
Univ
ers

ity
 of

 C
ap

e T
ow

n

I 

ILL E 

BMITIED THE OF 

In 

UN 

14 

rew 



 

 

 

 

 

 

 

 

 

The copyright of this thesis vests in the author. No 
quotation from it or information derived from it is to be 
published without full acknowledgement of the source. 
The thesis is to be used for private study or non-
commercial research purposes only. 

 

Published by the University of Cape Town (UCT) in terms 
of the non-exclusive license granted to UCT by the author. 
 

Univ
ers

ity
 of

 C
ap

e T
ow

n



Univ
ers

ity
 of

 C
ap

e T
ow

n

I, Gilles Van 

is 

orany 

DECLARA ION 

declare the work on 

'\I""r'<=lnl to 

contents in any manner 

is 

or is to be 

1 



Univ
ers

ity
 of

 C
ap

e T
ow

n

2 



Univ
ers

ity
 of

 C
ap

e T
ow

n

List 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

Treatment 

Outcome 

1. 

5 

7 

8 

review ............................................................................................... 9 

................................................................................................................. 11 

14 

1 

3 



Univ
ers

ity
 of

 C
ap

e T
ow

n

...................................................................................................................... 31 

to ...................................................................... 33 

overtime 

"'f'~'''rlC' .................. ; ............................................ 37 

7.2. 

covariates on 

A 

LI"",.;;A"",," covariates 

Univariate covariates on 

8. 

8.1. Rates 

8.2. Factors 

8.3. Factors .. ................................................................... 62 

8.4. 

9. 

4 



Univ
ers

ity
 of

 C
ap

e T
ow

n

1 

2 

3 

1 

2 

3 

4 "U''''U'l> 

5 

6 

7 

8 

9 

4 rL:l.:>U'L.a 

5 As~iOci,atiIJns 

6 

7 

8 ... ""'U'UClUU 

9 Associations 

10 

11 Test 

BLE F FIGU S BLES 

outcome events 

~">J'U"",," over 

to care ...................................................... . 

count at initiation on 

initiation ........................................ .. 

on-treatment covariates 

visit 

UQ.,":"'U", covariates 

on-treatment co variates 

1 

5 



Univ
ers

ity
 of

 C
ap

e T
ow

n

c E G E 

not 

Peter 

non-

not me out 

6 



Univ
ers

ity
 of

 C
ap

e T
ow

n

EPTB 

MSF 

PTB 

py. 

LIST F B 

immune 

'''''''UUl'' transaminase 

Human 

ratio 

Prevention to 

virus 

7 



Univ
ers

ity
 of

 C
ap

e T
ow

n

BS CT 

D 

case 

8 



Univ
ers

ity
 of

 C
ap

e T
ow

n

1. I 

were 

increase in 

Hansen et 

In 

treatment 

oldest 

TE 

on in 

resistant TB 

TB. 

into the 

E 

survey 

TB 

in 

an 

was 

an 

pace 

an 

was 

resistant TB in 

on ART 

9 



Univ
ers

ity
 of

 C
ap

e T
ow

n

to access 

overtime 

1.1. 

Levin et 

In 

income 

In 

treatment 

et 

o 

were 

a very 

in 

into 

income countries as income 

on 

on ART in 

one or two on 

in 

in resource poor countries 

mass 

count. 



Univ
ers

ity
 of

 C
ap

e T
ow

n

on 

is oen,n"\J'n on 

time. 

to 

to 

income 

programme in 

were 

outcomes in 

is one 

1.2. 

constitute a 

overestimation 

programme outcomes are 

Patient retention extent 

count 

on 

in 

UP 

return into care a 

in 

a 

it a 

pnJglrarnnles in 

treatment 

outcomes. 

to assume 

outcome as 

are more 

in 

in 

in programmes 

2004 

to up access to ART in 

to 

11 



Univ
ers

ity
 of

 C
ap

e T
ow

n

programmes in 

programmes 

A at 

France 

main 

A recent ret:ro:sPE~ct]!ve 

ARV 

year 

were not 

A retJrOSIJeCtIVe 

rate 

et some a 

review 

retention in care at 2 

to 

programmes 

to 

retention. 

in on in 

or"nr'o to 

exists on 

to an 

to care over a one 

L<HlL"'UU". or 

ARV programme in western a 

at 39 

et 

to 

a 

to 



Univ
ers

ity
 of

 C
ap

e T
ow

n

1 3. o IN 

outcomes in 

AUVH~Ah" on treatment 

was 

sarcoma were a;:>;:>,V\..l:a in 

to 

to treatment ; ... 1'01"'7'" 

at one year on 

treatment. 

a in a in outcomes 

on ART over 3 years 

rate 

4 

4 IHUH\.II., on treatment were a":>C'V'-lU",,,U 

WHO 

on treatment were increase in T 

on ART were 

most cnrpt:oCOC(~al'·r on to 



Univ
ers

ity
 of

 C
ap

e T
ow

n

immune remains in 

outcomes sector 

were 

ODO 

or 

ae.su!n to examine 

in 

reasons since 

not rates. 

as 

were 

covariates 

to correct bias 

Various 

not -:I'M·annan services 3 mc)m:ns or more 



Univ
ers

ity
 of

 C
ap

e T
ow

nare more 

momflS on 

in 

ata 

outcomes in 

on outcomes 

et 

are 

outcomes over 

outcomes 

on 

2. TID 

every year 

Bourne et 

income countries. 

in 

on 

on 

term 

LE 

not 

a 

a 

,.".-" ',",'11 to 

a 

on ART. In 

cause 

are 

on 

associations with 

is to 



Univ
ers

ity
 of

 C
ap

e T
ow

n

To 

1. 

2. To 

3. To 

as a measure 

in 

to 

on 

4. 

to to 

3. I 

2001 2006. 

E s 

to 



Univ
ers

ity
 of

 C
ap

e T
ow

n

5. ET s 

G D G D 

sector was to treatment 

were <-<"\_"' ... .,,, .• 1'. services as .;>w.;~UJla 

was 

was to 

a consequence 

et 

in 2004 

over time. 

programme were 

on treatment 

in 

to ART prclgr<lmrne. 

17 



Univ
ers

ity
 of

 C
ap

e T
ow

n

two nurses, 

treatment 

on 

to 

were 

5. 

a 

in 

E 

transmission was HULL""'.,""",, 

and 7 

to 

treatment 

E 

to 

to 

DC NI 

as 

were 

was run one 

TB 

p 

as a 

n:::tlrU'l"lrc;:, were 

two to 

in 

reverse 

reverse 

was 

a 

34 

18 



Univ
ers

ity
 of

 C
ap

e T
ow

n

are 

at 

is a 

to a 

5.4. 

1J"1-'''''';~ were nn~"" .. r'" 

a 

in are a mrlnOiCV1Ce count 

2 

events were 

5. 

outcomes 

ON DP 

consists 

at initiation were 

as 

D 

00 OF 0 

to initiation 

were 

initiation 

to as 

site 

ON 

2006. 

a view 

on ART in 

was 

women 

to 

19 



Univ
ers

ity
 of

 C
ap

e T
ow

n

were raln"rH'a 

2007. 

was 

For 

most recent 

more 

as or to 

or to 

visit at was 

5.5. E u 

outcome measures were time to 

as a 

u'[<:ornes. initiation on 

was 

or most recent 

",TlPnl,,, were 

et 

outcomes 

at 

site. 

time to 

visit were 

or 

in 

to 

a if 

in 

were unsw:C€~SSjru 

two per to six per in 

to 

to 

was 

1 

to 

as 

to 

20 



Univ
ers

ity
 of

 C
ap

e T
ow

n

were "'''''"/U''' 

a 

treatment 

treatment 

reverse l".-"",;:",..,.,nl-,,, 

rO/'/H"liali as continuous 

measure 

recurrent. 

Prevention 

per 

5 

to 

more 

UAU,,.1VU were 

on 

event were 

count 

l~"''''VU were 

It was as a 

QUQWVU to measure, 

events were 

invasive 

or 

measure. 

some 

as new, or 

were: 

21 



Univ
ers

ity
 of

 C
ap

e T
ow

n

or more, 

or 

events were urOH''''''' to 

5,7. PLE SI 

up 

were 

to 

were 

were 

to 

nSI'(I[II'!nnv ant"o,.~.t1 into 

et 

5 

Disease 

P eu 

test was a 

Van 

,r,,,'rln into an 

a 

a concurrent 

ON 

were 

0.01 in 2002 

et 

were 

it was 

at 

were 

22 



Univ
ers

ity
 of

 C
ap

e T
ow

n

a 

were no stGmclardi,~ed case 

on 

were 

counts were 

assessors 

5. 

in 

constitutes a case 

score. 

was 

was 

in 

manager was 

communication 

A 

to nr<",,<>nl 



Univ
ers

ity
 of

 C
ap

e T
ow

n

Data 

were 

were 

were 

5.10. 

on site into 

into one 

5.11. 

to 

was 

summary statistics 

test to test 

associations response 

to test 

A 

10.0 

time-to-event time 

ucuu.cuas 

to r,:><:n"'r,j as 

covariate 

A 

continuous 

time time-to-event 

were 

to test 

exact test 

test 

24 



Univ
ers

ity
 of

 C
ap

e T
ow

n

test 

were "","n;;o'",,,, as 

count were 

was to test 

time-to-event 

curves were 

VU.UU"U6 was necessary. 

was 

or 

across 

was CnI)sen as 

to test 

test was 

or more 

were 

were 

T-continuous 

into cal:elZon 1 & 2 were 

in one 



Univ
ers

ity
 of

 C
ap

e T
ow

n

care into a 

transmission 

years. 

Univariate 

HH.HVA""Hlll covariates on 

covariates as 

are treatment. 

"",AUF;"'" over 

was to 

was 

initiation on 

were 

was 

two 

in 

on 

is constant. 

on 

covariates at initiation 

associations 

covariates 

to so 

covariates aims at 

treatment. 

in on 



Univ
ers

ity
 of

 C
ap

e T
ow

n

if 

on current visit 

counts were 

to 

were un,IUU':;U 

in 

more 

it was ::I~,~p~,~pl1 u,tu,f"h,Q'" 

U'''UHJ'''6 covariates. A """""1',"-' 

or more was as 

were 

some 

were 

nt()rrnauonnotr01na.rrO 

at 

in 

T-

,-"",eV.:>.'" at 

were 

UCl."L"'llC; was 

were 

ratios 

covariates a 

27 



Univ
ers

ity
 of

 C
ap

e T
ow

n

An 

not 

were 

to construct 

on 

to 

were not 

was 

were 

in 

contains 

in 

was 

were 

to 

was 

covariates were 

outcome were 

can to 

a test 

et 



Univ
ers

ity
 of

 C
ap

e T
ow

n

"'I-',eHL':" assessment 

or 

A 

zero 

versus to assess 

was 

zero 

covariates in 

"'''''''~,_. was 

U"JU'.",", to 

stratum. 

were up,nplr:U'pn 

was 

non­

not 

test 

29 

1 

a 



Univ
ers

ity
 of

 C
ap

e T
ow

n

6. ET I LC SI E S 

Town 

items were 

to 

outcomes. 

terms 

Western 



Univ
ers

ity
 of

 C
ap

e T
ow

n
were on treatment 

centres 

eX1Do5.ea to 

not UL~ ..... u.:>.;n;u 

are or,OC'H'H'", 

7. s s 

7.1. HO o c ON 

time ... "',.,..,,,"'" 

initiation on treatment was 

or were 

as 

to 

are 

outcome 

in 

to 

were women 

one 

on 

non-

to 

care are 

31 



Univ
ers

ity
 of

 C
ap

e T
ow

n

TABLE 1 COHORT CHARACTERISTICS 

Numb ... 

Ba_lIne weight, kg (median, lOR) 

Baseline viml load, log copies;ll'llm .. dlan, lOR) 

Woman 

Age cawgori .... (years) 
14 - 24 
25- 34 
35-44 
45-54 
>= 55 
M .. dian, lOR 

Baseline CD4 cat .. gorl .. s (c .. lI$' !-II...) 

" 25 
25-49 
50- 99 
100 - 199 
:::200 
Median, lOR 

AIDS at initiation 

WHO Stage In initiation 
1&2 
:3 
4 

Opportunistic infection .. at initiation 
Tuberculosi .. (a/l) 
Pulmonary TB (PTB) 
Extra-Pulmonery TB (EPTB) 
Kaposi Sarcoma 

un"'"IJ"""ry'"9''''' candidl .... s 
Cr;l'pltococcal m .. nlnglti .. 

diarrhoea 
PTB+ EPTB 
O .. sophag .. al candidiasis 
Wasting Svndro,ne 

Toxoplasma .... 
Cytomegalovirus 
Pn .. umocysti .. .Jiroveci pn .. umonla 
Herpes Zost...r Vlru .. 

Initial ARV R .. glm .. n 
AZT/3TClNVP 
AZT/3TC/EFV 
D4T/3TC/NVP 
D4T/3TCjEFV 

Origin of r .. f .. rral 
Hospital 
MTCT 
Oth .. r 
Prlmar;\' Health Clinics 
TB Clinic .. 

PriorTS 
Exposure to PMTCT 
Pregnancy at initiation 
Months of follow-up (m .. dlan, lOR) 

Month .. on ART (median, IQR) 
Days between ba .... line CD4 .. nd start of ART 
(median, lOR) 

On S .. cond Line Reglm .. n 
. Ev .. , Interrupted tr .... tment 

V .. ar of inltl .. tion on ART 
2001 
2002 
2003 

2004 

58,3 51.4-67 

5,1 4,6-5,6 

2551 71% 

384 11°", 
1846 51% 
1024 28% 
290 8% 

32 28-38 

637 18% 
479 14% 
790 23% 

1388 40% 

59,3 52,5-68 

5,1 4,5-5,6 

1988 71% 

285 10% 
1443 52% 
800 29% 
223 
38 1% 
32 28-38 

416 15% 
349 13% 
632 23% 

1145 

53 45.5-61 

5.2 4,8-5,7 

249 55% 

40 11% 
174 46% 
114 30% 
40 11% 
7 2% 

33 29-39 

146 39% 
72 19",(, 
61 16% 
79 21% 

187 149 6% 16 4% 
B9 37-148 95 44-153 39 13-100 

1443 1035 37% 246 

548 12% 
1702 47% 
1443 40% 

1131 
786 
392 
103 
90 

53 
47 
38 
23 
17 

10 
10 
8 
7 

303 
464 

1500 
1317 

388 
323 
718 

1522 
644 

1630 

366 
151 

27 

50 

135 

244 

82 
207 

31% 
22% 
11% 
3% 
3% 
2% 
1% 
1% 
1% 
1% 
0% 
0% 
0% 
0% 
0% 
0% 

8% 

13% 
42O/~ 

11% 
9% 

20% 
42% 
18% 

45% 

10% 

4% 

17-43 

13-29 

8-97 

4% 

7% 

2% 
6% 

278 10% 
1307 47% 
1204 43% 

858 
596 
296 

46 
28 
34 
24 
5 

12 
8 
8 
5 
6 
7 

238 
327 

1221 
997 

286 
284 
510 

1223 
506 

1253 

306 

125 

30 

22 

53 

123 

199 

57 

31% 
21% 
11% 

0% 
2% 
1% 
1% 
1% 
0% 
0% 

0% 
0% 
0% 
0% 

9% 
12% 
44% 
36% 

10% 
9% 

18% 
44% 
18% 

45% 

11% 

4% 

21-47 

8-99 

4% 

7% 

2% 
5% 

10% 

5 
85 23% 

285 76% 

130 
90 
4 

41 
18 
18 
20 
9 
12 
16 
4 
2 
2 
4 
1 
o 

23 
86 

115 
147 

53 
17 
97 

135 

217 

5 

10 

3 

33 
5 

6 

18 
44 

35% 

11% 
5% 
5% 
5% 
2"/0 
3% 
4% 
1% 
1% 
1% 
1% 
0"/0 
0% 

6% 
23% 
31% 
40% 

14% 

26% 
36% 
19% 
58% 

7% 

1% 

6-23 

1-9 

7-84 
1% 

2% 

5% 
12% 
18% 

56,7 

5,2 

176 

32 
141 
66 
12 
3 

30 

36 
31 
56 
97 

50-63 

4,7-5,6 

69",(, 

13% 
56% 
26% 

1% 
27-37 

15% 
13% 
24% 
41% 

16 7% 
93,5 43,5-148 

87 34% 

29 
119 
106 

84 
59 
27 

2 
2 
2 

o 
o 
o 
o 
o 

22 
25 
94 
112 

30 
25 
56 
102 
41 

92 

17 

14 

14 
8 

48 

6 

9 
22 
83 
137 

11% 
47% 
42% 

33% 
23% 
11% 
3% 
0% 
1% 
1% 
1% 
0% 
0% 
0% 
0% 
0% 

0% 
0% 

9% 
10% 
37% 

12% 
10% 
22% 
40% 
16% 

37% 

7% 

6% 
6-29 

2-17 

11-89 

2% 

9% 

1% 
4% 
9% 

33% 
54% 

Outcomes (alive in care, dead, lost to follow-up) are for the entire study period (i.e. from May 2001 to 31 December 2006). 
IQR=inter-quartile range, ARV=antiretroviral, AZT=zidovudine, 3TC=lamivudine, NVP=nevirapine, EFV=efavirenz, 
D4T=stavudine, MTCT=Mother to child transmission programme, TB=tuberculosis, PMTCT= prevention of mother to child 
transmission. 
Missing data: weight: 235 (6,5%); viral load: 570 (15.9%); gender: 0; age: 0; cd4: 114 0; WHO stage: 2 (0.06%); 
opportunistic infections: 0; ARV regimen: 0 (ll patients were on non-standard regimens); Origin of referral: 9 (0.3%); Prior TB: 
0; PMTCT: 13 (0.4%); all other variables: O. 
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PATIENT FLOW, SURVIVAL, AND LOSSES TO FOLLOW-UP 

3,595 patients were started on ART between March 2001 and December 2005, of which 

3,582 were incluced in the analysis (figure 1), contributing to 6,553 person-years of 

observation (731 person-years before 3 months and 5,822 person-years from 3 months 

onwards). 13 patients were excluded because the outcome occurred on the day of 

initiation on ART. In total, 617 (17.2%) patients were lost to care (Le. died or were lost 

to follow- up): 244 (6.8%) during the first three months, and 373 (10.4%) after at least 

three months on P.RT. The total number of consultations during the study period was 

91,137. Median time of follow-up on ART was 19 months (IQR 13-29) for all patients, 

20 months (IQR 15-30) for patients who had been at least 3 months on ART, and 1 

month (IQR 0.6-1.9) for patients who were lost to care before 3 months. The median 

survival time was 3.4 months (IQR 1.0-9.3) for patients who died and 7.8 months (IQR 

2.0-17.3) for patients who were lost to follow-up. Smoothed hazard estimates (figure 

2) showed a high initial risk of death, followed by a rapid decline during the first year. 

The risk of death remained almost constant after one year. The risk of loss to follow-up 

was highest immediately after ART initiation, though less than half the risk of death, 

and thereafter declined gradually to reach plateau after three years. 

FIGURE 1 FLOW DIAGRAM SHOWING OUTCOME FIGURE 2 SMOOTHED HAZARD ESTIMATES 

EVENTS DURING THE PERIOD OF OBSERVATION. OVER TIME 

Total started on ART 

.. Tr~ ~~!:erred~ut 
,;'" n .=':1 ,,' 

Included In analysis < 3 months on ART 

n = 3582 (99.6%) 

;~ T[aiisf?,;red .ow ,. 

~~," n ~,2.S (0.7%)' 

Alive and in care ~ 3 months on ART 

n = 3313 

-= 
r0..-

m 
-.::s 

~...., 
= 

-.::s 

«I 

~ 
:::c 0 

.=.-: 
C> ...., 
~ 
«I 
N 

«I 

r=> 
0 

2 3 4 

I I I 

2 3 4 

Years on ART 
Ltfu: lost to follow-up. ART: antiretroviral therapy 

n = 2789 (77.6%) 

ART: antiretroviral therapy. Percentages 
are of the total number started on ART 
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The cumulative probability of dying was highest during the first month (2.3%), 

accounting for 23% of all deaths (85/374), and remained high during the first year, 

after which it stabilised at a lower level (between 1 and 4% per year) (figure 3 and 

table 2). 46.7% (175/374) of all deaths occurred during the first three months. 

The cumulative probability of being lost to follow-up remained stable at 4% per year 

during the first two years, and was halved in the following years. Whilst the probability 

of death remained higher than that of loss to follow-up over the entire period, the gap 

was markedly reduced after two years on ART. 

The cumulative probability of being lost to care at 5 years was 28% (95% CI 24-32%). 

The probabilities of being lost to follow-up at 1, 2, and 5 years were respectively 4% 

(95% CI4-5%), 8% (95% CI7-9%), and 13% (95% CI10-16%). 

FIGURE 1 KAPLAN-MEIER FAILURE CURVES OF MORTALITY AND LOSSES TO FOLLOW-UP 

~CD 
'-0 "'0 . 

0 0 

.c 
3: M 
cO o . . _ 0 
t::: 
o 
0..0 
00 
'- . a.. 0 

"'0 I.!) 
Q)T"" 

::0 0 
00 
.cT"" 3: . o 
51.!) 
·-0 +-' • 

0 0 
0..0 
00 
'- . a.. o . 

a 1 2 3 
Months on ART 

a 1 2 3 4 5 6 
Years on ART 

CD 
o wo B 

o 

5M 
:;:;0 

0 0 
0.. 
o 
'-0 0... 0 
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I.!) 
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w6 D 
0
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CT"" 
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t:::Ll) 
~~ 
00 
'-0 a.. 0 
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1 2 3 
Months on ART 

2 3 4 5 6 
Years on ART 

Kaplan-Meier failure curves for A. Mortality during the first 3 months B. Losses to follow-up during the 
first 3 months C. Mortality from 3 months to the end of the study period D. Losses to follow-up from 3 
months to the end of the study period. Time to failure was .calculated from initiation on ART to 
death/loss to follow-up or censoring . ART : antiretroviral therapy. Lost : lost to follow-up . Early 
mortality was twice as high as early losses to follow-up (respectively 6% versus 3% at 3 months), 
whilst late mortality reached similar levels at 5 years compared to late losses to follow-up . The curve 
for mortality flattens after one year, whilst the curve for losses to follow-up keeps the same slope until 
3 years on ART. 
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TABLE 2 CUMULATIVE ESTIMATES OF MORTALITY AND LOSS TO FOLLOW-UP 

Time on ART 0 
3 6 

1 year 2 years 3 years 4 years 5 years months months 

Deaths 0 175 59 60 51 17 7 5 

Percentage 0 5% 7% 8% 11% 12% 14% 18% 

95%CI (4-6%) (6-8%) (8-9%) (10-12%) (11-14%) (12-17%) (14-22%) 

Lost to follow-up 0 69 32 48 71 16 4 3 

Percentage 2% 3% 4% 8% 9% 11% 13% 

95%CI (2-3%) (2-4%) (4-5%) (7-9%) (8-11%) (9-12%) (10-16%) 

Number in care 3582 3316 3194 2954 1346 492 202 55 
Percentage 

100% 93% 91% 88% 83% 80% 77% 72% surviving 
95%CI (92-94%) (90-92%) (86-89%) (81-84%) (78-81%) (74-79%) (68-76%) 

CI: confidence interval. ART: antiretroviral. Proportions are estimated Kaplan-Meier failure functions. 

--_ .. __ ... _ --- _ .. _ .. __ ... _ ... __ .. _ ..... __ ......... ---- .......... _._-_ .............. _ ... _ .. _ - ---- ---- -_._._ ..... -_. __ ._------_ .. _ ...... .. ----.-•........... ---

TRENDS OVER TIME 

The overall death rate was 5.7/100 person-years; it was 23.9/100 person-years during 

the first three months, and fell to 3.4/100 person-years for late mortality. From three 

months to one year it was 5.2/100 person-years, and after one year it was stable at 

2/100 person-years. 

The incidence rate of loss to follow-up was 3.7/100 person-years overall: 9.4 during the 

first three months, and 3.0 afterwards. The incidence rate of loss to care was 33.3/100 

patient-years during the first three months, 6.4 after that, and 9.4 overall. 

Early mortality rates decreased between 2001 and 2005, whilst late mortality 

remained stable (table 3). 

TABLE 3 EVOLUTION OF RATES OVER YEARS OF INITIATION 

Rate of Itfu Mortality rate Rate of loss to care 

early late early late early late 

2001 0 .0 0 .9 40 ,5 3 ,3 40 ,5 4 ,3 

2002 0 ,0 1,3 47,0 3 .5 47,0 4 ,8 

2003 5 ,1 1.8 39 .2 3 .8 44 .3 5 .6 

2004 4.0 3 .6 24 .7 3 .3 28 .7 6 .9 

2005 15.3 4,0 16,7 3.3 32,0 7 .3 

Rows are years of initiation on ART. Rates are in person-years of observation . ART: antiretroviral 
therapy . Ltfu: lost to follow-up 

J;:arly as well as late loss to follow-up increased over time (figure 4). For example, 

probability of loss to follow-up at 3 months was 0% in 2001/2002, 1 % in 2003/2004, 

and 3% in 2005. Probability of loss to follow-up at one year was 0%, 0%, 1.5%, 3%, 

and 6.5% respectively in 2001, 2002, 2003, 2004, and 2005. Early loss to care 

decreased over the years and late loss to care increased. As a result, overall loss to care 
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remained stable. A test for trend showed no evidence against the null hypothesis of 

equal survivor functions for remaining in care (p = 0.504) (figure 5). 

Decrease of mortality was associated with a concomitant increase in median CD4+ T­

lymphocyte count at initiation on ART, which was in 2001, 2002, 2003, 2004, 2005, 

respectively 48 (IQR 13-88),48 (lQR 18-115), 79 (IQR 28-129), 91 (IQR 42-147), and 

109 (IQR 51-164). 
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FIGURE 2 KAPLAN-MEIER FAILURE CURVES BY YEAR OF INITIATION 

-r-- 2002 -
,------f=------2001 

2004 

~ __ --~2005 

234 
Duration on ART (years) 

2004 

2003 

p < 0.001 

5 

2002. 
2001 

P <0.001 

6 

234 
Duration on ART (years) 

5 6 

Kaplan-Meier failure CUNes for death (upper graph) and loss to follow-up (lower graph). Time to failure 
was calculated from initiation on ART to death/loss to follow-up or censoring. CUNes are stratified by 
year of initiation on ART. The plots include 3582 participants with respectively 82, 207, 394, 1098, and 
1801 started in 2001, 2002,2003, 2004, and 2005. ART: antiretroviral therapy. P-values are for tests 
for trend of equal sUNivor functions. The cumulative probability of death remained similar between 
2001 and 2003, and decreased in 2004 and 2005. The cumulative probability of loss to follow-up 
increased and occurred earlier after initiation of ART with every calendar year. 
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FIGURE 3 KAPLAN-MEIER FAILURE CURVES FOR LOSS TO CARE 
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ART: antiretroviral therapy. P-value is for logrank test. Test for trend: p = 0.504 
There was no difference in the cumulative probability of loss to care between years of initiation. 

EXPLORATORY ANALYSIS WITH PRODUCT-LIMIT METHODS 

With unadjusted Kaplan-Meier analysis, the cumulative probability of late death was 

higher for men than for women after the first year on ART (figure 6). Although a 

similar trend was visible for early mortality, there was only weak evidence against the 

null hypothesis of equal survivor functions. 

FIGURE 4 KAPLAN-MEIER SURVIVAL CURVES BY GENDER FOR EARLY AND TOTAL MORTALITY 
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ART: antiretroviral therapy. P-values are from log rank tests for equality of survivor 
functions. There was strong evidence against the null hypothesis of equal survival functions 
between men and women for late, but not for early mortality. 
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Probability of death appeared higher in patients who were started on efavirenz as 

compared to patients who were started on nevirapine (figure 7). This difference was 

reduced but still present after adjustment for gender, CD4 count, and tuberculosis. 

There was weak evidence against the null hypothesis of equal survivor functions after 

adjusting for severity of disease by performing the analysis in patients with WHO stage 

lor stage 2 disease. However, this might have been due to small numbers (only 10% of 

all patients started were in WHO stage 1 arid 2). Stratified log-rank tests by 

tuberculosis, gender, AIDS, or severity of disease (approximated by grouping WHO 

stages 1 & 2 together as opposed to WHO stages 3 & 4) all provided strong evidence 

against the null hypothesis of equal survivor functions (p < 0.001 for tuberculosis, 

gender, and AIDS, and p = 0.001 for severity of disease). 

FIGURE 5 CUMULATIVE PROBABILITY OF DEATH ON EFAVIRENZ VERSUS NEVIRAPINE 

0 0 0 
0 

~A 
0 

~ 
0 

~c - -
~ '" '" '" 0 0> ~ :0 0 '" OJ 0 
.0 0 0 e 0> 

NVP '" 0 0 0 a. '" (ij '" 0 '" '" EFV~ '" .~ 0 EFV , 0 
~ 0 ~ ~ , 

0 ::J "l 0 L '" (J) 
0 L- 0 

:e p < 0.001 0 '" p:O .143 
"' t-

o 0 0 
0 2 4 6 0 2 4 6 0 2 4 6 

Years on ART Years on ART Years on ART 

Kaplan-Meier survival estimates plotted versus time on ART. A: patients started on 
efavirenz (EFV) vs. nevirapine (NVP), unadjusted. 8: adjusted for zero values of baseline 
CD4 count, female gender, and tuberculosis. C: estimates stratified by EFV vs. NVP, only 
patients in WHO stage 1 &2 included. P-values are from log-rank tests. NNRTI : non­
nucleoside reverse transcriptase inhibitor: 

The estimated cumulative probability of death was higher in patients with low CD4+ T­

cell counts (figure 3). This difference remained important for early and late mortality. 

There was a trend towards increased probability of late mortality in older age groups 

(figure 8). This trend was not present during the first year on ART. 
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FIGURE 6 CUMULATIVE PROBABILITY OF DEATH BY BASELINE CD4 AND AGE CATEGORIES 
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Kaplan-Meier survival estimates by CD4+ T-ce" lymphocyte count and age at initiation of 
ART. P-values are from tests for trend of survivor functions . Patients with CD4 counts 
below 50 ce"s/~.iI had a markedly increased probability of dying . 

Unadjusted estimates showed an increased probability of death in patients with 

tuberculosis at initiation of ART (figure 9). The increase in risk tended to decrease over 

time_ When adjusted for zero values of CD4+ T-lymphocyte count at initiation, female 

gender, and the absence of AIDS at initiation, this difference disappeared during the 

early period, and patients with tuberculosis seemed to have a decreased risk of death 

after 1 year on ART_ 
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FIGURE 7 CUMU'"ATIVE PROBABILITY OF DEATH IN PATIENTS WITH AND WITHOUT 

TUBERCULOSIS AT INITIATION OF ART 
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Kaplan-Meier survival estimates for patients with and without tuberculosis (TB). Unadjusted 
in A. Adjusted for zero values of baseline CD4+ T-Iymphocyte cell count , female gender, 
and the absence of AIDS diagnosis in B. p-value is from log-rank test. 

As opposed to mortality, the cumulative probability of loss to follow-up increased with 

decreasing age, the age group between 14 and 24 years being the most at risk (figure 

10). There was no difference between age groups during the first year on ART. 

FIGURE 8 LOSSES TO FOLLOW-UP ACCORDING TO AGE AND CD4 COUNT AT INITIATION ON 

ART 
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Kaplan-Meier survival estimates. P-values are from tests for trend of survivor functions. 
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< 3 months on ART ~ 3 months on ART 

Male gender 

Baseline Age 

Baseline 

14-24 

25-34 

35-44 

>45 

1.11 (0.68 -1 

1.00 

1.17 -1.64) 
0.93 (0.54 - 1 

0.92 (0.90-

Baseline CD4 cell count Icum.lIilli 

Baseline Viral load 

AIDS 

WHO at initiation 

1 ·24 7.98 
26-49 

51 ·99 

101 ·199 1.00 

1&2 
3 
4 

200 2.15 

1.18 

4.25 

1.00 
2.74 (0.98 - 7.65) 

10.12 -27.37) 

U"nu,·uum ... .., Infections at initiation 

Tuberculosis 1.90 {1.41 

TB 1.71 (1.24 
Extra·Pulmonary TB 1.54 (1.03 

)r ..... ntl" ... mn' .... 1 candidiasis 2.38 (1 .25 • 

6.26 

0.772 1.12 0.011 
1.00 

1.19 (0.85 - 1.66) 
1.99 (1.33 

<0.001 0.98 0.002 

<0.001 2.51 (1.74- <0.001 
1.78 (1.16 - 2.73) 

1.14 (0.76 1.73) 
1.00 
1.16 (0.57-

0.163 1.24 1.52) 0.041 

<0.001 2.10 (1.58 <0.001 

<0.001 1.00 <0.001 
2.47 (1.14-

4.61 (2.15 - 9.91) 

<0.001 0.17 

0.001 0.76 

0.116 

0.152 
0.743 

0.539 

<0.001 4.24 <0.001 

0.025 2.46 (1.30 - 4.66) 0.006 
<0.001 3.52 (1.74 7.15) <0.001 Chronic diarrhoea 

Oesol)h~lgeal candidiasis 2.92 (1.20 0.018 3.56 {1.67 - 0.001 

Initial ARV regimen containing 

of referral 

Previous T8 treatment 

Previous exposure to PMTCT" 

Pregnancy 

Wasting SVlrldrnm,,,, 

Efavirenz 

Stavudine 

Health Clinics 

T8 Clinics 

Time between baseline CD4 and start of ART (m,·",th .. \ 

Year of initiation on ART 
2001 
2002 
2003 
2004 

18.04 (10.23-31.81)<0.0015.34 (1.70-16.71) 0.004 

2.33 (1.70 

0.78 - 1.10) 

1.00 
2.42 (1.55 - 3.79) 
0.44 (0.18·1 
1.96 (1.32 2.92) 
1.91 (1.28 - 2.87) 

1.95 (1.44· 

2.16 (1.10 4.23) 

<0.001 1.35 

0.154 0.79 

1.00 

- 1 

- 1 

0.037 

0.146 

<0.001 1.01 - 1 0.965 
0.078 0.63 (0.35 1.16) 0.142 
0.001 1.24 (0.87 0.233 
0.002 0.84 -1.21) 0.415 

<0.001 1.35 (1.02 - 1 0.034 

0.024 1.21 (0.75 - 1.97) 0.440 

0.24 (0.06 - 0.98) 0.041 0.42 

0.93 (0.87 .. 0.99) 0.051 0.95 

0.140 

1.01) 0.111 

2.43 (1.1 5.32) 
2.81 (1.69 - 4.65) 
2.33 (1.51 3.59) 
1.48 (1.03 

<0.001 1.70 (0.84 - 3.42) 0.091 
1.65 (0.98 - 2.77) 
1.76 (US 2.69) 
1.29 (0.90 - 1.85) 

tests; of mother-to-child transmission 
nevirapine or both; other refers to home based care, lay counsellor, 

clinician, youth clinic, unknown or none. 
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20 29 106.87 <0.001 0.00 (. .) <0.001 
30 - 39 31.82 90.48 
40-49 8.16 11.32 
50-59 3.10 2.63 
50-69 1.00 1.00 
70 79 1.47 1.51 
~ 80 1.19 1.82 

0.87 <0.001 0.90 <0.001 

0.94 0.002 

0-24 22.66 0.002 
25-49 6.62 
50 99 2.45 
100 -199 3.10 
200 -349 1.00 
350 -499 0.45 
l!:500 1.48 

Gain In CD4 count 0.95 0.008 

Viral load 1.75 0.002 

Failure to suppress viral load 3.00 <0.001 

infections 
<0.001 <0.001 
<0.001 1.000 

candidiasis <0.001 <0.001 
Chronic diarrhoea <0.001 <0.001 

candidiasis <0.001 <0.001 
<0.001 <0.001 
<0.001 <0.001 

0.003 0.296 

0.048 0.037 
0.022 <0.001 

<0.001 
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TABLE 4 

~ 3 months on ART 
HR CI 

Male sex 1.40 

Baseline age 14·24 0.95 0.197 1.29 0.054 
25 ·34 1.00 1.00 
35-44 1.46 1.14 
>45 1.07 1.81 

Baseline 10 0.57 <0.001 0.87 0.029 

Baseline CD4 cell count o 24 3.72 <0.001 1.85 0.008 
25·49 2.42 1.66 

50·99 1.13 1.05 
100 ·199 1.00 1.00 

>200 1.52 0.83 

Tuberculosis 1.16 0.421 0.58 0.004 

Oral candidiasis 1.60 0.188 0.97 0.949 

sarcoma 5.46 <0.001 4.55 < 0.001 

0.79 0.560 1.72 0.124 

candidiasis 1.00 0.994 2.93 0.009 

Chronic diarrhea 2.12 0.029 2.42 0.018 

5.75 <0.001 5.17 0.006 

Efavirenz 1.50 0.048 1.23 0.254 

Stavudine 2.01 0.045 0.90 0.743 

Year of Initiation 3.35 0.034 1.06 0.587 
2003 1.96 1.31 
2004 1.24 1.23 
200S 1.00 1.00 

to PMTCT 1.35 0.80 0.390 

Results are 
models: one with and one with late 
baseline. ART: antiretroviral PMTCT: 

association C10.44-

to 
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Late 

N N N 

N 375 176 199 

WHO 

1&2 5 1% 3 2% 2 1% 

3 85 23% 34 19% 51 26% 

4 285 76% 139 79% 146 73% 

Median CD4 count 134 (15 14 (7 147 

Median viral load 3.2 5.5 6.1) 2.1 

failure 58 15% 8 5% 50 25% 

On second line 5 1% 0 0% 5 3% 

Median - 5.1) 0.5 5.5 - 11 

Tuberculosis 158 42% 87 49% 71 36% 

101 27% 58 33% 43 22% 

tuberculosis 63 1 ?Ok 33 19% 30 15% 

41 1% 25 14% 16 8% 

Diarrhea 30 8% 19 11% 32 16% 

24 6% 9 5% 11 6% 

Oral candida 18 5% 10 6% 8 4% 

candida 12 3% 7 4% 5 3% 

10 3% 10 6% 0 0% 

8 2% 5 3% 3 2% 

7 2% 4 2% 3 2% 

4 1% 3 2% 1 1% 

4 1% 2 % 2 1% 

3 1% 2 1% 1% 

Cervical cancar 3 1% 2 1% 1% 

1 0% 0 0% 1 1% 

1 0% 1% 0 0% 

0% 0 0% 1% 

reactions 

Transaminltls 1 0% 1 1% 0 0% 

Anaemia 5 1% 2 1% 3 2% 

Values are ranges. 
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TABLE 6 

< 3 months on ART ~ 3 months on ART 

Male sex 1.40 0.86 - 2.29 0.177 1.04 0.75 1.44 0.815 

Baseline Age categories (years) 

14 - 24 0.35 0.11 -1.14 0.305 1.44 0.95 - 2.20 0.016 
25 -34 1.00 1.00 
35-44 0.95 0.56 - 1.61 0.73 0.50 -1.06 

l!45 0.66 0.26 - 1.66 0.57 0.30 -1.10 

Baseline (per 10 kg) 0.58 0.45 - 0.73 <0.001 0.87 0.76 - 0.99 0.039 

Baseline CD4 cell count 

1 - 24 1.60 0.82 - 3.10 0.343 0.60 0.37 - 0.98 0.130 
25-49 1.78 0.88 - 3.57 0.67 0.40 1.11 

50 - 99 1.30 0.68 - 2.48 0.84 0.57 -1.23 

~ 100 1.00 1.00 

Baseline Viral load (log 1.50 1.02 - 2.20 0.038 1.14 0.91 - 1.42 0.253 

AIDS 0.62 0.37 -1.04 0.069 0.86 0.64 - 1.18 0.357 

WHO Stage at initiation 

1&2 1.00 0.182 1.00 0.553 

3 0.91 0.46 - 1.77 0.88 0.55 - 1.40 

4 0.57 0.27 1.19 0.78 0.48 - 1.26 

Efavirenz 2.14 1.30 - 3.53 0.003 1.08 0.80 - 1.46 0.609 

Stavudine 1.65 0.85 - 3.23 0.141 1.78 1.18 - 2.69 0.006 

Origin of referral 
Health Clinics 1.00 1.00 

Hospital 0.78 0.32 -1.85 0.566 1.16 0.71 1.87 0.557 

MTCT 0.99 0.44 - 2.23 0.971 1.09 0.64 1.86 0.751 

Other 0.70 0.34 - 1.42 0.320 1.17 0.79-1.73 0.427 

TB Clinics 0.95 0.50 - 1.81 0.877 0.89 0.57 - 1.39 0.604 

Prior TB 0.78 0.48 - 1.27 0.320 0.64 0.47 - 0.87 0.004 

On TB treatment at initiation of ART 1.25 0.77 - 2.05 0.369 1.22 0.89 - 1.67 0.217 

PMTCT 1.91 0.70 - 5.25 0.208 1.64 0.91 - 2.95 0.097 

at initiation of ART 1.65 0.66 - 4.09 0.282 1.59 0.81 - 3.13 0.176 

Time between baseline cd4 and start of ART 0.96 0.86 -1.08 0.498 1.00 0.94 - 1.07 0.957 

Year of initiation on ART 
2001/2002 1.00 < 0.001 1.00 0.002 

2003 2.21 0.99 -4.90 1.84 0.81 - 4.20 
3.70 1.75 -7.83 1.62 - 7.51 

5.75 2.72 -12.16 

Univariate Cox models. HR: 
interval. ART: antiretroviral tuberculosis. MTCT: mother to child transmission. 
PMTCT: of mother to child transmission. 
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TABLE 7 ASSOCIATIONS OF ON·TREATMENT COVARIATES WITH THE HAZARD OF LOSS TO 

< 3 months <::3 months 

Weight gain 0.92 (0.85 1 

CD4 count 
0-99 2.00 (DAD 0.856 

100 -199 1.85 - 6.10) 

200 - 349 1.00 
350 -499 1.36 

~500 1.30 

Gain in CD4 count> 100 0.26 0.002 

Viral load 1AO 0.121 

Failure to suppress viral load 2.40 <0.001 

infections 

Tuberculosis 1.36 0.221 2.11 (1.41 - <0.001 

candidiasis 4.40 0.142 

Chronic diarrhoea 3.00 0.119 

candidiasis 1.60 0.643 

HIV 7.32 (1.81 - 29.56) 0.005 

1.70 {0.53 - 0.371 

0.597 0.139 

<0.001 

0.281 



Univ
ers

ity
 of

 C
ap

e T
ow

n

a 

mtiatltOn were associated 

size. 

to 

TABLE 

Sex 

was 

14 24 

25- 34 
35-44 

2:45 

Baseline 10 

Baseline CD4 cell count 

AIDS at initiation 

Efavirenz 

Stavudine 

o 24 
25-49 
50-99 
> 100 

HR 

1.13 

0.23 
LOO 
0.78 
0.57 

0.52 

1.67 
1.73 

1.49 

1.00 

0.49 

2.32 

1.71 

Year of initiation: 2001-2003 1.00 

toPMTCT 

Previous tuberculosis 

2004 1.50 
2005 4.19 

6.45 

Tuberculosis at 0.67 

1VllJllU\I'SnSle Cox hazards models 
TnA,'''''''',V HR: ratio. Ci: confidence interval. 

association 

or 

to 

to 

on a 

age, 

to 

were not aS~;O(:lalcea 

1.00 
0.63 
0.52 

<0.001 0.84 

0.410 0.60 

0.016 

0.009 

0.464 

0.005 

0.067 

0.68 
0.89 
1.00 

0.85 

1.46 

1.52 

1.00 
1.96 

1.73 

2.11 

0.63 

to lumJ'IV-u\J. 

or as a 

0.008 
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FIGURE 10 PLOT OF THE CUMULATIVE HAZARD VERSUS CUMULATIVE COX-SNELL RESIDUALS 

o 

.5 2 2.5 
Cox-Snell residuals 

of the cumulative hazard the Cox-Snell residuals as the time variable and the data's 
\/::II'I::IrliAI versus the residuals showed a standard distribution 

with a hazard ratio that is close to 1. This demonstrates a model fit. 

FIGURE 11 PLOTS OF DEVIANCE RESIDUALS AND CUMULATIVE MARTINGALE RESIDUALS 
AGAINST THE LINEAR PREDICTOR 
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