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Model Summary
We used individual patient data from all Thai sites contributing to the TREAT Asia HIV Observational Database (TAHOD), the reduced Data-collection on Adverse Effects of Anti-HIV Drugs (D:A:D) cardiovascular disease risk equation, and published literature to estimate medical costs and quality-adjusted life-years (QALYs) among people living with HIV (PLHIV) in Thailand.

Study Population
TAHOD is an ongoing collaboration of 21 HIV clinics in the Asia-Pacific region that is part of the International Epidemiology Databases to Evaluate AIDS Asia-Pacific.[1] Participating clinics follow local guidelines and regulations regarding patient consent and ethics review. Our study population included patients enrolled in TAHOD at one of the four Thai sites involved (Ramathibodi Hospital, Bangkok; HIV-NAT Research Collaboration/Thai Red Cross AIDS Research Centre, Bangkok; Research Institute for Health Sciences, Chiang Mai; and Chiangrai Prachanukroh Hospital, Chiang Rai) who had documentation of at least one clinic visit between 1 January 2013 and 1 September 2019 and who, at their last documented clinic visit, were aged 35-75 years, had no history of ASCVD, had been using antiretroviral therapy (ART) for at least 6 months, and had a CD4 cell count >100 cells/mm3. Stable ART was included as a selection criterion as this should be prioritized by PLHIV over atherosclerotic cardiovascular disease (ASCVD) risk management. Individuals with missing ASCVD risk factor data were excluded. For PLHIV in the study population already using a statin, their cholesterol levels were “de-statinized” based on the mean statin efficacy reported by the Cholesterol Treatment Trialists Collaboration.[2] Supplementary Table 1 further characterizes our study population.




















Supplementary Table 1 – Study population characteristics at beginning of simulation
	Characteristic
	N=1,379

	Sex
	Male
	700 (50.8)

	Age, years
	Median (IQR)
	48.4 (43.2, 54.7)

	Mode of HIV exposure
	Heterosexual
	1,222 (88.6)

	 
	Homosexual
	118 (8.6)

	 
	Intravenous drug use
	16 (1.2)

	 
	Other
	23 (1.7)

	Family history of ASCVD
	Yes
	106 (7.7)

	Diabetic
	Yes
	102 (7.4)

	Chronic kidney disease
	Yes
	142 (10.3)

	Current smoker
	Yes
	196 (14.2)

	Ever smoked
	Yes
	484 (35.1)

	Systolic blood pressure, mmHg
	Median (IQR)
	127 (116, 137)

	Using antihypertensive medication
	Yes
	216 (15.7)

	Total cholesterol, mg/dL
	Median (IQR)
	201 (174, 232)

	LDL-C, mg/dL
	Median (IQR)
	135 (108, 162)

	HDL-C, mg/dL
	Median (IQR)
	50 (39, 62)

	CD4 cell count, cells/mm3
	Median (IQR)
	573 (427, 745)

	Antiretroviral therapy regimen
	NNRTI-based
	1,164 (84.4)

	
	PI-based
	191 (13.9)

	
	Other
	24 (1.7)

	D:A:D risk score, 10-year risk of CVDa
	<5%
	835 (60.6)

	 
	≥5 – 7.49%
	211 (15.3)

	 
	≥7.5% - 9.99%
	113 (8.2)

	
	≥10%
	220 (16.0)



All values are No. (%) unless otherwise specified. aPublished D:A:D 5-year risk equation converted to 10-year risk equation by replacing the absolute 5-year survival risk (0.9853) with the absolute 10-year survival risk (0.9697).[3] IQR, interquartile range; ASCVD, atherosclerotic cardiovascular disease; LDL-C, low density lipoprotein cholesterol; HDL-C, high density lipoprotein cholesterol; NNRTI, non-nucleoside reverse transcriptase inhibitor; PI, protease inhibitor; D:A:D, Data-collection on Adverse Effects of Anti-HIV Drugs
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Model Structure and Model Parameters
To inform the structure of our model and select appropriate parameter estimates we searched PubMed, applicable guideline documents, and abstracts presented at appropriate international conferences. Material in English published or presented after 1999 was considered potentially relevant. We conducted two distinct PubMed searches. The first term used was (“cardiovascular” or “heart” or “coronary” or “cerebrovascular” or “myocardial” or “stroke”) AND (“HIV” or “human immunodeficiency virus”) and the second term was (“statin” or “pravastatin” or “pitavastatin” or “atorvastatin” or "simvastatin" or “fluvastatin” or “lovastatin” or “rosuvastatin”) AND (“cost-effectiveness” or “cost-utility” or “cost-benefit” or “cost”). The highest level of evidence available was used to parameterize the model. Where multiple divergent estimates were available, we adopted a wide sensitivity range to include all estimates. 
We developed a discrete-state microsimulation model that randomly selected (with replacement) 100,000 PLHIV from our TAHOD study population and simulated their experience over time. The model assumed the Thai healthcare sector perspective and applied a lifetime horizon (with half-cycle correction) to allow sufficient event accumulation to compare treatment strategies. The model structure is depicted in Supplementary Figure 1.
Key model parameters are described in Table 1 of the main text. Primary ASCVD risk was calculated using the reduced D:A:D CVD risk equation.[4] This is the only HIV-specific risk equation recommended by the American College of Cardiology/American Heart Association for PLHIV.[5] We used the reduced D:A:D equation (which is based on age, sex, diabetes status, family history of ASCVD, current smoking status, past smoking status, total cholesterol, high density lipoprotein cholesterol, systolic blood pressure, and CD4 count) rather than the full equation (which also includes ART) because the reduced model is recommended for PLHIV exposed to ART for more than 5 years.[4] We modelled the effectiveness of statins through the simulated change in low density lipoprotein cholesterol (LDL-C). We assumed fully adherent individuals using high-intensity and moderate-intensity statins would achieve LDL-C reductions of 54.8% and 44.0%, respectively.[2, 6] Statin adherence was assumed to be 86.7% in the first year of statin use, 72.6% in the second, 61.1% in the third, 56.6% in the fourth, and 58.1% in all years thereafter.[7] The mg/dL reduction in LDL-C was converted to a percentage of 38.6mg/dL and the ASCVD risk reduction associated with 38.6mg/dL LDL-C reduction was multiplied by this percentage to ascertain each individuals ASCVD risk reduction. The reduction in ASCVD risk associated with LDL-C reduction varied by individuals 5-year CVD risk (based on the published D:A:D equation) and the ASCVD event type being evaluated (Supplementary Table 2).[2] We assumed PLHIV would only incur the cost of statins, exhibit side effects of statins, and benefit from statin LDL-C cholesterol reduction they were using a statin and hence these parameters were adjusted in line with the decline in adherence over time.
With each annual cycle we added one year of age, and assumed age- and sex-specific changes in systolic blood pressure [8] and rates of diabetes,[9] and age-specific rates of smoking cessation.[10] All other variables used to calculate ASCVD risk were kept constant over time. Since the risk score defines CVD as a composite of coronary intervention, T1MI, stroke (ischemic or hemorrhagic) or other cardiovascular death, we apportioned the calculated risk into individual event types based on the proportions reported in Friis-Moller et al.[4] Background mortality rates were based on those of the Asian HIV population (Supplementary table 3).[11]
Recurrent event probabilities were based on reported event rates in the years after an incident event and were primarily based on published estimates for the general population.[12-21] Further details are available in our earlier publication.[22] We did not use the D:A:D score or an HIV-specific hazard ratio as current evidence suggests that risk factors for primary ASCVD differ substantially from those of recurrent ASCVD.[18, 23-25] Statins were assumed to be used as secondary ASCVD prevention in both our control and intervention arms. 
Since statins have been associated with an increased risk of hemorrhagic stroke,[2] diabetes [26] and myopathy,[27] we assumed hazard ratios and costs for these adverse events consistent with literature from the general population (see Table 1 in main text).
Individuals accumulated costs and benefits up until their death, and future costs and benefits were discounted at 3% per year.
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Supplementary Figure 1 – Core model structure
[image: ]
The box in the top left corner shows the model comprised three intervention arms branching from a decision node (unfilled square): ASCVD risk threshold for statin initiation ≥10% (control group), ≥7.5% and ≥5%. The Markov node (filled circle) for each intervention arm included five chronic states: healthy, past T1MI, past ischemic stroke, past hemorrhagic stroke, or death (absorbing state; filled triangle). For simplicity, the chronic states are only depicted in the sub-tree for the no statin arm. In the healthy state (highlighted by a grey rectangle in the top left box and expanded in the main tree), individuals transitioned in annual cycles to an acute state of no change, coronary intervention, T1MI, ischemic stroke, hemorrhagic stroke, other CVD death, or non-CVD death. The acute states branching from past T1MI, past ischemic stroke, and past hemorrhagic stroke are the same as those of the healthy state but without coronary intervention as an option. The unfilled circles represent chance nodes where each branch to the right of the node is assigned a pre-specified probability. The unfilled triangles represent terminal nodes and indicate where an individual ends up at the conclusion of an annual cycle and the state in which they begin the next annual cycle. Individuals accumulated costs and benefits up until their death or the time horizon, whichever came first. T1MI, type 1 myocardial infarction; ASCVD, atherosclerotic cardiovascular disease; PCI, percutaneous coronary intervention; CABG, coronary artery bypass graft.
Supplementary Table 2 – Reduction in ASCVD probability with 38.6mg/dL LDL-C reduction
	5-year CVD riska
	Intervention
	T1MI
	Ischemic stroke
	CVD death

	<5%
	0.48
	0.43
	0.21
	0.38

	5% to <10%
	0.37
	0.39
	0.21
	0.31

	10% to <20%
	0.25
	0.23
	0.21
	0.21

	20% to <30%
	0.21
	0.23
	0.21
	0.19

	≥30%
	0.24
	0.22
	0.21
	0.21



a Based on the 5-year D:A:D equation published by Friis-Moller et al.[4] ASCVD, atherosclerotic cardiovascular disease; LDL-C, low density lipoprotein cholesterol; T1MI, type 1 myocardial infarction

Supplementary Table 3 – Background annual mortality probability
	Age
	Men CD4 100-199
	Men CD4 200-249
	Men CD4 250-349
	Men CD4 350-500
	Men CD4 >500
	Women CD4 100-199
	Women CD4 200-249
	Women CD4 250-349
	Women CD4 350-500
	Women CD4 >500

	30
	0.016
	0.011
	0.007
	0.009
	0.005
	0.008
	0.006
	0.004
	0.005
	0.003

	40
	0.018
	0.012
	0.008
	0.010
	0.006
	0.009
	0.006
	0.004
	0.005
	0.003

	50
	0.028
	0.019
	0.012
	0.016
	0.009
	0.014
	0.010
	0.006
	0.008
	0.004

	60
	0.080
	0.061
	0.046
	0.056
	0.039
	0.052
	0.039
	0.029
	0.036
	0.025

	70
	0.142
	0.115
	0.090
	0.108
	0.080
	0.102
	0.081
	0.063
	0.076
	0.056

	80
	0.252
	0.215
	0.179
	0.206
	0.166
	0.197
	0.165
	0.137
	0.160
	0.127

	90
	0.446
	0.401
	0.355
	0.394
	0.345
	0.382
	0.338
	0.297
	0.335
	0.290

	100
	1.000
	1.000
	1.000
	1.000
	1.000
	1.000
	1.000
	1.000
	1.000
	1.000



Probabilities based on data published by Anderegg et al.[11]












Supplementary Table 4 – Estimated annual cost for low/moderate and high intensity statins
	Statin intensity
	Statin
	Daily dose
	Unit Cost, 2018 Bahta
	Proportion of low/moderate or high intensity statin use among Thai TAHOD sitesb
	Contribution to average unit cost, Baht
	Average unit cost (sum of contributions), Baht
	Average annual cost, Baht

	
	
	
	
	
	
	
	
	

	Low/moderate
	Atorvastatin
	10mg
	10.50
	10.1%
	1.06
	6.30
	2,301
	

	
	
	20mg
	15.15
	19.2%
	2.91
	
	
	

	
	Fluvastatin
	80mg
	21.77
	0.5%
	0.10
	
	
	

	
	Pitavastatin
	2mg
	22.40
	4.1%
	0.91
	
	
	

	
	Pravastatin
	20mg
	20.72
	0.3%
	0.05
	
	
	

	
	
	40mg
	33.17
	0.3%
	0.08
	
	
	

	
	Rosuvastatin
	5mg
	8.60
	0.3%
	0.03
	
	
	

	
	
	10mg
	17.20
	4.3%
	0.74
	
	
	

	
	Simvastatin
	10mg
	0.50
	24.6%
	0.12
	
	
	

	
	
	20mg
	0.75
	33.7%
	0.25
	
	
	

	
	
	40mg
	1.35
	2.7%
	0.04
	
	
	

	High
	Atorvastatin
	40mg
	25.00
	92.7%
	23.17
	25.99
	9,486
	

	
	
	80mg
	50.00
	4.4%
	2.19
	
	
	

	
	Rosuvastatin
	20mg
	21.40
	2.9%
	0.63
	
	
	



Costs can be converted to $US by dividing by 31.16. a Unit costs based on those published by the Thai National Drug System Development Committee.[28] b Based on a survey of statin use among antiretroviral therapy users at Thai TAHOD sites contributing to our study population. TAHOD, TREAT Asia HIV Observational Database







Supplementary Figure 2 – Tornado plot showing impact of changes in model parameters on the incremental cost-effectiveness ratio for statin initiation threshold ≥5% ASCVD risk versus ≥7.5% ASCVD risk
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Shading of bars indicates directionality: lighter bars represent the smaller values in the sensitivity range and darker bars indicate the larger values. Directionality also indicated by the order of values shown in the text description. Cost-effectiveness based on a willingness-to-pay threshold of 160,000 Baht/QALY gained. Baht can be converted to $US by dividing by 31.16. ASCVD, cardiovascular disease; LDL-C, low density lipoprotein cholesterol; T1MI, type 1 myocardial infarction; CABG, coronary artery bypass graft; PCI, percutaneous coronary intervention; ICER, incremental cost-effectiveness ratio; QALY, quality-adjusted life-year
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