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Our	aim	in	this	technical	appendix	is	to	present	a	detailed,	formal	description	of	the	

primary	analyses	presented	in	the	manuscript	“HIV	Development	Assistance	and	Adult	

Mortality	in	Africa.”		We	describe	the	DHS	data	structure,	and	the	data	manipulations	to	

generate	the	aggregated,	longitudinal	mortality	rates.		We	also	present	the	statistical	

methodology	underlying	the	difference‐in‐difference	estimates	of	the	overall	mortality	

effect	of	PEPFAR	that	we	present	in	the	paper.		Finally,	we	describe	our	approach	to	

estimating	the	number	of	all‐cause	deaths	averted	associated	with	PEPFAR.	

	

DHS	Data	Structure	and	Analysis	

All DHS surveys are performed with similar methodology.  Although some modules (survey 

questions are organized into modules) may change among surveys, the core modules, including 

the maternal mortality module used for this analysis, have been present in every DHS survey in 

the exact same format since the late 1980s.  Surveys are translated and back-translated in 

countries where English is not an official language to ensure that survey questions are 

understood and completed uniformly.  Survey households are chosen using a 2-stage sampling 

process where representative clusters are selected from a national sampling  frame, and a random 

sample of households is selected within each cluster.  Each	survey,	then,	yields	a	nationally	

representative	sample	of	households	(weighted	and	clustered).1		In	each	sampled	

household,	all	women	between	15	and	49	years	old	who	were	either	permanent	residents	

                                                 
1 This sampling scheme is nationally representative, except that it leads to an undersampling of households that 
consist of only men.  For our purposes, this only introduces bias if the mortality rate of siblings of individuals in 
such households is substantially different from households that include at least one female member.  Though we 
cannot check this possibility directly, we have no reason to believe that assuming that these different types of 
households, holding fixed age and gender, have the same mortality rates introduces substantial error to our 
estimates. 
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of	the	households	or	visitors	present	in	the	household	on	the	night	before	the	survey	were	

offered	an	interview.2		The	DHS	data	we	use	starts	with	this	set	of	sampled	women.	

	

Let	P	be	an	indicator	which	equals	one	for	each	woman	in	the	DHS	sample.		We	will	let	P	be	

indexed	by	the	survey	year	(t)	and	country	(j).		Each	survey	contained	 	women.		Let	 	

index	each	individual	women	(1 )	in	each	sample.		The	three	numbers,	m,	t,	and	j	

uniquely	identify	each	woman	in	each	survey,	and	 	equals	one	for	every	index	woman	

in	the	sample.	

	

The	DHS	survey	elicits	information	from	each	woman	about	every	sibling	born	to	her	

biological	mother	that	is	currently	alive	or	passed	away.		Let	 	be	an	indicator	which	

equals	one	if	 	identifies	someone	as	her	 	sibling.		A	woman	in	the	DHS	with	n	

siblings	will	produce	n	S’s:	

	

⟼ …	 …	 	

	

Each	woman	reports,	for	each	sibling,	the	year	of	birth,	whether	the	person	is	currently	

alive,	and	the	year	of	death	if	not.		From	this	information,	we	define	the	following:	

	⟶ years	since	birth	of	sibling	 	of	person	 , , .	

	⟶ year	of	death	of	sibling	 	of	person	 , , .	

	∞	if	sibling	 	is	still	alive.	

                                                 
2 The DHS is not a longitudinal survey.  The probability of being sampled in two separate DHS surveys in different 
years is effectively zero. 
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For	each	sibling	in	our	data,	we	generate	a	sequence	of	dummy	variables,	 ,	that	

indicate	whether	the	sibling	 	was	alive	in	each	calendar	year	 	between	1998	and	

2008:	3			

(1)	 	
1 if	 	and	
0 otherwise

	

	

Our	primary	analytic	data	set	consists	of	this	sequence	of	dummy	variables,	along	with	

country	characteristic	for	each	year	 ,	and	all	the	other	information	that	we	know	about	the	

siblings	from	the	index	woman’s	 	survey	responses.				Define:	

≡ set	of	dummies	for	each	country	set	to	1	if	person	 	lives	in	country	 	and	zero	

otherwise	

≡ set	of	dummies	for	each	year	between	1998	and	2008	set	to	1	during	τ	

≡ age	of	person	 	in	year	 	

≡ vector	of	covariates	for	person	 	in	year	 ,	including	 	

≡ vector	of	country‐level	covariates	for	country	 	in	year	 	

	

We	divide	these	observations	into	two	groups:	the	focus	countries	where	PEPFAR	was	

active,	and	non‐focus	countries	where	PEPFAR	was	not.		Let	

(2)	 	 	
1 if	 ∈ focus	country

0 if	 ∈ non‐focus
		

	

                                                 
3 We drop the observations from  because we do not observe sibling mortality for the entire year, just to the 
date of the survey.  If the survey was conducted in June, for example, then survey participants would not be able to 
report on sibling death between July and December. 
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Our	analysis	data	set	is	a	panel	data	set	which	follows	each	sibling,	 	between	1998	and	

2008.		The	panel	has	the	following	elements:			 , , , , ,and	 	for	

each	 , , , ,	and	 1998…2008.		We	dropped	all	observations	in	this	panel	for	whom	

∉ 15,59 .		That	is,	we	dropped	rows	who	were	less	than	15	years	old	and	60	or	

older	in	year	 .	

	

From	this	data	set,	we	generate	our	estimates	of	mortality	in	each	year	for	the	focus	and	

non‐focus	countries.		Let	Θ 	be	the	mean	mortality	probability	in	the	focus	countries	

in	year	 ,	and	let	Θ 	be	the	mean	mortality	probability		in	the	non‐focus	

countries	in	year	 .		We	calculate	Θ 	and	Θ 	for	 1998…2008	using	

the	following	formulas:	

(3)	 	Θ
∑ , , ,

∑ , , ,
	

(4)	 	Θ
∑ , , ,

∑ , , ,
	

	

The	numerator	consists	of	all	the	siblings	who	died	in	year	 ,	while	the	denominator	

consists	of	all	siblings	who	were	alive	for	any	part	of	that	year.		The annual mortality 

estimates were further age-adjusted.  This was done by creating age-weights for each country 

using population size for 5-year age interval from 15 to 59 (UN Population Division estimates).  

Then, every Θ  and  Θ  was calculated for the same 5-year age intervals.  The 

age-weights were applied to the 5-year age interval mortality, and totaled to generate the final  

Θ  and  Θ  in Figure 2.	
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Logistic	Difference‐in‐Difference	Analysis	

Our	strategy	for	measuring	the	associations	of	PEPFAR	with	all‐cause	mortality	is	to	

compare	the	change	in	mortality,	at	the	individual‐level,	after	the	introduction	of	PEPFAR	

in	2003	in	the	PEPFAR	focus	countries	against	the	same	mortality	change	in	the	non‐focus	

countries.		Since	mortality	during	a	given	year	is	a	binary	outcome	at	the	individual‐level,	

we	estimate	a	logit	model	(which	is	more	appropriate	than	ordinary	least	squares	for	

binary	outcomes)	while	implementing	this	difference‐in‐difference	strategy.		One	key	

advantage	of	analyzing	the	data	at	the	individual	level	is	that	we	can	adjust	for	individual‐

level	factors	that	predict	mortality,	as	well	as	country‐level	factors.			

	

For	the	primary	analysis,	we	proceed	as	follows.		Let	Y 	be	an	indicator	of	whether	the	

sibling	indexed	by	 , , , 	died	in	year	 .		That	is,	

(5)		 Y 1 	

	

Heuristically,	we	are	interested	in	estimating	the	following	quantity,	 ,	which	we	interpret	

as	the	“treatment	effect”	of	PEPFAR:	

	

(6)	
mortality	|	focus,	post	2003
mortality	|	focus,	1998‐2003

mortality	|	non‐focus,	post	2003

mortality	|	non‐focus,	1998‐2003
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To	implement	this	idea,	we	define	a	“difference‐in‐difference”	indicator,	 	which	

equals	one	for	an	observation	if	 identifies	a	sibling	that	lived	in	a	PEPFAR	focus	

country	in	the	time	after	PEPFAR	has	been	implemented,	and	zero	otherwise:	

	

(7)	 	
1 if	 1	and	 2003
0 otherwise

	

	

We	estimate	the	following	logistic	model	by	maximum	likelihood	methods:	

(8)	 Y 1 	Λ	 	 γ 	

exp 	 γ

1 exp 	 γ
	

where	 ,	 ,	γ,	 ,	 ,	and	 	are	the	parameters	and	parameter	vectors	of	the	logit	model	that	

we	estimated.4			

	

Using	these	estimates,	we	can	calculate	the	mortality	odds	of	people	in	the	focus	and	non‐

focus	countries,	before	and	after	the	implementation	of	PEPFAR,	while	adjusting	our	

estimates	for	differences	in	various	factors	across	people	and	across	countries.		For	

instance,	the	(log)	odds	of	mortality	of	an	individual	living	in	a	focus	country	in	the	post	

2003	period	is,	ln 	 focus,	post‐2003 ,	given	by:	

(9)	 ln 	 focus,	post‐2003 ∈focus 	 γ 	

	

                                                 
4 To	simplify	the	already	complex	notation,	we	reinterpret		 	and	 	as	the	parameter	vectors	associated	on	
the	year	and	country	dummy	variables,	rather	than	as	the	dummy	variables	themselves.	
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Similarly,	from	the	estimates,	we	can	calculate:	

(10)	 ln 	 focus,	pre‐2003 ∈focus 	 γ 	

(11)	 ln 	 non‐focus,	post‐2003 ∈non‐focus 	 γ 	

(12)	 ln 	 non‐focus,	pre‐2003 ∈non‐focus 	 γ 	

	

The	logit	model	can	be	used	to	estimate	the	“difference‐in‐difference	treatment	estimator”	

by	inserting	the	above	quantities	into	the	definition	of	 .		Most	of	the	terms	in	the	

expression	cancel,	leaving	simply:	

(13)	 ln 	

We	thus		report	the	exp	 	as	the	odds	of	mortality	for	individuals	living	in	the	focus	

countries	during	PEPFAR’s	operations	relative	to	the	odds	for	individuals	living	in	non‐

focus	countries.	5	

	

Estimation	of	Deaths	Averted	

We calculated the number of all-cause adult deaths averted using a 3-step process.  First, we 

predicted the probability of death for each focus country and year between 2004 and 2008 using 

the predicted probabilities from our logistic models for the actual scenario where PEPFAR is 

implemented, and the counterfactual scenario where PEPFAR was not implemented.  We then 

calculated the mortality benefit associated with PEPFAR as the difference between the scenarios 

with and without PEPFAR.  Finally, we extrapolated the mortality difference to the entire adult 

population in each focus country.  This process is represented as follows. 

                                                 
5 In	our	estimates,	we	employ	Huber	standard	errors	to	permit	arbitrary	clustering	at	the	country	level.		We	
also	account	for	the	DHS	sample	weights	that	account	for	the	sampling	scheme. 
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Step	1:	

For	each	person‐year	observation,	we	used	the	results	from	our	logistic	regression	to	

predict	2	quantities:		

1)	The	predicted	mortality	for	the	person	during	the	year	if	PEPFAR	had	been	in	place,	and		

2)	The	predicted	mortality	for	the	person	during	the	year	if	PEPFAR	had	not	been	in	place.	

	

Let	Θ 	be	the	predicted	mortality	from	the	logistic	regression	if	PEPFAR	had	not	been	in	

place,	and	let		Θ 	be	the	predicted	mortality	if	PEPFAR	had	been	in	place.		 	

represents	the	size	of	the	population.		Population	size	estimates	are	limited	to	ages	

between	15	and	59	years	old.	

	

We	calculated	these	as	follows:	

(14)	 Θ ∑ 	Λ	 	 γ ̂, 	

(15)	 Θ 	 ∑ Λ	 	 γ ̂, 	

Where	 , , , , γ, 	 ̂ 	are	the	maximum	likelihood	estimates	from	the	logistic	

regression.	

	

	Step	2:	

We	calculated	the	effect	of	PEPFAR		on	the	decrease	in	the	mortality	rate	in	each	year	

between	2004	and	2008	and	each	focus	country	as	follows:	

(16)	 Θ Θ 	
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Step	3:	

To	estimate	the	number	of	implied	all‐cause	deaths	averted,	 ,	we	calculate	the	

following:	

(17)	 	 	

	

For	simplicity,	we	use	a	constant	 	using	the	2005	population	from	the	UN	

Population	Division’s	World	Population	Prospects.			

	

Uncertainty	is	estimated	using	the	95%	confidence	bounds	on	 	based	on	the	bootstrap	

standard	errors	from	the	logistic	regression.	

	

HIV‐specific	deaths	averted	

The	process	used	to	generate	these	estimates	is	based	on	an	analysis	carried	out	by	

Bendavid	and	Bhattacharya	in	2009	(Annals	of	Internal	Medicine).		In	that	analysis,	data	on	

AIDS‐related	deaths	was	generated	by	UNAIDS	for	the	2008	Global	AIDS	Report.1		UNAIDS’s	

estimates	of	the	number	of	AIDS‐related	deaths	in	sub‐Saharan	Africa	were	derived	

primarily	through	combining	measurements	of	HIV	prevalence	and	epidemiologic	

modeling	of	disease	burden	and	HIV	progression.		A	difference‐in‐differences	approach	was	

used	to	estimate	the	reduction	in	AIDS‐related	mortality	in	association	with	PEPFAR.		This	

can	be	represented	as	follows:	
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Let	 	represent	the	number	of	AIDS‐related	deaths	estimated	by	UNAIDS.		 	is	the	

number	of	deaths	in	country	 	during	year	 .		 	was	collected	for	12	African	focus	

countries	and	29	African	non‐focus	countries	from	1997	to	2007.		Because	the	distribution	

of	 	was	right‐skewed,	and	because	the	quantity	of	interest	was	the	percentage	change	

in	HIV‐specific	mortality,	the	outcome	was	log‐transformed.			

Let		

(18)	 	 τ if	 ∈ focus	country	&	τ 2003
0 otherwise

	

	

We	estimated	the	following	equation	by	ordinary	least	squares:	

(19)	 ln 	 	 	

Where	 	represents	a	vector	of	country‐year	covariates,	and	 and	 	are	country	and	year	

fixed	effects,	respectively.			

	

It	can	be	shown	that	the	coefficient	 	represents	the	difference‐in‐differences	estimator	for	

the	marginal	effect	on	the	outcomes	of	belonging	to	focus	countries	relative	to	non‐focus	

countries	under	PEPFAR.		We	estimated	in	that	analysis	that	PEPFAR	was	associated	with	

an	annual	decline	in	HIV‐specific	deaths	of	10.5%	(95%	CI	4.4‐16.6%)	in	the	focus	

countries	relative	to	non‐focus	countries.		

	

The	estimated	number	of	HIV‐specific	deaths	was	then	multiplied	by	the	point	estimate	

(and	confidence	intervals)	to	generate	a	counterfactual	estimate	of	HIV‐specific	deaths	in	

each	of	the	nine	study	countries	between	2004	and	2008.		The	difference	between	the	
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UNAIDS	estimate	and	counterfactual	estimate	was	then	summed	across	countries	and	

years.		That	is,	we	calculated	the	estimated	number	of	HIV‐specific	deaths	averted,	 ,	

using	the	estimated	number	of	HIV‐specific	deaths	for	each	country	and	year,	 , ,as	

follows:	

(20)	 ∑ , 1 	 , 	
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eTable 1: Baseline characteristics of administrative regions in Tanzania and Rwanda 

The manuscript explores within-country trends for Rwanda and Tanzania, taking advantage of variation in the intensity of 

programmatic intensity by administrative region.  Information on 22 of Tanzania’s 26 regions and Rwanda’s 30 regions was available 

to create a binary indicator of higher (above median) and lower (below median) programmatic intensity. 

 Tanzania Rwanda 

 High intensity Low intensity High intensity Low intensity 

N 11 11 15 15 

Population* 1,514,153 1,555,904 273,054 268,848 

Mean HIV prevalence among adults 15-49 
years old from latest DHS* 

5.2 4.5 3.4 2.9 

Number of people on ART supported by 
PEPFAR per capita (per 1,000 population in 
district)* 

6.2 2.0 14.8 2.6 

Number of people on ART supported by 
PEPFAR per clinic** 

526 213 487 284 

* Intensity classification for the purpose of these comparisons was done based on number of people on PEPFAR-supported ART per 

capita in the district. 
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** The distribution of districts that fall into the low or high intensity is different for this row than for the other rows in this table.  Here, 

intensity classification was determined by the clinic size, where high intensity represents districts with above-median number of 

people on PEPFAR-supported ART per site. 
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eTable 2: Odds ratios of mortality within Tanzania and Rwanda.  Top section uses number of people on ART supported by PEPFAR 

per capita in the district as the measure of intensity, and the bottom section uses number of people on ART supported by PEPFAR per 

clinic (most districts remain in the same intensity category regardless of intensity measure). 

 Tanzania Rwanda 

 Unadjusted (95%CI, p 

value) 

Adjusted (95%CI, p value) Unadjusted (95%CI, p 

value) 

Adjusted (95%CI, p value) 

ART per capita     

Odds of adult mortality 0.83 (0.70-0.98, 0.02) 0.83 (0.72-0.97, 0.02) 0.75 (0.57-0.99, 0.03) 0.75 (0.56-0.99, 0.04) 

Residence in urban area  1.29 (1.15-1.45, <0.001)  1.01 (0.87-1.19, 0.87) 

Education (per additional year)  0.99 (0.97-1.01, 0.11)  0.98 (0.96-1.00, 0.04) 

Sibling age (per year)  1.05 (1.05-1.06, <0.001)  1.04 (1.03-1.04, <0.001) 

     

ART per clinic     

Odds of adult mortality 0.90 (0.75-1.07, 0.23)  0.93 (0.79-1.10, 0.42) 0.81 (0.61-1.07, 0.14) 0.81 (0.61-1.07, 0.14)  

Residence in urban area  1.29 (1.15-1.45, <0.001)  1.01 (0.87-1.18, 0.87) 

Education (per additional year)  0.99 (0.97-1.01, 0.13)  0.98 (0.96-1.00, 0.04) 

Sibling age (per year)  1.05 (1.05-1.06, <0.001)  1.04 (1.03-1.04, <0.001) 
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eTable 3: Estimation of the number of deaths averted for the period 2004 to 2008 

Country 
Adult mortality with 

PEPFAR* 

Adult mortality without 

PEPFAR ** 
Adult population (millions) Deaths averted (thousands)† 

Ethiopia 5.0 (2 - 12.8) 5.9 (2.3 - 15.2) 35.3 161.9 (98 - 418.6) 

Kenya 4.6 (1.9 - 11.1) 5.4 (2.2 - 13.2) 17.6 74.3 (43.8 - 181.4) 

Mozambique 8.2 (4.4 - 17.6) 8.4 (4.5 – 18.1) 9.7 9.4 (7.8 - 23.1) 

Namibia 9.1 (3.9 - 22.2) 10.8 (4.7 - 26.3) 1.0 8.4 (4.8 - 20.4) 

Nigeria 3.9 (1.5 - 9.4) 4.6 (1.8 - 11.2) 70.3 254.5 (153.7 - 614.2) 

Rwanda 6.2 (2.5 - 15.4) 7.4 (3 - 18.3) 4.2 24.1 (14.4 - 59.9) 

Tanzania 3.8 (1.6 - 9.1) 4.6 (1.9 - 10.8) 18.4 65.7 (38.3 - 155.5) 

Uganda 7.8 (3.2 - 18.8) 9.3 (3.8 - 22.2) 13.4 96.8 (57.2 - 232.2) 

Zambia 10.5 (4.2 - 24.1) 12.4 (5 - 28.5) 5.7 55.1 (33.1 - 126.3) 

Total    740.8 (443.3 - 1808.5) 
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* These are the mean predicted annual adult mortality per 1,000 adults from the fully adjusted logistic regression for the period from 

2004 to 2008 under the assumption that PEPFAR had been active in the focus countries (“actual” scenario).  Uncertainty bounds are 

calculated from the standard errors on the prediction using bootstrap.   

** These are the mean predicted annual adult mortality per 1,000 adults from the fully adjusted logistic regression for the period from 

2004 to 2008 under the assumption that PEPFAR had not been active in the focus countries (“counterfactual” scenario).  Uncertainty 

bounds are calculated from the standard errors on the prediction using bootstrap. 

† The number of deaths averted is estimated by multiplying the difference between the predicted and observed adult mortality by the 

size of the adult population.  It is calculated separately for each year and summed  over the years 2004 to 2008.  Therefore it is differs 

somewhat from the product of the mean annual difference, population size, and the five years of activity (2004 – 2008 inclusive). 
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eTable 4: Leave one country out analysis 

Country left out Unadjusted odds ratio (95% CI) Adjusted odds ratio (95% CI)* 

Benin 0.80 (0.67-0.94) 0.82 (0.71-0.95) 

Burkina Faso 0.80 (0.68-0.95) 0.83 (0.72-0.97) 

Cameroon 0.80 (0.68-0.95) 0.83 (0.72-0.97) 

Chad 0.80 (0.67-0.96) 0.84 (0.72-0.97) 

Congo 0.79 (0.67-0.94) 0.82 (0.71-0.95) 

Congo Dem Rep 0.80 (0.67-0.95) 0.84 (0.72-0.97) 

Ethiopia 0.82 (0.69-0.97) 0.86 (0.74-0.99) 

Gabon 0.80 (0.68-0.95) 0.85 (0.73-0.99) 

Guinea 0.80 (0.67-0.95) 0.83 (0.71-0.96) 

Kenya 0.80 (0.67-0.96) 0.82 (0.69-0.97) 

Lesotho 0.86 (0.74-0.99) 0.87 (0.75-1.006) 

Liberia 0.80 (0.67-0.95) 0.84 (0.72-0.97) 

Madagascar 0.79 (0.66-0.94) 0.83 (0.71-0.96) 

Malawi 0.79 (0.67-0.94) 0.84 (0.72-0.98) 

Mali 0.80 (0.67-0.95) 0.85 (0.73-0.99) 
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Mozambique 0.80 (0.68-0.95) 0.83 (0.72-0.96) 

Namibia 0.78 (0.65-0.93) 0.82 (0.70-0.96) 

Niger 0.79 (0.67-0.94) 0.83 (0.71-0.96) 

Nigeria 0.76 (0.64-0.90) 0.78 (0.67-0.91) 

Rwanda 0.83 (0.70-0.97) 0.84 (0.71-0.98) 

Senegal 0.80 (0.67-0.94) 0.83 (0.71-0.96) 

Sierra Leone 0.81 (0.68-0.96) 0.85 (0.72-0.99) 

Swaziland 0.81 (0.69-0.96) 0.83 (0.70-0.97) 

Tanzania 0.81 (0.68-0.96) 0.84 (0.71-0.98) 

Uganda 0.82 (0.69-0.97) 0.85 (0.73-0.99) 

Zambia 0.80 (0.67-0.97) 0.85 (0.73-0.98) 

Zimbabwe 0.79 (0.67-0.94) 0.82 (0.72-0.98) 

* Fully adjusted model (personal and country covariates) 

The exclusion of any one country made a difference on the magnitude and power of the study’s main effect when excluding Lesotho 

only. 
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eTable 5: Relative odds of death associated with PEPFAR for subsets of countries and surveys: 

i. Countries with data before and during PEPFAR’s implementation.  These countries are Benin, Congo, Congo Dem Rep, 

Ethiopia, Guinea, Kenya, Lesotho, Liberia, Madagascar, Malawi, Mali, Namibia, Niger, Nigeria, Rwanda, Senegal, Sierra 

Leone, Swaziland, Tanzania, Uganda, Zambia, and Zimbabwe.  Five countries – Burkina Faso, Cameroon, Chad, Gabon, 

and Mozambique – only provided adult mortality survey data prior to PEPFAR’s implementation.  Data from these 

countries was included in the primary analysis because trends from the entire study period – 1998 to 2008 – was useful 

with statistical power and with examining whether or not the change in mortality trend observed in the focus countries 

during PEPFAR resulted from pre-existing trends.  This sensitivity analysis explores the possibility that their inclusion 

introduced bias into the primary effect. 

ii. Only the most recent survey for each country, so as to exclude overlapping country-year data from multiple surveys.  This was 

operationalized by excluding any early surveys for Burkina Faso, Ethiopia, Guinea, Kenya, Lesotho, Madagascar, Malawi, 

Mali, Namibia, Rwanda, Tanzania, Uganda, Zambia, and Zimbabwe. 

iii. Only those countries with data from 1998 at least through 2007.  These was operationalized using only the following countries: 

Kenya, Lesotho, Madagascar, Nigeria, Sierra Leone, Tanzania, and Zambia (4 focus countries and 3 non-focus countries. 



© 2012 American Medical Association. All rights reserved. 

 

 

 Unadjusted (95%CI, 

p-value) a 

Adjusted with country 

covariates (95%CI, p-

value) 

Adjusted with personal and 

country cov. (95% CI, p-

value) 

Subset (i)b 0.83 (0.70-0.98, 0.03) 0.85 (0.71-1.02, 0.07) 0.87 (0.74-0.1.03, 0.08) 

Subset (ii)b 0.84 (0.71-0.99, 0.04) 0.85 (0.71-1.03, 0.08) 0.87 (0.75-0.1.04, 0.09) 

Subset (iii)b 0.75 (0.60-0.93, 

0.008)  

0.74 (0.60-0.92, 0.007) 0.74 (0.60-0.92, 0.007) 

a Unadjusted model includes the main effect as well as country and year fixed effects.  All confidence intervals are calculated using 

robust standard errors clustered by country. 

b These odds ratios represent the relative reduction in mortality among adults living in the focus countries while PEPFAR was 

implemented compared with adults living in non-focus countries. 
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eTable 6: Sensitivity Analysis Using Linear Time Trends 

We explored the primary analysis in a related approach where the main effect was a zero for all observations prior to PEPFAR’s 

implementation and for all observations of individuals living in non-focus countries.  However, for individuals in the focus countries, 

the main effect was a linear time trend for each year of PEPFAR’s implementation (for example, 2004 was 1, 2005 was 2, and so on).  

This provides an estimate for the annual odds ratio for each additional year of PEPFAR’s implementation (instead of an overall effect 

in the main analysis).  The results are provided in the following table.  The table replicates the main results table (Table 3), with an 

odds ratio of mortality for each additional year of the program. 

 Unadjusted (95%CI, p-value)a 
Adjusted with country 

covariates (95% CI, p-value) 

Adjusted with country and 

personal covariates (95% CI, p-

value) 

Adult death per yearb 0.96 (0.93-1.00, 0.03) 0.97 (0.94-1.00, 0.04) 0.97 (0.95-1.00, 0.04) 

HIV prevalence (per additional 

1%) 
 1.07 (1.01-1.13, 0.04) 1.07 (1.00-1.14, 0.06) 

Non-PEPFAR assistancec  1.00 (0.98-1.02, 0.88) 1.00 (0.98-1.02, 0.93) 
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GDP per capita (per additional 

$) 
 1.00 (1.00-1.00, 0.73) 1.00 (1.00-1.00, 0.78) 

Government effectiveness (per 

1-point increase)d 
 0.64 (0.45-0.96, 0.04) 0.60 (0.39-0.91, 0.02) 

Age (per year)   1.05 (1.04-1.05, <0.001) 

Residence in urban area   0.93 (0.88-0.98, 0.01) 

Education (per additional year)   0.98 (0.97-0.99, <0.001) 

a All results are exponentiated coefficients on parameters in logistic regression models.  Unadjusted model includes the main effect as 

well as country and year fixed effects.  All confidence intervals are calculated using robust standard errors clustered by country. 

b These odds ratios represent the relative reduction in mortality among adults living in the focus countries while PEPFAR was 

implemented compared with adults living in non-focus countries per additional year of PEPFAR’s implementation. 

c All development assistance for health from all donors minus US-funded HIV development assistance, per capita2 

d The Index is centered at 0 and each 1-point represents 1 standard deviation, with higher numbers representing greater government 

effectiveness. 
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eFigure 1: Country-level annual adult mortality trends, 1998-2008 
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Each line in this figure represents the adult mortality trends in one of the study countries.  Red 

lines represent the focus countries, while the blue lines represent the non-focus countries.  The 

annualized estimates represent the number of deaths among adults 15 to 59 years old per 1,000 

adults alive for any portion of the year in the relevant DHS surveys. 
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eFigure 2: Odds of death when using year relative to program initiation as the main predictor 

variable. 
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This graph is an effort to explore the possibility that the main observed effect is the result of 

preexisting trends and would be observed regardless of the intervention.  We change the 

specification of the main variable of interest to a series of dummy variables that identify the 

focus countries for every year from 1998 to 2008.   

The figure suggests an initial drop between 2003 and 2004 that is further accentuated between 

2005 and 2008.  This is consistent with the trends seen in Figure 2.  The figure is not consistent 
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with the notion of pre-existing trends explaining the differential mortality decline.  The dashed 

vertical line divides the time period into a baseline period prior to PEPFAR, and a period of 

implementation starting in 2004.  Each annual estimate is shown with 95% confidence intervals.
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eFigure 3: National adult mortality trends for Tanzania and Rwanda, separated by measures of 

PEPFAR’s activity. 
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Panel B: 
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Panel C: 
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These graphs show adult mortality trends (and 95% confidence intervals) separated by intensity 

of PEPFAR’s programmatic activity as measured by the number of people on ART per capita in 

the district and the number of people on PEPFAR-supported ART per site (an indication of clinic 

size).  Panels a and b show the trends within Tanzania using district-level data for 22 

administrative regions, while Panels c and d show the trends within Rwanda’s 30 districts. Each 

district was assigned to a group according to whether it was above the median (“More”) or below 

the median (“Less”) on the measure of intensity used in the analysis.  All panels show a 

relatively accelerated reduction in adult mortality in the districts with higher  programmatic 
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intensity during PEPFAR’s activities.  In Rwanda, mortality in the high-intensity districts 

decreased in 2004 to a point equal to (panel d) or lower than (panel c) the low-intensity districts 

for the first time since 1998.  In all panels, the dashed vertical lines divide the time period into a 

baseline period prior to PEPFAR, and a period of implementation starting in 2004. 




