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Abstract 

Background  Tuberculosis (TB) affects people’s quality of life (QoL). We prospectively monitored physical and mental 
health-related QoL over time in people with TB in the Southern African region with a high HIV and TB burden.

Methods  Adults aged ≥ 15 years with pulmonary TB were enrolled in five cohorts in Malawi, Mozambique, South 
Africa, Zambia, and Zimbabwe from October 2022 to September 2024. We assessed six QoL outcomes using vali-
dated instruments at the start (baseline), end of treatment, and 6 months post-treatment: symptoms of depression 
(PHQ-9), mental and physical health (SF-12 mental, SF12-MC, SF-12 physical component, SF12-PC), physical fitness 
(6-Minute Walk Test, 6MWT; 1-min Sit-To-Stand Test, STST), and respiratory health (Saint-George-Respiratory-Question-
naire, SGRQ). Missing QoL scores were imputed with multivariate imputation by chained equations. We compared 
the proportion of participants with impaired QoL, defining impairment based on outcome-specific cut-off values. We 
also estimated changes in QoL scores and examined their associations with baseline characteristics using Bayesian 
multivariable regression models.

Results  We included 1438 participants with a median follow-up of 344 days (interquartile range [IQR] 183–373). 
The median age was 39 years (IQR 30–50); 67% were male, and 39% living with HIV. At baseline, 49% had symptoms 
of depression, 73% had impaired mental health and 92% impaired physical health-related QoL, 68–74% had reduced 
physical fitness (68%: 6MWT, 74%: STST), and 78% impaired respiratory health. All QoL outcomes improved by the end 
of treatment, notably depressive symptoms (48% to 5%), mental health-related QoL (73% to 28%), and respiratory 
health (78% to 11%). Most QoL impairments continued to decrease post-treatment, especially physical and respiratory 
health; depressive symptoms remained below 5%. Across QoL domains and study visits, better outcomes were associ-
ated with age < 30 (83% probability), and worse outcomes with female gender (86%) and a prior TB history (89%). 
Living with HIV and alcohol drinking were associated with worse QoL only at baseline (88% and 87%).

†Nicolas Banholzer and Guy Muula contributed equally to this work.

*Correspondence:
Lukas Fenner
lukas.fenner@unibe.ch
Full list of author information is available at the end of the article

http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12916-025-04321-6&domain=pdf


Page 2 of 12Banholzer et al. BMC Medicine          (2025) 23:485 

Conclusions  TB negatively impacts QoL across physical, mental, and social domains, including post-treatment. 
The study highlights the need for integrated mental and physical healthcare and rehabilitation during TB treatment 
and beyond, especially for high-risk populations, to address the long-term impact of TB on QoL.

Keywords  TB, Quality of life, Mental health, Physical fitness, Depression, Post-TB complications, Low- and middle-
income countries, Africa, HIV, Gender

Background
After the COVID-19 pandemic, tuberculosis (TB) has 
again become the leading cause of death from infec-
tious diseases worldwide, surpassing HIV [1]. In 2023, 
an estimated 10.8 million people fell ill with TB glob-
ally, resulting in 1.25 million deaths, including 161,000 
people living with HIV [1]. The chronic disease, stigma, 
discrimination, and economic impact associated with 
TB contribute to a deterioration in the quality of life 
(QoL) of people with TB, both physically and men-
tally [2–5]. In addition, people who have completed TB 
treatment may continue to suffer from long-term physi-
cal and mental complications—an additional burden 
that has long been underestimated and remains poorly 
described [2, 6, 7].

Studies have shown that the QoL of people with TB is 
generally worse than that of the general population [4, 
8]. Indeed, mental health disorders such as depression 
and anxiety are highly prevalent among people with TB 
[9, 10], especially among those with multidrug-resistant 
(MDR) TB [11]. Furthermore, post-TB lung disease 
defined as a chronic respiratory abnormality at least 
partially attributable to previous pulmonary TB [2, 12] 
is estimated to affect 60% to 90% of people who were 
treated for TB, affecting their QoL, including physically 
and mentally [12]. In terms of mortality, people treated 
for TB have an almost threefold increased risk of dying 
after treatment compared with matched controls [13]. 
Altogether, the post-TB complications in terms of mor-
bidity, mortality, and impaired QoL contribute signifi-
cantly to the overall burden of TB disease. There is a 
need for a better understanding of these complications 
that integrates both mental and physical health aspects 
[14, 15]. Existing studies often lack comprehensive lon-
gitudinal data that track multiple aspects of QoL from 
the initiation of treatment to the post-treatment period 
across diverse settings. Here, we investigated the evolu-
tion of physical and mental health-related QoL before, 
during, and after TB treatment in a prospective cohort 
of people with TB in five high-burden HIV and TB 
countries in Southern Africa.

Methods
Study design
In a prospective, non-interventional cohort study, we 
consecutively enrolled people with pulmonary TB from 
five HIV care clinics and their associated TB clinics in 
the International epidemiology Databases to Evaluate 
AIDS in Southern Africa (IeDEA-SA).

Study setting
We prospectively enrolled people with TB at the follow-
ing study sites: Centre for Infectious Disease Research in 
Zambia, Lusaka, Zambia; Themba Lethu Clinic, Helen 
Joseph Hospital, Johannesburg, South Africa; Lighthouse 
and Martin Preuss Center, Lilongwe, Malawi; Chiure 
Health Center, Mozambique; Maswingo Health Center, 
Zimbabwe.

Study population
Between October 2022 and March 2023, we recruited 
people diagnosed with pulmonary TB aged ≥ 15, liv-
ing with or without HIV, and with or without addi-
tional extrapulmonary manifestations (e.g. lymph nodes, 
pleura). We included the cohort data available on Janu-
ary 30, 2025. TB was either bacteriologically confirmed 
(e.g. using Xpert Ultra or lipoarabinomannan urine tests) 
or clinically diagnosed based on clinical symptoms and 
chest X-ray results. TB treatment and other diseases, 
including mental health, were managed according to 
local guidelines. We followed cohort participants with 
study visits at the time of TB treatment start (baseline), 
end of treatment (usually 6 months after treatment start), 
and 6  months after treatment completion (post-treat-
ment). We made every effort to ensure the retention of 
the study participants. This included regular phone calls 
from the study team, reimbursement for travel and time 
in accordance with local ethics committee recommenda-
tions, tracing teams, community support, and support 
from local clinic staff at the TB clinics.

Data collection
Trained health workers collected patient data at each 
study visit using standardised questionnaires [16]. We 
measured six health-related QoL outcomes at each 
study visit using a comprehensive set of instruments 
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that are validated for TB research and are available in 
local languages: depressive symptoms were assessed 
using the Patient Health Questionnaire-9 (PHQ-9) [17], 
mental and physical health using the two  subscales of 
the 12-Item Short Form  Health Survey  (SF-12; Mental 
Component Summary, SF12-MCS; Physical Component 
Summary, SF12-PCS) [18], physical fitness using objec-
tive scores of the 6-Minute Walk Test (6MWT) [19] and 
the 1-min Sit-to-Stand Test (STST) [20], and respiratory 
health using the St. George Respiratory Questionnaire 
(SGRQ) [21]. An overview of the QoL instruments and 
outcomes used in our study is provided in Table  1. All 
data were collected electronically on the secure web plat-
form REDCap [22].

Definitions
We defined depressive symptoms using a cut-off of 
PHQ-9 ≥ 7 according to validation studies conducted in 
three of the five participating countries (South Africa, 
Malawi, Mozambique) [23–26]. However, we conducted 
a sensitivity analysis using the standard PHQ-9 cut-off of 
10 for depressive symptoms, which also corresponds to 
the cut-off used in Zimbabwe [17, 27]. All other cut-offs 
used are shown in Table 1. Alcohol drinking and tobacco 
smoking were defined as any current use with an Alco-
hol, Smoking and Substance Involvement Screening Test 
(ASSIST) score greater than zero in the appropriate score 
category. Serious non-fatal adverse events were consid-
ered if the event led to a persistent disability, medical 
consultation, or an in-patient hospitalisation. Multidrug-
resistant TB (MDR TB) was defined as resistance to at 
least rifampicin.

Statistical analyses
We analysed demographic and clinical characteristics at 
baseline and compared QoL outcomes between study vis-
its. Some QoL scores were missing if an outcome was not 
recorded during a visit, the patient died before a follow-
up visit, or the patient did not return for a follow-up visit 
within 8 months (16 months for people with MDR) of the 
last visit. Planned visits of participants who did not yet 
reach the time of the scheduled follow-up were excluded. 
Missing scores of other visits were imputed using mul-
tiple imputation by chained equations based on QoL 
scores and baseline patient characteristics. We generated 
20 datasets during imputation. In addition, we calculated 
standardised QoL scores (z-scores) in each dataset to 
make our estimation results comparable for continuous 
scores measured on different scales. Before standardisa-
tion, PHQ-9 and SGRQ scores were transformed by sub-
tracting the measured value from the maximum possible 

value, so that positive changes represent an improvement 
in QoL for all outcomes.

We first compared the proportion of study participants 
with impaired QoL (as defined above) by study visit sepa-
rately for each outcome using Bayesian binomial mod-
els. Then, we compared the continuous QoL z-scores by 
study visit and their association with patient character-
istics using Bayesian linear mixed-effects models with 
time interaction effects, adjusting for mental health treat-
ment since the last study visit and any non-fatal serious 
adverse event during treatment. The time effects were 
used to compute the estimated changes in QoL z-scores. 
The associations of higher (or lower) QoL z-scores by 
study visit with patient characteristics at baseline were 
reported as probabilities by calculating the proportion 
of posterior draws with a positive (or negative) estimate. 
To investigate whether some patient characteristics were 
more strongly associated with low QoL scores at the end 
of treatment, we estimated their association with baseline 
patient characteristics using Bayesian quantile regression 
models, adjusting for baseline QoL scores.

We present the results using the observed data and 
the imputed data for unrecorded outcomes, excluding 
missing follow-up visits and deaths. In Additional file 1, 
we present the results of the complete case analyses, i.e. 
considering only recorded outcomes. In sensitivity anal-
yses, we show the changes in QoL when including the 
fully imputed scores for study visits where the patient 
died before or did not return for a follow-up visit (all 
QoL scores missing). Estimation results (posterior sam-
ples of each model parameter) were pooled and sum-
marised with medians and 95%-credible intervals (CrIs) 
or the posterior probability (Pr in %). All analyses were 
performed in R version 4.3.2 and probabilistic modelling 
in Stan version 2.26.1 using the brms R package version 
2.20.4.

Results
Patient characteristics and QoL at the start of TB treatment
We included 1438 study participants with TB (Table  2) 
who were enrolled and followed between 2022 and 
2025, for a total follow-up of 405,923 person-days with 
a median follow-up of 344 days per patient (interquar-
tile range [IQR] 183–373). All participants started TB 
treatment (baseline); 1164 (81%) came for the end of 
treatment, and 745 (52%) for a follow-up visit 6 months 
post-treatment (see Additional file 1: Table S1). Overall, 
20% of study participants were clinically diagnosed with 
TB.

At baseline, the median age was 39 years (IQR 30–50), 
963 (67%) were men, 563 (39%) were living with HIV, 251 
(17%) reported a history of TB; 59 (4%) had MDR TB; 497 
(57%) reported smoking tobacco, and 626 (67%) drinking 



Page 4 of 12Banholzer et al. BMC Medicine          (2025) 23:485 

Ta
bl

e 
1 

Su
m

m
ar

y 
of

 s
ta

nd
ar

di
se

d 
qu

es
tio

nn
ai

re
s 

us
ed

 in
 th

e 
st

ud
y 

to
 m

ea
su

re
 q

ua
lit

y 
of

 li
fe

 (Q
oL

)

a  T
he

 1
2-

Ite
m

 S
ho

rt
 F

or
m

 H
ea

lth
 S

ur
ve

y 
(S

F-
12

) i
s 

a 
se

lf-
re

po
rt

ed
 a

nd
 s

ho
rt

en
ed

 v
er

si
on

 o
f i

ts
 p

re
de

ce
ss

or
, t

he
 S

F-
36

, w
hi

ch
 e

vo
lv

ed
 fr

om
 th

e 
M

ed
ic

al
 O

ut
co

m
es

 S
tu

dy
. T

he
 S

F-
12

 w
as

 c
re

at
ed

 to
 re

du
ce

 th
e 

bu
rd

en
 o

f 
re

sp
on

se
. I

t u
se

s 
th

e 
ex

ac
t e

ig
ht

 d
om

ai
ns

 a
s 

th
e 

SF
-3

6.
 T

he
re

 is
 a

 M
en

ta
l C

om
po

ne
nt

 S
co

re
 (S

F1
2-

M
CS

) a
nd

 a
 P

hy
si

ca
l C

om
po

ne
nt

 S
co

re
 (S

F1
2-

PC
S)

O
ut

co
m

e
In

st
ru

m
en

t n
am

e 
(r

ef
er

en
ce

)
D

es
cr

ip
tio

n
Sc

or
e 

(in
te

rp
re

ta
tio

n)
Cu

t-
off

Sy
m

pt
om

s 
of

 d
ep

re
ss

io
n

PH
Q

-9
: P

at
ie

nt
 H

ea
lth

 Q
ue

st
io

nn
na

ire
-9

 [1
7]

Se
lf-

re
po

rt
ed

 to
ol

 to
 a

ss
es

s 
co

m
m

on
 m

en
ta

l 
he

al
th

 d
is

or
de

rs
, s

uc
h 

as
 d

ep
re

ss
io

n 
an

d 
an

xi
et

y
0–

27
 (l

ow
er

 s
co

re
s 

ar
e 

be
tt

er
)

 ≥
 7

Im
pa

ire
d 

m
en

ta
l h

ea
lth

SF
12

-M
C

S:
 S

F-
12

, M
en

ta
l C

om
po

ne
nt

 S
um

m
ar

y 
[1

8]
Th

e 
SF

12
-M

C
S 

is
 a

 s
ub

sc
al

e 
of

 th
e 

SF
12

a  th
at

 m
ea

s-
ur

es
 m

en
ta

l h
ea

lth
-r

el
at

ed
 q

ua
lit

y 
of

 li
fe

, f
oc

us
si

ng
 

on
 e

m
ot

io
na

l w
el

l-b
ei

ng
, s

oc
ia

l f
un

ct
io

ni
ng

, 
vi

ta
lit

y,
 a

nd
 th

e 
ps

yc
ho

lo
gi

ca
l i

m
pa

ct
 o

f h
ea

lth
 

co
nd

iti
on

s

0–
10

0 
(h

ig
he

r s
co

re
s 

ar
e 

be
tt

er
)

 <
 5

0

Im
pa

ire
d 

ph
ys

ic
al

 h
ea

lth
SF

12
-P

C
S:

 S
F-

12
, P

hy
si

ca
l C

om
po

ne
nt

 S
um

m
ar

y 
[1

8]
Th

e 
SF

12
-P

C
S 

is
 a

 s
ub

sc
al

e 
of

 th
e 

SF
-1

2a  th
at

 e
va

lu
-

at
es

 p
hy

si
ca

l h
ea

lth
-r

el
at

ed
 q

ua
lit

y 
of

 li
fe

, f
oc

us
si

ng
 

on
 p

hy
si

ca
l f

un
ct

io
ni

ng
, b

od
y 

pa
in

, g
en

er
al

 h
ea

lth
, 

an
d 

th
e 

im
pa

ct
 o

f p
hy

si
ca

l h
ea

lth
 o

n 
da

ily
 a

ct
iv

iti
es

0–
10

0 
(h

ig
he

r s
co

re
s 

ar
e 

be
tt

er
)

 <
 5

0

Ph
ys

ic
al

 fi
tn

es
s

6M
W

T:
 6

-M
in

ut
e 

W
al

k 
Te

st
 [1

9]
Th

e 
6M

W
T 

is
 a

 s
im

pl
e 

an
d 

st
an

da
rd

is
ed

 m
et

ho
d 

to
 e

va
lu

at
e 

th
e 

ca
rd

io
-p

ul
m

on
ar

y 
fu

nc
tio

na
l e

xe
r-

ci
se

 c
ap

ac
ity

 in
 p

at
ie

nt
s 

w
ith

 p
ul

m
on

ar
y 

di
se

as
es

. 
Th

e 
6M

W
T 

is
 p

er
fo

rm
ed

 a
lo

ng
 a

 fl
at

, s
tr

ai
gh

t, 
en

cl
os

ed
 c

or
rid

or
 in

 o
r n

ea
r t

he
 c

lin
ic

D
is

ta
nc

e 
in

 m
 (l

on
ge

r d
is

ta
nc

es
 a

re
 b

et
te

r)
 <

 4
00

 m

Ph
ys

ic
al

 fi
tn

es
s

ST
ST

: S
it-

to
-S

ta
nd

 T
es

t [
20

]
Fu

nc
tio

na
l a

ss
es

sm
en

t t
oo

l t
ha

t e
va

lu
at

es
 lo

w
er

 
lim

b 
st

re
ng

th
, e

nd
ur

an
ce

, a
nd

 fu
nc

tio
na

l c
ap

ac
ity

 
by

 c
ou

nt
in

g 
th

e 
nu

m
be

r o
f t

im
es

 a
n 

in
di

vi
du

al
 c

an
 

ris
e 

fro
m

 a
 s

ea
te

d 
po

si
tio

n 
to

 s
ta

nd
in

g 
an

d 
re

tu
rn

 
w

ith
in

 1
 m

in

N
um

be
r o

f c
yc

le
s 

pe
r m

in
ut

e 
(m

or
e 

cy
cl

es
 a

re
 

be
tt

er
)

 <
 2

0 
cy

cl
es

Im
pa

ire
d 

re
sp

ira
to

ry
 h

ea
lth

SG
RQ

: S
t. 

G
eo

rg
e 

Re
sp

ira
to

ry
 Q

ue
st

io
nn

ai
re

 [2
1,

 
38

]
Se

lf-
ad

m
in

is
te

re
d 

to
ol

 to
 a

ss
es

s 
he

al
th

-r
el

at
ed

 
qu

al
ity

 o
f l

ife
 in

 in
di

vi
du

al
s 

w
ith

 re
sp

ira
to

ry
 d

is
-

ea
se

s, 
m

ea
su

rin
g 

th
e 

im
pa

ct
 o

f s
ym

pt
om

s, 
ac

tiv
ity

 
lim

ita
tio

ns
, a

nd
 th

e 
ov

er
al

l b
ur

de
n 

of
 th

e 
di

se
as

e

0–
10

0 
(lo

w
er

 s
co

re
s 

ar
e 

be
tt

er
)

 <
 2

5



Page 5 of 12Banholzer et al. BMC Medicine          (2025) 23:485 	

alcohol (Table  2). Only 13 (2%) participants reported 
receiving any mental health treatment between study vis-
its. Depressive symptoms were present in 677 (47%) par-
ticipants, 1026 (71%) had impaired mental health-related 
QoL, 1288 (90%) impaired physical health-related QoL, 
590 (41%, 6MWT) and 728 (51%, STST) had lower physi-
cal fitness than expected for a healthy adult, and 1113 
(77%) had impaired respiratory health. QoL scores were 
often correlated, e.g. SF12-PCS with SGRQ (Pearson’s 
r = 0.85, p < 0.001), or PHQ-9 with SF12-MCS (r = 0.64, 
p < 0.001; Fig. 1, Additional file 1: Fig. S1).

Changes in QoL over time
The prevalence of participants with impaired QoL 
decreased by the end of treatment (Fig.  2). The largest 
decreases were observed for depressive symptoms and 
mental health-related QoL (PHQ-9: 49% to 5%; SF12-
MCS: 73% to 28%), physical health-related QoL (SF12-
PCS: 92% to 38%), and respiratory health (SGRQ: 78% to 
11%). The prevalence of depressive symptoms remained 

low post-treatment (4%). Mental health (SF12-MCS: 28% 
to 22%), physical health (SF12-PCS: 38% to 27%), and 
respiratory health (SGRQ: 11% to 4%) impairments con-
tinued to decrease post-treatment compared to the end 
of treatment. The prevalence of impaired physical fit-
ness decreased less (6MWT: 68% to 53% to 45%, STST: 
74% to 55% to 50%). A sensitivity analysis using the 
higher cut-off for depressive symptoms of PHQ-9 ≥ 10 
(instead of ≥ 7) showed similar changes over time (Fig. 
S2). Changes in QoL over time were consistent across 
countries (Fig. S3). The prevalence of impaired QoL and 
temporal trends were also similar in the complete case 
analysis (Fig. S4). The trajectories of participants with 
depressive symptoms are shown in Fig. S5. A similar pro-
portion of people with depressive symptoms at baseline 
returned for their end-of-treatment visits (604 out of 677, 
89%) compared to individuals without depressive symp-
toms (649 out of 716, 91%).

The continuous QoL scores by study visit are shown 
in Fig. S6 (values in Table S2). The estimated changes in 

Table 2  Patient characteristics of study participants at the time of tuberculosis (TB) treatment start, overall and by country of the 
study site

BMI, body mass index; IQR, interquartile range; MDR, multidrug-resistant; NA, not available; TB, tuberculosis
a Resistance to at least rifampicin
b Obese (BMI > 30 kg/m2), normal (BMI ≥ 18 kg/m2 and ≤ 30 kg/m2), underweight (BMI < 18 kg/m2)
c Any mental health treatment (counselling, hospital admission, or any medication for a mental illness during TB treatment and beyond)

Variable
n (% of non-missing observations)

All
n = 1438

South Africa
n = 222

Malawi
n = 300

Mozambique
n = 300

Zambia
n = 361

Zimbabwe
n = 255

Median age (IQR), years 39 (30–50) 40 (33–49) 35 (28–45) 47 (34–58) 34 (28–42) 44 (34–57)

Male gender 963 (67) 139 (63) 226 (75) 168 (56) 275 (76) 155 (61)

History of prior TB 251 (17) 42 (19) 68 (23) 3 (1) 97 (27) 41 (16)

Cavitary disease 390 (27) 24 (12) 111 (37) 43 (51) 115 (34) 97 (49)

MDR TBa 59 (4) 11 (5) 1 (< 1) 0 (0) 40 (11) 7 (3)

Type of diagnosis

Bacteriologically confirmed 914 (80) 207 (93) 171 (57) NA 346 (96) 190 (75)

Clinically diagnosed 224 (20) 15 (7) 129 (43) NA 15 (4) 65 (25)

TB manifestation

Pulmonary only 1411 (98) 217 (98) 279 (93) 300 (100) 360 (> 99) 255 (100)

Pulmonary and extrapulmonary 22 (2) 0 (0) 21 (7) 0 (0) 1 (< 1) 0 (0)

HIV infection

Negative 859 (60) 83 (37) 191 (64) 218 (73) 227 (63) 140 (55)

Positive 563 (39) 129 (58) 108 (36) 78 (26) 134 (37) 114 (45)

CD4 cell count/mm3, median (IQR) 256 (139–433) 202 (69–321) 224 (144–327) NA 318 (164–481) 488 (276–700)

HIV unknown 16 (1) 10 (5) 1 (< 1) 4 (1) 0 (0) 1 (< 1)

BMIb

Underweight 521 (38) 54 (27) 140 (47) 123 (42) 148 (41) 56 (28)

Normal 806 (60) 135 (67) 152 (52) 169 (58) 211 (58) 139 (69)

Obese 25 (2) 12 (6) 3 (1) 1 (< 1) 2 (1) 7 (3)

Any current tobacco smoking 497 (57) 75 (35) 108 (72) 79 (87) 176 (59) 59 (53)

Any current alcohol drinking 626 (67) 100 (47) 150 (77) 48 (76) 242 (76) 86 (63)

Any mental health treatmentc 13 (2) 3 (5) 4 (2) 0 (0) 3 (1) 3 (1)
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QoL scores mirrored the changes in the prevalence of 
QoL impairment, with an average increase of more than 
one standard deviation for mental, physical, and respira-
tory health scores and a smaller increase of less than half 
a standard deviation for physical fitness scores (Fig. S7). 
The estimated changes were similar when missing follow-
up visits and visits of deceased people were included (Fig. 
S8). Further, the increases in QoL observed in study par-
ticipants with follow-up visits were unlikely to be offset 
by potential decreases in participants with missed follow-
up visits (Fig. S9).

Patient characteristics associated with QoL scores 
over time
Figure  3 shows the adjusted Bayesian probability that 
patient characteristics were associated with positive or 
negative changes in QoL z-scores (values in Table  S3). 
Age < 30 was associated with higher QoL scores across 

all domains at baseline, end of treatment, and post-treat-
ment (overall probability across study visits and QoL out-
comes: 83%). Female gender (overall probability of 86%) 
and a history of TB (89%) were associated with lower lev-
els of all QoL outcomes across study visits. At baseline, 
living with HIV and MDR TB were associated with lower 
QoL scores (overall probabilities for all QoL outcomes: 
88% and 77%), but at the end of and post-treatment, 
these associations were mixed, with some trend reversals 
towards improvements over time. Drinking alcohol and 
smoking tobacco were associated with more depressive 
symptoms at baseline (PHQ-9: 77% and > 99%).

Subsequent adverse events, death, and loss to follow‑up 
and associations with QoL scores
Across domains, QoL z-scores were lower at baseline for 
study participants who died during treatment (Table S4) 
and mostly for participants who had a non-fatal serious 

Fig. 1  Pairwise correlations between quality of life (QoL) health scores across time points. Stars indicate significance levels: p < 0.05 (*), p < 0.01 (**), 
p < 0.001 (***). See Supplementary Fig. 1 for correlations stratified by study visit. 6MWT, 6-Minute Walk Test; PHQ-9, Patient Health Questionnnaire-9; 
SF-12, Short Form Health Survey: Mental Component Score (SF12-MCS), Physical Component Score (SF12-PCS); SGRQ, St. George Respiratory 
Questionnaire; STST, Sit-to-Stand Test
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adverse event (except PHQ-9 and STST, Table S5). There 
was a small tendency that baseline QoL scores were 
lower for participants without an end-of-treatment visit 
(Table S5).

Persistently low QoL and associations with patient 
characteristics
We explored the characteristics of individuals whose 
QoL did not improve at the end of treatment using quan-
tile regression (lowest quantiles Q10 and Q25 in red rep-
resent participants with persistently low QoL, Fig. S10). 
Across all QoL domains (mental, physical, and respira-
tory health), persistently low QoL scores were more fre-
quent in women and participants with a history of TB. 
Persistently low scores for depressive symptoms and 

mental health (PHQ-9, SF12-MCS) were more frequent 
in people with HIV and less frequent in people with 
MDR TB. Persistently low scores for physical health and 
fitness scores (SF12-PCS, 6MWT, STST) were more fre-
quent in people aged 30 years or older.

Discussion
In this longitudinal multi-country cohort study, more 
than 1400 people treated for TB, 40% with HIV, in five 
countries in the Southern African region were pro-
spectively followed from treatment initiation to post-
treatment periods using a wide range of longitudinally 
repeated mental and physical health-related QoL meas-
ures. We observed that the mental, physical, and res-
piratory health-related QoL were substantially impaired 

Fig. 2  Estimated proportion (in %) of patients with impaired QoL. Bars show the mean proportion and error bars the standard deviation. Bars are 
annotated with the posterior probability that the proportion of patients with impaired QoL is lower at the end versus the start of TB treatment (PES), 
and the probability that it is lower 6 months post-treatment versus the end of treatment (PPE). 6MWT, 6-Minute Walk Test; PHQ-9, Patient Health 
Questionnnaire-9; SF-12, Short Form Health Survey: Mental Component Score (SF12-MCS), Physical Component Score (SF12-PCS); SGRQ, St. George 
Respiratory Questionnaire; STST, Sit-to-Stand Test

(See figure on next page.)
Fig. 3  Probability that patient characteristics are associated with lower (red) or higher (blue) QoL health scores. Probabilities are computed 
as the proportion of posterior draws with a negative (red) or positive (blue) estimate. PHQ-9 and SGRQ scores were transformed so that for all 
outcomes, a positive estimate indicates a positive association of the patient characteristic with QoL. See Supplementary Table 3 for numerical 
results. 6MWT, 6-Minute Walk Test; PHQ-9, Patient Health Questionnnaire-9; SF-12, Short Form Health Survey: Mental Component Score (SF12-MCS), 
Physical Component Score (SF12-PCS); SGRQ, St. George Respiratory Questionnaire; STST, Sit-to-Stand Test
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Fig. 3  (See legend on previous page.)
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at the time of treatment initiation. All QoL outcomes 
improved during TB treatment and most continued to 
improve post-treatment. We identified vulnerable groups 
at higher risk of impaired QoL, especially women and 
people with a history of TB.

We found that multiple dimensions of mental and 
physical QoL outcomes were impaired in people with 
TB at treatment initiation and improved during treat-
ment. Symptoms of depression and mental health 
scores remained low and other measures continued to 
improve post-treatment. The results were consistent 
when analysing fixed cut-offs and continuous data and 
were comparable across countries. The persistence of 
physical impairment at the end of treatment may reflect 
the fact that lung function impairments take longer to 
resolve, often up to 12–18  months after diagnosis [28], 
even though respiratory symptoms have been shown to 
resolve more quickly [29]. Our findings are consistent 
with a study in South Africa where QoL was reported as 
poor at treatment initiations, with improvements during 
treatment [30]. A study conducted in Malaysia showed 
that physical and mental QoL scores of people with TB 
remained worse than within the general population 
throughout treatment, with a persisting higher risk of 
depression at the end of treatment [4]. A cross-sectional 
study in South Africa reported that the mean summary 
scores obtained for mental and physical health were 
lower than the population norm in post-TB patients [8].

Almost half of our study participants had depressive 
symptoms at treatment initiation when using a region-
specific PHQ-9 cut-off ≥ 7 [23–26], and less than 25% 
when using the universal PHQ-9 cut-off ≥ 10 [17, 27]. 
A meta-analysis estimated that 45% of people with TB 
experience symptoms of depression at the start of treat-
ment [9]. We also showed that almost 75% of our par-
ticipants had an impaired mental health-related QoL at 
baseline, indicating the importance of integrating men-
tal health care for people with TB. Large reductions in 
impaired QoL during TB treatment were observed for 
mental health-related QoL and depressive symptoms, 
which is consistent with a smaller observational study 
in Peru [31]. We did not observe any further improve-
ment in participants’ depressive symptoms, although the 
symptom scores were already at a low level by the end of 
treatment. Only a few participants reported receiving any 
mental health treatment during the study period. A per-
sistently low mental health-related QoL at the end of TB 
treatment was more frequently reported among women 
and people with a history of TB.

We found that certain individual factors had an impact 
on QoL in people with TB, including age, gender, prior 
history of TB, living with HIV, and MDR TB. Overall, 
persistently low QoL (lowest quintiles of the scores at 

the end of treatment) was associated with female gen-
der and a history of TB. The association between previ-
ous TB episodes and worse QoL scores is consistent with 
a study in the USA that reported a cumulative negative 
impact of repeated previous TB episodes on physical and 
mental well-being [5]. Our finding that women with TB 
had worse mental and physical QoL may reflect gender-
related health inequities, which may be particularly 
severe in a context of highly stigmatised diseases such as 
TB and HIV, and for which underlying socioeconomic 
challenges prevail. The association between gender and 
TB-associated QoL impairment is consistent with pre-
vious research [32–35], although most were limited 
by their sample size or had shorter follow-up periods. 
Younger age has previously been associated with bet-
ter outcomes on certain QoL scores (WHOQOL-BREF 
or SF-36) during treatment in single-country studies in 
Asia [32, 33, 35]. In our study, living with HIV was asso-
ciated with lower mental and physical QoL at baseline, 
but not at the end of treatment and post-treatment. We 
also found that QoL was lower in people with MDR TB 
than in those with drug-susceptible TB. However, these 
differences were inconsistent over time. Some associa-
tions observed at baseline disappeared or even reversed 
during follow-up, potentially suggesting the balancing 
benefits of individual resilience and rehabilitation among 
people with MDR TB. In contrast, a study from urban 
South Africa showed that health-related QoL was lower 
in MDR compared with non-MDR TB [36].

Our study has limitations. First, the participating sites 
in IeDEA Southern Africa may not be fully representative 
of tuberculosis and HIV care at the national or regional 
level. However, the diversity between sites ensures that 
our data broadly reflect prevailing trends in high TB and 
HIV burden settings in sub-Saharan Africa. Second, we 
acknowledge that loss to follow-up is an inherent chal-
lenge in longitudinal studies, particularly in African set-
tings where migration is high. Although some residual 
bias may remain, our sensitivity analysis indicated that 
only an implausibly severe worsening of QoL scores 
among those lost to follow-up would have offset the 
observed improvements. Third, QoL instruments such as 
PHQ-9 and SF-12 rely on self-reported symptoms, which 
may be associated with inherent biases, such as desirabil-
ity biases. However, these are widely validated and used 
tools, which ensure comparability between studies and 
settings.

Conclusions
Our study highlights the impact of TB on mental and 
physical health-related QoL during and beyond treat-
ment in the Southern African region with a high TB 
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and HIV burden. We reported impairments at both 
mental and physical health levels at TB treatment start, 
with marked improvements during treatment and fur-
ther improvements in some physical outcomes post-
treatment. Traditionally, TB programs have focussed 
on successfully treating the infectious disease and its 
symptoms to prevent mortality and avoid morbidity. 
Our study adds to the knowledge of the global bur-
den of end- and post-treatment TB and highlights the 
importance of QoL monitoring and care, especially 
for vulnerable populations, in addition to appropriate 
infectious disease management focussed on treatment 
completion. As such, our study advocates for integrated 
mental and physical health care and rehabilitation 
along with routine clinical TB care [37] using a patient-
centred approach.
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