r a n s f e r r i n ( T r a n s f e r r i n ; 
Assayprolnc, USA), rctinol b inding p ro t e in ( R B P ; 
Lot # - 1 5 C l , Par t # - E - 8 0 R B P , I m m u n o l o g y 
Consultants Labora tory Inc, P o r t l a n d ) , a l b u m i n 
(Albumin; Lot #-17, Part # - E - 8 0 A L , I m m u n o l o g y 
C o n s u l t a n t s L a b o r a t o r y I n c , P o r t l a n d ) a n d 
prealbumin (Prealbumin, Lot # - l l Q l , P a r t # - E -
80PRE, Immunology Consul tan ts L a b o r a t o r y Inc , 
Portland). Assay protocol was as spec i f i ed by t h e 
manufacturer and the absorbancc o f all the a s s a y s 
was measured at 4 5 0 n m wi th a n E L I S A r e a d e r 
(Spectra Max Plus 384, Molecu la r D e v i c e s L L C , 
USA). The procedure was carr ied out a s p r e v i o u s l y 
dcscribcd [19]. 

U n d c r - n u t r i t i o n w a s o b s e r v e d in 6 5 % and 2 3 . 
M D R - T B a n d D S - T B p a t i e n t s respect ively [ 
c o m m e n c e m e n t o f c h e m o t h e r a p y while , coi 
w e r e a l l n o r m a l w e i g h t i n d i v i d u a l s . In M D 
p a t i e n t s , t h e p c r c c n t a g e o f u n d e r w e i g h t pa 
i n c r e a s e d t o 7 0 % a f t e r 2 m o n t h s o f a n t 
c h e m o t h e r a p y a n d d e c l i n e d t o 15% and 5 . 6 ^ 
m o n t h s a n d 6 m o n t h s o f a n t i - T B c he m o t hi 
r e s p e c t i v e l y . In D S - T B p a t i e n t s on the o the r 
t h e p e r c e n t a g e o f u n d e r w e i g h t pa t ien ts dcc rca : 
2 0 % a t 2 m o n t h s o f a n t i - T B c h e m o t h e r a p y an 
at 4 m o n t h s a n d 6 m o n t h s o f a n t i - T B chcmoth< 
( T a b l e I ) 

Drug-sens iti ve TB 
T h e a n t h r o p o m e t r i c m e a s u r e m e n t s M U A C , w 
B M I , F F M I , W C a n d H C w e r e s ign i f ican t ly rc< 
in D S - T B p a t i e n t s b e f o r e a n t i - T B chcmothc ra j 
2 m o n t h s o f a n t i - T B c h e m o t h e r a p y when c o m j 
w i t h c o n t r o l . P l a s m a c o n c e n t r a t i o n s o f t r ans ; 
a n d a l b u m i n o f D S - T B p a t i e n t s were s ign i f i c 
i n c r e a s e d a t 2 m o n t h s o f a n t i - T B c h e m o t h e r a p y 
c o m p a r e d w i t h c o n t r o l s . S i g n i f i c a n t i n c r c a s 
p l a s m a c o n c e n t r a t i o n s o f p r c - a l b u m i n and a l b 
o f D S - T B p a t i e n t s a t 4 m o n t h s o f a n t i 
c h e m o t h e r a p y w h e n c o m p a r e d wi th c o n t r o l s 
a l s o o b s e r v e d . T h e r e w e r e a l s o s ign i f ican t i n c n 
in w e i g h t a n d p l a s m a c o n c e n t r a t i o n of p r e - a l b 
o f D S - T B p a t i e n t s a t 4 m o n t h s o f c h c m o t h e 

Tabic 1: Proportion ofparticipants with undernutr i t ion (BMI < 1 8 . 5 k g / m 2 ) 

Group No of 
part icipants 

BMI < 1 8 . 5 
kg /m 2 ( % ) 

B M I < 1 8 . 5 
k g / m 2 ( % ) 
- M D R - T B 

BMI <18 .5 
kg/m2 (%) -
DS-TB 

Control 
Before chemotherapy 
2 months of chemotherapy 
4 months of chemotherapy 
6 months of chemotherapy 

20 
48 
48 
48 
48 

0 
6 5 . 5 
7 0 . 0 
15.0 
5 . 6 

23.1 
20.0 
0.0 
0.0 

Statistical analysis 
Data obta ined was a n a l y z e d u s i n g s t a t i s t i c a l 
packagc for social sciences ( S P S S ) v e r s i o n 17 .0 . 
Independent Student t-tcst w a s used to c o m p a r e 
the mean values of P T B p a t i e n t s a n d c o n t r o l s , 
while paired t-tcst was used to c o m p a r e t h e m e a n 
values of PTB patients be fo re c o m m e n c e m e n t o f 
chemotherapy, 2 months, 4 m o n t h s a n d 6 m o n t h s 
of anti-TB chemotherapy. Values w e r e c o n s i d e r e d 
significant at p<0.05. 
Results 

w h e n c o m p a r e d w i t h t h e i r l e v e l s be fo re a n t i 
c h e m o t h e r a p y . P l a s m a c o n c e n t r a t i o n of t r ans fc 
o f D S - T B p a t i e n t s w a s r e d u c e d significantly, w 
w e i g h t w a s i n c r e a s e d a t 6 m o n t h s o f a n t i -
c h e m o t h e r a p y w h e n c o m p a r e d wi th the values be; 
c o m m e n c e m e n t o f c h e m o t h e r a p y . (Table 2). 

Multi-drug resistant TB 
A n t h r o p o m e t r i c m e a s u r e m e n t s M U A C , w e i t 
B M I , P B F , F M I a n d F F M I w e r e significantly redu 
in M D R - T B p a t i e n t s b e f o r e a n d at 2 months o f a i 
T B c h e m o t h e r a p y w h e n c o m p a r e d with contr< 
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Tabic 2: Anthropometric measurements and plasma concentrations of markers of nutritional status in DS-1B 
patients before and during chemotherapy and in healthy controls 

Parameters Control (n=20) Before 2months 4months 6months 
chemotherapy (n—24) (n=24) (n=24) 
(n=24) 

MUAC (cm) 27.4+2.3 24.6+3.3* 25.2+2.6* 27.0+3.9 26.8+3.0 
Weight (kg) 67.0+14.1 56.5+10.4* 59.6+8.3* 65.9+10.9" 65.9+8.0" 
BMI (kg/nr) 22.9+3.4 20.4+3.8* 20.4+2.2* 23.1+4.8 22.9+2.5 
PBF (%) 24.2±8.5 22.0+10.3 21.0+8.9 25.5+10.8 20.4+9.0 
FMI (kg/nr) 5.7*2.6 5.2+4.4 4.6+2.4 4.7+1.9 4.4+2.4 
FFMI (kg/nr) 17.2+2.1 15.8+1.9* 15.9+1.8* 16.1 + 1.9 16.5+1.7 
WC (cm) 75.0+23.7 72.0+9.5* 71.9+5.5* 78.6+9.8 75.3+6.3 
HC (cm) 92.8+15.2 89.2±8.3* 91.2+5.3* 94.3+6.5 94.5+6.8 
WHR 0.8+0.2 0.86+0.06 0.84+0.03 0.88+0.06 0.85+0.03 
Total Protein (g/L) 59.8+8.9 58.9+6.3 60.6+3.9 56.5+6.5 58.7+2.3 
Transferrin (g/L) 167.6+39.5 187.0+40.7 188.6+29.8* 167.0+9.0 151.3+17.0" 
RBP (mg/L) 55.1+7.0 53.6±14.0 50.6+6.8 57.0+7.6 50.7+8.9 
Prc-a 1 bumi n (mg/L) 272.3+87.1 261.0±78.8 313.9+78.2 339.2+33.0*° 339.5+113.5 
Albumin (g/L) 37.0+22.0 45.5+10.9 53.2+6.2* 55.5±17v3*r~.-:^ . 52.7+27.4 •v . 

^Significantly different from Control (p<0.05) V* 
"Significantly different from before commencement of chemotherapy (p<0.05) y ^ * dWKsi 111 ji ' f ' , ^ 

f!" " " ' " 
'ICp.lV 7 ;• 

Table 3: Anthropometric measurements and plasma concentrations of markers of nutritional status in MDR-TB patients 
before and during chemotherapy and in healthy controls 

Parameters Control (n=20) Before 2months 4months 6months 
chemotherapy (n=24) (n=24) (n=24) 
(n=24) 

23.0+2.7* 24.0+2.0* 24.6+2.5* 25.3+2.6° 
50.9+8.3* 47.1+10.4* 60.4+8.5° 64.2+7.9" 
17.8+3.1* 16.5+4.0* 21.1+3.1° 22.5+3.2" 
13.4+7.5* 13.6+11.2* 20.5+9.4° 22.5+10.1° 
2.6+1.9* 2.6+2.9* 4.5+2.7° 5.3+3.0" 
15.3+1.9* 13.9+1.8*° 16.6+1.8° 17.2+1.8° 
73.6+6.1 78.3+8.4 78.2+7.7 81.5+7.7° 
84.7+5.7* 90.2+7.3° 91.6+6.7° 93.9+7.2° 
0.9+0.04 0.9+0.05 0.9+0.05 0.9+0.05 
75.9+3.3* 76.6+6.6* 70.1+8.2*° 65.5+9.4° 
198.8+42.6 122.7+63.7" 233.6+132.8 354.0+53.0*" 
66.4+9.9* 70.1 + 17.4* 55.3+10.7° 63.0+18.8 
247.2+54.7 264.0+28.5 332.1+63.9*° 303.9+43.6" 
16.3+3.6* 45.9+17.3° 69.9+13.6*° 64.1+9.2*° 

MUAC (cm) 27.4+2.3 
Weight (kg) 67.0+14.1 
BMI (kg/nr) 22.9+3.4 
PBF (%) 24.2+8.5 
FMI (kg/nr) 5.7+2.6 
FFMI (kg/nr) 17.2+2.1 
WC (cm) 75.0+23.7 
HC (cm) 92.8+15.2 
WHR 0.8+0.2 
Total Protein (g/L) 59.8+8.9 
Transferrin (g/L) 167.6+39.5 
RBP (mg/L) 55.1+7.0 
Prc-albumin (mg/L) 272.3+87.1 
Albumin (g/L) 37.0+22.0 

*Significantly different from Control (p<0.05) 
Significantly different from before commencement of chemotherapy (p<0.05) 

Mean 11C and plasma albumin concentration of 
MDR-TB patients dccrcascd significantly after 2 
months of anti-TB chemotherapy, while plasma RBP 
of MDR-TB patients increased significantly at 2 
months and 4 months of anti-TB chemotherapy when 
compared with controls. Though MUAC of MDR-
TB patients decreased significantly at 4 months of 

anti-TB chemotherapy, plasma prc-albumin and 
albumin concentrat ions in MDR-TB patients 
increased significantly at 4 months and 6 months of 
anti-TB chemotherapy respectively when compared 
with controls. Plasma TP was significantly raised 
before, at 2 months and 4 months of chemotherapy in 
MDR-TB patients compared to controls. (Tabic 3) 
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While there were signif icant inc reases in 
weight, BMI, PBF, FMI, FFMI and p l a sma p rc -
albumin concentration of M D R - T B pa t ien ts at 4 
months and 6 months of anti-TB chemotherapy, there 
were significant decreases in P B W and T P o f M D R -
TB patients at 4 months and 6 months of a n t i - T B 
chemotherapy when compared with mean v a l u e s 
before commencement of chemotherapy. M e a n H C 
and plasma albumin concentrat ions of M D R - T B 
patients increased significantly at 2 months, 4 mon ths 
and 6 months of a n t i - T B c h e m o t h e r a p y w h e n 
c o m p a r e d wi th mean v a l u e s b e f o r e a n t i - T B 
chemotherapy. Although plasma RBP concent ra t ion 
of MDR-TB patients decreased s ignif icant ly a t 4 
months of anti-TB chemotherapy, M U A C , W C and 
plasma transferr ing concentra t ions of M D R - T B 
patients increased significantly at 6 months o f an t i -
TB chemotherapy when compared with mean va lues 
before anti-TB chemotherapy. (Table 3) 

There were significant decreases in B M I , 
PBF, FMI and albumin whereas T P and R B P were 
significantly increased in M D R - T B pat ients when 
compared to DS-TB patients before chemotherapy. 
(Table 4). 
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Z a c h a r i a h ct it! 115] who reported undcr-nutrition in 
4 2 % , 5 1 % a n d 5 7 % o f T B patients in Uganda, Ghana 
a n d M a l a w i respect ively. It is however lower than 
7 1 . 6 % r e p o r t e d b y Kennedy ct al [221 in Tanzanian 
T B p a t i e n t s . Undcr -nu t r i t i on has been associated 
wi th a l t e r a t i o n s in i m m u n e function which increases 
s u s c e p t i b i l i t y to infect ion and may also aggravate 
d e v e l o p m e n t a n d progress ion of active T B infection 
f 12]. It is a l s o sugges t ed that undcr-nutrition alters 
e f f e c t i v e n e s s o f m c d i c a t i o n , vaccine cfificacy and 
i n c r e a s e s m o r t a l i t y o f T B patients [23-26]. Due to 
t h e v i s c o u s c y c l e o f T B and undcr-nutrition, it is 
d i f f i c u l t to e s t a b l i s h if under—nutri t ion results in 
a c t i v e T B o r a c t i v c T B results in undcr-nutrition, 
bu t t h e h igh p r e v a l e n c e of under nutrition in T B 
p a t i e n t s r e p o r t e d in this present study indicates that 
undc r -nu t r i t i on is still a major concern i n T B patients. 
H e n c e , t h e r e is a need for assessment of nutritional 
s t a t u s o f T B p a t i e n t s al diagnosis. 

A n t h r o p o m e t r i c ind ica to r s a rc r egu la r ly 
m e a s u r e d a n d in te rpre ted to assess malnutrition [16]. 
T h i s s t u d y f o u n d r cduccd anthropometric measures 
o f nu t r i t i ona l s t a t u s in D S - T B and M D R - T B patients 
b e f o r e c o m m e n c e m e n t o f an t i -TB c h e m o t h e r a p y 
w h e n c o m p a r e d t o hea l thy controls . Lower mean 
m i d - u p p e r a r m c i r cumfc rcncc , weight, BMI and hip 

Tabic 4: Anthropometric measurements and plasma concentrat ions of markers of nutritional status in DSTB and 
MDR-TB patients before chemotherapy. 

Parameters DS-TB before 
Chemotherapy 
(n=24) 

MDR-TB before 
Chemotherapy 
(n=24) 

P value 

MUAC (cm) 
Weight (kg) 
BMI (kg/m2) 
PBF (%) 
FMI (kg/m-) 
FFMI (kg/m2) 
WC (cm) 
HC (cm) 
WHR 
Total Protein (g/L) 
Transferrin (g/L) 
RBP (mg/L) 
Prc-albumin (mg/L) 
Albumin (g/L) 

24.6±3.3 23.0±2.7 -1.994 0.055 
56.5±10.4 50.9±8.3 -2.027 0.051 
20.4±3.8 17.8±3.1 -2.052 0.049* 
22.0±10.3 13.4±7.5 -2.545 0.017* 
5.2±4.4 2.6±1.9 -2.352 0.026* 
15.8±1.9 15.3±l .9 -0.672 0.507 
72.0±9.5 73.6±6.1 -1.065 0.295 
89.2±8.3 84.7*5.7 -1.912 0.065 
0.86*0.06 0.9±0.04 1.183 0.246 
58.9±6.3 75.9±3.3 9.504 0.000* 
I87.0±40.7 198.8*42.6 0.845 0.405 
53.6±I4.0 66.4*9.9 3.311 0.002* 
26l.0±78.8 247.2*54.7 -0.858 0.397 
45.5± 10.9 16.3*3.6 -9.733 0.000* 

* Significant at p <().() 5 

Discussion 
This present study reports undcr-nutrition in 4 8 . 5 % 
of the TB patients before commencement o f an t i -
TB chemotherapy. This finding is in consonance with 
the reports of Muperc et al [20], Dodor [21], and 

c i r c u m f e r e n c e in D S - T B and MDR-TB patients, W C 
a n d P B F in D S - T B a n d M D R - T B p a t i e n t s 
r e spec t ive ly c o m p a r e d with controls represent loss 
o l b o t h fat a n d f a t - f r ccmass in these patients as 
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shown by dccrcascs in FMI and FFMI. This could 
be a result of a shift in metabolism in favour of 
increased catabolism and increased protein loss 
(negative nitrogen balance), or decreased nutrient 
supply due to anorexia and/or malabsorption. Studies 
of protein and energy metabol ism in infection 
previously demonstrated metabolic changcs in acute, 
sub-acute and chronic infectious diseases 127]. 
Inc reased energy demand and expend i t u r e 
determined by increased oxidat ion of fat and 
breakdown of lean tissue for energy were reported 
in several infectious diseases including TB [28]. 
Macallan el al [28] further hypothesized that there 
is a block to the anabolic response to nutrition in TB 
patients thereby hampering utilization of exogenous 
nutrient supply in these patients. These may explain 
the loss of fat and fat-free mass in TB patients 
observed in this study. Morcso, it also supports the 
age- long association between tuberculosis and 
wasting as well as previous reports of protein-caloric 
malnutrition in TB patients [1,21,29-31]. 

Conventional TB treatment involves the use 
of combinations of anti-TB therapeutic drugs for at 
least 6 months. The length of treatment and sidc-
cffccts of the drugs have been identified among 
factors responsible for patients' non-compliance with 
t r ea tment , which has largely resul ted in the 
cmcrgcncc of drug resistant strains of Mtb. In DS-
TB, only weight increased significantly at 4 months 
and 6 months of an t i -TB chemotherapy when 
compared with before chemotherapy. In MDR-TB 
on the other hand, MUAC, weight, BMI, PBF, FMI, 
FFMI, WC and HC were increased at 4 months and 
6 months of chemotherapy when compared with 
before chemotherapy. The differences observed 
between DS-TB and MDR-TB patients may be as a 
result of nutritional support received by MDR-TB 
patients. 

This study therefore proposes that a balanced 
diet and micronutricnt supplementation can be added 
to conventional anti-TB drugs. This is particularly 
necessary in developing regions of the world where 
poverty and food insecurity arc endemic. Improved 
nutritional status of TB patients could also lead to 
immunologic changcs that may enhance Mtb 
clearance and rcducc infectiousness of patients. 
However, there is a need for further studies to 
determine the optimal amount and combinations of 
nutrients for better nutritional, immunological and 
treatment outcomes in these patients. The present 
finding is in consonancc with the study of Paton el 
a ! [27] where increased body weight and lean mass 
of TB patients on cncrgy-protcin supplement 
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c o m p a r e d to a non-supplemented g roup was 
reported. 

Components of plasma protein arc altered 
in d i f f e r en t phys io logica l and pa tho log ica l 
conditions. This study found decreased plasma 
albumin with increased total protein and RBP 
concen t r a t i ons in M D R - T B pa t i en t s b e f o r e 
commencement of anti-TB chemotherapy when 
compared with controls. Decreased plasma albumin 
with increased plasma total protein concentration in 
MDR-TB patients before chemotherapy might be an 
indication of clcctrophorctic pattern of plasma 
proteins seen in chronic inflammation which is 
characterized by reduction in the albumin band and 
a marked increase in gamma globul in band . 
Inflammation is a phenomenon in TB patients as 
shown by the results of this study. Elevated gamma-
globulins with concomitant rcduccd albumin in TB 
patients have been previously reported [32,33]. The 
increase in gamma-globulins represents increased 
product ion of immunoglobulin classes in T B 
patients, though the roles of immunoglobulins in 
defence against Mtb arc largely unclear. Rcduccd 
albumin in MDR-TB patients before chemotherapy 
on the other hand may be suggestive of cither 
malnutrition or an acute phase response. However, 
in acute phase response, a dccrcasc in plasma RBP 
is expected but we found increased plasma RBP with 
rcduccd plasma albumin. This is plausible since most 
of the MDR-TB patients in this study were not 
severely ill before commencement of chemotherapy. 
Rcduccd plasma albumin may be due to rcduccd 
albumin synthesis or increased albumin utilization. 
Paton et al [27] previously suggested an anabolic 
block in TB. Our study goes further to propose that 
this anabolic block may affect synthesis of selected 
proteins but not all proteins in TB patients. In 
addi t ion , rcduccd plasma a lbumin be fo re 
chemotherapy might be due to utilization of albumin 
in scavenging free radical as previously demonstrated 
in TB patients [34-36]. 

Proper TB treatment helps restore nutritional 
status. However, the time of nutritional recovery may 
be long and many TB patients remain undernourished 
after TB treatment is completed [37]. This present 
s tudy found s ignif icant increases in the 
concentrations of plasma proteins albumin, prc-
albumin and transferrin in MDR-TB patients at 4 
months and 6 months of anti-TB chemotherapy, 
whereas prc-albumin alone was s ignif icant ly 
increased at 4 months of anti-TB chemotherapy in 
DS-TB patients. This further supports the need for 
provision of nutritional support for TB patients on 
anti-TB chemotherapy to ensure early recovery. 
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In conclusion, p ro tc in -ca lo r i c u n d e r 
nutrition remains a major challenge in TB patients 
and nutritional support in the form of controlled diet 
and micronutrient supplements should be given to 
TB patients during anti-TB chemotherapy to ensure 
quick rccovcry. 
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