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ABSTRACT

Socially disadvantaged individuals with HIV experience unacceptably high rates of AIDS and death. The authors de-
veloped an adversity index to quantify the impact of demographic and psychosocial factors on HIV care. This retro-
spective cohort study included 431 participants with HIV on combined antiretroviral therapy between 2000 and 2005.
Poor outcome was defined as progression to AIDS, death, virologic failure, or CD4 < 200 cells/ul at six months. The
index utilized eight demographic and psychosocial variables independently associated with poor outcome. Exposure to
higher numbers of variables in the adversity index significantly increased the rates of poor outcome from 14% (expo-
sure to no variables) to 100% (exposure to seven variables). The odds of poor outcome decreased but remained signifi-
cant after adjusting for adherence-defining variables, indicating a possible mediating effect of poor adherence. Durably
effective therapeutic strategies must include addressing adverse demographic and psychosocial factors affecting people

living with HIV.
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1. Introduction

The past two decades have witnessed dramatic changes
in the epidemiology and disease progression associated
with HIV infection. Once considered to be a death sen-
tence, the development of active chemotherapy against
the HIV virus has transformed its clinical course from
that of a fatal illness to a chronic, manageable condition
[1,2]. In the United States (US), morbidity and mortality
from HIV dropped significantly towards the end of the
twentieth century and have continued to drop in the first
decade of the 21st century. This trend has been associ-
ated with increased access to combined active antiretro-
viral therapy (cART) [3-9]. Unfortunately, the rate of the
decline in HIV-related morbidity and mortality in the US
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has not been uniform across all people living with HIV
(PLWH) [7,9-11].

It has become increasingly clear that outcomes for
PLWH are influenced by a host of other factors, separate
from the timely initiation of cART [6,12-14]. In the US,
women on cART are more likely to fail treatment com-
pared to men on the same medications [7,13,15-18]. Sur-
vival and infection rates of PLWH also differ signifi-
cantly among ethnicities in the US, with African Ame-
ricans bearing the majority of deaths and new infections
[7,11,15,17]. These differences seem to be related to ad-
verse psychosocial factors more prevalent within specific
demographic groups, compared to the general population
[11,16,17,19,20]. Psychiatric disorders, particularly de-
pression and substance abuse, are strongly associated
with poorer quality of life and response to cART among
PLWH [9,11,15,18,21-23]. Other psychosocial factors
associated with adverse outcome of cART include low
household income, unemployment, living in a single par-
ent household, and homelessness [7,15,20,24,25]. Thus,
while clinical stage at diagnosis and access to cART are
essential determinants of outcome in PLWH, additional
demographic (gender, ethnicity) and psychosocial factors
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to which PLWH are exposed in their daily lives play an
equally important role in their response to cART [12,18,
24].

In recognition of the significant morbidity and mortal-
ity burden associated with HIV infection, the US Gov-
ernment in 2010 introduced the National HIV/AIDS
Strategy which is aimed at: 1) reducing the number of
people who become infected with HIV; 2) increasing
access to care and optimizing outcomes for PLWH; and 3)
reducing HIV-related health disparities [26]. The attain-
ment of these objectives will require the early identifica-
tion of vulnerable patients who are exposed to adverse
psychosocial factors, are more likely to fail cART, and
will benefit from a multidisciplinary patient-centered
treatment plan [24,27-29]. Yet presently, there is a lim-
ited availability of screening tools to identify such pa-
tients at point of care and to monitor them while under
treatment.

This study was therefore carried out to assess the rela-
tionship between different demographic and psychosocial
factors and outcomes among a cohort of PLWH receiv-
ing care at an outpatient HIV clinic, and to develop an
adversity index to identify and monitor patients at risk of
poor response to cART.

2. Methods
2.1. Sample

A retrospective study was conducted among a cohort of
PLWH who entered care at Washington University HIV
Clinic between January 2000 and July 2005. The study
population included all patients who were followed for at
least six months, and who commenced cART during this
time period. Women who initiated cART exclusively for
prevention of mother to child transmission and discon-
tinued their antiretroviral medications after delivery were
excluded from the study. The data were abstracted from
the medical and case management records of each indi-
vidual. This study was approved by Washington Univer-
sity Human Research Protection Office.

2.2. Outcomes of Interest

This study was primarily interested in any poor outcome,
defined by any one of the following after a minimum
period of six months under care: 1) death; 2) develop-
ment of a new AIDS-defining condition while under care;
3) CD4 < 200 cells/pl at the time of the last recorded
visit; or 4) viral load > 400 copies/ml at the time of the
last recorded visit. The secondary outcomes of interest
were clinical failure and laboratory failure. Clinical fail-
ure was defined as having either outcome 1) or 2) while
under care, regardless of CD4 count and viral load at the
time of the last recorded visit. Laboratory failure was
defined as having either outcome 3) or 4) in the absence
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of death or development of a new AIDS-defining condi-
tion while under care.

2.3. Psychosocial Variables

Twenty different psychosocial and demographic vari-
ables were selected as possible determinants of primary
and secondary outcomes, based on a review of the litera-
ture. Related variables were grouped into five different
domains, as shown in Table 1(a): 1) demographic factors;
2) economic hardship; 3) familial stress; 4) substance
abuse; 5) other mental health problems. The authors fi-
nalized definitions for each variable prior to record re-
view.

2.4. Covariates

Other variables potentially associated with demographic
and psychosocial variables and with outcomes of interest
were introduced into the analysis as covariates. These
covariates were grouped into four domains, as shown in
Table 1(b): 1) access to and utilization of care; 2) adher-
ence to cART; 3) advanced HIV at baseline; and 4) other
comorbidities. Access to and utilization of care was in-
ferred by clinic attendance (=3 visits per year versus <3
visits per year). Poor adherence was defined as having
any of the following while under care: self-reported poor
adherence or development of one or more new drug-
specific genotype mutation despite being on cART. Ad-
vanced HIV at baseline was defined as having any one of
the following at the time of the first recorded visit: CD4
count < 100 cells/ul, having >1 AIDS-defining condi-
tions, having previously received >2 cART regimens, or
resistance to >2 antiretroviral agents. The other comor-
bidities domain was defined as having one or more of the
following: anemia (hemoglobin < 10 g/dl), chronic renal
failure (creatinine clearance < 40 ml/min by Cockroft
Gault equation), class III or IV heart failure, liver failure
or decompensated cirrhosis (AST/ALT > 200 IU/L, and/
or Alkaline Phosphatase > 400 IU/L, and/or INR > 2 +
albumin < 2.5 g/dl, and/or documented cirrhosis on im-
aging studies), active HBV (reactive HBsAg), or chronic
HCV infection (detectable plasma HCV RNA), or cur-
rently using tobacco.

2.5. Statistical Analysis

The y* statistic was used for categorical data analysis to
compare individual adversity variables and outcomes of
interest. A p-value of <0.05 was used to determine statis-
tical significance. For highly correlated variables, the
variable with the least amount of missing data was kept
in the model, while the other variable was excluded from
further analysis. In this model, only income and em-
ployment status displayed a high degree of co-linearity
(R =0.685). The income variable encompassed a greater
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Table 1. (a) Characteristics of 431 HIV+ patients seen in an urban infectious disease clinic from 2000-2006; (b) Characteristics
of 431 HIV+ patients seen in an urban infectious disease clinic from 2000-2006.

(a)

(b)

Domains and variables
(defined as anytime during treatment, except where indicated)

Domains and covariates
(defined as anytime during treatment, except where indicated)

Demographics
Being a female
Being non-white
Age < 18 years at time of diagnosis
Being a male having sex with males (MSM)
Economic hardship
Having an income < $10,000 per year
Having a <12 years education level
Being unemployed
Being homeless or living in a shelter
Being incarcerated
Having an incarcerated partner
Familial stress
Being a single parent
Being diagnosed while pregnant
Having new children while under care
Active substance abuse
Abusing alcohol
Abusing cocaine
Abusing intravenous drugs
Abusing another substance
Trading sex for money or drugs
Mental health issues
Having depression

Having another psychiatric disorder

Access to care
Poor attendance (<3 visits per year)
Adherence to cART
Self-reported poor cART adherence
Development of >1 new mutations on HAART
Advanced disease at baseline
CD4 count < 100 cells/ul
Viral load greater than 400 copies/ml
AIDS defining illness at baseline
>2 cART regimens at baseline
Resistance to >2 cART regimens
Comorbidities
Anemia (hemoglobin < 10 g/dl)
Renal insufficiency (creatinine clearance < 40 ml/min)

Heart disease (class III-IV heart failure)

Liver failure (AST/ALT > 200, AP > 400, albumin < 2.5,
documented cirrhosis)

Hepatitis C Virus (HCV) infection
Hepatitis B Virus (HBV) infection

Tobacco use

proportion of the study participants (N = 301) than em-
ployment status (N = 286) and was incorporated into the
model, while the unemployment variable was excluded
from further analysis. Multivariate analyses were subse-
quently performed on all the psychosocial and demo-
graphic variables that were associated with the outcomes
of interest during the y* analysis. Only variables that re-
mained significantly associated with increased odds of
primary and secondary outcomes were used in the adver-
sity index. In order to maintain an adequate sample size,
the education level was imputed when missing by run-
ning a regression of education on all psychosocial and
demographic variables.

Ultimately, an adversity index with nine points (0 - 8)
was created, with possession of any of the significant
variables equivalent to one point. Points were summed
up to determine the degree of adversity with higher total
points indicating higher adversity. The authors then used
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multivariate logistic regression to obtain estimates of the
odds of any poor outcome, clinical failure, and laboratory
failure for the adversity index alone, and to estimate the
adjusted odds of these outcomes of interest when includ-
ing the influence of covariates on the relationship be-
tween the adversity index and the outcomes of interest.
Finally, the authors evaluated the relationship of cART
adherence as a mediator between the adversity index and
primary and secondary outcomes. All statistical analyses
were performed using SPSS (version 16.0) statistical
software [30].

3. Results

Between January 2000 and July 2005, 593 adult HIV-
infected participants entered care at Washington Univer-
sity HIV Clinic. Eighty-nine participants (15%) did not
meet inclusion criteria and were excluded from the study.
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Participants in this group were more likely to be non-
white, female, 18 - 24 years of age, have less than high
school education, be diagnosed during pregnancy, and
have a new child while under care. The majority of these
patients were pregnant women initiating cART to prevent
vertical transmission. Seventy-three participants [12%]
with incomplete records were also excluded from the
study. For 153 participants, education data were missing
and imputed by statistical analysis. Participants with
missing education data differed from those with educa-
tion data only by their increased likelihood of using to-
bacco.

A total of 431 participants (73%) were included in the
study. The majority of the cohort was male (68%; N =
292), non-white (62%; N = 267), unemployed (66%; N =
286), and reported annual incomes of <$10,000 (70%;
N = 301). Approximately 10% of the sample reported
being homeless or living in a shelter. About one-fifth of
the cohort was a single parent (N = 92) and 9% (N = 38)
were diagnosed with HIV while pregnant. Rates of alco-

hol use occurred among about 15% of the sample. High
rates of depression were found among 41% (N = 178) of
the cohort.

Univariate and multivariate logistic regression were
used to calculate the odds of any poor outcome, clinical
failure, and laboratory failure for each of the demogra-
phic and psychosocial variables (Table 2). The variables
that remained independently associated with in creased
odds of primary or secondary outcomes included: 1)
non-white ethnicity; 2) income < $10,000 per year; 3)
incarceration; 4) being a single parent; 5) having new
children while under care; 6) alcohol abuse; 7) cocaine
abuse; and h) having other psychiatric disorders. These
variables were all included in the adversity index. The
authors calculated the adversity index for each of the
participants based on the number of demographic and
psychosocial variables that were associated with each
participant. The mean adversity point sum was 2.15 (SD =
1.40), with a range from 0 - 7 (Figure 1).

A one-point increase in adversity score was associated

Table 2. Estimated odds ratios (OR) and 95% confidence intervals (Cl) resulting from multiple logistic regression analysis of

any poor outcome, clinical failure and laboratory failure.

Any poor outcome
Variables

Clinical failure Laboratory failure

OR (95% CI)

OR (95% CI) OR (95% CI)

Demographics

Being a female
Being non-white
Age < 18 at time of diagnosis
Economic hardship
Annual income < $10,000
Having <12 years education
Homeless/living in a shelter
Being incarcerated
Familial stress
Being a single parent
Having new children during care
Active substance abuse
Abusing alcohol
Abusing cocaine
Abusing another substance
Trading sex for money or drugs
Mental health issues

Having depression

Having another psychiatric disorder

0.55 (0.30, 1.01)
2.25(1.34,3.77)"

2.92 (0.89, 9.55)

3.33(1.93,5.75)°
1.04 (0.54, 1.97)
1.53(0.70, 3.37)

1.02 (0.43, 2.40)

2.67 (1.36,5.22)

1.31(0.65, 2.67)

0.67 (0.34, 1.30)
2.72(1.29,5.77)"
1.34 (0.70, 2.55)
0.17 (0.01, 2.19)

1.48 (0.91, 2.40)

3.41 (1.65,7.06)"

0.73 (0.32, 1.67)
1.18 (0.58, 2.40)
2.33(0.62. 8.77)

8.58 (2.55, 28.86)"
0.81 (0.36, 1.82)
1.51 (0.63, 3.66)

0.16 (0.03, 0.74)

2.96 (1.20, 7.30)°

0.40 (0.14, 1.14)

2.42(1.13,5.19)

1.21 (0.50, 2.92)

0.98 (0.44, 2.19)
0

1.12 (0.59, 2.14)

1.73 (0.74, 4.03)

0.70 (0.36, 1.35)
2.19(1.23,3.88)"
1.75 (0.59, 5.16)

1.64 (0.91,2.97)
1.22 (0.64, 2.32)
1.21 (0.56, 2.64)

2.52(1.09, 5.82)"

1.51 (0.75, 3.05)

2.19(1.09, 4.41)

0.31(0.14,0.70)"
2.58 (1.22, 5.48)"
1.30 (0.66, 2.56)
0.27 (0.02, 4.49)

1.24 (0.74, 2.10)

2.61 (1.30,5.27)"
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with increased odds of both primary (cOR 1.90, 95% CI
1.61 - 2.25) and secondary outcomes (clinical failure—
cOR 1.47, 95% CI 1.21 - 1.78; laboratory failure—cOR
1.64, 95% CI 1.40 - 1.93), shown in Table 3. Even after
adjusting for the covariates, the odds of any poor out-
come (aOR 1.68, 95% CI 1.34 - 2.09) and laboratory
failure (aOR 1.60, 95% CI 1.28 - 1.98) with higher total
points remained significant. Figure 2 shows the distribu-
tion of primary and secondary outcomes across levels of
the adversity index, indicating that the proportion of pa-
tients responding poorly to cART grows with each in-
crease in adversity index. One hundred percent of those
who had the highest total points on the adversity index (7)
experienced any poor outcome. Higher scores were also
associated with higher odds of self-reported poor adher-
ence (cOR 1.91, 95% CI 1.61 - 2.28) as well as the de-
velopment of new mutations while under care (cOR 1.38,

95% CI 1.17 - 1.63) (Table 4). These covariates were
also strongly correlated with the primary and secondary
outcomes, indicating a possible mediation of the rela-
tionship between adversity index and outcomes of inter-
est by cART adherence. Covariates indicating the pres-
ence of other comorbidities were correlated with clinical
failure, and after adjusting for these covariates the adver-
sity index was not significantly associated with clinical
failure.

4. Discussion

This data confirms that demographic and psychosocial
factors have a profound influence on outcomes among
PLWH [13-14,20]. Not only did the authors find a strong
independent association between individual variables and
any poor outcome, but the accumulation of multiple ad-

Table 3. Estimated odds ratios (OR) and 95% confidence intervals (Cl) resulting from multivariate logistic regression analysis
of increasing adversity score and covariates on any poor outcome, clinical failure and laboratory failure.

Any poor outcome
Variables

Clinical failure Laboratory failure

OR (95% CI)

OR (95% CI) OR (95% CI)

Increase in adversity index by one point 1.68 (1.34, 2.09)"
Covariates
Access to care
Poor attendance 1.13(0.53,2.42)

Adherence to cART

Self-reported poor cART adherence 6.19 (3.32, 11.54)"

1.24 (0.91, 1.68) 1.60 (1.28, 1.98)"

0.87(0.33,2.32) 1.10 (0.53, 2.27)

*

New mutations
Advanced disease at baseline
CD4 count less than 100
Viral load greater than 4
AIDS at baseline
Baseline mutations
>1 cART regimen at baseline
COMORBIDITIES
Anemia
Renal insufficiency
Heart disease
Liver failure
HCV
HBV
Tobacco

Model R?

2.67 (1.41,5.08)

2.12 (1.08, 4.15)°
229 (1.25,4.19)
0.69 (0.36, 1.32)
2.21(0.96, 5.10)

1.25 (0.59, 2.64)

1.35(0.51,3.57)
0.62 (0.18,2.17)
0.89 (0.29, 2.73)
0.64 (0.19, 2.13)
1.49 (0.63, 3.52)
2.93(1.07, 8.00)°
0.73 (0.42, 1.26)

0.47

6.37 (2.71, 14.98)

0.93 (0.41, 2.09)

0.75 (0.30, 1.88)
3.10 (1.24,7.75)°
1.92 (0.80, 4.61)
2.48 (0.89, 6.93)

0.73 (0.24, 2.24)

*

6.19 (2.46, 15.55)

*

3.34 (1.02, 10.95)

*

4.35(1.30, 14.51)
5.31(1.51,18.72)
1.81 (0.67, 4.89)
2.30 (0.78, 6.84)
0.99 (0.48, 2.08)

0.43

2.57 (1.40, 4.69)"

2.23(1.19,4.15)"

1.46 (0.74, 2.86)
1.31(0.72, 2.36)
0.65 (0.33, 1.27)
1.37 (0.60, 3.14)

1.47 (0.69, 3.12)

0.19 (0.06, 0.54)
0.64 (0.15, 2.70)
0.11 (0.01, 0.89)
0.28 (0.05, 1.43)
0.61 (0.25, 1.52)
1.80 (0.69, 4.69)
0.82(0.48, 1.42)

0.30
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Table 4. Odds of poor adherence CART by adversity index.

New mutations
under care

Self-reported poor

Covariate cART adherence

OR (95% CI) OR (95% CI)

Adversity index 1.91 (1.61, 2.28) 1.38(1.17, 1.63)

R? 0.197 0.055
1201 AN Mean=2.15
Std. Dev.=1.402
N=431
1004
y
2 801
Q
=
o
&
= 601
401
207
G T T T T T T T T T
o 1 2 3 4 5 6 7 8

Adversity Index

Figure 1. Distribution of adversity index in 431 HIV+ pa-
tients seen in an urban infectious disease clinic from 2000-
2006.

verse demographic and psychosocial variables greatly
reduced the odds of cART success. In fact, the addition
of a single variable that shifted a person to a higher point
sum on the adversity index increased the odds of any
poor outcome by 68%. While this study failed to find
independent associations with other variables that have
been previously linked to poor outcomes such as low
education and homelessness [20,24,31-32], these vari-
ables were more prevalent in participants with higher
total points in the adversity index. This finding may have
relevance in clinical practice since such variables may
serve as proxies for underlying measures of social disad-
vantage associated with poor outcome and may point
caregivers towards their pursuit.

These findings demonstrate that the majority of par-
ticipants were exposed to a significant number of adverse
demographic and psychosocial variables, with 35% of
participants being exposed to three or more simultane-
ously. The progression of the adversity index was deter-
mined by the addition of just one variable, yet the associ-

ated increase in the odds of poor outcome was substantial.

This finding suggests that in the case of psychosocial
variables, a single discreet life event (like becoming a
single parent) can easily alter the balance of care and that
specific interventions addressing the event may have a
major impact in restoring or improving such balance.

Copyright © 2012 SciRes.
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Figure 2. Distribution of primary (a) and secondary (b), (c)
outcomes of interest across the adversity index.

In this cohort, limited access to care, having advanced
HIV at the time of cART initiation, and poor adherence
to cART all contributed to primary and secondary out-
come. Participants with higher total points in the adver-
sity index were more likely to miss follow up appoint-
ments with their care-givers, initiate cART at a more
advanced HIV stage, and to miss cART doses while on
treatment. However, even after adjusting for covariates
within these domains, the odds of poor outcome re-
mained significantly higher for patients with higher total
points in the adversity index indicating that the accumu-
lation of adverse demographic and psychosocial vari-
ables has an additional detrimental effect on HIV care.
The definition of poor adherence in this study (which
relied heavily on self-reporting by participants) may have
led to an under-estimation of its prevalence within the
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cohort, but it is also possible that other covariates yet to
be identified contributed to cART failure among partici-
pants with higher total points in the adversity index.

A particularly interesting finding in this study was the
significant association between higher total points in the
adversity index and increased odds of poor adherence to
cART, despite the fact that few participants had a score
greater than six, and none had a score of eight.

Among PLWH, adherence is a strong predictor of re-
sponse to cART [32-37]. Failure of first-line cART leads
to the initiation of second- and third-line regimens, which
are often more expensive [38,39]. The adversity index
developed in this study could help identify patients more
likely to miss cART doses as a result of exposure to ad-
verse psychosocial factors and be an important adjunct to
the management of PLWH, both prior to the initiation of
cART and during treatment. Patient-centered care models
for PLWH ensure early initiation of and adherence to
cART by addressing adverse psychosocial factors and as
a result reduce healthcare associated costs by limiting
hospitalizations and the initiation of alternative cART
regimens [40-45]. Within such a framework, an adversity
index such as the one developed for this study will help
caregivers identify high-risk patients and establish “wrap-
around” services addressing the psychosocial factors
most likely to negatively impact adherence and the odds
of a successful response to cART.

There are limitations to these findings. This study was
conducted within a single urban clinic cohort within a
Mid-Western city, which reduces the extent to which the
results presented above can be extrapolated to the other
HIV-infected populations. The retrospective nature of the
study limited the types of data that the authors were able
to collect as well as the options for the study design; yet
it did provide an opportunity to collate medical and case
manager records to create a more comprehensive impres-
sion of each patient. For 153 patients, education data was
unavailable and had to be imputed by statistical analysis.
One cannot therefore entirely rule out the importance of
the education level variable in the adversity index, par-
ticularly since previous studies have found associations
between lower education level and cART failure [15,20,
46]. The authors considered the development of a multi-
item additive scale as an alternative approach to quantify
the impact of demographic and psychosocial variables
within different domains 1) demographic factors 2),
economic hardship, 3) familial stress, 4) substance abuse,
5) other mental health problems on HIV care. However,
the development of such a scale reduced the strength of
the association between the domains and poor outcome,
probably because within each domain were also included
variables that were not independently associated with the
outcomes of interest.

While AIDS Drug Assistance Programs have until re-

Copyright © 2012 SciRes.

cently broadened the ability for PLWH to receive therapy
regardless of health insurance status, the widening dis-
parity in outcomes of interest observed among PLWH
has demonstrated that this is not enough [12,13]. Helping
patients overcome barriers to care by providing compre-
hensive “wrap-around” services is a well-established
practice in developing countries and has been imple-
mented in the US as well with remarkable successes [42,
47,48]. Some of these services that have been enacted to
overcome barriers to access and adherence include cov-
erage of transportation fees, provision of day-care op-
tions for single mothers, close psychiatric follow up for
patients needing mental health care, substance abuse
treatment, and regular home visits by community health
workers.

HIV/AIDS is now a disease driven by social inequali-
ties and comprehensive interventions that demonstrate
how the adverse demographic and psychosocial factors
affect PLWH are a fundamental part of a truly effective
therapeutic strategy. The development of a tool that al-
lows early identification and close monitoring of pa-
tients at risk for poor adherence may positively impact
their long-term response to cART. The authors propose
that the adversity index presented in this study may play
such a role in the care of PLWH.
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