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Statistical Appendix  

The first step was to identify an appropriate outcome measure. This was determined by 

how we thought interventions could affect HIV or syphilis incidence (using prevalence in 

young women attending prenatal clinics as a proxy measure) and thereby, with some 

delay, prevalence. If an intervention reduces transmission then the incidence and 

reproductive number (the average number of new infections resulting from an infected 

person) will decline. Sustained declines in the reproductive number lower the 

prevalence curve. (The incidence curve is exponential in simple models, but prevalence 

may be slightly more complex). Each year, the incidence of the previous year is 

multiplied by a smaller factor than in the absence of intervention. It thus seems 

reasonable to use the logarithm of the slope as our primary outcome of interest. In 

logistic models this is approximated by a constant interaction between time and 

intervention. 

 

The outcome in our model was logit of infection for an individual (i) in a district (j) in a 

year (t) and can be described thusly:  

Logit Yijt =  

(β0 + u0j)   +  

(β1 + u1j) × (Yearjt)  +  

β2 × (Interventionjt)  +  

β3 × (Baselinej)  +  

β4 × (Avahanjt)  +  

β5 × (Agei)   +  

β6 × (Urbani)   +  

β7 × (Illiteratei)  +  

β8-10 × (Statej)  + 

β11 × (Yearjt × Interventionjt)   + 

β12 × (Yearjt × Baselinej)    +  

β13-15 × (Yearjt × Statej)    +  

β16 × (Yearjt× Avahanjt)    +  

β17 × (Interventionjt× Avahanjt)   +  

β18 × (Interventionjt × Avahanjt × Yearjt)  
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There are three main models that are fit for overall, state-specific and Avahan-specific 

effects. Model make up is summarized in the Appendix Table 1 below. 

 

Appendix Table 1: Models used for analyses. 

 

Type Variable

Main co-vars Intercept

Intervention 

Year

Baseline prevalence

State

Avahan district

Age

Literacy status

Urban/rural locality

District

2-way intervention * Year

interactions Baseline * Year

State * Year

Avahan * Year

Avahan * intervention

3-way Avahan * Intervention * Year

interactions

NOTES

The effect can be presented as -100 * (1 - expB), where B is the regression coefficient for the interaction between time 

and intervention. This expresses the % change in the OR for year for a 1-unit change in intervention.

Model 1: Captures the overall adjusted effect of intervention

Model 2: Captures the state-specific effect of interventions

Model 3: captures the AVAHAN specific effect of interventions (AVAHAN = district recieved ANY AVAHAN funding at year 

t)

All models are repeated measures logistic regression random coefficients model (random intercept and year slope, both 

at the district level)

Intervention is annual distrcit-level per capita exposure and is time varying.

Time will be captured using "year" as a continuous variable

Overall

Overall 

model by 

state

Avahan-

specific

Time-

varying? Class?

Individual or 

district level Model 1 Model 2 Model 3

. . district (subj) x x x

y y district x x x

y n district (subj) x x x

n n district x x x

n y district x x

y y district x

y n individual x x x

y y individual x x x

y y individual x x x

n y district x x x

x x x

x x x

x x

x

x

x

The effect can be presented as -100 * (1 - expB), where B is the regression coefficient for the interaction between time 

and intervention. This expresses the % change in the OR for year for a 1-unit change in intervention.

Model 1: Captures the overall adjusted effect of intervention

Model 2: Captures the state-specific effect of interventions

Model 3: captures the AVAHAN specific effect of interventions (AVAHAN = district recieved ANY AVAHAN funding at year 

t)

All models are repeated measures logistic regression random coefficients model (random intercept and year slope, both 

at the district level)

Intervention is annual distrcit-level per capita exposure and is time varying.

Time will be captured using "year" as a continuous variable
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As district is the intervention unit, and since districts may have somewhat different 

epidemics (or be on different points of the epidemic curve), we defined districts as 

„experimental units‟ by defining a random intercept and slope with district as the 

subject/unit. Random effects for intercept (u0) and year (u1) variables were included at 

the district level to account for observations clustered within districts and over time. The 

random slope for “year” and the random intercept were allowed an unstructured 

covariance. Time was modeled as a continuous variable “Year” that was centered and 

treated as both a fixed and random effect. 

 

To estimate the impact of an intervention, the objective should be to estimate the 

counterfactual outcome in the case of zero intervention and compare it to observed 

numbers. We can do this by developing a statistical model that has (in expectation) a 

zero value of an interaction term (e.g. year*budget) if budget (everywhere) had been 

equal to zero. We can do this by considering all the major determinants of incidence 

including effects that can act as confounders in the relationship between year*budget 

and incidence. Major determinants of incidence would be overall trend (year) and 

demographic composition of the study population. In the case of a trial, where 

intervention is assigned randomly, we only have to include a trend term „year‟ 

(essentially trend in the absence of budget) and year*budget to model the difference in 

trend. Other terms – if included, are there to reduce variance. Counterfactual models 

are presented below in Appendix Tables 2 and 3 below.
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Appendix Table 2: Estimated annual risk of HIV or syphilis infection among pregnant women attending public prenatal 
clinics aged 15 to 24 years in four high-burden states from 2004 to 2008 in the absence of intervention spending or 
coverage. 
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Appendix Table 3: Estimated annual risk of HIV or syphilis infection among pregnant women attending 

public prenatal clinics aged 15 to 24 years in four high-burden states from 2004 to 2008 in the absence of 
intervention spending or coverage, by Avahan district or not. 
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As targeted interventions were located non-randomly, primarily based on 

prenatal clinic HIV prevalence, we adjusted for variation in baseline HIV 

prevalence by using district-level HIV prevalence among public prenatal clinic 

attendees aged 15 to 24 years in 2003 as a fixed covariate (“Baseline”). We 

adjusted for possible regression to the mean by including an interaction term 

between this baseline HIV prevalence term and year, as prevalence in a district 

may decline more rapidly if it was high at baseline, as special conditions 

(including statistical fluctuations and measurement error) that made values high 

in 2003 may not persist and levels return to "normal". 

 

The four intervention variables of spending, STIs treated, FSWs reached and 

condoms distibuted (“Intervention”) were treated, one at a time, as continuous 

fixed-effects time-varying covariates and were calculated as time-lagged 

variables (1 or 2 year lags) in separate models to account for a time-delay 

between intervention and changes in STI incidence. A test for intervention effect 

was the significance of the β11 term. The modifying effect of being in an Avahan 

district was modeled as a binary fixed effect (Avahan). The significance of β18 

served as a test of the modifying effect of Avahan funds receipt on the 

association between intervention and risk of infection. The effect of intervention 

was quantified by exponentiation of the interaction term (β11 or β18, depending on 

the model) between intervention and time. This provides the relative difference in 

annual risk of HIV/syphilis for a one-unit increase in exposure. All models were 

adjusted for individual age, literacy, urban locality and state. Model fit was 

assessed with generalized chi-square values and visual inspection of residual 

plots. Alternative model specifications were run but did not qualitatively alter the 

results (see Web Table 1). 
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Web Table 1: Age-specific crude prevalence of HIV and syphilis from 2003 to 2007 among male STI clinic attendees and 
VCTC attendees overall and by state.
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Web Table 2: Results of six alternative model specifications for change in annual risk of HIV infection in pregnant women aged 15 to 
24 years attending public prenatal clinics in Tamil Nadu from 2004 to 2008 associated with the number of STIs treated. 
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Web Table 4: Estimated impact of FSW interventions (spending or coverage) on annual risk of HIV or syphilis infection among 
pregnant women attending public prenatal clinics aged 15 to 24 years in four high-burden states from 2004 to 2008, by state.1,2 
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