
BACKGROUND
• An increasing number of people living 

with HIV (PLHIV) have been receiving 
antiretroviral therapy (ART) for many 
years. 

• We aimed to assess immunological 
and survival outcomes among PLHIV 
from Asia and Australia who have been 
on ART for at least a decade.

METHODS
• We included PLHIV enrolled in TAHOD and AHOD who have been on ART for at least 

10 years.
• Factors associated with CD4 cell counts during years 11 to 15 post ART initiation were 

analysed using repeated measure linear regression.
• Survival after 10 years on ART was analysed using Fine and Gray competing risk 

regression.
• VL failure: TAHOD: single VL ≥1000 copies/mL after 6 months on ART; AHOD: VL ≥1000 

copies/mL after 6 months on ART with confirmed secondary VL ≥1000 copies/mL within 
6 months.
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RESULTS
• We included 4867 PLHIV from 

participating sites in TAHOD and 2272 
from AHOD.

Figure 2. Average CD4 cell counts by World 
Bank Country Income Grouping

Figure 1. Map of TAHOD and AHOD
participating sites.

TAHOD (%) AHOD (%)
N=4867 N=2272

Age at 10 years post ART 
initiation (years)

Median = 45, 
IQR (43-57)

Median = 49, 
IQR (43-57)

Sex
Male 3345 (69) 2110 (93)
Female 1522 (31) 162 (7)
Mode of HIV Exposure
Heterosexual contact 3315 (68) 329 (14)
MSM 920 (19) 1718 (76)
Injecting drug use 309 (6) 134 (6)
Other/unknown 323 (7) 91 (4)
Ever had VL failure in the first 
10 years
No 3551 (73) 1266 (56)
Yes 1024 (21) 995 (44)
Not reported 292 (6) 11 (<1)
Lowest post-ART CD4 in the 
first 10 years (cells/µL)

Median = 178, 
IQR (92-287)

Median = 250, 
IQR (140-374)

ART Regimen at 10 years
NRTI+NNRTI 3236 (66) 755 (33)
NRTI+PI 915 (19) 547 (24)
INSTI-based 541 (11) 436 (19)
Other 175 (4) 534 (24)

Table 1. Patient characteristics

Figure 3. Factors associated with increasing CD4 
cell counts during years 11 to 15 after ART 
initiation

Figure 4. Factors associated with mortality 
after 10 years on ART

CONCLUSIONS

Sustaining high CD4 levels and minimizing 

VL failures and treatment interruptions have 

far-reaching benefits well beyond the first 

decade of ART.

*Covariates not included at p>0.05: calendar year, sex, mode of HIV exposure, VL failure in the 
first 10 years, AZT in the first 10 years, and prior AIDS illnesses.

*Covariates not included at p>0.05: mode of HIV exposure, CD4 in the first 10 years, ART regimen, 
AZT in the first 10 years, HBV co-infection, and prior AIDS illnesses.


Demographics

				TAHOD (%)		AHOD (%)

				N=4867		N=2272

		Age at 10 years post ART initiation (years)		Median = 45, IQR (43-57)		Median = 49, IQR (43-57)

		≤40		1383 (28)		360 (16)

		41-50		2206 (45)		889 (39)

		>50		1278 (26)		1023 (45)

		Sex

		Male		3345 (69)		2110 (93)

		Female		1522 (31)		162 (7)

		Mode of HIV Exposure

		Heterosexual contact		3315 (68)		329 (14)

		MSM		920 (19)		1718 (76)

		Injecting drug use		309 (6)		134 (6)

		Other/unknown		323 (7)		91 (4)

		Ever had VL failure in the first 10 years												`

		No		3551 (73)		1266 (56)

		Yes		1024 (21)		995 (44)

		Not reported		292 (6)		11 (<1)

		Lowest post-ART CD4 in the first 10 years (cells/µL)		Median = 178, IQR (92-287)		Median = 250, IQR (140-374)

		≤50		651 (13)		216 (10)

		51-100		702 (14)		197 (9)

		101-200		1399 (29)		453 (20)

		>200		2111 (43)		1386 (61)

		Not reported		4 (<1)		20 (1)

		ART Regimen at 10 years

		NRTI+NNRTI		3236 (66)		755 (33)

		NRTI+PI		915 (19)		547 (24)

		INSTI-based		541 (11)		436 (19)

		Other		175 (4)		534 (24)

		Ever received PI-based ART in the first 10 years

		No		3167 (65)		660 (29)

		Yes		1700 (35)		1612 (71)

		Every received AZT in the first 10 years

		No		1369 (28)		1081 (48)

		Yes		3498 (72)		1191 (52)

		Total duration of treatment interruption in the first 10 years

		No treatment interruption		3743 (77)		1202 (53)

		1 to <14 days		514 (11)		150 (7)

		14 days to 3 months		198 (4)		155 (7)

		3 to 6 months		75 (2)		114 (5)

		>6 months		337 (7)		651 (29)

		Hepatitis B co-infection

		Negative		3692 (76)		1922 (85)

		Positive		430 (9)		88 (4)

		Not tested		745 (15)		262 (12)

		Hepatitis C co-infection

		Negative		3310 (68)		1857 (82)

		Positive		530 (11)		239 (11)

		Not tested		1027 (21)		176 (8)

		Prior AIDS illness in the first 10 years

		No		2612 (54)		1695 (75)

		Yes		2255 (46)		577 (25)

		Country Income Level

		Lower Middle		1570 (32)		0 (0)

		Upper Middle		2158 (44)		0 (0)

		High		1139 (23)		2272 (100)





Survival

		Survival time from 10 years after ART initiation - competing risk regression

												Univariate						Multivariate 

				Total patients		Follow up (years)		No of deaths		Mortality rate (/100pys)		SHR		95% CI		p-value		SHR		95% CI		p-value

		Total		7139		39077		405		1.04

		*Calendar year														0.001

		<2013		*		11489		140		1.22		1

		2013-2015		*		5858		54		0.92		0.79		(0.58, 1.09)		0.152

		2016-2018		*		11529		125		1.08		0.89		(0.69, 1.13)		0.340

		2019-2022		*		10202		86		0.84		0.61		(0.47, 0.80)		<0.001

		Age at 10 years post ART initiation (years)														<0.001						<0.001

		≤40		1743		8789.26		50		0.57		1						1

		41-50		3095		17573.37		135		0.77		1.34		(0.97, 1.85)		0.077		1.47		(1.06, 2.05)		0.021

		>50		2301		12714.69		220		1.73		3.04		(2.24, 4.13)		<0.001		3.57		(2.59, 4.92)		<0.001

		Sex

		Male		5455		31493.58		361		1.15		1						1

		Female		1684		7583.74		44		0.58		0.53		(0.38, 0.72)		<0.001		0.65		(0.46, 0.91)		0.012

		Mode of HIV Exposure														0.503

		Heterosexual contact		3644		17549.22		172		0.98		1

		MSM		2638		17845.92		186		1.04		0.99		(0.81, 1.22)		0.951

		Injecting drug use		443		1914.08		25		1.31		1.25		(0.82, 1.91)		0.300

		Other/unknown		414		1768.1		22		1.24		1.28		(0.82, 1.98)		0.274

		Ever had VL failure in the first 10 years

		No		4817		22860.41		175		0.77		1						1

		Yes		2019		15126.87		219		1.45		1.84		(1.50, 2.27)		<0.001		1.34		(1.04, 1.71)		0.023

		Not reported		303		1090.04		11		1.01

		Nadir CD4 in the first 10 years (cells/µL)														<0.001

		≤50		867		5374.36		81		1.51		1

		51-100		899		5127.97		69		1.35		0.93		(0.68, 1.28)		0.665

		101-200		1852		9856.79		104		1.06		0.71		(0.53, 0.94)		0.019

		>200		3497		18656.08		151		0.81		0.54		(0.41, 0.71)		<0.001

		Not reported		24		62.12		0		0

		*Viral Load (copies/mL)														<0.001						<0.001

		≤400		*		34198.81		318		0.93		1						1

		401-1000		*		245.49		5		2.04		2.2		(0.91, 5.31)		0.080		1.56		(0.66, 3.69)		0.315

		>1000		*		1070.67		47		4.39		4.17		(3.05, 5.69)		<0.001		2.16		(1.50, 3.11)		<0.001

		Not reported		*		3562.35		35		0.98

		 *CD4 (cells/µL)														<0.001						<0.001

		≤200		*		1455.62		73		5.02		1						1

		201-350		*		3882.99		91		2.34		0.52		(0.38, 0.71)		<0.001		0.62		(0.44, 0.87)		0.007

		351-500		*		7578.7		87		1.15		0.25		(0.18, 0.35)		<0.001		0.34		(0.24, 0.48)		<0.001

		>500		*		22303.9		120		0.54		0.12		(0.09, 0.16)		<0.001		0.18		(0.12, 0.25)		<0.001

		Not reported		*		3856.1		34		0.88

		ART Regimen at 10 years														<0.001

		NRTI+NNRTI		3991		20221.66		165		0.82		1

		NRTI+PI		1462		10559.32		130		1.23		1.49		(1.19, 1.88)		0.001

		INSTI-based		977		2537.14		18		0.71		0.86		(0.53, 1.39)		0.534

		Other		709		5759.19		92		1.6		1.83		(1.41, 2.39)		<0.001

		Ever received PI-based ART in the first 10 years

		No		3827		15423.84		101		0.65		1						1

		Yes		3312		23653.48		304		1.29		1.95		(1.55, 2.46)		<0.001		1.53		(1.14, 2.05)		0.004

		Every received AZT in the first 10 years

		No		2450		11420.94		98		0.86		1

		Yes		4689		27656.38		307		1.11		1.31		(1.04, 1.64)		0.021

		Total duration of treatment interruption in the first 10 years														<0.001						0.021

		No treatment interruption		4945		24130.1		221		0.92		1						1

		1 to <14 days		664		2969.91		19		0.64		0.72		(0.45, 1.15)		0.165		0.60		(0.38, 0.97)		0.037

		14 days to 3 months		353		2422.7		33		1.36		1.44		(1.00, 2.07)		0.050		1.01		(0.70, 1.46)		0.955

		3 to 6 months		189		1478.99		29		1.96		2.09		(1.42, 3.07)		<0.001		1.61		(1.08, 2.41)		0.019

		>6 months		988		8075.62		103		1.28		1.34		(1.05, 1.71)		0.017		0.93		(0.71, 1.23)		0.610

		Hepatitis B co-infection

		Negative		5614		31519.35		321		1.02		1

		Positive		518		2625.77		36		1.37		1.41		(1.00, 1.98)		0.051

		Not tested		1007		4932.2		48		0.97

		Hepatitis C co-infection

		Negative		5167		29938.4		290		0.97		1						1

		Positive		769		3588.94		56		1.56		1.57		(1.18, 2.09)		0.002		1.56		(1.16, 2.12)		0.004

		Not tested		1203		5549.98		59		1.06

		*AIDS illness

		No		*		23320.03		210		0.90		1

		Yes		*		15757.29		195		1.24		1.43		(1.18, 1.74)		<0.001

		Country Income Level														0.093						<0.001

		Lower Middle		1570		5582.58		43		0.77		1						1

		Upper Middle		2158		9654.65		96		0.99		1.37		(0.96, 1.97)		0.085		1.61		(1.06, 2.43)		0.025

		High		3411		23840.09		266		1.12		1.44		(1.04, 1.99)		0.030		0.89		(0.59, 1.36)		0.601

		Note: 

		*time-updated variables where a patient can be included in more than one category.

		Not tested values were included in the analysis as a separate category but were excluded from test for heterogeneity, and omitted from the Forest plot

		Global p-value for calendar year,  age, viral load, CD4 and nadir CD4 in the first 10 years were test for trend.





CD4

		CD4 after 10 years

						Univariate						Multivariate 

				Total patients		Difference		95% CI		p-value		Difference		95% CI		p-value

		Total		5803

		*Calendar year								<0.001

		<2013		*		Ref

		2013-2015		*		38.15		(30.97, 45.32)		<0.001

		2016-2018		*		50.07		(41.60, 58.54)		<0.001

		2019-2022		*		68.86		(57.96, 79.76)		<0.001

		Age at 10 years post ART initiation (years)								0.093						<0.001

		≤40		1363		Ref						Ref

		41-50		2527		6.39		(-10.76, 23.55)		0.465		3.18		(-10.26, 16.63)		0.642

		>50		1913		-13.36		(-31.34, 4.62)		0.145		-24.98		(-39.20, -10.77)		0.001

		Sex

		Male		4441		Ref

		Female		1362		21.8		(6.00, 37.60)		0.007

		Mode of HIV Exposure								<0.001

		Heterosexual contact		2979		Ref

		MSM		2210		50.85		(36.37, 65.33)		<0.001

		Injecting drug use		298		-27.6		(-63.65, 8.45)		0.133

		Other/unknown		316		0.50		(-31.35, 32.36)		0.975

		Ever had VL failure in the first 10 years

		No		3923		Ref

		Yes		1743		-78.73		(-94.05, -63.41)		<0.001

		Not reported		137

		Nadir CD4 in the first 10 years (cells/µL)								<0.001						<0.001

		≤50		719		Ref						Ref

		51-100		744		35.63		(11.47, 59.80)		0.004		18.9		(-0.12, 37.91)		0.051

		101-200		1546		82.06		(61.30, 102.81)		<0.001		34.58		(17.73, 51.43)		<0.001

		>200		2790		258.05		(238.30, 277.80)		<0.001		124.65		(107.26, 142.04)		<0.001

		Not reported		4

		CD4 in the first 10 years								<0.001						<0.001

		Always below 500 cells/µL		1199		Ref						Ref

		Ever went below 500 cells/µL after reaching that level		3549		281.28		(270.74, 291.83)		<0.001		224.52		(213.13, 235.92)		<0.001

		Never went below 500 cells/µL after reaching that level		1050		478.5		(460.59, 496.41)		<0.001		401.93		(383.89, 419.96)		<0.001

		Not reported		5

		*Viral Load (copies/mL)								<0.001						<0.001

		≤400		5312		Ref						Ref

		401-1000		32		-62.18		(-87.87, -36.49)		<0.001		-56.49		(-81.48, -31.50)		<0.001

		>1000		191		-148.42		(-169.73, -127.11)		<0.001		-141.69		(-162.56, -120.82)		<0.001

		Not reported		268

		ART Regimen at 10 years								<0.001						0.001

		NRTI+NNRTI		3224		Ref						Ref

		NRTI+PI		1291		-24.77		(-42.22, -7.32)		0.005		14.78		(-3.79, 33.35)		0.119

		INSTI-based		668		41.39		(18.57, 64.21)		<0.001		19.07		(-0.32, 38.47)		0.054

		Other		620		-54.4		(-78.80, -30.01)		<0.001		-22.41		(-45.34, 0.53)		0.055

		Ever received PI-based ART in the first 10 years

		No		2869		Ref						Ref

		Yes		2934		-25.73		(-39.35, -12.10)		<0.001		-17.28		(-33.14, -1.41)		0.033

		Every received AZT in the first 10 years

		No		2032		Ref

		Yes		3771		-53.47		(-67.78, -39.16)		<0.001

		Total duration of treatment interruption in the first 10 years								<0.001						<0.001

		No treatment interruption		3880		Ref						Ref

		1 to <14 days		570		10.37		(-12.67, 33.41)		0.378		-18.99		(-38.33, 0.34)		0.054

		14 days to 3 months		304		-46.5		(-75.25, -17.75)		0.002		-38.26		(-61.94, -14.58)		0.002

		3 to 6 months		160		-59.15		(-102.46, -15.83)		0.007		-11.2		(-47.36, 24.96)		0.544

		>6 months		889		-77.69		(-97.77, -57.60)		<0.001		-43.7		(-60.79, -26.62)		<0.001

		Hepatitis B co-infection

		Negative		4604		Ref						Ref

		Positive		432		-58.82		(-81.80, -35.84)		<0.001		-30.61		(-48.11, -13.10)		0.001

		Not tested		767

		Hepatitis C co-infection

		Negative		4382		Ref						Ref

		Positive		584		-56.66		(-80.09, -33.23)		<0.001		-26.72		(-45.16, -8.28)		0.005

		Not tested		837

		*AIDS illness

		No		*		Ref

		Yes		*		-83.42		(-97.27, -69.57)		<0.001

		Country Income Level														<0.001

		Lower Middle		997		Ref						Ref

		Upper Middle		1820		41.29		(22.58, 60.00)		<0.001		33.88		(18.32, 49.44)		<0.001

		High		2986		74.05		(56.28, 91.82)		<0.001		54.64		(37.16, 72.11)		<0.001

		Years after ART initiation								<0.001						<0.001

		11		416		Ref						Ref

		12		678		13.90		(8.98, 18.82)		<0.001		12.07		(7.32, 16.82)		<0.001

		13		665		28.51		(23.38, 33.64)		<0.001		25.55		(20.51, 30.60)		<0.001

		14		524		41.00		(34.98, 47.01)		<0.001		36.89		(31.02, 42.75)		<0.001

		15		3507		50.90		(44.23, 57.58)		<0.001		46.20		(39.64, 52.75)		<0.001

		Note: 

		*time-updated variables where a patient can be included in more than one category.

		Not tested values were included in the analysis as a separate category but were excluded from test for heterogeneity, and omitted from the Forest plot

		Global p-value for calendar year,  age, viral load, CD4 and nadir CD4 in the first 10 years were test for trend.





Poster Table 1

				TAHOD (%)		AHOD (%)

				N=4867		N=2272

		Age at 10 years post ART initiation (years)		Median = 45, IQR (43-57)		Median = 49, IQR (43-57)

		Sex

		Male		3345 (69)		2110 (93)

		Female		1522 (31)		162 (7)

		Mode of HIV Exposure

		Heterosexual contact		3315 (68)		329 (14)

		MSM		920 (19)		1718 (76)

		Injecting drug use		309 (6)		134 (6)

		Other/unknown		323 (7)		91 (4)

		Ever had VL failure in the first 10 years												`

		No		3551 (73)		1266 (56)

		Yes		1024 (21)		995 (44)

		Not reported		292 (6)		11 (<1)

		Lowest post-ART CD4 in the first 10 years (cells/µL)		Median = 178, IQR (92-287)		Median = 250, IQR (140-374)

		ART Regimen at 10 years

		NRTI+NNRTI		3236 (66)		755 (33)

		NRTI+PI		915 (19)		547 (24)

		INSTI-based		541 (11)		436 (19)

		Other		175 (4)		534 (24)
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