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OBJECTIVE 

To examine the mortality rates of various initiation times of antiretroviral therapy (ART) after starting tuberculosis 
treatment. 

METHODS

We conducted a retrospective cohort study using medical records of outpatients with the diagnosis of TB/HIV co-
infection in Khon Kaen Hospital, Thailand between January 2007 and August 2017. We included the patients 
who started tuberculosis treatment and various times of starting ART with CD4 count less than 350 cells/mm3. 
We separated patients into 3 groups by the time of initiated ART starting within the first 4 weeks, 5 to 8 weeks, 
and 9 to12 weeks after starting tuberculosis treatment. We compared the risk of all-cause mortality within 1 year 
after start tuberculosis treatment among three groups as our primary outcome. Our secondary outcomes were 
sputum conversion at 2 months after starting tuberculosis treatment and rate of CD4 count increasing in 1 year 
after tuberculosis treatment. 

RESULTS

A total of 132 patients with TB/HIV co-infection and CD4 count less than 350 cells/mm3 were included in the 
study; 62 patients started ART within the first 4 weeks after TB treatment, 45 patients started in 5 to 8 weeks and 
25 patients started in 9 to 12 weeks. The primary outcome was reached by 1 (2%) patient in the first group, 2 
(8%) patients in the second group, and 1 (4%) patient in the third group. (relative risk [RR], 2.76, 95% CI, 0.26 to 
29.47 and RR, 2.48, 95% CI, 0.16 to 38.13). Only 28 of 132 patients (21%) had been recorded data on sputum 
conversion at 2 months after tuberculosis treatment, the result showed no significant difference in improving 
sputum conversion between starting ART at 5 to 8 weeks and starting ART within the first 4 weeks (RR, 1.30, 95% 
CI, 0.77 to 2.21). CD4 level increasing rates among the three groups were not significantly different (mean 
difference (MD), 2556.79, 95% CI, -1011.56 to 6125.14 and MD, 86.67, 95% CI, -1333.69 to 1507.04). 

CONCLUSION

The study showed no significant difference between mortality rate and various initiation time of ART after start 
tuberculosis treatment.
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Tuberculosis (TB) is a leading cause of morbidity 
and mortality among people living with human 
immunodeficiency virus (HIV) infection worldwide, 
it was estimated that about one-third of new HIV 
patients infected with TB were death in 2014.1 
Using of antiretroviral therapy (ART) decreased a 
large number of the morbidity and mortality of 
patients with TB/HIV co-infection.2,3 A systematic 
review study in 2015 including 8 trials with 4,368 
patients with TB/HIV co-infection showed starting 
ART within 4 weeks after starting TB treatment 
improved survival in those with CD4 count less 
than 50 cells/mm3, and it associated with a 2-fold 
higher frequency of tuberculosis-associated 
immune reconstitution inflammatory syndrome 
(TB-IRIS), and it also stated that there is not enough 
evidence to support or refute a survival benefit for 
starting ART within 4 weeks compared with starting 
within 8 to 12 weeks after starting TB treatment or 
starting after finished TB treatment in patients with 
CD4 count more than 50 cells/mm3.4 There is a 
randomized controlled trial study in four countries 
of Africa in 2014 including 1,538 patients with TB/
HIV co-infection with CD4 count more than 220 
cells/mm3, it showed no difference of mortality rate 
between starting ART after 2 weeks of starting TB 
treatment and starting at the end of TB treatment.5 
There is another randomized controlled trial study 
in 2011 in Cambodia include 661 patients with 
CD4 count less than 200 cells/mm3 showed 
starting ART at 2 weeks after the starting TB 
treatment significantly improved survival rate 
compared with starting ART at 8 weeks after starting 
TB treatment.6 Furthermore, there is a randomized 
controlled trial study in Thailand in 2012 including 
156 patients with TB/HIV co-infection, and CD4 
count less than 350 cells/mm3 showed no 
difference in mortality rate in starting ART at 4 
weeks compared with 12 weeks after tuberculosis 
treatment.7 However, no study showed the risks or 

benefits of starting ART in a different period during 
1 to 12 weeks after tuberculosis treatment in 
patients with CD4 count less than 350 cells/mm3. 
Thus, we aim to identify the risks and benefits of 
ART in various starting times; within the first 4 
weeks, 5 to 8 weeks, and 9 to 12 weeks in patients 
with TB/HIV co-infection. 

STUDY DESIGN 
This was a retrospective cohort study to determine 
the optimal initiation time of ART during 
tuberculosis treatment and to identify the 
association between the initiation time of ART and 
mortality rate in patients with TB/HIV co-infection. 
The present study was approved by the Khon Kaen 
Hospital Institutional Review Board (IRB). All 
patient's data will be kept confidentially without 
disclosed. All patient's data were collected in a 
closed system that people cannot access to 
patients' data except the researcher team.   

PATIENTS

We included patients who have diagnosed with 
both TB and HIV infection by using ICD A15 to A19 
and B20 to B24. Inclusion criteria as follows (i) 
tuberculosis was confirmed by a positive smear for 
acid-fast bacilli (AFB) stain or positive mycobacterial 
culture or positive polymerase chain reaction (PCR) 
for tuberculosis in any body fluid or confirmed by 
clinical symptoms and radiological findings, (ii) HIV 
infection was confirmed by any tests. Exclusion 
criteria as follows (i) age<18 years, (ii) previous 
treatment by ART, (iii) patients with CD4 count more 
than 350 cells/mm3, (iv) patients who died before 
start ART, (v) previous TB treatment more than 12 
weeks before starting ART. 

INTERVENTION

We separated time to initiate ART during 
tuberculosis treatment into three groups (within 

I N T R O D U C T I O N
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the first 4 weeks, 5 to 8 weeks, and 9 to 12 weeks 
after start tuberculosis treatment) collected by 
reviewing the medical record of the patients. 

OUTCOMES 
The primary outcome was all-cause mortality within 
1 year after start tuberculosis treatment. The 
secondary outcomes were sputum conversion rate 

at 2 months after starting tuberculosis treatment in 
patients with pulmonary tuberculosis confirmed by 
positive sputum AFB and percent change of CD4 
level in 1 year after tuberculosis treatment. 

DATA COLLECTION 
We confirmed the medical record of outpatients 
with the diagnosis of tuberculosis and HIV infection 

Figure 1. Study flow

62 Were included in the 
analysis

45 Were included in the 
analysis

1374 Outpatient with diagnosis of tuberculosis and HIV infection at 
Khon Kaen Hospital, Thailand between January 2007 to August 2017

132 Were included

62 Started ART within first 4 
weeks after treatment

45 Started ART at 5 to 8 weeks 
after treatment

1242 Excluded  
           89 Age below 18 years old 
         273 Previous treated by ART before     
                  started TB treatment 
           19 Had with CD4 count more  
                 than 350 cells/mm3 
             5 Died before stat ART 
         257 Treated with anti TB more than       
                  12 weeks before starting ART 
         175 Loss follow-up 
         424 Missing data

25 Started ART at 9 to 12 weeks 
after treatment

25 Were included in the 
analysis
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Table 1. Characteristics of the patients

Characteristic
Initiation time of ART after tuberculosis treatment

P ValueThe first 4 weeks

(N=62)

 5-8 weeks

(N=25)

9-12 weeks

(N=25)

Age—yr 0.08

          Median 35.1 32.5 37.8

          Interquartile range 29.3–39.1 27.7–38.6 33.3–39.6

Male sex—no. (%) 45 (72.6) 37 (82.2) 14 (56.0) 0.06

          BMI—kg/m2 18.7  3.2 18.5  2.5 19.0  2.5 0.76

Range of CD4 count level at time of diagnosis—cells/mm3 0.91

          50 32 (51.6) 20 (44.4) 14 (56.0)

          51— 200 22 (35.5) 18 (40.0) 8 (32.0)

          201–350 8 (12.9) 7 (15.1) 3 (12.0)

CD4 count level at time of diagnosis—cells/mm3 0.89

          Median 45.5 59.0 30.0

          Interquartile range 20.8–119.3 14.0–136.0 15.0–147.0

Opportunistic infections—no. (%)

          Pneumocystis jiroveci pneumonia 7 (11.3) 4 (8.9) 2 (8.0) 0.93

          Candidiasis 1 (1.6) 5 (11.1) 0 0.05

          Cryptococcosis 2 (3.2) 5 (11.1) 1 (4.0) 0.21

          Herpes virus infection 4 (6.5) 4 (8.9) 0 0.36

          Toxoplasmosis 1 (1.6) 2 (4.4) 1 (4.0) 0.53

          Cytomegalovirus infection 1 (1.6) 5 (11.1) 3 (12.0) 0.06

          Histoplasmosis 0 0 1 (4.0) 0.19

Hemoglobin level—g/dl 10.12.5 10.2 2.2 9.52.2 0.48

Positive AFB smear—no. (%) 26 (47.3) 22 (48.9) 10 (43.5) 0.91

Positive culture for TB—no. (%) 7 (46.7) 4 (44.4) 2 (33.3) 0.90
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Table 1. (Continued)

Characteristic
Initiation time of ART after tuberculosis treatment

P ValueThe first 4 weeks

(N=62)

 5-8 weeks

(N=25)

9-12 weeks

(N=25)

Type of tuberculosis—no. (%)

Pulmonary 45 (72.6) 32 (71.1) 19 (76.0) 0.91

Spine 0 1 (2.2) 0 0.53

Lymphadenitis 21 (33.9) 14 (31.1) 7 (28.0) 0.86

Pleura 0 4 (8.9) 1 (4.0) 0.03

Meningitis 1 (1.6) 5 (11.1) 1 (4.0) 0.08

Pericarditis 1 (1.6) 0 0 1.00

Colitis 2 (3.2) 2 (4.4) 0 0.82

Peritonitis 3 (4.8) 1 (2.2) 1 (4.0) 0.85

Miliary 1 (1.6) 0 0 1.00

and follow-up at Khon Kaen Hospital, Thailand 
between January 2007 and August 2017. The 
primary outcome was the mortality of patients 
identified by reviewing the medical records and 
searching the database of Civil registration.  

STATISTICAL ANALYSIS  
We compared the characteristics of the included 
patients that could be potentially confounded to 
our primary and secondary outcomes. We used 
descr ipt ive s tat is t ics to summarize the 
characteristics of the patients. Number and 
percentage were used for categorical variables. 
Mean with standard deviation (SD) were used for 
summarizing normally distributed scale variables 
while median and interquartile range (IQR) for non-
normally distributed scale variables. For inferential 
statistics, we used either Pearson’s chi-squared test, 

Fisher’s exact test, ANOVA, or Kruskal-Wallis test 
which appropriate to compare the characteristic of 
the patients among the three groups. We used 
relative risk (RR) to compare outcomes among the 
three groups. Also, to identify the factors that might 
affect our primary outcome, we used binary logistic 
regression analysis and Cox proportional hazard 
regression together with crude odds ratio, adjusted 
odds ratio, the crude hazard ratio (CHR), and 
adjusted hazard ratio (AHR). All tests were 
interpreted together with either P-Value or a 95% 
confidence interval (CI). P<0.05 and 95% CI do not 
include 1.00 were considered as statistically 
significant. We also used the Kaplan-Meier plot to 
demonstrate time against cumulative survival 
within 1 year after tuberculosis treatment among 
the three groups. All analyses were performed with 
SPSS. 
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CHARACTERISTICS OF THE PATIENTS 
Among 1,374 patients who diagnosed with 
tuberculosis and HIV infection at Khon Kaen 
Hospital, Thailand between January 2007 to August 
2017, a total of 132 patients were included in the 
study; 62 patients who started ART within the first 4 
weeks after TB treatment, 45 patients who started in 
5 to 8 weeks and 25 patients who started in 9 to12 
weeks (Figure 1). Most of them were male with an 
average age of 35 years old and average body mass 
index (BMI) of 18.7 kg/m2. The median of CD4 
count level at the time of diagnosis was 45.5 cells/
mm3 in the first 4 weeks group, 59.0 cells/mm3 in 
the 5 to 8 weeks group and 30.0 cells/mm3  in the  
9 to 12 weeks. There were no statistically significant 
differences among the three groups regarding to 
baseline characteristics (Table 1). In addition, 

clinical characteristics including opportunistic 
infections, hemoglobin level, positive AFB, positive 
culture for TB, positive PCR for TB in any fluid and 
types of tuberculosis were relatively similar among 
three groups except pleural tuberculosis; no pleural 
tuberculosis in the first 4 weeks group, 4 patients 
(8.9%) with pleural tuberculosis in the 5 to 8 weeks 
group while only one patient (4%) with pleural 
tuberculosis in the 9 to 12 weeks group. 

ALL-CAUSE MORTALITY 

Overall, there are 4 patients died in 10 years 
among 3 groups, 1 (2%) patient who started ART 
within the first 4 weeks, 2 (8%) patients who started 
at 5 to 8 weeks, and 1 (4%) patient who started at 9 
to 12 weeks. Our study showed no significant 
difference in one-year all-cause mortality (RR, 2.76; 
95% CI, 0.26 to 29.47 and RR, 2.48; 95% CI, 0.16 
to 38.13) as shown in Table 2. 

R E S U L T S

Table 2. Treatment outcomes

Outcome

Initiation time of ART after tuberculosis 
treatment

Relative risk

 (95% CI) *

Relative risk

 (95% CI)†

Mean 
difference 

(95% CI)‡

Mean 
difference

(95% CI)§

The first 4 
weeks


(N=62)

 5-8 weeks

(N=25)

9-12 weeks

(N=25)

1-Year mortality-no. (%) 1 (2) 2 (8) 1 (4) 2.76  
(0.26— 29.47)

2.48  
(0.16–38.13)

Sputum conversion at 2 months-no. (%) 8 (13) 8 (32) 5 (20) 1.30  
(0.77–2.21)

N/A *

Percent change of CD4 level in 1 year

          Median 336.4 230.1 480.1 2556.79 86.67

          Interquartile range 147.2–796.9 106.5–1066.3 27.3–1418.6 -1011.56 to 
6125.14

-1333.69 to 
1507.04

* Relative risk from the comparison between the group of 5-8 week compared to the first 4 weeks 
† Relative risk from the comparison between the group of 9-12 week compared to the first 4 weeks 

‡ Mean difference from the comparison between the group of 5-8 week compared to the first 4 weeks 
§ Mean difference from the comparison between the group of 9-12 week compared to the first 4 weeks
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SPUTUM CONVERSION AT 2 MONTHS.

Only 28 of 132 patients (21.2%) had been recorded 
data on sputum conversion at 2 months after 
tuberculosis treatment, the result showed no 
significant difference in improving sputum 
conversion between starting ART at 5 to 8 weeks 
and starting ART within the first 4 weeks (RR, 1.30;  
95% CI, 0.77 to 2.21) as shown in Table 2. 

RATE OF CD4 LEVEL INCREASING IN 1 YEAR.

The result shows CD4 level increasing rate medians 
336.4% (IQR, 147.2 to 796.9%) inpatient who 
started ART within the first 4 weeks, 230.1% (IQR, 
106.5 to 1066.3%) inpatient who started at 5 to 8 
weeks, and 480.1% (IQR, 27.3 to 1418.6%) 
inpatient who started at 9 to 12 weeks. However, 
there is no significant difference among 3 groups 
(Mean difference, 2556.79; 95% CI, -1011.56 to 
6125.14 and Mean difference, 86.67; 95% CI, 
-1333.69 to 1507.04) 

FACTORS DETERMINE OUTCOME 
The result of the binary logistic regression analysis 
and the Cox regression analysis of the outcome 
were summarized in Table 3. We found no factors 
significantly associated with a 1-year mortality rate 
in patient with TB/HIV co-infection and CD4 count 
less than 350 cells/mm3 including various initiation 
time of ART during tuberculosis treatment, age 
group (age<40 yr. vs. age≥ 40yr.), sex, BMI 
(BMI<18 kg/m2 vs. BMI≥18 kg/m2) and 
hemoglobin level (Hb<8 g/dL vs. ≥ 8 g/dL). Figure 
2 Kaplan-Meier showed that the three groups of 
various initiation times of ART during tuberculosis 
treatment had no statistical difference in the 
survivors within 1 year. 

 
MAIN FINDINGS 
In this retrospective cohort study based on 132 
patients with TB/HIV co-infection and CD4 count 

D I S C U S S I O N

less than 350 cells/mm3, we found that one year 
all-cause mortality rate were not significantly 
difference among three groups of various initiation 
time of ART after starting tuberculosis treatment. 
The other outcomes including sputum conversion 
in two months and rate of CD4 count increasing in 
one year after tuberculosis treatment were no 
significantly difference as well. 

COMPARISON WITH OTHER STUDIES 
Our findings showed no difference in mortality in 
patients who initiated ART within the first 4 weeks 
group compared with 5 to 8 weeks group and 9 
to12 weeks group. The first previous study showed 
no difference in mortality rate in starting ART at 4 
weeks compared with 12 weeks after TB treatment 
in patients with CD4 count less than 350 cells/
mm3.7 So, our result goes along with this study. 
However, this study did not mention. 

LIMITATIONS OF STUDY 
We collected data by the reviewed medical record 
of outpatients within ten years retrospectively. 
Thus, there are some limitations to our study. First, 

Figure 2. Kaplan-Meier comparing mortality in various initiation 
time of ART during tuberculosis treatment .
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Table 3. Factor determining death

Factor
Odds ratio (95% CI) Hazard ratio (95% CI)

Crude analysis Adjusted analysis Crude analysis Adjusted analysis

Initiation time of starting ART after tuberculosis treatment           

          Within first 4 weeks Reference Reference Reference Reference

          5-8 weeks 2.84 (0.25–32.29) 5.01 (0.32–78.10) 2.75 (0.25–30.36) 5.10 (0.35–75.17)

          9-12 weeks 2.54 (0.15–42.29) 2.19 (0.12–39.88) 2.48 (0.16–39.57) 2.12 (0.13–34.65)

Age 40 year 4.12 (0.55–30.69) 4.71 (0.58–38.39) 3.93 (0.55–27.87) 4.61 (0.62–34.46)

Male sex 0.36 (0.05–2.67) 0.21 (0.02–2.46) 2.65 (0.37–18.82) 0.23 (0.02–2.40)

BMI 18 kg/m2 2.12 (0.22–20.94) 5.11 (0.33–77.92) 2.12 (0.22–20.36) 5.18 (0.36–73.91)

Hemoglobin level  8 g/dL 0.66 (0.07–6.61) 0.43 (0.04–5.03) 0.66 (0.07–6.33) 0.39 (0.04–4.13)

there are a lot of incomplete and missing medical 
records and it probably missed some variables. 
Second, we studied only in one hospital. So, we 
had a small sample size, only four patients died 
through ten years. Third, we did not study the 
specific cause of death, so non TB/HIV associated 
cause of death might be included in this study. 
Due to the limitations, using our results in clinical 
practice should be considered. 

CONCLUSION AND IMPLICATION 

Our study showed no association between the 
various initiation time of ARV during tuberculosis 

treatment and mortality rate in patients with TB/
HIV co-infection and CD4 count less than 350 
cells/mm3. So, ART can be delayed until 12 weeks 
after start tuberculosis treatment in patients with 
TB/HIV co-infection and CD4 count less than 350 
cells/mm3. However, our study has several 
limitations including small sample size, missing 
data due to a retrospective study in nature, and 
study design as a retrospective study. Thus, further 
studies with larger sample size and prospective 
study design to determine precise results are 
required.
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