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Abstract

Background: Global health implementing organizations benefit most from health impact estimation models that
isolate the individual effects of distributed products and services - a feature not typically found in intervention
impact models, but which allow comparisons across interventions and intervention settings. Population Services
International (PSI), a social marketing organization, has developed a set of impact models covering seven health
program areas, which translate product/service distribution data into impact estimates. Each model’s primary
output is the number of disability-adjusted life-years (DALYs) averted by an intervention within a specific country
and population context. This paper aims to describe the structure and inputs for two types of DALYs averted
models, considering the benefits and limitations of this methodology.

Methods: PSI employs two modeling approaches for estimating health impact: a macro approach for most
interventions and a micro approach for HIV, tuberculosis (TB), and behavior change communication (BCC)
interventions. Within each intervention country context, the macro approach determines the coverage that one
product/service unit provides a population in person-years, whereas the micro approach estimates an individual’s
risk of infection with and without the product/service unit. The models use these estimations to generate per unit
DALYs averted coefficients for each intervention. When multiplied by program output data, these coefficients
predict the total number of DALYs averted by an intervention in a country.

Results: Model outputs are presented by country for two examples: Water Chlorination DALYs Averted Model, a
macro model, and the HIV Condom DALYs Averted Model for heterosexual transmission, a micro model. Health
impact estimates measured in DALYs averted for PSI interventions on a global level are also presented.

Conclusions: The DALYs averted models offer implementing organizations practical measurement solutions for
understanding an intervention’s contribution to improving health. These models calculate health impact estimates
that reflect the scale and diversity of program operations and intervention settings, and that enable comparisons
across health areas and countries. Challenges remain in accounting for intervention synergies, attributing impact to
a single organization, and sourcing and updating model inputs. Nevertheless, these models demonstrate how
DALYs averted can be viably used by the global health community as a metric for predicting intervention impact
using standard program output data.

Background
Estimating the impact of health promotion programs is
essential in the global health sphere, and a growing
priority among donors [1]. Donor funding from key
players in international health, such as The World Bank,

The Global Fund to Fight AIDS, Tuberculosis and
Malaria, and the United States Agency for International
Development (USAID), has become increasingly based
on performance [2-4]. To demonstrate performance and
maintain stakeholder interest in its program initiatives,
global health implementing organizations need to be
able to articulate the impact of health promotion pro-
grams and use evidence to improve decision making.* Correspondence: hyang@psi.org
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Mathematical models have been widely used in global
health to predict disease burden and estimate the differ-
ential impact of a variety of interventions. To model dis-



clean delivery practice, and micronutrient deficiencies),
child health (e.g., acute respiratory infection, diarrhea,
micronutrient deficiencies, and malnutrition), and cervical



disease burden between a baseline scenario when an
intervention is absent and a follow-up scenario when an
intervention is present. The change that occurs in the
presence of the intervention is the incremental impact.
In theory, the disease burden in the follow-up scenario
should be lower than baseline levels because PSI’s inter-
vention aims to reduce the disease burden. It is impor-
tant to understand that the models are theoretical,
informed by best evidence but without any actual mea-
surement of disease reduction. Because PSI’s interven-
tions involve product distribution and service provision
in many cases, to estimate incremental impact in the
DALYs averted models, we estimate the number of
years that a user is protected (or person-years of protec-
tion) by the product or service throughout the product/
service’s lifespan.



effectiveness is used. All of the interventions listed in
Additional file 1 use effectiveness estimates in modeling
except for: antibiotics to treat STIs (i.e., STI Kit); male and



clinical trials where patients were well selected, reported
average adherence rates ranged from 43-78% among
patients receiving treatment for chronic conditions [15].
These varying rates of compliance can help explain the
disparity in results between the same interventions
under different circumstances. Similarly, this variance
may also help explain the wide range of ‘effect’ identified
in many protective efficacy/effectiveness reviews that
commonly include compliance data [16].

The time frame set for all of the models is one year.
PSI estimates health impact on a yearly basis because
burden of disease indicators are measured in a year (e.
g., morbidity and mortality rates). For products or ser-
vices whose effective lifespan is greater than one year,
PSI claims all years of impact in the year that the pro-
duct or service was provided. For example, since male
circumcision is assumed to last 20 years, we sum up the
impact of one MC service on preventing HIV and other
sexually transmitted diseases over the course of 20
years, and report it in the year the client received a cir-
cumcision surgery.

We use an additional set of parameters to calculate
the DALYs averted: disability weight, duration of condi-
tion, age at death from condition, and average life
expectancy. We follow the methodology of calculating
DALYs according to the Disease Control Priorities Pro-
ject [17,18]. While a 3% time discount rate applies to
future years, age weighting is not applied (i.e., DALY
(0.03, 0)).

The models are implemented deterministically. This



In this model, a macro approach is taken. As the
water treatment intervention is distributed to house-
holds, the model begins by calculating the number of
household-years of protection from one unit of the PSI
water treatment product within the entire population of
interest. We then isolate the age group that we want to
measure program impact for. In the example, we show
this for children under five.

First, we use the following equation to translate one
unit of water treatment product to household-years of
protection (HYP) (i.e., years of effective protection of all
household members from diarrhea):

Household-years of protection = [(Number of liters treated per unit of product)

/(household size * per capita usage per day * 365)]

* (protective effectiveness) * (1 − wastage)
(1)

The first part of the equation determines the utiliza-



per unit of product. This estimation is done by multiply-
ing the number of children under five who benefited
from treated water in the country of interest during the
specified year by the country’s diarrhea morbidity and
mortality rates of children under five:

Diarrhea cases averted among children under five per unit of product

= number of children under five protected per unit of product

* diarrhea morbidity in children under five
(3)

Diarrhea deaths averted among children under five per unit of product

= number of children under five protected per unit of product

* diarrhea mortality in children under five
(4)

Finally, to estimate DALYs averted, we use the follow-
ing equation:

DALYs averted among children under five per unit of product

= (cases averted among children under five per unit of product * duration of diarrhea

* disability weight of diarrhea)

+ [deaths averted among children under five per unit of product

* (life expectancy − age at death from diarrhea)
(
which is discounted at 3% for future years

)
]

(5)

Structure and operation of HIV Condom DALYs Averted
Model for heterosexual transmission (micro approach)
PSI employs condom social marketing programs to tar-
get sexually active adults and youth, widely distributing
male condoms through traditional outlets (e.g., phar-
macies, clinics, grocery stores, etc.) and/or specific
venues where sexual partners are more likely to meet
(e.g., hotels, night clubs, vending machines in red light
districts, etc.). PSI offers condoms at varying price
points to reach individuals at different income levels,
including free of charge for those who cannot pay.
This example of the HIV Condom Mofhe s59(Moo9A).u5(a6t61(t)7l9ch)-63J 
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As additional risk factors, the model considers the HIV
status of these partners as well as the number of sexual
contacts with these partners (in which one contact is
equivalent to one episode of sexual intercourse). Finally,
the per-act infectivity of HIV transmission also determines
an individual’s risk of infection. This infection risk per act
is influenced by a multitude of cofactors, including STI



As Equation 7 does not take the type of sexual partner
into account, it is modified further to consider the three
main types of sexual partners: regular, casual, and commer-
cial. Assuming these three categories are used, the modified
equation for estimating the probability of infection through
heterosexual contact (equation 8) is expressed as follows:

P = 1 −
∏

i=regular
casual
commercial

(1 − Pi) = 1 −
∏

i=regular
casual
commercial

(1 − pi ∗ (1 − (1 − γi)
ni)mi)

(8)

In this equation, pi refers to the HIV prevalence among
different partner types. For regular and casual partners, it
uses the HIV prevalence rate in the general adult popula-
tion. For commercial partners, it uses the HIV prevalence
rate among female sex workers in that country. Using this
equation, the model determines the likelihood of HIV
infection for an individual within each risk group.

Second, we determine the reduction in transmission risk
by PSI’s intervention. To achieve that, an individual’s
cumulative risk of infection at a follow-up level of condom
use (post-intervention) is subtracted from the cumulative
risk of infection at baseline (pre-intervention). Comparing
baseline with follow-up, the only difference is the level of
condom use.

Third, we estimate the impact of one PSI condom in
averting new HIV infections through the following
equation:

Estimated number of new infections averted per condom per year

= (Reduction in HIV transmission risk per person per year

/ Utilization of PSI condoms per person per year)

* (1 − wastage)

(9)

For calculating the number of PSI condoms used per
person per year, utilization is estimated based on sexual
activity and condom utilization data recorded by the PSI
country office. This utilization estimate is adjusted by
attrition (1 - wastage) to calculate a more accurate esti-
mate of condom usage in the population.

Finally, the model estimates the DALYs averted coeffi-
cient for PSI’s male condom used in interventions aimed
at preventing heterosexual HIV transmission. For this
disease that currently lacks a cure, the model assumes
that all new infections will die of AIDS-related diseases.
Therefore, we do not calculate deaths averted as we did
for the Water Chlorination Model above; rather, we only
use the number of new infections averted (equivalent of
cases averted). The calculations above provide this num-



For determining the duration of HIV and age at death
from AIDS, the model assumes that individuals contract



versus 2,430 DALYs averted from the same intervention in
Thailand.

To determine the actual estimate of DALYs averted in
a year by PSI’s condom interventions - the estimated
health impact of male condoms in one year, we applied

DALYs averted per unit (the model coefficient) to the
actual volume of condom distribution during that year.
Table 9 shows the estimated global impact of a sample
of PSI’s male condom programs in 2012, chosen to illus-
trate the variation in results across different geographies

Table 7 DALYs averted for PUR by PSI programs in 2012*, by country

Country All-age DALYs Averted Coefficient for PUR 2012 PUR Distribution All-age DALYs Averted by PUR, 2012

Congo-Kinshasa 0.000195 3,729,019 728

Dominican Republic 0.000032 758,640 24

Ethiopia 0.000150 5,665,462 847

Kenya 0.000120 7,374,447 885

Panama Warehouse** 0.000041 2,411,040 99

Malawi 2542(7030)]TJlaw12,017,029 1,648



and differing program outputs. See Additional file 4 for
the complete list of PSI countries engaged in male con-
dom programs in 2012 and their estimated global
impact.

The estimated health impact of all of PSI’s interventions



strategic thinking and greater efficiencies in global health
program implementation.

The two health impact estimation model structures
described in this paper - the micro models for HIV, TB,
and current BCC interventions, and the macro model for
other interventions - are designed for wide application as
well as customization. Unlike most health impact mathe-
matical models, PSI’s set of DALYs averted models enables
impact estimation for a wide variety of health program
areas, from diarrhea to HIV, reflecting the diversity of
health behaviors that social marketing organizations seek
to encourage. These structures also facilitate customiza-
tion for each intervention setting, enabling the application
of proven intervention efficacy or effectiveness estimates
to any risk or burden context where PSI works. As each
country’s specific population, epidemiologic, and product
utilization data can be input into the model parameters,
the DALYs averted models generate health impact esti-
mates specific to that setting. Moreover, it is possible to
break down study populations into strata of risk or burden
of disease, and model outputs just for those target audi-
ences. Consequently, health impact can be estimated for
specific populations, including subgroups such as sex
workers or most at-risk populations for HIV. The DALYs
averted models are available upon request, including the
coefficients, the item that partner organizations have typi-
cally preferred to request thus far. The majority of PSI’s
DALYs averted models are assembled and managed in a
Microsoft Access model platform where products and ser-
vices sharing the same benefits are grouped under the
same model. Some remain only in Excel due to lacking of
programming resources.

The results above demonstrate the utility of basing a
program health impact measure on the DALY. Because
burden of disease is incorporated into the calculation of
DALYs averted, it is possible to compare program results
from different countries as well as from different interven-
tions. The most straightforward comparisons are those
between countries offering the same health products and
services. In these cases, the health impact of a product or
service from one country is contrasted with the same pro-
duct/service in another, with the varying disease burdens
accounting for different impact results. As shown above, a
water treatment intervention in Cameroon averts more
cases, deaths, and DALYs attributable to diarrhea when
compared with the same social marketing program in
Cambodia due to Cameroon’s higher under-five diarrhea
mortality rate and its larger proportion of children under
five in households.



Implementing organizations also must be able to
account for the impact of multiple interventions on one
health condition or for the benefits of a single intervention
on multiple health conditions. By not doing so, they risk
generating inaccurate assessments of program impact.
Currently, only a few DALYs averted models incorporate
cross-intervention synergy across disease areas, such as
the basic care package for PLHIV model. In this model,
the PLHIV can actually suffer from several diseases in
addition to HIV infection, such as malaria and diarrhea.
Therefore, the model considers the interaction between
multiple diseases even though the person’s risk of mortal-
ity is singular, i.e., a person can only die once even with
concurrent diseases. Most of our models do not recognize
this synergy, however, potentially resulting in overesti-
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