
Confounders
• Time-lagged confounder measurements were used to ensure 

that confounders occurred before, and thus could not be 
influenced by, mediset use

• All potential confounders were lagged by 1 month
• Viral load, CD4 count, and nadir CD4 count were also 

lagged by 2 months
• Missing confounder values imputed by carrying the most recent 

observation forward
• Missing values for mediset use and outcomes not imputed
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Counterfactual Framework 
• We can imagine the outcome that an individual would have had 

under two different interventions
YMediSet= Outcome with Mediset
Y0 = Outcome without Mediset

- “Counterfactual” because only one is observed
- A missing data problem

• Causal effect of a treatment on an individual:
Individual Effect= YMediSet-Y0

• Population level effect is the average of individual effects
Population Effect = E[YMediSet-Y0]

Marginal Structural Models (MSM)
• Aim to mimic the results of a randomized controlled trial
• Assumption 1: No unmeasured confounders
• Assumption 2: Experimentation in treatment assignment (ETA 

assumption)
• Three MSM estimators: 

I. Inverse Probability of Treatment Weighted 
II. G-computation
III. Double Robust
- Rely on distinct models to control for confounding
- Improved robustness to model misspecification.

I. Inverse Probability of Treatment Weighting (IPTW) (Figure 1)
• Controls confounding by modeling the probability of using mediset

given confounders 
• Fit multivariable logistic regression of mediset use on 

confounders ((Pr(A=a|W)=g(a|W))
• This model is called the treatment mechanism (Table 2)

• This logistic regression model is used to assign weights inversely 
proportional to the subject’s probability of receiving his observed 
treatment. 

• Corrects for non-random mediset use
• E.g., Homeless individuals were less likely to use medisets

(Homelessness was under-represented among mediset
users). Thus, homeless individuals who used medisets
receive larger weights.

• The causal effect of mediset use is estimated by fitting a weighted 
least squares regression of outcome on mediset use.

II. G-computation (Figure 1)
• Controls confounding using standard multivariable regression 

of outcome on mediset use and confounders
• E(Y|A,W) (Tables 3-4)

• This regression model is used to predict each subject’s 
counterfactual adherence in the presence and absence of 
mediset use, given her confounder values.

• The causal effect of mediset use is estimated by fitting a least 
squares regression of predicted counterfactual adherence on 
mediset use.

• When is G-computation equivalent to standard multivariable 
regression?

• Single time point treatment
• Exposure does not interact with any confounder
• A linear model is used

III. Double Robust
• Uses

1) Multivariable regression of outcome on mediset use and 
confounders (E(Y|A,W)) used in G-computation

2) Multivariable logistic regression of mediset use on 
confounders (treatment mechanism) used in IPTW 
estimation

• Based on estimating function methodology 
• Maximally robust to model misspecification
• Consistent if the model for either E(Y|A,W) or g(A|W) is 

correct

Model Selection for Multivariable Regressions
• All multivariable regressions (E(Y|A,W)  and g(a|W)) fit using the 

Deletion/Substitution/Addition algorithm.
• Data-adaptive regression
• 5-fold cross validation
• Considering a maximum of two-way interactions

Inference
• All standard errors were estimated using 200 non-parametric 

bootstrap samples. 
• To account for repeated measures, bootstrap sampling was  

based on patient rather than data-point
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2. Use this model to predict the probability of using medisets
for subjects that used medisets, and the probability of not 
using medisets for subjects that did not use medisets.

P(A=1|W=1) = 0.67
P(A=0|W=1) = 1-0.67=0.33
P(A=1|W=0) = 0.33
P(A=0|W=0) = 1-0.33=0.67
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interventionAdherence (Y)Mediset(A)ID
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3. Regress observed adherence on mediset, using weights.

Medisets improve adherence 20% 20.0)( 01 =−YYE

Sample data: Simplified Example

1. Fit logistic regression model of mediset use given prior adherence

Implementation of G-computation Estimator

1. Fit linear regression model of observed adherence given mediset
use and prior adherence

AWWWAYE 1.035.0A25.075.0),|( −−+=

E(Y|A=1,W=1) = 0.55
E(Y|A=0,W=1)= 0.4
E(Y|A=1,W=0)= 1.0
E(Y|A=0,W=0)= 0.75

2. Use this linear regression model to predict counterfactual 
adherence for each subject in the presence and absence of mediset
use. 
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3. Regress counterfactual adherence on mediset use in new dataset. 

Medisets improve adherence 20%
20.0)( 01 =− YYE

Results: Adherence
• Mean adherence was 73% (SD=30, Range=0-100)
• Prior to adjusting for confounding, mediset use was associated 

with 8.8% higher adherence (95% CI 4.0, 13.6)

Marginal (Unadjusted) Associations with Adherence (p<0.05)
• Adherence was lower among individuals with these attributes: 

- Lower prior adherence
- Lower prior CD4 T cell count
- Higher prior viral load
- Higher alcohol use
- Crack and intravenous drug users
- Homeless
- Women
- African-Americans

• Adherence was higher with
- Hispanics
- More recent calendar date

Results: Viral Load

• One hundred thirty-nine subjects (72%) achieved a mean viral load 
of fewer than 400 copies/ml at least once during follow-up

• 58% of person-time was virologically suppressed
• Prior to adjusting for confounding, mediset use was associated 

with 1.2 log lower viral load (95% CI: 0.3, 2.0)

Adherence and Viral Load
• Mean adherence in those with fewer than 400 copies/ml was 28%  

lower than adherence among those with more than 400 copies/ml. 
(95% CI: 23, 32)

• 10% higher adherence was associated with a 0.25 lower log viral 
load (95% CI: 0.22, 0.29)
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Conclusions

• Marginal Structural Models were used to estimate the effect of pill 
box organizers (medisets) on adherence to ART and viral load 
(Table 5)

- Three separate estimators were employed, which control for 
confounding using distinct multivariable regression models 

• All estimators suggested that mediset use resulted in a significant 
4% improvement in adherence

• All estimators supported a significant reduction in log viral load 
and increased probability of virologic success due to mediset use

• We estimate that pill box organizers may be associated with a 
cost of approximately $19,000 per quality-adjusted life year. Pill 
box organizers should be a standard intervention to improve 
adherence to antiretroviral therapy.

Methods: StatisticsIntroduction

• Incomplete adherence is a common cause of 
sub-optimal response to antiretroviral therapy (ART)

• Pill box organizers (medisets) are the least expensive 
and most widely used adherence aid 

• Effect of pill box organizers on adherence to ART is unknown 
• Because medisets are standard of care, randomized controlled trials to 

study the effect of medisets raise ethical concerns
• Marginal structural models (MSM) are a statistical methodology that 

aims to replicate the findings of a randomized controlled trial using 
observational data

•Different estimators rely on alternative models to control for 
confounding

• Objective: Estimate the effect of mediset use for a given month on 
adherence to ART and viral load the same month

Methods: Data
• REACH Cohort: Systematic sample of HIV-positive adults recruited 

from San Francisco homeless shelters, free meal programs, and low-
income single-room-occupancy hotels between March 1998 and 
September 2005

• Outcome (Y): Adherence and viral load
- Y1: Adherence assessed via unannounced pill count every 3-6 

weeks at place of residence
- Y2: Log viral load
- Y3: Viral load <400 copies/ml

• Intervention (A): Mediset use assessed at first visit each month
• Covariates (W): Considered as potential confounders and controlled 

for in analyses
- Current regimen: Classes used, once daily dosing, # drugs
- Labs: CD4 count, nadir CD4 count, viral load
- Recreational drug use: Alcohol, intravenous drugs (IDU), crack
- Homelessness
- Prior adherence
- Treatment history: Drugs experienced, mono/dual nucleoside 

exposure, ARV-naive 
- Ethnicity, sex, age, sexual orientation
- Time: Date (calendar time), months spent on current regimen

Results: Sample Characteristics
• 269 individuals followed for 3170 Person-Months (PM) 

- 237 individuals (2628 PM) had measurements of all 
confounders and mediset use

- 237 (2504 PM) with adherence measurements 
- 194 (2227 PM) with viral load measurements

• Subject characteristics are described in Table 1
- Majority people of color
- High proportion injection drug users
- Majority treated with PI-based therapy

Mediset Use
• 61% of subjects used medisets for at least one month (N=163) 
• Multivariable logistic regression was used to predict mediset use 

given confounders
• Mediset use was associated with (Table 2) the following:

- Higher prior adherence
- Female sex
- More recent calendar time
- Not being homeless 

IQR= Inter-Quartile Range, SD=Standard deviation, 

86 (IQR=52, 98)Median PC Adherence (IQR)

2.3 (IQR: 1.0, 4.1)Median Viral Load log copies/ml (IQR)

1431 (45%)Person-Months with Viral Load < 400 cps/ml (%)

1371 (43%)Person-Months with Mediset Use (%)

338 (IQR: 195, 532)Median CD4/ml (IQR)

168 (IQR: 90, 342)Median Nadir CD4/ml (IQR)

3.6 (SD=7.6)Mean Days Alcohol Consumed (in past month)

49 (19%)Slept on Street or in Shelter (%)

86 (33%)Crack Use (%)

83 (32%)Intravenous Drug Use (%)

Characteristic (over course of follow-up)

113 (42%)Mono or dual nucleoside exposure (%)

107 (40%)ARV Naïve (%)

4 (IQR: 3, 6)Median # of ARV drugs experienced (IQR)

6 (IQR: 3, 13)Median Months on Current Regimen (IQR)

3 (IQR: 3, 4)Median # ARV drugs in current regimen (IQR)

35 (13%)Once Daily Therapy (%)

8 (3%)RTI only (%)

20 (7%)PI-NNRTI based (%)

95 (35%)NNRTI-based (%)

147 (55%)PI-based (%)

Antiretroviral Treatment

44 (IQR: 38,49)Median Age (IQR)

157 (58%)Men who have Sex with Men (%)

214 (80%)Male (%)

153 (58%)Non-Caucasian (%)

Characteristic (at baseline)
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49 (19%)Slept on Street or in Shelter (%)

86 (33%)Crack Use (%)

83 (32%)Intravenous Drug Use (%)

Characteristic (over course of follow-up)

113 (42%)Mono or dual nucleoside exposure (%)

107 (40%)ARV Naïve (%)

4 (IQR: 3, 6)Median # of ARV drugs experienced (IQR)

6 (IQR: 3, 13)Median Months on Current Regimen (IQR)

3 (IQR: 3, 4)Median # ARV drugs in current regimen (IQR)

35 (13%)Once Daily Therapy (%)

8 (3%)RTI only (%)

20 (7%)PI-NNRTI based (%)

95 (35%)NNRTI-based (%)

147 (55%)PI-based (%)

Antiretroviral Treatment

44 (IQR: 38,49)Median Age (IQR)

157 (58%)Men who have Sex with Men (%)

214 (80%)Male (%)
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Characteristic (at baseline)


