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Background: Women infected with human immunodeficiency virus (HIV) are at increased risk for the
development of dysplastic genital lesions. Traditionally, markers of immunosuppression were predic-
tive of the development of dysplasia. Recent advances in antiretroviral medications allow restoration of
a once-depressed CD4� cell count and suppression of HIV replication. In this new era, additional pre-
dictive markers of genital dysplasia are needed for management of women infected with with HIV.

Objective: To find predictive markers of genital dysplasia in women infected with HIV.
Design: Observational study of a consecutive sample of 200 women infected with HIV from an urban

university clinic. Measurements of histopathology, CD4� count, CD4� nadir, HIV viral load, human pap-
illomavirus (HPV), and usage of highly active antiretroviral therapy (HAART) were evaluated for an as-
sociation with genital dysplasia.

Results: There was a trend toward a protective effect against any genital dysplasia when HAART had
been prescribed [relative risk � 0.77, 95% confidence interval (CI) 0.56, 1.06] and HAART therapy
resulted in an immune response (relative risk, 0.61; 95% CI, 36, 1.02). High-risk HPV DNA was a strong
predictor of dysplasia (P � .0003). A lower CD4� count nadir was strongly associated with genital dys-
plasia (P � .0003).

Conclusion: A history of greater immunosuppression, as measured by the nadir of a patient’s CD4�

count, is the strongest predictor of genital dysplasia in women infected with HIV. (J Am Board Fam Pract
2004;17:108–13.)

There is an increase in the rates of both detection
and persistence of human papillomavirus (HPV)
infection in women coinfected with human immu-
nodeficiency virus (HIV). Up to 20% of these coin-
fected patients develop HPV-induced premalig-
nant lesions of the uterine cervix within 3 years of
HIV diagnosis.1–6 The progression of an untreated
HPV-induced dysplastic lesion may lead to invasive
cervical cancer, an AIDS-defining illness.6,7

Before highly active antiretroviral therapy
(HAART) became the standard of care in the treat-
ment of persons infected with HIV, the risk of

cervical dysplasia increased progressively as a pa-
tient’s immune function declined, as measured by
the decrement of CD4� cells.2,8–11 It has also been
observed that women with low CD4� counts expe-
rience greater rates of cervical lesion recurrence
and progression when treated by the traditional
ablative methods of loop electrosurgical excision
procedure or cone biopsy.9,12,13 With the advent of
newer antiretroviral medications and HAART
therapy, it became possible to reverse the depletion
of CD4 cells in a person infected with HIV. Op-
posing studies with small numbers of HIV-positive
patients have revealed minimal to no effect of an-
tiretroviral agents on the incidence of cervical dys-
plasia14–17 Two of the studies that failed to reveal a
positive effect were performed before HAART be-
came the standard of care.6,18 Current guidelines
suggest yearly Papanicolaou smears for HIV-posi-
tive women with a history of a normal Papanico-
laou smear in the past, and every 6 months if the
patient’s CD4 count is below 200. These guidelines
do not acknowledge the influence of HAART on
immune perimeters and cervical dysplasia.19 It is
unclear whether immune restoration brought about
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by HAART will be protective against genital dys-
plasia or influence the natural course and treatment
of HPV-related genital dysplasia. Markers that may
be predictive of genital dysplasia in HIV-positive
patients need to be extrapolated from those who
have been treated with antiretroviral agents. To
investigate whether HAART has an affect on cer-
vical dysplasia, we collected data on a consecutive
sample of women infected with HIV undergoing
colposcopic examination, starting in 1997, after the
widespread institution of HAART.

Methods
Two hundred HIV-positive women underwent
standard colposcopic examination between Octo-
ber 1997 and December 2001 at an urban univer-
sity hospital infectious disease clinic that is used to
train Family Medicine residents in colposcopy.
Women had been referred for colposcopic exami-
nation because of a recent abnormal Papanicolaou
smear, self-reported abnormalities on Papanicolaou
smear, current external HPV infection, or a history
of genital dysplasia. At the time of colposcopy, all
women were offered supplemental screening for
HPV DNA by the Digene Hybrid Capture II
method; 160 women accepted. Of these samples, 79
of the high-risk HPV were available for calculation
of the relative light unit, a semiquantitative mea-
sure of the amount of HPV DNA. Cervical, endo-
cervical, vaginal, and/or vulvar biopsies were per-
formed as indicated by direct visualization during
colposcopic examination. Additional data included
CD4� count, HIV viral loads collected within the 3
months preceding colposcopy, CD4� nadir, and
changes in CD4� and viral load. The administra-
tion of HAART, as defined by the US Department
of Health and Human Services guidelines to in-
clude at least 3 antiretroviral medications, was re-
corded.20 All antiretroviral medications had been
prescribed by the patient’s current health care pro-
vider. Data on age, parity, risk factor for HIV
infection, and race were collected. Patients who
had an undetectable viral load or a 1.5 log or
greater drop in viral load or a greater than 100
count increase in CD4� for at least 3 months after
initiation of HAART were defined as demonstrat-
ing an immune response to HAART.

Outcome variables were histology of biopsy re-
sults, categorized as no dysplasia, mild dysplasia
(mild, VAIN I, VIN I), and severe dysplasia (mod-

erate, severe, CIS, VAIN II-III, VIN II-III). Pre-
dictor variables included HAART therapy; immune
response to HAART therapy; CD4� count, either
as a continuous variable or categorized as �200/
�L, �200 �L; CD4� count nadir; HIV viral load,
either as continuous log-transformed or catego-
rized as �10,000 copies/mL, �10,000 copies/mL
peak viral load, log-transformed; whether viral load
was ever nondetectable; and positive high-risk
HPV. Other covariates evaluated were age, race,
and reported route of HIV acquisition. Bivariate
statistical analyses used �2 tests to compare cate-
gorical variables on proportions with none, mild, or
severe dysplasia. For continuous variables, one-way
analyses of variance were used to compare means of
those with none, mild, and severe dysplasia. Mul-
tiple logistic regression models were developed to
assess the effects of HAART therapy and other
predictor variables on dysplasia, adjusted for con-
founding variables. Adjusted odds ratios (OR) with
95% confidence intervals (CI) were computed.
Variables were included in models if they were
associated with dysplasia at P � .10 or if inclusion
changed the OR for HAART therapy substantially.
All analyses were conducted using SAS (version 8.2;
SAS Institute, Cary, NC).

Results
Table 1 presents a description of the sample of the
HIV-positive women and genital histopathology
results. From the subgroup of cases in which HPV

Table 1. Description of the Sample of HIV-Positive
Women Presenting for Colposcopy

Variable Number Percent

All Women 200 100
African American 183 91.5
White 16 8.0
Other 1 0.7

Route of Infection
IV Drug 95 47.5
Heterosexual 46 23.0
Transfusion 2 1.0
Unknown 57 28.5

Histopathology
Normal or other 125 62.5
Mild dysplasia 31 15.5
Moderate dysplasia 26 13
Severe dysplasia 11 18.2
Cancer 1 0.5
Can not grade 1 0.5
Mild vaginal dysplasia 1 0.5
Severe vaginal dysplasia 2 1
Vaginal cancer 2 1
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DNA was obtained, high-risk DNA was noted to
be associated with higher-grade dysplasia, in that it
was detected in 34 of 35 (97%) cases of the severe
dysplasia and 31 of 35 (86%) cases of the mild
dysplasia compared with being detected in only 60
of 90 (67%) of those cases with no dysplasia (P �
.0003). There was also a positive association of a
quantitative increase in the amounts of detected
high-risk HPV DNA, as measured by the relative
light unit, with increasing degrees of dysplasia (P �
.006). No associations of race, age, or route of HIV
infection with the histopathological diagnosis of
mild dysplasia or severe dysplasia were found.
There was a significant protective effect of a CD4
count greater than 200 �L between the categories
of no dysplasia (85 of 116), mild dysplasia (21 of
41), and severe dysplasia (22 of 42) (P � .008), but
a nonsignificant difference between the same
groups with respect to HIV viral load greater than
10,000 copies/mL (P � .12) (Table 2).

Forty-four percent (89 of 200) of the patients
were deemed respondent to HAART by our crite-
ria. Respondent patients demonstrated both signif-
icantly higher mean value of their CD4 count
(368.4 vs 225.62 �L, P � .001) and lower mean
log10 of their HIV viral loads (log 3.18 vs 4.29, P �

.001). Patients in this category also had a borderline
positive protective association with mild [relative
risk (RR) � 0.61; 95% CI � 0.36, 1.02) and severe
(RR � 0.50; 95% CI � 0.24, 1.05) dysplasia. If a
patient had ever demonstrated a nondetectable
HIV viral load while on HAART, this was found to
be protective for both mild dysplasia (RR � 0.55;
95% CI � 0.32, 0.94) and severe dysplasia (RR �
0.32; 95% CI � 0.14, 0.75). The strongest predic-
tor of genital dysplasia was the nadir of the CD4
count mean: 137 �L (�154) in those with mild
dysplasia, 128 (�142) in those with severe dysplasia
versus 228 �L (�185) in those without any histo-
logic proof of dysplasia or normal examinations
(P � .0006).

Several models were evaluated to determine the
most parsimonious model. When included in a
model with HAART therapy, neither age, race,
route of infection, current HIV viral load, nor cur-
rent CD4� count was found to be associated with
dysplasia. High-risk HPV, which was nearly per-
fectly associated with dysplasia, was not included in
the models. Both the nadir of CD4� count and
nondetectability of HIV at any previous time were
highly associated with HAART therapy itself.
HAART therapy in turn was more strongly protec-

Table 2. Description of the Sample of HIV-Positive Women Presenting for Colposcopy

Variable N Percent

No Dysplasia
(N � 116)
N (%)

Mild Dysplasia
(N � 41)
N (%)

Severe
Dysplasia
(N � 43)
N (%) P Value*

CD4 count � 200 �L 128 64.3 85 (73.3) 21 (51.2) 22 (52.4) .008
HIV viral load �10,000 copies/mL 85 43.2 45 (38.8) 22 (55.0) 18 (43.9) .20
Ever nondetectable 87 46.8 56 (52.8) 15 (38.5) 16 (39.0) .16
HAART therapy �3 months. 121 61.1 75 (65.8) 19 (46.3) 27 (62.8) .09
Immune response to HAART* 96 48.0 59 (50.9) 15 (36.6) 22 (51.2) .26
HPV high risk positive (N � 160) 125 78.1 60 (66.7) 31 (88.6) 34 (97.1) .0003

Mean � SD
(Range)

Mean � SD

Age 200 36.4 � 7.3 years
(16 to 70)

37.4 � 7.5 35.0 � 6.9 35.0 � 6.9 .07

CD4 count 199 289 � 223 �L
(0 to 1283)

341 � 237 213 � 198 221 � 164 .0005

CD4 Nadir 196 187 � 176 �L
(0 to 1007)

228 � 185 139 � 155 125 � 139 .0006

HIV viral load (log10) 197 3.79 � 1.09
(1.8 to 5.9)

3.64 � 1.03 4.04 � 1.23 3.96 � 1.07 .07

Peak viral load (log10) 192 4.61 � 0.93
(2.6 to 5.9)

4.51 � 0.98 4.85 � 0.82 4.67 � 0.85 .12

�2 comparing 3 groups for percentages; one-way analysis of variance comparing means, 3 groups.
* Defined as �100-�L increase CD4 and/or �1.5 log drop in HIV viral load.
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tive against dysplasia when nadir of the CD4�

count and nondetectability of the HIV virus were
included in the models. (OR � 0.34; 95% CI, 0.17,
0.72).

Discussion
Before HAART, the natural course of HIV infec-
tion led to a progressive decline in a patient’s innate
immunity. With the decrease of the patients’
CD4� count, a reciprocal increased susceptibility
to various opportunistic infections occurred. Previ-
ous studies have reported a similar increase in the
incidence of HPV-induced dysplasia with declining
CD4� counts in patients that are not treated
with antiretrovirals.8,10 With the introduction
of HAART in the United States, the incidence of
most AIDS-defining illnesses decreased as patients
experienced a numerical restoration of their CD4�

lymphocyte count.21 A perplexing exception to this
trend was shown in a study in which the incidence
of invasive cervical cancer actually increased in the
HAART era.22 Thus, those markers of the immune
system that represent a successful immunorestora-
tion against opportunistic diseases in patients in-
fected with HIV are not yet fully defined.

In this cohort of women infected with HIV, we
identified both a total CD4� count below 200 and
a low CD4 count nadir as immune-based markers
for the risk of genital dysplasia.

Recent data showing that prolonged periods of
CD4� lymphopenia in patients infected with HIV
resulted in defects in T cell proliferation regardless
of the current CD4� count or HIV viral load could
explain the fact that the CD4� nadir was a strong
predictor of dysplasia.23 This phenomenon could
also result in periods of HPV proliferation and/or
activation. It is possible that there is an incomplete
immune restoration with HAART, and the ability
to recognize and respond to HPV specific antigens
is lost at lower CD� nadirs, which results in per-
sistent HPV infection. This is consistent with our
study, in which the CD4� nadir of those without
high risk HPV DNA was much higher than in
those with detectable HPV DNA. (238 vs 161,
P � .02).

We also detected a trend toward a protective
effect of HAART against HPV-related genital dys-
plasia at the time of colposcopic examination. Of
concern is that this study did not detect any direct
effects of HAART, CD4, or HIV virus load on

HPV quantity, and that 60 of 90 (67%) of the
patients without dysplasia displayed detectable
high-risk HPV DNA, which may in turn forebode
future dysplasia.24–26

Weaknesses in this study are that we did not
account for the nadir CD4 count at the time of
HAART initiation, and many patients had antiret-
roviral therapy started at a lower CD4 level than is
currently recommended. The timing of HAART
therapy was related to both a patient’s status at the
time of diagnosis and/or to her willingness to start
antiretroviral therapy. Whether the protective re-
sponse of HAART against genital dysplasia was an
effect of a partial immunorestoration or from the
direct suppression of HIV or HPV could not be
ascertained from these data, because there were
positive influences from HAART on both of these
parameters, and either one could effect the expres-
sion of HPV.

There is an important limitation to observa-
tional studies such as ours that prevents the evalu-
ation of long-term changes in immune status or on
outcomes. Another limitation of this study is that
we do not have exact data on the duration of HPV
infection or HIV infection

Our findings may be an important incentive for
women to take HAART because recent studies
have shown that women have a greater reluctance
to start HAART compared with their male coun-
terparts.27,28 Because women survive longer with
HIV infection, guidelines that provide for optimal
care of genital dysplasia need to be maximized. The
screening guidelines for women who have experi-
enced a low nadir CD4 count may need to be
modified to encourage closer monitoring. Because
many women infected with HIV receive gyneco-
logical care from their primary care provider, it will
be important for them to know the natural course
of HPV-related diseases. Of utmost importance is
that many women infected with HIV are unaware
of their status. Prompt identification of these pa-
tients is paramount, because if a woman’s immune
function can be preserved through earlier control
of HIV infection, there may be a resultant overall
decrease in the incidence of genital dysplasia and
subsequent cancer.

We would like to acknowledge Sheila Lee for assistance in
recruiting and management of the patients and Rachel Barnes
for data collection and management.
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