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Table S1: Patient characteristics at ART initiation 
	Characteristic
	All periods
	2001-2006
	2007-2009
	2010-2014

	
	n
	%
	n
	%
	n
	%
	n
	%

	Sex
	
	
	
	
	
	
	
	

	   Male
	18 995
	36.2%
	5 811
	38.0%
	8 514
	38.3%
	4 670
	31.2%

	   Female
	33 494
	63.8%
	9 462
	62.0%
	13 743
	61.7%
	10 289
	68.8%

	Age (years)
	
	
	
	
	
	
	
	

	   15-24
	4 066
	7.7%
	975
	6.4%
	1 534
	6.9%
	1 557
	10.4%

	   25-34
	22 272
	42.4%
	6 657
	43.6%
	8 958
	40.2%
	6 657
	44.5%

	   35-44
	17 054
	32.5%
	5 154
	33.7%
	7 509
	33.7%
	4 391
	29.4%

	   45-54
	7 149
	13.6%
	2 032
	13.3%
	3 340
	15.0%
	1 777
	11.9%

	   55+
	1 948
	3.7%
	455
	3.0%
	916
	4.1%
	577
	3.9%

	CD4 count
	
	
	
	
	
	
	
	

	   <50 cells/μl
	11 044
	21.0%
	4 320
	28.3%
	4 909
	22.1%
	1 815
	12.1%

	   50-99 cells/μl
	9 451
	18.0%
	3 229
	21.1%
	4 161
	18.7%
	2 061
	13.8%

	   100-199 cells/μl
	19 963
	38.0%
	5 894
	38.6%
	9 114
	40.9%
	4 955
	33.1%

	   ≥200 cells/μl
	12 031
	22.9%
	1 830
	12.0%
	4 073
	18.3%
	6 128
	41.0%

	Cohort
	
	
	
	
	
	
	
	

	   Aurum workplace
	7 885
	15.0%
	3 371
	22.1%
	4 471
	20.1%
	43
	0.3%

	   Aurum community
	2 456
	4.7%
	1 113
	7.3%
	1 313
	5.9%
	30
	0.2%

	   Gugulethu
	3 940
	7.5%
	839
	5.5%
	599
	2.7%
	2 502
	16.7%

	   Hlabisa
	10 579
	20.2%
	1 189
	7.8%
	5 471
	24.6%
	3 919
	26.2%

	   Khayelitsha
	14 062
	26.8%
	2 774
	18.2%
	4 274
	19.2%
	7 014
	46.9%

	   McCord
	2 058
	3.9%
	1 100
	7.2%
	929
	4.2%
	29
	0.2%

	   Themba Lethu
	8 301
	15.8%
	3 949
	25.9%
	4 305
	19.3%
	47
	0.3%

	   Tygerberg
	3 208
	6.1%
	938
	6.1%
	895
	4.0%
	1 375
	9.2%

	Year of ART initiation
	
	
	
	
	
	
	
	

	   2001-2006
	15 273
	29.1%
	
	
	
	
	
	

	   2007-2009
	22 257
	42.4%
	
	
	
	
	
	

	   2010-2014
	14 959
	28.5%
	
	
	
	
	
	


Table S2: Mortality rates and model estimates (Model 1)
	
	Symbol
	Males, by time since ART start
	Females, by time since ART start

	
	
	≤12 month
	>12 months
	≤12 month
	>12 months

	Number of deaths
	
	2,127
	1,711
	2,493
	2,045

	Person years
	
	17,031
	51,781
	30,837
	104,859

	Crude mortality rate per PYO
	
	0.1249
	0.0330
	0.0808
	0.0195

	
	
	
	
	
	

	Excess HIV mortality
	exp(γd)
	0.084 (0.065-0.108)
	0.042 (0.028-0.063)
	0.068 (0.056-0.084)
	0.039 (0.029-0.053)

	Relative HIV mortality at
	
	
	
	
	

	      Durations 25-36 months
	exp(γ2 – γ1)
	-
	0.69 (0.59-0.82)
	-
	0.68 (0.58-0.78)

	      Durations >36 months
	exp(γ3 – γ1)
	-
	0.47 (0.39-0.56)
	-
	0.56 (0.49-0.64)

	Increase in HIV mortality for 

      each 10-year increase in age
	exp(10ηd)
	1.13 (1.07-1.19)
	1.03 (0.94-1.13)
	1.18 (1.13-1.24)
	0.95 (0.88-1.02)

	Hazard ratio relative to CD4 <50
	
	
	
	
	

	      Baseline CD4 50-99
	exp(gd(1))
	0.58 (0.52-0.65)
	0.76 (0.63-0.91)
	0.48 (0.43-0.53)
	0.73 (0.63-0.84)

	      Baseline CD4 100-199
	exp(gd(2))
	0.32 (0.28-0.36)
	0.62 (0.53-0.74)
	0.23 (0.21-0.26)
	0.48 (0.41-0.55)

	      Baseline CD4 200+
	exp(gd(3))
	0.19 (0.16-0.23)
	0.43 (0.33-0.56)
	0.18 (0.16-0.21)
	0.37 (0.31-0.45)

	Hazard ratio relative to cohort 1
	
	
	
	
	

	      Cohort 2 
	exp(θd(2))
	2.76 (2.32-3.28)
	1.22 (0.95-1.56)
	2.86 (2.49-3.28)
	1.65 (1.36-2.01)

	      Cohort 3 
	exp(θd(3))
	1.84 (1.50-2.27)
	1.28 (0.98-1.68)
	1.32 (0.77-2.29)
	1.06 (0.43-2.63)

	      Cohort 4
	exp(θd(4))
	2.33 (1.99-2.74)
	1.59 (1.27-1.98)
	2.11 (1.84-2.42)
	1.58 (1.31-1.90)

	      Cohort 5
	exp(θd(5))
	1.81 (1.43-2.29)
	0.22 (0.10-0.48)
	1.84 (1.49-2.26)
	0.29 (0.16-0.52)

	      Cohort 6
	exp(θd(6))
	1.39 (1.15-1.67)
	0.79 (0.63-0.99)
	1.26 (1.08-1.47)
	1.02 (0.87-1.20)

	      Cohort 7
	exp(θd(7))
	0.83 (0.62-1.15)
	0.68 (0.47-0.97)
	0.79 (0.62-1.00)
	0.69 (0.53-0.90)

	      Cohort 8
	exp(θd(8))
	1.30 (0.99-1.65)
	1.38 (1.08-1.77)
	1.40 (1.14-1.73)
	2.00 (1.68-2.37)

	Relative HIV mortality if
	
	
	
	
	

	      starting ART 2007-2009
	exp(τd(2))
	1.00 (0.90-1.11)
	0.96 (0.82-1.12)
	1.01 (0.92-1.11)
	1.06 (0.93-1.20)

	      starting ART 2010-2014
	exp(τd(3))
	0.92 (0.78-1.08)
	0.85 (0.66-1.11)
	0.94 (0.81-1.08)
	0.94 (0.77-1.15)


95% confidence intervals are shown in brackets. PYO = person-year of observation. 

The relative survival model is applied separately to male and female mortality data, allowing for five covariates: age at ART initiation (x), number of complete years since ART initiation (d), CD4 category at ART initiation (i), cohort (j), and period of ART initiation (k). The model is also applied separately to the first year after ART initiation and durations longer than one year. Individuals are grouped into one of four baseline CD4 categories: CD4 < 50 cells/µl (i = 0), CD4 50-99 cells/µl (i = 1), CD4 100-199 cells/µl (i = 2) and CD4 of 200 cells/µl or higher (i = 3). The model of mortality for a given sex is of the form:
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 is the mortality rate that would be expected in HIV-negative individuals, γd is the excess HIV mortality at duration d, ηd is the increase in HIV mortality per year of age, 
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is the difference in HIV-specific mortality between individuals in baseline CD4 category i and individuals with baseline CD4 counts < 50 cells/µl, 
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 is the difference in HIV mortality between individuals in cohort j and individuals in cohort 1, and 
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 is the difference in HIV mortality between patients starting ART in period k and patients starting ART in the first period (all of the HIV mortality parameters are defined on the natural log scale). Mortality is assumed to be constant over different integer ages and integer durations.
Table S3: Mortality rates and model estimates (Model 2)

	
	Symbol
	Males
	Females

	Number of deaths
	
	3,838
	4,538

	Person years
	
	68,812
	135,684

	Crude mortality rate per PYO
	
	0.0558
	0.0334

	
	
	
	

	Excess HIV mortality
	exp(γ)
	0.092 (0.074-0.113)
	0.049 (0.042-0.058)

	Increase in HIV mortality for 

      each 10-year increase in age
	exp(10η)
	0.98 (0.93-1.02)
	1.01 (0.97-1.05)

	Hazard ratio relative to cohort 1
	
	
	

	      Cohort 2 
	exp(θ(2))
	2.09 (1.83-2.38)
	2.85 (2.56-3.17)

	      Cohort 3 
	exp(θ(3))
	1.12 (0.95-1.32)
	1.16 (0.73-1.84)

	      Cohort 4
	exp(θ(4))
	2.74 (2.42-3.11)
	2.52 (2.28-2.80)

	      Cohort 5
	exp(θ(5))
	0.88 (0.71-1.09)
	1.10 (0.91-1.32)

	      Cohort 6
	exp(θ(6))
	1.02 (0.89-1.17)
	1.13 (1.02-1.27)

	      Cohort 7
	exp(θ(7))
	0.75 (0.60-0.95)
	0.74 (0.62-0.88)

	      Cohort 8
	exp(θd8))
	1.26 (1.06-1.51)
	1.61 (1.41-1.84)

	Relative HIV mortality if
	
	
	

	      receiving ART in 2007-2009
	exp(τ(2))
	0.49 (0.44-0.54)
	0.49 (0.45-0.53)

	      receiving ART in 2010-2014
	exp(τ(3))
	0.27 (0.24-0.30)
	0.28 (0.25-0.30)


95% confidence intervals are shown in brackets. PYO = person-year of observation.
The relative survival model is applied separately to male and female mortality data, allowing for three covariates: current age (x), cohort (j), and period of follow-up (l). The model of mortality for a given sex is of the form:
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where 
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 is the mortality rate that would be expected in HIV-negative individuals, γ is the excess HIV mortality in cohort 1, η is the increase in HIV mortality per year of age, 
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 is the difference in HIV mortality between individuals in cohort j and individuals in cohort 1, and 
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 is the difference in HIV mortality between patients on ART in period l and patients on ART in the first period (all of the HIV mortality parameters are defined on the natural log scale). Mortality is assumed to be constant over different integer ages.
Table S4: Life expectancies before and after multiple imputation of missing baseline CD4 values

	
	Starting ART before 2007
	Starting ART 2007-09
	Starting ART 2010 or later

	
	Main

analysis
	Imputation

of missing

CD4 counts
	Main

analysis
	Imputation

of missing

CD4 counts
	Main

analysis
	Imputation

of missing

CD4 counts

	Men starting ART at CD4 <50
	
	
	
	
	
	

	   Age 25
	21.5 (20.2-22.8)
	20.9 (18.9-22.9)
	21.9 (20.5-23.5)
	21.1 (19.6-22.6)
	22.4 (20.2-24.6)
	20.9 (18.9-22.9)

	   Age 35
	18.1 (17.0-19.0)
	17.5 (16.0-19.1)
	18.4 (17.3-19.6)
	17.8 (16.6-19.0)
	18.6 (17.0-20.2)
	17.5 (16.0-19.1)

	   Age 45
	14.3 (13.5-15.1)
	13.9 (12.8-15.1)
	14.6 (13.7-15.5)
	14.2 (13.3-15.1)
	14.6 (13.4-15.8)
	13.9 (12.8-15.1)

	   Age 55
	10.7 (10.1-11.4)
	10.5 (9.6-11.3)
	10.9 (10.2-11.6)
	10.7 (10.0-11.4)
	10.8 (10.0-11.7)
	10.5 (9.6-11.3)

	Men starting ART at CD4 200+
	
	
	
	
	
	

	   Age 25
	31.6 (29.9-33.2)
	32.1 (30.3-33.7)
	31.9 (30.2-33.5)
	32.0 (30.4-33.6)
	32.4 (30.4-34.3)
	32.1 (30.3-33.7)

	   Age 35
	26.1 (24.9-27.3)
	26.4 (25.1-27.6)
	26.4 (25.2-27.5)
	26.4 (25.2-27.6)
	26.7 (25.3-28.0)
	26.4 (25.1-27.6)

	   Age 45
	20.4 (19.6-21.3)
	20.6 (19.6-21.4)
	20.6 (19.8-21.4)
	20.6 (19.8-21.4)
	20.8 (19.8-21.7)
	20.6 (19.6-21.4)

	   Age 55
	15.1 (14.5-15.6)
	15.1 (14.5-15.7)
	15.2 (14.6-15.7)
	15.2 (14.7-15.7)
	15.3 (14.6-15.8)
	15.1 (14.5-15.7)

	Women starting ART at CD4 <50
	
	
	
	
	
	

	   Age 25
	26.4 (25.0-27.8)
	26.6 (25.6-27.8)
	25.8 (24.3-27.2)
	26.3 (24.9-27.7)
	27.2 (25.1-29.4)
	27.9 (25.9-29.8)

	   Age 35
	22.6 (21.5-23.7)
	23.0 (22.0-24.0)
	22.2 (21.0-23.3)
	22.8 (21.6-24.0)
	23.3 (21.6-24.9)
	24.0 (22.5-25.4)

	   Age 45
	18.4 (17.4-19.3)
	18.9 (18.0-19.7)
	18.1 (17.1-19.0)
	18.7 (17.6-19.6)
	18.9 (17.6-20.1)
	19.6 (18.4-20.6)

	   Age 55
	14.0 (13.3-14.8)
	14.5 (13.8-15.2)
	13.9 (13.1-14.6)
	14.4 (13.7-15.1)
	14.4 (13.4-15.3)
	15.0 (14.2-15.8)

	Women starting ART at CD4 200+
	
	
	
	
	
	

	   Age 25
	39.0 (37.7-40.3)
	39.6 (38.5-40.8)
	38.6 (37.1-39.9)
	39.4 (38.2-40.7)
	39.4 (38.0-40.9)
	40.3 (39.0-41.6)

	   Age 35
	32.7 (31.6-33.6)
	33.2 (32.4-34.0)
	32.4 (31.3-33.4)
	33.1 (32.2-34.0)
	33.0 (32.0-34.1)
	33.7 (32.7-34.5)

	   Age 45
	26.2 (25.4-26.9)
	26.5 (25.9-27.1)
	26.0 (25.1-26.7)
	26.4 (25.8-27.1)
	26.4 (25.6-27.1)
	26.8 (26.2-27.4)

	   Age 55
	19.8 (19.2-20.3)
	20.0 (19.6-20.4)
	19.7 (19.1-20.2)
	20.0 (19.6-20.4)
	19.9 (19.4-20.4)
	20.2 (19.8-20.6)


Multiple imputation by chained equations was used to assign baseline CD4 values to these patients with missing CD4 values. Imputation was conducted using the ICE command in Stata 13.0 (StataCorp, College Station, TX, USA), with five imputations. The observed CD4 values were transformed using a square root transformation before the imputation was conducted, in order to achieve a more ‘normal’ distribution of baseline CD4 values. The imputation model included age, sex, CD4 count (on square root scale), year, cohort, outcome and time to outcome.

Table S5: Cox proportional hazards model estimates, excluding patients with baseline CD4 counts ≥200 cells/μl
	
	HR (95% CI)

	
	

	Relative mortality in women 
	0.77 (0.73-0.80)

	Increase in mortality for each 10-year increase in age
	1.19 (1.16-1.22)

	Hazard ratio relative to CD4 <50
	

	      Baseline CD4 50-99
	0.63 (0.59-0.67)

	      Baseline CD4 100-149
	0.48 (0.45-0.51)

	      Baseline CD4 150-199
	0.36 (0.33-0.38)

	Hazard ratio relative to cohort 1
	

	      Cohort 2 
	1.86 (1.72-2.01)

	      Cohort 3 
	1.37 (1.21-1.55)

	      Cohort 4
	1.53 (1.42-1.65)

	      Cohort 5
	0.94 (0.83-1.06)

	      Cohort 6
	1.00 (0.93-1.08)

	      Cohort 7
	0.79 (0.70-0.89)

	      Cohort 8
	1.32 (1.20-1.46)

	Relative mortality if
	

	      starting ART 2007-2009
	1.03 (0.98-1.08)

	      starting ART 2010-2014
	0.95 (0.87-1.03)


95% confidence intervals are shown in brackets. HR = hazard ratio.
Three potential sources of bias need to be considered when evaluating the relative survival model described in the main text. Firstly, there may be residual confounding by baseline CD4 count because the median CD4 count in the baseline CD4 ≥200 cells/μl category has increased over time (from 234 and 233 in the 2001-2006 and 2007-2009 periods respectively, to 267 in the 2010-2014 period). Secondly, we lack information on baseline clinical staging, which could be a potential confounder when evaluating trends in mortality; in the period prior to 2010, most patients starting ART at CD4 ≥200 cells/μl were doing so because they had WHO clinical stage IV symptoms, but in 2010 and subsequent years, increasing numbers of asymptomatic patients with CD4 ≥200 cells/μl were eligible for ART. Thirdly, the relative survival model compartmentalizes the ‘time since ART initiation’ variable, rather than treat it as a continuous variable, and this can lead to further residual confounding. The first two sources of bias can be reduced by fitting a model in which patients with baseline CD4 counts ≥200 cells/μl are excluded, and the baseline CD4 100-199 cells/μl category is further split into 100-149 and 150-199 categories. The third source of bias can be eliminated by considering a Cox proportional hazards model rather than a relative survival model (since the baseline hazard in the Cox proportional hazards model is not constrained to be piecewise constant with respect to the time since ART initiation). Table S5 shows that when we fit a Cox proportional hazards model that excludes patients with baseline CD4 counts ≥200 cells/μl, we still find no significant change in mortality when comparing the patients who started ART in the 2010-2014 and 2007-2009 periods relative to those starting ART in the 2001-2006 period (HR 0.95 (95% CI: 0.87-1.03) and HR 1.03 (95% CI: 0.98-1.08) respectively).
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