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Abstract
Background: Gender differences among patients with drug resistant tuberculosis (DRTB) and HIV co-infection could
affect treatment outcomes. We compared characteristics and treatment outcomes of DRTB/HIV co-infected men and
women in Uganda.
Methods: We conducted a retrospective chart review of patients with DRTB from 16 treatment sites in Uganda.
Eligible patients were aged ≥ 18 years, had confirmed DRTB, HIV co-infection and a treatment outcome registered
between 2013 and 2019. We compared socio-demographic and clinical characteristics and tuberculosis treatment
outcomes between men and women. Potential predictors of mortality were determined by cox proportional hazard
regression analysis that controlled for gender. Statistical significance was set at p < 0.05.
Results: Of 666 DRTB/HIV co-infected patients, 401 (60.2%) were men. The median (IQR) age of men and women was
37.0 (13.0) and 34.0 (13.0) years respectively (p < 0.001). Men were significantly more likely to be on tenofovir-based
antiretroviral therapy (ART), high-dose isoniazid-containing DRTB regimen and to have history of cigarette or alcohol
use. They were also more likely to have multi-drug resistant TB, isoniazid and streptomycin resistance and had higher
creatinine, aspartate and gamma-glutamyl aminotransferase and total bilirubin levels. Conversely, women were
more likely to be unemployed, unmarried, receive treatment from the national referral hospital and to have anemia,
a capreomycin-containing DRTB regimen and zidovudine-based ART. Treatment success was observed among 437
(65.6%) and did not differ between the genders. However, mortality was higher among men than women (25.7% vs.
18.5%, p = 0.030) and men had a shorter mean (standard error) survival time (16.8 (0.42) vs. 19.0 (0.46) months), Log
Rank test (p = 0.046). Predictors of mortality, after adjusting for gender, were cigarette smoking (aHR = 4.87, 95% CI
1.28–18.58, p = 0.020), an increase in alanine aminotransferase levels (aHR = 1.05, 95% CI 1.02–1.07, p < 0.001), and history of ART default (aHR = 3.86, 95% CI 1.31–11.37, p = 0.014) while a higher baseline CD4 count was associated with
lower mortality (aHR = 0.94, 95% CI 0.89–0.99, p = 0.013 for every 10 cells/mm3 increment).
Conclusion: Mortality was higher among men than women with DRTB/HIV co-infection which could be explained
by several sociodemographic and clinical differences.
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Background
Tuberculosis (TB) is the leading cause of death among
people living with HIV (PLHIV) accounting for 208,000
HIV-related deaths globally in 2019 [1]. The incidence
of TB among PLHIV has steadily declined both globally and in sub-Saharan Africa (SSA) due to an increase
in antiretroviral therapy (ART) coverage [2, 3]. However, the emergence of drug resistant tuberculosis
(DRTB) is a threat to TB control. Globally, there were
over 465,000 incident cases of rifampicin resistant TB
in 2019 and treatment success was reported among
57% [1]. A meta-analysis reported treatment success of
multi-drug resistant TB (MDRTB)—resistance of Mycobacterium tuberculosis (Mtb) to rifampicin and isoniazid—among adult PLHIV to be only 50% [4]. In SSA,
where more than 70% of PLHIV are found [5], the treatment success in DRTB/HIV co-infection is 45% despite
a high uptake of ART [6]. This is significantly lower in
PLHIV than HIV uninfected individuals with MDRTB
(risk ratio = 0.87) [6].
Gender differences in TB socio-demographic and biological risk factors, case notification rates and treatment
outcomes are well recognised in literature [7, 8]. In 2019,
56% of global TB cases were among men [1]. Among people with DRTB (regardless of HIV status), being a man
has been reported to be a predictor of poor treatment
outcomes in Korea [9], South Africa [10] and Georgia
[11], while being a woman predicted treatment success
in Russia [12]. However, being a woman was reported to
be a predictor of extensively drug resistant tuberculosis
(MDRTB with additional resistance to fluroquinolones
and injectable second line aminoglycoside) independent
of HIV infection in South Africa [13]. Socio-demographic
and clinical gender differences are not well documented
among DRTB/HIV co-infected patients.
Characterising gender differences in DRTB/HIV coinfection is important in SSA where women have a disproportionally higher prevalence of HIV and a higher
risk of TB/HIV-related mortality than men [14–17].
Identifying gender differences can guide implementation of gender-specific interventions to improve DRTB
treatment outcomes. Uganda is a TB/HIV high burdened country, and 52–62% of patients with DRTB are
co-infected with HIV [18, 19]. In this study, we compared socio-demographic and clinical characteristics
and treatment outcomes of DRTB/HIV co-infected
men and women in Uganda, drawn from a large countrywide retrospective cohort [20]. We further determined predictors of mortality in this population.

Methods
All methods used in the study were carried out in
accordance with relevant guidelines and regulations.
Study setting and population

This was a countrywide retrospective cohort of patients
with DRTB/HIV co-infection in Uganda. We reviewed
patients’ charts and treatment registers from 16 DRTB
treatment sites in Uganda. Eligible patients had laboratory confirmed DRTB and HIV co-infection and a documented treatment outcome between 2013 and 2019.
We excluded all DRTB patients with missing treatment
charts, those who were not initiated on DRTB therapy,
patients with DRTB whose therapy was later changed
to first line agents and those for whom a treatment
outcome was reported as “not evaluated”. There are 17
DRTB treatment sites in Uganda, comprising of 1 urban
national referral hospital in the capital city (Kampala),
13 rural regional referral hospitals and 3 rural district
hospitals. We were unable to collect data from one
regional referral hospital (Gulu Regional Referral Hospital with 160 potential participants) due to COVID19 travel restrictions at the time of data accrual. A
full description of DRTB management in Uganda are
described elsewhere [20, 21]. Briefly, there were three
changes to the treatment guidelines of DRTB during
the period under study. In 2012, the guidelines recommended a standardised treatment regimen comprised
of 6 months of kanamycin (Km) (or capreomycin),
levofloxacin (Lfx), ethionamide (Eto), cycloserine (Cs),
and pyrazinamide (Z) followed by 18 months without the aminoglycoside [22]. Ethambutol (E), amikacin and p-amino salicylic acid were recommended
as alternative agents. In 2016, an intensive phase of
Km + Lfx + Eto + Cs + Z for 6 months or 4 months
after culture conversion (whichever was longer) was
recommended [23]. Thereafter, a 14-months’ (or at
least 20 months after culture conversion) continuation
phase without the aminoglycoside was recommended.
In 2017, an annex to the guidelines introduced a shortterm regimen for patients whose DRTB was sensitive
to an injectable aminoglycoside and fluroquinolones.
This comprised of 4–6 months of Km + moxifloxacin
(Mfx) + clofazimine (Cfz) + Z + E + Isoniazid (H)high
dose
+ Eto and 5 months of Mfx + Cfz + Z + E [24].
Bedaquiline became progressively available by 2018 but
was recommended by the national DRTB consilium on
a case-by-case basis [25].
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Study measurements

Socio-demographic characteristics were extracted from
the patients’ charts using a data abstraction form. Specifically, age, gender, residence (rural or urban), employment
and marital status, any history of cigarette or alcohol use,
level of DRTB treatment initiation health facility (district
hospital, regional referral hospital and national referral
hospital), year of DRTB treatment initiation and history
of TB treatment were extracted.
HIV-related clinical variables extracted were the baseline CD4 T-cell count at the time of HIV diagnosis, status of HIV viral load suppression (suppression defined as
< 1000 copies/ml) at the time of DRTB treatment initiation, ART status at DRTB treatment initiation, duration
of ART use prior to DRTB therapy, drugs in the ART
regimen, documented history of ART-default and use of
cotrimoxazole prophylaxis. ART default was defined as a
patient who had not visited the health facility HIV clinic
in 3 or more consecutive months at any point in their
care since they initiated ART [26]. Other clinical variables were TB drug resistance profiles at baseline, other
comorbid conditions, number and type of drugs in the
DRTB treatment regimen, duration from DRTB confirmation to DRTB treatment initiation, month of culture
conversion, and duration of DRTB treatment. The average haemoglobin, liver aminotransferase and creatinine
levels in the first 6 months of therapy was also extracted
for each patient. Treatment outcomes (cure, treatment
completion, death and loss-to-follow-up) were defined
according to the World Health Organisation’s definitions [27]. Specifically, treatment success was a sum of
cure and treatment completion. Mortality was defined
as death from any cause during DRTB treatment. Other
study procedures are described elsewhere [20].
Statistical analysis

Data were analysed using SAS version 9.4 (SAS Inc.,
Cary, NC, USA). Categorical socio-demographic and
clinical variables were summarised as proportions and
compared between men and women using Pearson’s Chisquare test and Fisher’s exact test. Continuous variables
were summarised as medians with the corresponding
interquartile range, and were compared between men
and women using the Two Sample Kolmogorov–Smirnov
Test. We used Kaplan Meier curves to assess the survival differences between men and women. Further, we
used Cox proportional-hazard regression models to
assess predictors of mortality. We tested the assumptions
underlying Cox proportional hazards model and assessed
the functional form of covariates. To develop a parsimonious model, we used hierarchical cluster analysis
and assessed estimated coefficients for predictors in the
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univariate analysis to select representative predictors for
each cluster of correlated variables. The predictors were
retained in the model if they were significant at α = 0.1
using a backward selection procedure. While gender predicted mortality at bivariable analysis, it was eliminated
during backward selection of variables for the multivariable model. We, therefore, intentionally kept in the model
to control for its possible influence despite having α > 0.1.
For all analyses we performed complete case analysis and
statistical significance was set at p < 0.05.

Results
Participant enrolment

Participants’ charts were reviewed between January and
March 2020. A total of 1427 charts were reviewed and
666 patients were eligible for the study. The study flow
diagram is shown in Fig. 1.
Baseline characteristics of the study population

Of 666 patients, 401 (60.2%) were men. The median (IQR)
age of the entire population was 36.0 (13) years. Among
the patients, 622 (95.0%) were on ART, 587 (97.4%) were
on cotrimoxazole prophylaxis and the baseline median
(IQR) CD4 count (n = 190) was 179.5 (311.0) cells per
mm3. Viral load suppression (n = 68) was reported
among 47 (69.1%). Eight (3.0%) women were pregnant at
the start or during DRTB treatment. Other characteristics of patients with DRTB/HIV co-infection are shown
in Tables 1 and 2.
Socio‑demographic gender differences among patients
with DRTB/HIV co‑infection

The median (IQR) age of men and women was 37.0 (13)
and 34.0 (13) years respectively (p < 0.001). Men were
more likely to have history of cigarette (p < 0.001) and
alcohol use (p < 0.001) than women. Women were more
likely to be unemployed (p < 0.001), unmarried (p < 0.001),
and to receive DRTB treatment from the national referral hospital (p = 0.006). Other socio-demographic differences are shown in Table 1.
Gender differences in clinical characteristics of patients
with DRTB/HIV co‑infection

Men were more likely to have MDRTB (p < 0.001), Isoniazid (p = 0.021) and Streptomycin resistance (p = 0.045)
and had higher median (IQR) creatinine (75.9 (31.9)
vs. 64.3 (25.7) μmol/l, p < 0.001), serum aspartate aminotransferase (41.3 (29.0) vs. 36.3 (26.4) U/l, p = 0.046),
gamma-glutamyl aminotransferase (81.5 (89.0) vs. 55.5
(66.6) U/l, p = 0.016) and total bilirubin levels (0.35 (0.37)
vs. 0.28 (0.31) mg/dl p = 0.004) than women. Additionally, men were more likely to be on Tenofovir-based
ART (p = 0.019) and high-dose Isoniazid-containing
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Ineligible (N = 761)
•
•
•
•
•
•

659 HIV negative
16 Missing patient charts
30 No DR – TB
confirmation
22 Not initiated on
treatment
31 treatment outcome not
evaluated
3 returned to first line
therapy
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1,427 Patients with treatment
outcomes in DR – TB treatment
registers

666 participants with HIV and DRTB co-infection

Treatment Outcomes
•
•
•
•

437 Treatment success
152 death
73 lost to follow up
4 treatment failure

Fig. 1 Study flow diagram

DRTB regimen (p = 0.021). Women had a lower median
(IQR) haemoglobin level (11.7 (3.5) vs. 12.6 (3.2) mg/
dl, p < 0.001) and were more likely to have anaemia
(p < 0.001), Zidovudine-based ART (p = 0.010) and
Capreomycin-containing DRTB regimen (p = 0.022) than
men. Other clinical differences are shown in Table 2.
There was no difference in the time from diagnosis to
treatment initiation between the genders.
Gender differences in the treatment outcomes of DRTB/HIV
co‑infection

Men had a higher mortality than women (25.7% vs.
18.5%, p = 0.030) and shorter mean (standard error) survival time (16.8 (0.42) vs. 19.0 (0.46) months), Log Rank
test (p = 0.046) (Fig. 2). There was no difference in treatment success, loss to follow up and treatment failure
between men and women respectively. Table 3 shows the
comparison in treatment outcomes between men and
women.
Predictors of mortality among patients with DRTB/HIV
co‑infection

As shown in Table 4, after adjusting for gender, predictors of mortality were cigarette smoking (aHR = 4.87,
95% CI 1.28–18.58, p = 0.020), an increase in ALT levels
(aHR = 1.05, 95% CI 1.02–1.07, p < 0.001), and history of
ART default (aHR = 3.86, 95% CI 1.31–11.37, p = 0.014)
while higher baseline CD4 count was associated with
lower risk of mortality (aHR = 0.94, 95% CI 0.89–0.99,
p = 0.013 for every 10 cells/mm3 increment). Compared
to the year 2012, participants enrolled in 2018 had a

higher risk for mortality (aHR: 2.33, 95% CI 1.10–4.93,
p = 0.027), adjusted for age and gender. Enrolment in any
other year did not predict mortality.

Discussion
In this study we compared the socio-demographic
and clinical characteristics and treatment outcomes
among men and women with DRTB/HIV co-infection
in Uganda. We found that men were significantly more
likely to be on Tenofovir-based ART and to have history
of cigarette or alcohol use. They were also more likely to
have MDRTB, Isoniazid and Streptomycin resistance,
and had higher creatinine, ALT, GGT and total bilirubin
levels. Conversely, women were more likely to be unemployed, unmarried, receive treatment from the national
referral hospital and to have anemia, capreomycin-containing DRTB regimen and zidovudine-based ART. Mortality was higher among men, although gender did not
predict mortality at multivariable analysis. Overall, cigarette smoking, history of ART default and higher ALT
levels predicted a higher risk of mortality while higher
baseline CD4 counts were associated with lower risk,
independent of the gender.
The ratio of women to men with DRTB/HIV co-infection was 1:1.5. This is consistent with the burden of TB
by gender (women to men ratio of 1.1.5) in low and middle income countries [28]. To explain this bias, our study
found that cigarette smoking and alcohol use, which are
known risk factors for DRTB (and drug sensitive TB as
well) [29, 30], were mostly prevalent among men. Moreover, history of TB treatment, another risk factor for
DRTB was observed mostly among men although the difference was marginally statistically significant (p = 0.060).
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Table 1 Gender differences in socio-demographic of patients with DRTB/HIV co-infection
Characteristic

Total population

Men n = 401

Women n = 265

National referral hospital

210 (31.5)

108 (26.9)

102 (38.5)

Regional referral hospital

404 (60.7)

258 (64.3)

146 (55.1)

52 (7.8)

35 (8.7)

17 (6.4)

36.0 (13.0)

37.0 (13.0)

34.0 (13.0)

11 (1.71)

6 (1.53)

5 (1.98)

15–34

264 (41.06)

140 (35.81)

124 (49.21)

35–60

355 (55.21)

236 (60.36)

119 (47.22)

13 (2.02)

9 (2.30)

4 (1.59)

Rural

392 (61.25)

246 (64.23)

146 (56.81)

Urban

248 (38.75)

137 (35.77)

111 (43.19)

Unemployed

170 (26.69)

72 (18.85)

98 (38.43)

Self employed

305 (47.88)

185 (48.43)

120 (47.06)

Formal employment

162 (25.43)

125 (32.72)

37 (14.51)

Married

303 (47.94)

208 (55.17)

95 (37.25)

Not married

329 (52.06)

169 (44.83)

160 (62.75)

Yes

359 (53.90)

228 (56.86)

131 (49.43)

No

307 (46.10)

173 (43.14)

134 (50.57)

54 (8.18)

32 (8.08)

22 (8.33)

2014

71 (10.76)

38 (9.60)

33 (12.50)

2015

103 (15.61)

68 (17.17)

35 (13.26)

2016

143 (21.67)

83 (20.96)

60 (22.73)

2017

136 (20.61)

80 (20.20)

56 (21.21)

2018

109 (16.52)

71 (17.93)

38 (14.39)

2019

44 (6.67)

24 (6.06)

20 (7.58)

Yes

183 (39.44)

143 (51.62)

40 (21.39)

No

281 (60.56)

134 (48.38)

147 (78.61)

Yes

90 (19.40)

82 (29.60)

8 (4.28)

No

374 (80.60)

195 (70.40)

179 (95.72)

DRTB treatment site, n = 666

District hospital
Age, median (IQR), years
Age (years), n = 643
< 15

> 60
Residence, n = 640

Employment status, n = 637

Marital status, n = 632

History of TB treatment, n = 666

Year of treatment initiation, n = 660
≤ 2013

Alcohol use, n = 464

Cigarette smoking, n = 464

p-value
0.006

< 0.001
0.007

0.059

< 0.001

< 0.001

0.060

0.591

< 0.001

< 0.001

Bolded p-values indicate a statistically significant result
DRTB drug resistant tuberculosis, TB tuberculosis, IQR interquartile range

Smoking cessation and reducing alcohol use may promote adherence to first-line TB therapy and reduce the
incidence of DRTB among men.
Similar to our findings, men with TB were more likely
to be older than women in a study from Portugal [31].
It is likely that lifestyle exposures (smoking and alcohol
use)—exposures whose risk is cumulative with age—are
the key drivers of TB risk among men, while HIV infection is the main risk factor for women [32]. In Uganda,

the prevalence of HIV among women in reproductive age
is almost twice that of men in the same age group [33].
Our study identified unemployment and being unmarried as social inequalities faced by women which have
been reported to drive the HIV epidemic among women
in Uganda [14]. Interestingly, being unmarried and having a low income have also been identified as risk factors
for primary DRTB in China [34]. In our study, women
tended (p = 0.060) to have primary DRTB, although this
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Table 2 Gender differences in clinical characteristics of patients with DRTB/HIV co-infection
Characteristic
Type of DRTB at baseline, n = 666

Total population

Men, n = 401

Women, n = 265

< 0.001

Rifampicin resistance

441 (66.2)

253 (63.1)

188 (70.9)

MDRTB

203 (30.5)

134 (33.4)

69 (26.0)

13 (2.0)

9 (2.2)

4 (1.5)

Pre-XDRTB

7 (1.1)

5 (1.3)

2 (0.8)

XDR-TB

2 (0.3)

0 (0.0)

2 (0.8)

Poly resistant tuberculosis (TB)

Resistance at baseline (n = 612)

p-value

Isoniazid

208 (34.0)

138 (37.6)

70 (28.6)

0.021

Streptomycin

119 (19.4)

81 (22.1)

38 (15.5)

0.045

Ethambutol

103 (16.8)

68 (18.5)

35 (14.3)

0.169

8 (1.3)

3 (0.9)

5 (2.0)

0.124

Pyrazinamide
Aminoglycoside

6 (1.0)

4 (1.1)

2 (0.8)

0.289

Fluroquinolone

3 (0.5)

1 (0.3)

2 (0.8)

0.345

1.0 (1.0)

1.0 (1.0)

1.0 (1.0)

0.189

No. of drugs patients was resistant to median (IQR)
Drugs in treatment regimen
Kanamycin, n = 665

Levofloxacin, n = 665

Ethambutol, n = 612

Clofazimine, n = 664

High dose Isoniazid, n = 664

Capreomycin, n = 664

Ethionamide/Prothionamide, n = 664

Cycloserine, n = 664

Bedaquilline
Linezolid

594 (89.32)

358 (89.50)

236 (89.06)

0.856

556 (83.6)

337 (84.3)

219 (82.6)

0.583

103 (16.83)

68 (18.53)

35 (14.3)

0.169

113 (17.0)

69 (17.3)

44 (16.6)

0.817

109 (16.4)

65 (16.3)

44 (16.6)

0.915

77 (11.6)

37 (9.3)

40 (15.1)

0.022

659 (99.3)

396 (99.3)

263 (99.3)

0.347

544 (81.9)

327 (82.0)

217 (81.9)

0.982

18 (2.71)

10 (2.50)

8 (3.02)

0.687

9 (1.36)

6 (1.50)

3 (1.13)

1.000

Amikacin

5 (0.75)

3 (0.75)

2 (0.75)

1.000

Pyrazinamid

8 (1.31)

3 (0.82)

5 (2.04)

0.124

High-dose isoniazid

208 (33.99)

138 (37.60)

70 (28.57)

0.021

Moxifloxacin

107 (16.09)

62 (15.50)

45 (16.98)

0.611

8 (1.20)

4 (1.00)

4 (1.51)

0.233

394 (59.2)

245 (61.1)

149 (56.2)

272 (40.8)

156 (38.9)

116 (43.8)

9.0 (19.0)

9.0 (18.0)

8.0 (19.0)

0.894

3.0 (4.0)

2.0 (4.5)

4.0 (4.0)

0.475

p-Amino salicylic acid
Total drugs in regimen, n = 666
≤5

>5

Time to treatment initiation, median (IQR), days, n = 649

Time to culture conversion (months), median (IQR)

0.211

Total treatment duration (months), median (IQR)

20.0 (13.4)

20.0 (14.3)

20.0 (12.0)

0.995

Baseline body mass index, median (IQR), kg/m2

18.1 (4.5)

18.0 (4.1)

18.4 (5.3)

0.999

Hearing loss, n = 459

196 (42.7)

112 (41.3)

84 (44.7)

0.475

11 (1.7)

8 (2.0)

3 (1.1)

0.540

Cancer, n = 666

Diabetes, n = 69

Psychiatric symptoms or mental illness n = 666

Previous exposure to second line drugs n = 666

Number of poor prognostic indicators, median (IQR)
ART use, n = 655

History of ART default, n = 491

Viral load, n = 68
Suppressed

Non-suppressed
Baseline CD4 Counts, median (IQR), n = 190

20 (29.0)

12 (30.0)

34 (5.1)

16 (4.0)

8(27.4)
18 (6.8)

0.827
0.108

18 (2.7)

12 (3.0)

6 (2.3)

0.571

3.0 (2.0)

3.0 (2.0)

3.0 (2.0)

0.124

622 (95.0)

374 (95.2)

248 (94.7)

0.771

86 (17.5)

53 (17.7)

33 (17.2)

0.878

47 (69.1)

26 (70.3)

21 (67.7)

0.822
21 (30.9)
179.5 (311.0)

11 (29.7)
197.0 (317.0)

10 (32.3)
155.0 (286.0)

0.773
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Table 2 (continued)
Characteristic
Cotrimoxazole prophylaxis, n = 603

Total population
587 (97.4)

Men, n = 401
351 (97.2)

Women, n = 265
236 (97.5)

p-value
0.828

Drug in the ART regimen

11 (1.9)

6 (1.7)

5 (2.1)

0.760

Dolutegravir, n = 595

Emitricitabine, n = 595

14 (2.4)

10 (2.8)

4 (1.7)

0.398

9 (1.5)

5 (1.4)

4 (1.7)

0.760

Nevirapine, n = 595

73 (12.3)

37 (10.3)

36 (15.3)

0.067

460 (77.3)

290 (80.6)

170 (72.3)

0.019

121 (20.4)

61 (16.9)

60 (25.6)

0.010

Lopinavir, n = 595

Tenofovir, n = 595

Zidovudine, n = 594

Years on ART, median (IQR)
AST (U/l), median (IQR), n = 541

ALT (U/l), median (IQR), n = 541

GGT (U/l), median (IQR), n = 229

ALP (U/l), median (IQR), n = 308

3.0 (4.5)

3.0 (4.0)

3.0 (5.0)

0.314

39.3 (30.0)

41.3 (29.0)

36.3 (26.4)

0.046

16.0 (20.3)

16.8 (21.1)

15.8 (19.2)

0.356

63.0 (87.8)

81.5 (89.0)

55.5 (66.6)

0.016

132.8 (109.2)

136.0 (122.6)

127.0 (97.5)

0.088

0.318 (0.339)

0.35 (0.37)

0.28 (0.31)

0.004

70.2 (32.4)

75.9 (31.9)

64.3 (25.7)

< 0.001

12.1 (3.3)

12.6 (3.2)

11.7 (3.5)

< 0.001

Normal haemoglobin level

197 (33.97)

144 (41.62)

53 (22.65)

Mild

186 (32.07)

99 (28.61)

87 (37.18)

Moderate

149 (25.69)

82 (23.70)

67 (28.63)

48 (8.28)

21 (6.07)

27 (11.54)

Total bilirubin (mg/dl), median (IQR), n = 463

Creatinine (μmol/l), median (IQR), n = 543

Haemoglobin (g/dl), median (IQR), n = 580

< 0.001

Anemia

Severe
Bolded p-values indicate a statistically significant result

AST aspartate aminotransferase, GGT gamma-glutamyl aminotransferase, ALT alanine aminotransferase, ALP alkaline aminotransferase, ART antiretroviral therapy,
MDRTB Multi-drug resistant tuberculosis, XDRTB extensively drug resistant tuberculosis

Fig. 2 Kaplan Meier curves showing survival differences in men and women with DRTB/HIV co-infection
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Table 3 Gender differences in the treatment outcomes among
patients with DRTB/HIV co-infection
Treatment
outcome

Total
population
N = 666

Men
n = 401

Yes

152 (22.82)

103 (25.69)

No

514 (77.18)

298 (74.31) 216 (81.51)

Mortality, n = 666

Women
n = 265

p-value

0.030
49 (18.49)

Treatment completion and cure, n = 666

0.064

Success

437 (65.62)

252 (62.84) 185 (69.81)

No success

229 (34.38)

149 (37.16)

80 (30.19)

43 (10.72)

30 (11.32)

Treatment loss to follow up, n = 666
Yes

73 (10.96)

No

593 (89.04)

0.809
358 (89.28) 235 (88.68)

Treatment failure

1.000

Yes

4 (0.60)

No

662 (99.40)

3 (0.75)

1 (0.38)

398 (99.25) 264 (99.62)

Bolded p-values indicate a statistically significant result

Table 4 Parsimonious model for predictors of mortality among
DRTB patients with HIV co-infection
Characteristic

aHR

95% CI

p-value

Gender
Women

1

Men

1.365 0.422

4.421 0.6036

Cigarette smoking
None
Yes
Alanine aminotransferase

1
4.873 1.278 18.58
1.047 1.023

0.0204

1.072 0.0001

Number of drugs in DRTB regimen
< 5 drugs

1

≥ 5 drugs

0.272 0.071

No

1

Yes

3.863 1.313 11.365 0.0141

1.038 0.0568

History of ART default

Baseline CD4 count (per 10 cells/mm3) 0.935 0.887

0.986 0.0132

Bolded p-values indicate a statistically significant result

was not statistically significant. It is plausible that unemployment and being unmarried can result in poor health
seeking behaviour which can promote community transmission of primary DRTB. However, our results did not
suggest differences in delay from diagnosis to treatment
initiation. An evaluation of differences in income, social
support and health seeking behaviour among women
and men with DRTB/HIV co-infection would have complimented the characterisation of the social inequalities.
More women than men were urban residents, and this
could explain why they mostly received treatment from

the national referral hospital, an urban facility, compared
to other facilities that are located in rural districts of
Uganda.
Our findings show a disproportionately high frequency
of risk factors for poor DRTB outcomes among men with
HIV/DRTB. Studies have reported cigarette smoking
[35], alcohol use [36], MDRTB [37], and elevated creatinine [38], liver transaminases and bilirubin [39] to predict worse outcome among DRTB patients. Moreover,
even other risk factors for poor outcomes such as rural
residence [40] and history of TB treatment [41] were
observed mostly among men, although the difference had
marginal statistical significance. Among these, cigarette
smoking, alcohol use, liver injury (elevated liver enzymes
and bilirubin) and elevated creatinine levels are modifiable factors that could improve treatment outcomes if
intervened upon. Smoking cessation [42] and reducing
alcohol consumption [43] are interventions that improve
TB outcomes. Higher levels of creatinine and liver injury
observed among men in our study can be explained by
several factors. First, men were more likely to be on a
TDF-containing ART regimen. TDF has been associated
with elevated creatinine due to renal tubular dysfunction and elevated ALP because of its osteoblastic activity [44]. It is therefore desirable that patients with DRTB/
HIV co-infection on TDF-containing ART should not
be prescribed second-line injectable agents due to synergistic renal toxicity [45]. The change to all oral DRTB
regimens will hopefully reduce such ART and DRTB
therapy drug-drug interactions. Secondly, as discussed
above, more men had a history of alcohol consumption
which causes liver injury that manifests as elevated liver
enzymes and bilirubin [46]. Lastly, more men were prescribed high-dose isoniazid than women, which increases
liver enzymes by a direct effect of activated isoniazid and
its intermediate drug metabolites (hydrazine and acetylhydrazine) [47]. Keshavjeel et al. [39] reported elevated
creatinine, liver enzymes and bilirubin to be associated
with hepatotoxicity among patients with MDRTB in Russia. Considering that an elevation in ALT was associated
with mortality in our study, the need for monitoring for
hepatic injury cannot be over emphasised especially in
patients with other risk factors for liver injury (such as
alcohol use and renal insufficiency). The lower haemoglobin level and anaemia among women in our study
can be attributed to AZT-based ART which was mostly
prescribed among women. AZT inhibits proliferation
of red blood-cell progenitor cells and this risk has been
reported to be higher among women [48]. Additionally,
the majority of the women were in reproductive age in
which menstrual blood loss is associated with negative
iron balance [49]. Taken together, our findings re-emphasize the need for designing and adapting ART and DRTB
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regimens that are customised to each patient’s risk factors for drug adverse events. The evolving landscape of
ART and DRTB regimens will need continuous surveillance and documentation of drug-drug interactions to
guide future recommendations for optimising both therapies. It is unclear why more men were prescribed TDFbased ART while more women received AZT-based ART.
This warranties further investigation. However, this distribution of ART regimens has been previously reported
by Castelnuovo and colleagues in Uganda [50].
Considering the high frequency of risk factors for
poor DRTB treatment outcomes among men, it is clear
why men had higher mortality in our study. Men with
HIV and DRTB co-infection have been reported to have
higher mortality than women in South Africa as well
[51]. The ART and cotrimoxazole coverage was uniform
between the genders in our study. Additionally, the ART
adherence, baseline CD4 and viral load suppression were
comparable although the absolute numbers were small.
Therefore, it is likely that the difference in mortality
between the genders is due to the poor prognostic indicators as discussed above. This is supported by our multivariate model which demonstrated that gender was not
significantly associated with higher risk of mortality in
the presence of other risk factors. Only cigarette smoking, ART default and baseline CD4 predicted mortality.
Low baseline CD4 counts have been reported to be associated with higher odds of mortality among DRTB/HIV
co-infected patients in South Africa [52]. CD4 T-lymphocytes produce interferon-gamma which is important
in immune responses against TB [53]. Low CD4 counts
are therefore associated with globally impaired TB
immune responses and severe TB disease [54]. It should
be expected that ART default will be associated with a
failure to reconstitute the immune system. Strategies
to improve ART adherence such as integrated ART and
DRTB care would facilitate ART adherence and improve
DRTB outcomes.
Our study has some limitations. Firstly, the retrospective nature of the study did not allow a detailed collection
of the required data to achieve a complete characterisation of the patients. Specifically, the counts for viral
load and CD4 were too few and this may have affected
our ability to detect differences in these variables. During the period under study, HIV and DRTB care was not
integrated, and participants received care for either disease at separate health facilities. It is therefore not surprising that these data were not consistently documented
at the DRTB treatment site. Secondly, HIV treatment
has significantly improved over the study period from
the period when the CD4 count was used to determine
eligibility for ART initiation to the “test and treat” era.
Additionally, there have been several changes in DRTB
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treatment recommendations in the last 7 years. However,
the year of enrolment into care was not associated with
higher risk of mortality when adjusted for gender. While
patients enrolled in 2018 had higher risk of mortality, this
is likely due to documentation bias of deaths since majority of patients would not be expected to have completed
treatment by 2019. However, the strength of our study is
in its inclusiveness of patients from multiple sites across
the country and thus reflective of treatment outcomes
in the study population nationwide. Our study provides
baseline data to inform policy and prospective studies
exploring gender-targeted therapies in this population.

Conclusion
Men had more risk factors of mortality than women.
Cigarette smoking cessation and improving ART adherence could potentially reduce the risk of mortality among
DRTB/HIV co-infected individuals. ART and DRTB
regimens need to be adapted to patients’ risk for adverse
drug events for which monitoring should be performed
with fidelity.
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