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Abstract

The durability of HAART regimens is often limited by antiretroviral toxicity and nonadherence, which lead to
virologic failure. We sought to determine sociodemographic and psychosocial patient factors predictive of shortterm discontinuation of HAART regimens overall and stratified by the reason for discontinuation. A retrospective cohort study of the UAB 1917 Clinic Cohort evaluated short-term HAART regimen discontinuation
(within 12 months of regimen initiation) between 1/1995 and 8/2004 classified as (1) gastrointestinal (GI) toxicity, (2) non-GI toxicity, (3) virologic failure or nonadherence (VF/NA), (4) loss to follow-up, and (5) other.
Multivariable multinomial logistic regression models accounting for dependent observations were fit to assess
the relationship between patient factors and type-specific regimen discontinuation. Among the 738 study participants, 1026 of 1852 HAART regimens (55%) were discontinued within 12 months of initiation. In multivariable analysis, discontinuation for GI toxicity was more common in patients lacking private health insurance and those with a history of intravenous (IV) drug use, whereas non-GI toxicity was more common in
younger patients and females. African-American patients and those with a history of IV drug use were more
likely to stop a regimen due to VF/NA. Loss to follow-up was more common in younger patients, individuals
who were uninsured, and those with a history of IV drug use. Short-term discontinuation of HAART regimens
is more common in vulnerable populations that bear a disproportionate burden of the U.S. HIV/AIDS epidemic. More vigilant monitoring of patient populations at higher risk of toxicity and virologic failure may allow for improved HAART regimen durability.

Introduction

H

IGHLY ACTIVE ANTIRETROVIRAL THERAPY (HAART) is effective in decreasing plasma HIV viral load and reducing
AIDS-related morbidity and mortality if taken correctly.1–6
However, toxicity associated with many of the antiretroviral drugs often leads to discontinuation or changes in treatment and also limits patient adherence and, therefore, virologic effectiveness.7–9 Several observational studies have
shown that medication side effects are the most common
cause of discontinuation of HAART regimens.1,7,9–14 Gastrointestinal (GI)-related side effects such as nausea, vomiting, and diarrhea have been among the most commonly
reported medication toxicities leading to regimen discontinuation in numerous studies.1,7,12,13,15,16 Other studies have
shown that certain patient characteristics such as race, gen-

der, or socioeconomic status may predict higher rates of regimen discontinuation.
Most prior studies, however, have evaluated regimen status
as “active” vs. “discontinued” without further investigating
factors associated with specific, categorized reasons for
HAART discontinuation. This information may be important
for HIV providers to help identify reasons (e.g., GI toxicity)
that certain patient populations (e.g., lower socioeconomic status) may be more likely to discontinue a HAART regimen
within the first 12 months of initiation. Therefore, we evaluated sociodemographic and psychosocial patient factors associated with overall short-term HAART regimen discontinuation (within 12 months of regimen initiation) and then stratified
these into five specific discontinuation categories: (1) GI toxicity, (2) non-GI toxicity, (3) virologic failure or non-adherence
(VF/NA), (4) loss to follow-up, and (5) other.
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Materials and Methods
Study population
The University of Alabama at Birmingham 1917
HIV/AIDS Clinic currently provides primary care and subspecialty services to over 1500 HIV-infected patients. The
UAB 1917 HIV/AIDS Clinic Cohort Observational Database
is an observational cohort study including over 6000 patients
seen at the clinic since 1988.17,18 Here, we conduct a retrospective cohort study nested in the UAB 1917 Clinic Cohort
to evaluate reasons for short-term HAART regimen discontinuation among patients starting HAART regimens between
January 1995 and August 2004. HAART regimens were defined as a combination of three or more antiretroviral drugs.
Individual patients could contribute multiple records to the
present analysis if they initiated more than one HAART regimen during the study period. Detailed medical chart review
was undertaken to determine specific reasons for HAART
regimen discontinuation by reviewing provider notes from
the date that regimens were stopped. Therefore, the identified reason for discontinuation reflects the impression of the
medical provider as recorded in the medical record.
Regimen discontinuation was classified as follows: (1) discontinued due to GI toxicity, (2) discontinued due to non-GI
toxicity, (3) discontinued due to virologic failure or nonadherence (VF/NA), (4) discontinued due to loss to follow-up,
and (5) discontinued due to other reasons. A regimen that
was continued for 12 months or longer was classified as “active.” The discontinuation classification categories were chosen based on the most common recorded reasons for regimen discontinuation. A hierarchy of discontinuation reasons
was established as follows: if the regimen was discontinued
within 12 months of initiation, the regimen was classified
first as discontinuation for “GI toxicity” if certain predetermined GI signs or symptoms were recorded by the provider
as a reason for stopping treatment. If a regimen was not discontinued for GI toxicity, it was then classified as “other toxicity” if any other signs of toxicity were recorded by the
provider as a reason for stopping treatment. Next, if the discontinuation reason was not due to toxicity, it was classified
as discontinuation for “VF/NA” if either of these reasons
was documented by the provider. If a patient’s last contact
with the clinic occurred within 365 days of starting a regimen, this regimen was considered discontinued due to loss
to follow-up since regimen status could not be ascertained
at 12 months. Lastly, the discontinuation reason was classified as “other” if it did not meet any of these above mentioned criteria and other reasons were cited (e.g., financial
considerations). The UAB Institutional Review Board approved the study protocol.
Statistical methods
Descriptive statistics were generated for all study variables to evaluate the distributions of these variables to ensure that assumptions of employed statistical tests were met.
Categorical patient characteristics are presented as percentages and continuous characteristics as means and standard
deviations.
To evaluate overall 12 month regimen status as active vs.
discontinued, univariate logistic regression models were fit.
Next a multivariable logistic regression model was fit with
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variable selection driven by information from univariate
models and clinical judgment.
Subsequently, univariate and then multivariable multinomial logistic regression models were fit to assess the relationship between patient characteristics and the categorized
6-level 12-month discontinuation status: (1) active, (2) discontinued due to GI toxicity, (3) discontinued due to non-GI
toxicity, (4) discontinued due to virologic failure or nonadherence, (5) discontinued due to loss to follow-up, and (6)
discontinued due to other reasons; the “active” category
served as the reference group. Because of the heterogeneous
reasons captured in the “discontinued due to other reasons”
category, we do not focus much attention on this group when
discussing the results of these analyses.
For all regression models, the likely artificial deflation in
standard errors due to multiple HAART regimens being contributed by the same patients was corrected by use of Huber–White robust variance estimates (Stata’s “cluster” option
on the “mlogit” procedure). As a sensitivity analysis, the final models were rerun using only each subject’s initial regimen. Analyses were performed with SAS V9.1.3 and Stata
V9.
Results
Among the 738 patients meeting study criteria and included in this analysis, 552 (75%) were male, 369 were black
(50%), 322 were between the ages of 30 and 39 years (44%)
at initiation, 347 (47%) were men who reported having sex
with men (MSM), and 68 patients (9%) reported a history of
IV drug use (Table 1). Over half of the patients had private
health insurance (n  389, 53%), with the other half almost
equally divided between having public health insurance or
no insurance. Two hundred and seventy-three patients (37%)
were treated with a single HAART regimen during the study
period, 191 patients were treated with two regimens (26%),
123 patients (17%) with three regimens, and another 151 patients (21%) received four or more regimens.
A total of 1852 HAART regimens among the 738 study
participants were included in this analysis (Table 1). Most of
the 1852 regimens contained three drugs (75%), 22% contained four drugs [including ritonavir-boosted protease inhibitor (PI) regimens], and 3% were composed of five or
more drugs. The majority of regimens (80%) contained two
nucleoside reverse transcriptase inhibitors (NRTIs) plus either a nonnucleoside reverse transcriptase inhibitor (NNRTI)
or a PI. Twelve months after regimen initiation, 826 (45%) of
the regimens were still active, while 1026 had been discontinued (55%). Of the 1026 discontinued regimens, nearly half
were discontinued due to toxicity (n  458, 45%); 233 regimens were discontinued due to GI toxicity (23%) and 225
due to non-GI toxicity (22%). VF/NA accounted for shortterm discontinuation of 172 HAART regimens (17%), loss to
follow-up was recorded for 95 discontinued regimens (9%),
and 301 regimens were stopped due to other reasons (29%).
A breakdown of sociodemographic, psychosocial, and
regimen characteristics associated with each category of
HAART regimen discontinuation is presented in Table 2.
First, all discontinued regimens (for any of the five reasons)
were compared to regimens still active 1 year following initiation. Separate univariate logistic regression models accounting for dependent observations were used to evaluate
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TABLE 1. BASELINE CHARACTERISTICS OF 738 HIV-INFECTED PATIENTS CONTRIBUTING
1852 HAART REGIMENS TO THE STUDY OF SHORT-TERM (12 MONTH) HAART
REGIMEN DISCONTINUATION AT THE UAB 1917 HIV/AIDS CLINIC, 1995–2004
Characteristics
Patient characteristics (N  738)
Age
30
30–39
40–50
50
Gender
Female
Male
Race
Black
White
ARV naive
No
Yes
HAART naive
No
Yes
Men who have sex with men (MSM)
No
Yes
History of IV drug use
No
Yes
Insurance classa
None
Private
Public
Depression
No
Yes
Substance abuse
No
Yes
Baseline CD4 (cells/mm3)a
Baseline log10 plasma HIV RNA
(copies/ml)a

N (%) or mean 
standard deviation

119
322
211
86

(16.1)
(43.6)
(28.6)
(11.7)

186 (25.2)
552 (74.8)
369 (50.0)
369 (50.0)
145 (19.6)
593 (80.4)
109 (14.8)
629 (85.2)
391 (53.0)
347 (47.0)
670 (90.8)
68 (9.2)
175 (23.9)
389 (53.2)
167 (22.9)
468 (63.4)
270 (36.6)
593 (80.4)
145 (19.6)
220  232
4.6  1.1

Characteristics

N (%) or mean 
standard deviation

Number of regimens contributed to study
1
273 (37.0)
2
191 (25.9)
3
123 (16.7)
4
151 (20.5)
HAART regimen characteristics (n  1852)
Year of regimen initiation
1995–2000
2001–2004
Number of antiretroviral drugs in
regimen
3
4
5
Number of NRTIs in regimen
0
1
2
3
Number of NNRTIs in regimen
0
1
Number of PIs in regimen
0
1
2
Reason for discontinuation by 12 months
None (active regimen)
GI-related toxicity
Non-GI toxicity
Virologic failure/
non-adherence (VF/NA)
Loss to follow-up (LTFU)
Other

846 (45.7)
1006 (54.3)
1380 (74.5)
407 (22.0)
65 (3.5)
19
107
1462
264

(1.0)
(5.8)
(78.9)
(14.3)

1054 (56.9)
798 (43.1)
844 (45.6)
595 (32.1)
413 (22.3)
826
233
225
172

(44.6)
(12.6)
(12.2)
(9.3)

95 (5.1)
301 (16.2)

1Seven patients had missing insurance class data, 154 patients had missing baseline CD4 data, and 183 patients had missing baseline
plasma HIV RNA data

factors associated with overall short-term HAART regimen
discontinuation (Fig. 1 and Table 3). In these models,
younger age, female sex, black race, risk group other than
MSM, history of intravenous drug use (IVDU), no health insurance and public health insurance referent to private
health insurance, PI-containing regimens, and the number of
HAART regimens contributed to analysis were significantly
associated with regimen discontinuation within 12 months
following initiation.
Next, a multivariable logistic regression model accounting for dependent observations was fit to evaluate patient
factors associated with overall short-term HAART regimen
discontinuation while adjusting for covariates (Table 4). In
this model, younger age (OR 0.78 per 10 years; 0.69–0.89),
history of IVDU (OR 1.63; 1.13–2.37), having no health insurance (OR 1.40; 1.07–1.83) or public health insurance (OR
1.64; 1.25–2.15) referent to private health insurance, and the

number of HAART regimens contributed to analysis (OR
1.16 per additional regimen; 1.11–1.23) were significantly associated with regimen discontinuation within 12 months following initiation.
Third, separate univariate multinomial logistic regression
models accounting for dependent observations were used to
evaluate factors associated with short-term HAART regimen
discontinuation categorized by specific discontinuation reason relative to active regimens (those lasting more than12
months) (Table 3). Females were more likely than males to
discontinue a regimen for both GI toxicity and non-GI toxicity. Several other characteristics were also associated with
discontinuation of a regimen for GI toxicity, including a history of IVDU, being uninsured (or having public health insurance referent to having private insurance), treatment with
a regimen that included a PI, and successive HAART regimens received during the study period. Use of an NNRTI
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TABLE 2. SOCIODEMOGRAPHIC, PSYCHOSOCIAL, AND REGIMEN CHARACTERISTICS BY SHORT-TERM (12 MONTH)
HAART REGIMEN STATUS FOR 1852 HAART REGIMENS USED IN THE TREATMENT OF 738 HIV-INFECTED
PATIENTS AT THE UAB 1917 HIV/AIDS CLINIC, 1995–20041
Discontinued regimens by reason

Variable
Age (years)
30
30–39
40–50
50
Gender
Female
Male
Race
Black
White
Men who have sex
with men (MSM)
No
Yes
History of IV drug use
No
Yes
Insuranceb
None
Private
Public
Depression
No
Yes
Substance abuse
No
Yes
NNRTI
No
Yes
PI
No
Yes
HAART regimen number
1
2
3
4
aData

Active
(N  826)
86
307
309
124

(10.4)
(37.2)
(37.4)
(15.0)

Discontinued
(N  1026)
134
481
289
122

(13.1)
(46.9)
(28.2)
(11.9)

GI toxicity
(N  233)
17
116
60
40

(7.3)
(49.8)
(25.8)
(17.2)

Non-GI
toxicity
(N  225)
32
95
76
22

(14.2)
(42.2)
(33.8)
(9.8)

Virologic
failure/
nonadherence
(N  172)
27
78
43
24

(15.7)
(45.3)
(25.0)
(14.0)

Loss to
follow-up
(N  95)

Other
(N  301)

14
50
25
6

44
142
85
30

(14.7)
(52.6)
(26.3)
(6.3)

(14.6)
(47.2)
(28.2)
(10.0)

194 (23.5)
632 (76.5)

298 (29.0)
728 (71.0)

76 (32.6)
157 (67.4)

82 (36.4)
143 (63.6)

43 (25.0)
129 (75.0)

18 (18.9)
77 (81.1)

79 (26.2)
222 (73.8)

379 (45.9)
447 (54.1)

534 (52.0)
492 (48.0)

118 (50.6)
115 (49.4)

110 (48.9)
115 (51.1)

104 (60.5)
68 (39.5)

50 (52.6)
45 (47.4)

152 (50.5)
149 (49.5)

385 (46.6)
441 (53.4)

547 (53.3)
479 (46.7)

127 (54.5)
106 (45.5)

124 (55.1)
101 (44.9)

92 (53.5)
80 (46.5)

51 (53.7)
44 (46.3)

153 (50.8)
148 (49.2)

773 (93.6)
53 (6.4)

913 (89.0)
113 (11.0)

198 (85.0)
35 (15.0)

206 (91.6)
19 (8.4)

148 (86.0)
24 (14.0)

81 (85.3)
14 (14.7)

280 (93.0)
21 (7.0)

166 (20.1)
497 (60.2)
162 (19.6)

248 (24.2)
492 (48.0)
278 (27.1)

60 (25.8)
99 (42.5)
74 (31.8)

56 (24.9)
116 (51.6)
52 (23.1)

26 (15.1)
90 (52.3)
54 (31.4)

29 (30.5)
42 (44.2)
21 (22.1)

77 (25.6)
145 (48.2)
77 (25.6)

552 (66.8)
274 (33.2)

721 (70.3)
305 (29.7)

145 (62.2)
88 (37.8)

159 (70.7)
66 (29.3)

121 (70.3)
51 (29.7)

71 (74.7)
24 (25.3)

225 (74.8)
76 (25.2)

695 (84.1)
131 (15.9)

872 (85.0)
154 (15.0)

193 (82.8)
40 (17.2)

198 (88.0)
27 (12.0)

145 (84.3)
27 (15.7)

77 (81.1)
18 (18.9)

259 (86.0)
42 (14.0)

453 (54.8)
374 (45.2)

601 (58.6)
425 (41.4)

150 (64.4)
83 (35.6)

110 (48.9)
115 (51.1)

108 (62.8)
64 (37.2)

46 (48.4)
49 (51.6)

187 (62.1)
114 (37.9)

402 (48.7)
424 (51.3)

442 (43.1)
584 (56.9)

83 (35.6)
150 (64.4)

108 (48.0)
117 (52.0)

65 (37.8)
107 (62.2)

49 (51.6)
46 (48.4)

137 (45.5)
164 (54.5)

357
222
124
123

381
243
150
252

40
28
13
14

111
74
45
71

(43.2)
(26.9)
(15.0)
(14.9)

(37.1)
(23.7)
(14.6)
(24.6)

78
51
38
66

(33.5)
(21.9)
(16.3)
(28.3)

96
51
25
53

(42.7)
(22.7)
(11.1)
(23.6)

56
39
29
48

(32.6)
(22.7)
(16.9)
(27.9)

(42.1)
(29.5)
(13.7)
(14.7)

(36.9)
(24.6)
(15.0)
(23.6)

presented as N (column percent).
type unknown in 9 of the 1852 regimens.

bInsurance

was inversely associated with discontinuation of a regimen
for GI toxicity in univariate analysis. Younger patients and
patients belonging to risk groups other than MSM were more
likely to stop a regimen within 12 months of initiation for
non-GI side effects. Factors associated with short-term regimen discontinuation secondary to VF/NA include black
race, history of IVDU, public health insurance referent to
having private insurance, as well as PI-containing regimens,
and the number of regimens received during the study period. In univariate analyses, loss to follow-up was more common in younger patients, those with a history of IVDU, and
patients who were uninsured.

Finally, a multivariable multinomial logistic regression
model accounting for dependent observations was fit to evaluate patient factors associated with short-term HAART regimen discontinuation categorized by specific discontinuation
reason relative to active regimens (those lasting more than
12 months) (Table 4). Patient characteristics associated with
short-term discontinuation for GI toxicity include a history
of IVDU (OR 2.32; 1.39–3.86) and having no health insurance
(OR 1.69; 1.11–2.59) or public health insurance (OR 1.92;
1.30–2.84) referent to having private insurance and successive HAART regimens received during the study period (OR
1.21 per additional regimen; 1.12–1.30). Regimen discontin-

FIG. 1. Characteristics associated with short-term (12 month) HAART regimen discontinuation for 1852 regimens used in
the treatment of 738 HIV-infected patients at the UAB 1917 HIV/AIDS Clinic, 1995–2004. Percents and p-values are based
on six separate univariate logistic regression models using Huber–White robust standard errors, which account for the clustering of regimens within patients, but do not adjust for any additional covariates. Values plotted are the predicted probability of a regimen being discontinued within 12 months of initiation. *p  0.05, **p  0.01.
TABLE 3. UNIVARIATE LOGISTIC REGRESSION MODELS EVALUATING CHARACTERISTICS ASSOCIATED WITH SHORT-TERM
(12 MONTH) HAART REGIMEN DISCONTINUATION FOR 1852 REGIMENS USED IN THE TREATMENT OF 738 HIV-INFECTED
PATIENTS AT THE UAB 1917 HIV/AIDS CLINIC OVERALL AND STRATIFIED BY DISCONTINUATION REASON, 1995–2004
Discontinued regimens by reasonb

Characteristic
Age (per 10 years)
Female vs. male
Black vs. white
race
Men who have sex
with men (MSM)
History of IV Drug
use
No insurance vs.
private insurance
Public insurance vs.
private insurance
Depression
Substance abuse
NNRTI
PI
HAART regimen
number
(range 1–12)

Overall
discontinueda

GI toxicity
(N  233)
OR (95% CI)

Non-GI toxicity
(N  225)
OR (95% CI)

Virologic
failure/
nonadherence
(N  172)
OR (95% CI)

Loss to follow-up
(N  95)
OR (95% CI)

Other
(N  301)
OR (95% CI)

0.81 (0.71–0.93) 0.97 (0.80–1.19) 0.81 (0.68–0.97) 0.81 (0.61–1.07) 0.64 (0.50–0.81) 0.75 (0.63–0.89)
1.33 (1.03–1.73) 1.58 (1.04–2.39) 1.87 (1.32–2.64) 1.09 (0.65–1.80) 0.76 (0.44–1.32) 1.16 (0.83–1.62)
1.28 (1.02–1.61) 1.21 (0.84–1.74) 1.13 (0.81–1.57) 1.80 (1.20–2.70) 1.31 (0.85–2.02) 1.20 (0.89–1.62)
0.76 (0.61–0.96) 0.73 (0.51–1.04) 0.71 (0.51–0.99) 0.76 (0.51–1.14) 0.75 (0.49–1.16) 0.84 (0.63–1.14)
1.81 (1.22–2.66) 2.57 (1.55–4.29) 1.35 (0.81–2.25) 2.37 (1.34–4.18) 2.52 (1.32–4.83) 1.09 (0.57–2.10)
1.51 (1.13–1.01) 1.81 (1.12–2.93) 1.45 (0.95–2.20) 0.86 (0.51–1.47) 2.07 (1.23–3.48) 1.59 (1.11–2.28)
1.73 (1.32–2.28) 2.29 (1.54–3.41) 1.38 (0.92–2.06) 1.84 (1.16–2.92) 1.53 (0.88–2.67) 1.63 (1.10–2.39)
0.85
0.94
0.86
1.25
1.14

(0.67–1.08)
(0.71–1.24)
(0.70–1.05)
(1.03–1.52)
(1.08–1.20)

1.22
1.10
0.67
1.71
1.21

(0.75–1.62)
(0.58–1.36)
(0.49–0.93)
(1.26–2.34)
(1.13–1.29)

0.72
0.73
1.27
1.03
1.10

(0.46–1.13)
(0.45–1.17)
(0.94–1.72)
(0.76–1.40)
(1.01–1.18)

0.99
0.87
0.72
1.56
1.20

(0.58–1.68)
(0.50–1.51)
(0.51–1.01)
(1.10–2.22)
(1.09–1.31)

0.68
1.24
1.29
0.89
0.96

(0.42–1.11)
(0.71–2.15)
(0.85–1.98)
(0.58–1.36)
(0.85–1.10)

0.68
0.86
0.74
1.13
1.13

(0.48–0.97)
(0.56–1.32)
(0.56–0.99)
(0.86–1.50)
(1.06–1.21)

aUnivariate logistic regression models accounting for dependent observations with active regimens as the reference group. Overall discontinued combines regimens stopped for GI toxicity, non-GI toxicity, virologic failure/nonadherence, and loss to follow-up.
bUnivariate multinomial logistic regression models accounting for dependent observations with active regimens as the reference group.
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TABLE 4. MULTIVARIABLE LOGISTIC REGRESSION MODELS EVALUATING CHARACTERISTICS ASSOCIATED WITH SHORT-TERM
(12 MONTH) HAART REGIMEN DISCONTINUATION FOR 1852 REGIMENS USED IN THE TREATMENT OF 738 HIV-INFECTED
PATIENTS AT THE UAB 1917 HIV/AIDS CLINIC OVERALL AND STRATIFIED BY DISCONTINUATION REASON, 1995–2004
Discontinued regimens by reasonb

Characteristic
Age (per 10 years)
Female vs. male
Black vs. white
race
Men who have sex
with men (MSM)
History of IV Drug
use
No insurance vs.
private insurance
Public insurance vs.
private insurance
Depression
Substance abuse
NNRTI
PI
HAART regimen
number
(range 1–12)

Overall
discontinueda

GI toxicity
(N  233)
OR (95% CI)

Non-GI toxicity
(N  225)
OR (95% CI)

Virologic
failure/
nonadherence
(N  172)
OR (95% CI)

Loss to follow-up
(N  95)
OR (95% CI)

Other
(N  301)
OR (95% CI)

0.78 (0.69–0.89) 0.93 (0.76–1.13) 0.80 (0.67–0.96) 0.77 (0.57–1.03) 0.66 (0.51–0.86) 0.72 (0.61–0.85)
1.19 (0.88–1.61) 1.54 (0.94–2.52) 1.96 (1.27–3.03) 0.85 (0.48–1.52) 0.59 (0.32–1.13) 1.01 (0.66–1.54)
1.09 (0.86–1.39) 1.11 (0.77–1.60) 0.86 (0.61–1.23) 1.68 (1.08–2.60) 1.19 (0.73–1.94) 0.98 (0.70–1.38)
0.90 (0.69–1.17) 1.03 (0.67–1.58) 1.00 (0.67–1.49) 0.90 (0.56–1.44) 0.66 (0.38–1.14) 0.88 (0.60–1.28)
1.63 (1.13–2.37) 2.32 (1.39–3.86) 1.40 (0.81–2.46) 2.22 (1.23–3.99) 2.09 (1.06–4.13) 0.92 (0.48–1.76)
1.40 (1.07–1.83) 1.69 (1.11–2.59) 1.33 (0.88–2.04) 0.79 (0.47–1.35) 1.72 (1.00–2.93) 1.52 (1.06–2.20)
1.64 (1.25–2.15) 1.92 (1.30–2.84) 1.41 (0.92–2.16) 1.53 (0.93–2.52) 1.37 (0.76–2.47) 1.77 (1.21–2.60)
0.83
0.86
0.91
1.13
1.16

(0.66–1.05)
(0.65–1.14)
(0.68–1.21)
(0.85–1.50)
(1.11–1.23)

1.15
0.89
0.84
1.54
1.21

(0.82–1.61)
(0.58–1.36)
(0.50–1.40)
(0.93–2.55)
(1.12–1.30)

0.81
0.73
1.48
1.27
1.10

(0.56–1.17)
(0.45–1.17)
(0.96–2.28)
(0.83–1.96)
(1.02–1.19)

0.85
0.87
0.88
1.38
1.23

(0.55–1.32)
(0.50–1.51)
(0.54–1.43)
(0.83–2.29)
(1.12–1.35)

0.76
1.09
1.34
1.05
1.01

(0.45–1.27)
(0.61–1.94)
(0.74–2.42)
(0.59–1.88)
(0.88–1.15)

0.65
0.86
0.60
0.76
1.17

(0.46–0.93)
(0.57–1.31)
(0.41–0.88)
(0.52–1.12)
(1.10–1.26)

aMultivariable logistic regression model accounting for dependent observations with active regimens as the reference group. Overall discontinued combines regimens stopped for GI toxicity, non-GI toxicity, virologic failure/nonadherence, and loss to follow-up.
bMultivariable multinomial logistic regression model accounting for dependent observations with active regimens as the reference group.

uation for non-GI toxicity was observed more commonly
among females (OR 1.96; 1.27–3.03) and with successive regimens during the study period (OR 1.10 per additional regimen; 1.02–1.19). Age was inversely associated with discontinuation for non-GI toxicity, being more common in
younger patients (OR 0.80 per 10 years; 0.67–0.96). Black race
(OR 1.68; 1.08–2.60), a history of IVDU (OR 2.22; 1.23–3.99),
and successive HAART regimens (OR 1.23 per additional
regimen; 1.12–1.35) were associated with discontinuation for
VF/NA. Loss to follow-up, defined as the last contact with
the clinic within 365 days of regimen initiation, was more
common in younger patients (OR 0.66 per years older;
0.51–0.86), the uninsured (OR 1.72; 1.00–2.93), and patients
with a history of IVDU (OR 2.09; 1.06–4.13).
Sensitivity analyses limited to each patient’s initial
HAART regimen yielded results similar to, albeit less precise than, the primary regression models (results not shown).
Discussion
Our results demonstrate that vulnerable populations including females, younger individuals, African-Americans,
those with IVDU histories, and patients lacking private
health insurance were more likely to experience short-term
HAART regimen discontinuation. This study adds to the literature by evaluating patient characteristics associated with
12-month discontinuation of HAART regimens overall and
further stratified into specific categories: (1) GI toxicity, (2)

non-GI toxicity, (3) VF/NA, (4) loss to follow-up, or (5) other.
Other studies have shown that indigent urban patients are
less likely to maintain virologic suppression, usually secondary to nonadherence.19–21 However, our finding in a
Southern U.S. cohort that the groups of patients who are disproportionately and increasingly impacted by the U.S.
HIV/AIDS epidemic are also more likely to experience shortterm HAART regimen discontinuation is cause for concern.
Prior studies have shown that medication side effects are
the most common reason for change or discontinuation of a
HAART regimen.1,7, 9–14 The most frequently reported side
effects are gastrointestinal, including nausea, vomiting, and
diarrhea. The ICONA study demonstrated that 25% of participants discontinued a HAART regimen by 1 year due to
toxicity.7 In the current study, 1026 of 1852 (55%) regimens
were discontinued by 1 year and nearly half of these regimen discontinuations (458 of 1026 regimens) were due to toxicity attributed to antiretroviral medications.
Drug toxicity is a frequent cause of regimen nonadherence
leading to virologic failure. Even subtle drug intolerance,
such as mild or intermittent GI symptoms, can lead to
skipped dose behavior. In our study, we could not determine
how many patients who experienced virologic failure had
subtle regimen intolerance that was not reported to the clinician. Concern regarding drug toxicity affects not only adherence to HAART regimens in patients being treated, but
also may prevent some patients from initiating treatment.
Bassetti and colleagues found that among their patients re-
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fusing treatment with HAART, 19% feared side effects and
18% thought that the treatment regimen was overly complicated.9 Improving patient education regarding the benefits
of viral suppression and potential drug side effects and suggesting methods to help adhere to antiretroviral regimens
are potential means of increasing initiation and decreasing
discontinuation rates.
Previously, females have been shown to be among the
populations at higher risk for HAART regimen discontinuation, particularly secondary to toxicity. Our data are consistent with these findings in demonstrating that female gender is significantly associated with short-term HAART
regimen discontinuation for non-GI toxicity and of marginal
significance for discontinuation due to GI toxicity. The
ICONA study also showed that women were twice as likely
as men to discontinue HAART due to toxicity.7 Other studies have shown that women experience a significantly higher
number of side effects to PIs and also have a higher rate of
PI discontinuation than do men.10,19,22
Several hypotheses have been postulated to explain why
women may be less tolerant of antiretroviral medication side
effects and have higher rates of HAART discontinuation
when compared to men. Differences in pharmacokinetics in
females may result in higher antiretroviral drug concentrations that could explain increased toxicity in this group. Proposed mechanisms for the alteration in pharmacokinetics include differences in weight, BMI, fat distribution, and
hormone levels.23 Psychosocial factors, such as the position
of many women as the primary caregiver for others, are other
possible differences that could lead to higher rates of discontinuation in females.13,21,23–25 These findings highlight
the need for further investigation regarding the pharmacokinetic differences and psychosocial factors leading females
to be more likely to discontinue HAART regimens so that
effective interventions may be developed.
A history of IV drug use was predictive of overall regimen discontinuation as well as discontinuation for GI toxicity, VF/NA, and loss to follow-up in our study. Other studies have found rates of HAART discontinuation as high as
44% in active IV drug users. Similar to the present study, antiretroviral medication side effects were a primary reason
cited for discontinuation previously.26–28 Additional factors
such as untreated addiction, poor living conditions, lack of
social support, and poor access to medical care may also contribute to the high rate of VF/NA, loss to follow-up, and regimen discontinuation in this population.29
Lacking private health insurance, a marker of socioeconomic status, was associated with short-term regimen discontinuation for GI toxicity. While the reasons for this association cannot be determined in the current study, we
hypothesize that patients lacking private health insurance
may have less access to consistent medical care and greater
difficulty in obtaining medications to treat GI side effects, resulting in higher discontinuation rates from GI toxicity.
Uninsured patients were more likely to be lost to follow-up
within 1 year of starting a HAART regimen, supporting our
notion that these individuals may have greater difficulty consistently accessing outpatient HIV care, perhaps related to
greater attention required by competing needs (e.g., housing
and transportation).
African-American patients had higher rates of short-term
HAART regimen discontinuation for VF/NA. These findings
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are in accordance with recently published clinical trial and
observational cohort study results that found greater shortterm virologic failure in African-Americans.30,31 Future research is needed to better understand the underlying factors
contributing to these findings such that effective interventions may be implemented to improve health outcomes and
overcome disparities in HIV-infected African-Americans.
Finally, younger patients were more likely to discontinue
regimens due to non-GI toxicity and loss to follow-up, and
also showed a trend for higher rates of discontinuation due
to VF/NA. Previously, we demonstrated younger individuals were less likely to establish care at our clinic after calling
for an initial appointment,32 and others have shown younger
patients are more likely to miss scheduled outpatient HIV
visits.33,34 The current study adds to this literature by demonstrating loss to follow-up shortly after starting a HAART regimen is more common in younger individuals. Collectively
these studies highlight a priority population for interventions aimed at improving engagement in HIV care.
Our results should be interpreted with respect to the limitations of our study. As with all observational studies, we
can identify associations but cannot attribute causality. As a
single center study in the Southeast United States, our findings may or may not be generalizable to other regions of the
country or nonacademic settings. Discontinuation reasons
were determined from patients’ medical records and reflect
the impression of their medical provider; we did not specifically survey patients regarding the reason for HAART regimen discontinuation. Finally, some patients who were lost
to follow-up at our clinic within 365 days of starting a
HAART regimen may have remained on their regimen at 12
months, which would have led to inappropriate classification of these individuals.
In summary, our findings that short-term discontinuation
of HAART regimens is more common in vulnerable patient
populations that are disproportionately affected by the U.S.
HIV/AIDS epidemic emphasize the need for increased education and patient–provider communication with these patient groups. We identified sociodemograpic characteristics
of patients associated with short-term regimen discontinuation overall and further stratified by specific reasons for discontinuation. This information may help providers better assess the severity of side effects, the effect of toxicity on
compliance, and also better identify patients who are at
greater risk of being lost to follow-up shortly after starting
a HAART regimen.35,36 Such knowledge may be used for better patient education regarding toxicity and the importance
of retention in care, and for more vigilant monitoring for side
effects and loss to follow-up, particularly for high-risk
groups. Further research is needed to better understand the
root causes of increased HAART regimen discontinuation
among vulnerable patient populations in an effort to optimize regimen durability and improve clinical outcomes
among these underserved groups.
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