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Abstract — Objectives: Oral candidiasis (OC) and oral hairy leukoplakia (OHL)
are the most common oral mucosal diseases associated with HIV infection.
Independent risk indicators associated with these sentinel opportunistic
diseases have not been established in mixed race and gender adult populations
in the southeast USA. The purposes of this study were 1) to estimate prevalence
of OC and OHL among an HIV-1 positive adult population, and 2) to develop
explanatory multivariable models for each disease outcome. Methods: This
cross-sectional study evaluated 631 adult dentate HIV-1 seropositive persons
examined for HIV-associated oral mucosal diseases between 1995 and 2000 at
University of North Carolina Hospitals in Chapel Hill, North Carolina using
data collected from medical record review, interview questionnaire and clinical
examination. We analyzed the data using t-tests, ANOvA, and unconditional
logistic regression. Results: Prevalent OC was associated with low CD4+ cell
count [<200 cells/ul, adj. OR = 12.7 (95%CI: 4.9-32.9)], antiretroviral
combination therapy [OR = 0.6 (0.3-0.9)], and current smoking [OR = 2.5
(1.34.8)]. Prevalent OHL was associated with low CD4+ cell count [<200 cells/
ul, OR = 7.2 (2.7-18.9)], antifungal medication use [OR = 1.8 (1.1-2.9)], current
recreational drug use [OR = 2.5 (1.3-4.9)], and male gender [OR = 2.5
(1.34.8)]. Conclusions: While CD4+ cell count, and antiretroviral medication
were important risk indicators for OC, and OHL, cigarette smoking appears to
be an important risk indicator for OC in HIV-1-infected populations.
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Oral candidiasis (OC) and oral hairy leukoplakia
(OHL) are the two primary oral infections associ-
ated with human immunodeficiency virus (HIV)
infection (1-28) that also serve as clinical markers
of symptomatic HIV disease (29). A recent review
has shown that current estimates suggest that
between 20 and 50% of HIV-infected patients
develop mucosal lesions in the oral cavity during
the course of their disease (1).

One early study estimated that more than 90% of
patients with AIDS would develop OC at some
point (15). OC suggests immunological decline,
and is an initial sign of HIV infection or

progression to AIDS (22, 27). The most common
Candida species in HIV-infected individuals is C.
albicans, present in 63-93% of cases (30, 31). Other
species include C. glabrata (14-21%), C. krusei (4—
10%), and C. tropicalis (2-7%) (30, 31). Candida non-
albicans spp. increase in prevalence with immune
decline and previous antifungal drug exposure (1).
OC responds to antifungal therapy, but eradication
is rarely achieved unless the underlying immuno-
compromised state is resolved. OC has been found
to be associated with low CD4+ T-lymphocyte
count (CD4+ cell count) (<200/mm?®) and high viral
loads (13, 19). MacPhail et al. (14) reported
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statistically significant associations between OC
and CD4+ cell count, viral load, recreational drug
use and xerostomia in a women’s HIV-1 positive
cohort. The study also reported risk factors for
different types of OC but did not include any effect
estimates from their model, making it difficult to
determine the relative strengths of the relationships
with OC.

OHL is an opportunistic viral lesion caused by
Epstein-Barr virus and is frequently detected
among HIV-infected individuals (1, 10). OHL is a
benign hyperplastic lesion usually of the lateral
borders of the tongue, although it has also been
reported on the ventral and dorsal tongue surfaces,
and is frequently bilateral in presentation (1). Rare
instances of OHL occurring on palate, buccal
mucosa, floor of the mouth and oropharynx have
been reported (32). Clinical presence of OHL has
been shown to have 100% positive explanatory
value for HIV infection/AIDS (10). OHL has been
found to be associated with CD4+ counts below
200/mm?>, and the absence of anti-p24 antibodies in
serum and saliva (13-19). OHL has been associated
with more rapid progression to AIDS among HIV-
infected individuals (11, 32, 33), and with HIV viral
loads exceeding 20,000 copies/ml, independent of
CD4+ cell count (19).

Some studies have identified potential risk indi-
cators for HIV-associated oral diseases (3-28).
However, definitions of many risk indicators have
varied across studies. It has been reported that
institution of highly active antiretroviral therapy
(HAART) has resulted in a change in prevalence of
HIV-associated oral diseases (2). However, the
definition of HAART used in different studies has
varied substantially. In conducting this cross-
sectional study among 631 HIV-positive persons,
our overall aim was to establish independent risk
indicators for OC and OHL during a time period of
rapid change in antiretroviral therapy approaches
to the control of HIV disease.

Methods

Study data, variables, and power

Between 1995 and 2000, 631 HIV-positive adult
volunteers were recruited from those examined
and treated at the infectious diseases clinic of
University of North Carolina (UNC) Hospitals in
Chapel Hill, North Carolina to participate in this
study approved by the UNC School of Medicine
and UNC Hospitals Committee on the Protection of
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the Rights of Human Subjects. A trained social
researcher administered a sociobehavioral ques-
tionnaire to each participant in a private room
requiring about 45-60 min to complete. After-
wards, a single calibrated examiner trained in oral
medicine conducted the clinical examination.
Assessment of oral manifestations of HIV was
based on the published standard presumptive
clinical criteria (34). A medical record review was
then conducted for each participant to ascertain
laboratory and medication variables and AIDS case
status, typically within a month. The following
variables were included in the analyses as out-
comes: OC, OHL; or as explanatory variables: age,
race, sex, years of education, sexual orientation,
smoking, drug use, CD4 cell count, plasma viral
load, antiretroviral therapy, antifungal medication
use, and antibiotic use. Inmune suppression meas-
ured as the blood CD4+ cell count was considered
as the main exposure in this set of studies.

Both oral disease outcomes and the main expo-
sure (CD4+ count) data were double entered and
error checks were performed as quality assurance
measures. Discrepancies and conflicts were
resolved by crosschecking with the hardcopy
questionnaire and medical record review. Overall,
only 2% data points related to covariates used in
multivariable models were missing. These data
were crosschecked with and filled in from medical
record review. Analyses were restricted to a com-
plete data set. Because this study analyzed already
collected, prospective data with fixed sample size,
we calculated minimum detectable odds ratios
(ORs) under different exposure (CD4+ cell count)
prevalences. Assuming 5% disease prevalence
among the unexposed (high CD4+ count), 10%
prevalence among the exposed (low CD4+ count),
and 80% power, we calculated the minimum
detectable OR to be 1.85 (0.54 if OR <1.0).

Statistical analyses

Indicator variables with reference cell coding were
used for all variables. Univariate distributions were
evaluated, as were bivariable relationships be-
tween the covariates, CD4+ cell count, and each
outcome variable (OC and OHL). Bivariable asso-
ciations were evaluated with t-tests and aNova for
continuous variables; and ORs and chi-square
statistics for categorical variables. Correlations
were evaluated between the covariates to help
prevent co-linearity errors in the multivariable
models. Statistical significance was inferred at
0.05 level using two-sided P-values. All analyses



were done in SAS (V8.2; SAS Institute Inc., Cary,
NC, USA).

Multivariable analyses

For OC and OHL, separate unconditional logistic
regression analyses were performed using the PrRoC
Locistic. The goals of these analyses were to
control for potential confounders, and to find the
best fitting, most parsimonious and biologically
reasonable model to describe the relationship
between the outcome variable and a set of inde-
pendent explanatory variables in which CD4+ cell
count was always included. For all multivariable
analyses, hierarchically well-formulated models
were used, implying that given any variable in
the model, all lower order components of the
variables must also be contained in the model (35).
To arrive at a final model, a manual hierarchical
backward elimination approach was employed,
using the likelihood ratio test.

An initial model was defined as the full model
that included all variables suggested in the litera-
ture, and those associated with the oral disease
outcomes and CD4+ count in bivariable analyses.
For proceeding with the manual backward selec-
tion strategy, the full model had to be significantly
better than an intercept-only model. Starting with
the full model, noncontributory variables were
manually removed, through hierarchical sets of
models using the likelihood ratio test. The guiding
rules used for removal of variables were: 1) if the
type-III analysis (variable-added last test) sugges-
ted that the variable was not significant in the
model; and 2) removal of the variable did not
change the OR of CD4+ with the outcome by more
than 20% from that of the full model. Precision of
ORs was examined using 95% confidence limit
ratio (CLR) defined as the ratio of upper and lower
confidence bounds of the 95% confidence intervals.
Regression diagnostics were performed and utility
of the models was evaluated by outputting predic-
ted scores.

Results

The study sample included 25.2% women, 34.5%
whites, and 62.3% below 40 years of age. About
56.5% were under combination antiretroviral ther-
apy, 16.4% were under monotherapy and 27.1%
were under no antiretroviral therapy at the study
visit. Of the study sample, 59.0% were current
smokers and 17.6% were current recreational drug
users; 44.0% were men who had had male sexual
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partners. Prevalence of OC and OHL each was
17.4%, whereas 4.6% of subjects had both OC and
OHL; and 69.7% had neither. Overall 6.2% of
participants had erythematous candidiasis, 11.6%
had pseudomembranous candidiasis, and 2% had
both OC types. Other HIV-associated oral disease
entities identified in this study population included
salivary gland disease (4.8%), linear gingival ery-
thema (3.2%), and minor aphthous ulcers (2.5%).
Table 1 shows the distribution of prevalent OC and
OHL cases by the study variables. Significantly
more smokers (former as well as current) had OC
compared with never smokers. No significant
differences were seen in OC prevalence by age,
sex, race, education, recreational drug use (hence-
forth called drug use), sexual orientation or anti-
retroviral medication use. OHL was significantly
more prevalent among men, whites, bisexuals, and
those taking antifungal medication.

Oral candidiasis

Table 2 summarizes the bivariable analyses com-
paring OC status with clinical and biological
variables. Participants with low CD4+ cell count
(crude OR =10.7) and those with intermediate
CD4+ cell count (OR =2.9), smokers (ORs for
current smokers: 2.6; former smokers: 1.4), and
those under antifungal medication (OR = 2.0) were
significantly more likely to have OC compared
with their respective reference categories. Former
drug users, older age groups, males, heterosexuals,
whites, and those not using antiretroviral medica-
tion were slightly more likely to have OC, although
the differences did not achieve statistical signifi-
cance. Although not shown in the table, those with
high viral load were three times as likely to have
OC as those with low viral load (OR = 2.9; 95% CI:
1.6-5.7) and those with AIDS were 1.8 times as
likely to have OC as those without AIDS (OR = 1.8;
95% CI: 1.1-2.7).

Table 2 also shows the logistic regression models
for OC. In the full model, CD4+ cell count,
antiretroviral medication and smoking were the
significant factors. The ORs of some covariates with
substantial crude effect came close to unity in the
fully adjusted model. For example, use of antifun-
gal medication showed a crude estimate of 2.0,
which became 1.00 in the fully adjusted model.
Similarly, effect estimates for age groups and drug
users were diluted in the fully adjusted model. The
ORs for sex, sexual orientation and race/ethnicity
did not change appreciably from their crude
values.
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Table 1. Characteristics of the study sample and mean CD4+ counts and viral loads

CD4+
Total oc OHL (cells/ ul) Viral load (cp/ml)
Characteristic Level number (% total) (% total)l Mean SD Mean (x10%) SD (x10%)

Blood CD4+ count (cells/ul) <200 270 30* 26* 75* 59  9.83* 17.1
200-499 221 10 14 335 81 3.67 10.5

500 or more 132 4 4 736 228 7.61 1.83

Plasma viral load Below 20,000 219 13* 9 399 299  0.30 0.43

(HIV RNA copies/ml) 20,000 - 50,000 35 9 14 304 184 295 0.73
More than 50,000 72 31 17 151* 170 21.8* 20.3
Sex Male 472 18 21* 284* 262 5.5 134
Female 159 17 8 378 312 491 119
Race Whites 218 18 23* 325 279 414 12.7
Blacks 413 17 15 298 278 5.85 13.1
Age (years) 18-29 81 14 15* 315 242 5.63 124
30-39 312 18 21 309 283 5.20 12.6
40+ 238 18 13 303 284 543 13.7
Education 12 years or less 386 19 18 311 280 6.13 14.1
12+ years 245 16 17 301 277 3.74 10.3
Smoking Never 135 10* 13 314 274 3.69 9.2
Former 124 13 15 279 263  6.26 15.1
Current 372 22 20 314 285 5.59 13.3
Drug use Never 169 15 14 285 245  4.29 8.8
Former 351 19 17 311 294 541 139
Current 111 15 25* 332 276  6.83 14.8
Sexual orientation Heterosexual 353 19 15* 308 251 5.48 14.6
MSM 182 15 18 306 291 5.35 14.2
Bisexual 96 18 28 308 282  4.58 11.6
Antiretroviral medication Combination 354 16 16 301 260 4.30 11.8

therapy

Monotherapy 103 16 21 233 220 247 1.99
None 170 22 19 366 270 9.23* 16.2
Antifungal Yes 145 26* 30* 119* 150 10.4* 16.9
No 482 15 14 365 283  4.26 11.7

*Significantly different (f-test/Scheffe’s test).

Table 2. Logistic regression model for oral candidiasis (presence of candidiasis)

Variable

Level

Full model

Bivariable (crude)

Final model

OR (95% CI)

CLR OR (95% CI)

CLR OR (95% CI)

CLR

CD4+ (cells/ ul) (Ref: >500)
Antiretrovirals (Ref: None)
Smoking (Ref: Never)

Antifungal (Ref: No)
Age (years) (Ref: 18-29)

Sex (Ref: women)

<200
200499

13.6 (5.1-36.2)

Combination
Monotherapy

Current
Former
Yes

40+
30-39
Men

Sexual orientation (Ref: Heterosexual) MSM

Race/ethnicity (Ref: Whites)
Drug use (Ref: Never)

Bisexual

Blacks
Current
Former

3.3 (1.2-9.1)
0.4 (0.2-0.8)
0.7 (0.4-1.1)
2.5 (1.2-4.9)
1.2 (0.5-2.7)
1.0 (0.6-1.7)
1.2 (0.6-2.6)
1.2 (0.6-2.5)
0.8 (0.4-1.5)
0.7 (0.4-1.4)
0.9 (0.4-1.8)
0.7 (0.4-1.1)
0.9 (0.4-1.9)
1.1 (0.6-1.9)

72 10.7 (4.2-27.1)

7.6 29 (1.1-7.9)
3.3 0.7 (0.4-1.1)
29 0.7 (0.4-1.3)
3.9 2.6 (1.4-4.9)
5.4 1.4 (0.6-3.0)
2.8 2.0 (1.3-3.2)
4.8 1.4 (0.7-2.8)
4.6 1.4 (0.7-2.9)
3.4 1.0 (0.7-1.7)
37 0.7 (0.5-1.2)
42 0.9 (0.5-1.7)
2.8 0.9 (0.6-1.4)
43 1.0 (0.5-1.9)
3.1 1.3 (0.8-2.2)

64 12.7 (4.9-32.9)

73 3.3 (1.2-8.9)
2.8 0.6 (0.3-0.9)
3.3 0.5 (0.2-1.0)
3.5 2.5 (1.3-4.8)
4.7 1.2 (0.5-2.7)
2.5
4.2
4.0
2.6
2.6
3.2
24
3.8
2.7

6.7
74
3.0
5.0
3.7
5.1

MSM, men who have sex with men.

The final model for OC included CD4+ cell
count, antiretroviral medication and smoking.
After adjusting for antiretroviral medication and
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smoking, those with low CD4+ counts were 13
times as likely as those with high CD4+ cell counts
to have OC (adj. OR=127). A dose-response



effect was noted with higher odds of OC for lower
CD4+ cell count. After adjusting for CD4+ cell
count and antiretroviral medication; current smok-
ers had 2.5 times the odds of OC compared with
those who had never smoked (OR = 2.5). This risk
was lesser for former smokers (OR = 1.2). Antiret-
roviral medication showed a significant protective
effect (OR = 0.6 for combination therapy). The
crude OR (10.7) for the low CD4+ count-OC
relationship was confounded 16% downwards
compared with the final model OR (12.7). Estimate
precisions were similar in both models.

Oral hairy leukoplakia

Table 3 shows that participants with low CD4+
count (crude OR =9.1), intermediate CD4+ cell
count (OR=4.1); men (OR =3.2); bisexuals
(OR = 2.3); current drug users (OR =2.2); and
those taking antifungal medication (OR = 2.7) were
significantly more likely to have OHL compared
with their respective reference categories. Being
black (OR = 0.6) was significantly protective, com-
pared with being white, against development of
OHL. Smokers, older age groups, those with no
antiretroviral medication, men who have sex with
men (MSM) and bisexuals were slightly more likely
to have OHL, although the differences did not
achieve statistical significance. Although not
shown in the table, those with high viral load were
twice as likely to have OHL as those with low viral
load (OR =2.1; 95% CI: 1.0-4.6) and participants
with AIDS were 1.6 times as likely to have OC
as those without AIDS (crude OR = 1.6; 95% CI:
1.1-2.5).

Risk indicators for HIV-associated oral diseases

Table 3 shows the logistic regression models for
OHL. In the full model, CD4+ cell count, sex, race/
ethnicity, and drug use were the significant factors.
Compared with crude ORs, estimates for smoking,
sexual orientation and antifungal medication were
diluted in the fully adjusted model, each moving
substantially closer to unity. In the full model, the
ORs for drug use, age and antiretroviral medica-
tion did not change substantially from their crude
values. Compared with crude estimates, each fully
adjusted estimate was slightly less precise (larger
CLR).

The final model included CD4+ cell count, sex,
race/ethnicity, antifungal medication, and drug
use as significant independent variables associated
with OHL. Use of antifungal medication was
statistically not significant in the full model, but
became significant in the final model. Compared
with the full model, all ORs in the final model
gained in precision as seen in slightly lesser CLR
values.

After adjusting for sex, race, antifungal medica-
tion, and drug use, those with low CD4+ counts
were seven times as likely as those with high CD4+
cell counts to have OHL (adj. OR = 7.2). Those with
intermediate CD4+ cell count were 3.9 times as
likely as those with high CD4+ cell count to have
OHL. A dose-response effect was noted with
higher odds of OHL with lower CD4+ cell count.
Similarly, after adjusting for CD4+ cell count, race/
ethnicity, and antifungal medication, men were 2.5
times as likely to have OHL compared with
females. Blacks had 35% lesser risk compared with
whites, while those using antifungal medications

Table 3. Logistic regression model for oral hairy leukoplakia (presence of OHL)

Full model

Bivariable (crude) Final model

Variable Level OR (95% CI) CLR OR (95% CI) CLR OR (95% CI) CLR
CD4+ (cells/ ul) (Ref: 2500) <200 7.7 (29-20.6) 71 91 (3.6-23.1) 65 72(27-189) 7.0
200499 34(1.3-93) 73 41(1.6-109) 69 3.9 (14-104) 7.2
Sex (Ref: Women) Men 25(1.2-52) 43 32(1.7-59) 35 251348 37
Antifungal (Ref: No) Yes 1.6 (0.9-2.6) 27 271741 24 181129 27

Drug use (Ref: Never) Current
Former

Race/ethnicity (Ref: Whites) Blacks

Age (years) (Ref: 18-29) 40+

Antiretrovirals (Ref: None)

Smoking (Ref: Never) Current
Former

Sexual orientation (Ref: Heterosexual) MSM
Bisexual

22 (1.1-43) 39
1.1 (0.6-2.00 3.2
0.6 (0.4-0.90 2.7
0.7 (0.3-1.5) 4.8 0.8(0.4-1.8) 4.2
30-39 1.2 (0.6-2.4) 4.3
Combination 0.8 (0.5-1.5) 3.2
Monotherapy 0.8 (0.4-1.4) 3.1
1.3 (0.7-2.5) 3.5
0.9 (0.4-2.00 4.7
0.6 (0.3-1.2) 3.5
1.3 (0.7-24) 3.6

22(1.141) 38
1.3 (0.8-2.1) 1.7
0.6 (0409 23

25(1.3-49) 37
1.2 (0.7-2.1) 3.0

1.5(0.7-3.0) 4.1
0.8 (0.5-1.3) 26
1.2 (0.7-2.2) 3.1
1.7 (0.9-29) 3.1
1.3 (0.6-2.6) 4.1
1.2 (0.8-19) 27
23 (1439 29

MSM, men who have sex with men.
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had a 73% higher risk for OHL. After adjusting for
the covariates, current drug users were 2.4 times as
likely as never users to have OHL. The risk for
former users was lower (OR = 1.3). The crude OR
for low CD4+ count-OHL relationship (OR = 9.1)
was confounded 26% upwards compared with the
final adjusted OR (7.2).

Discussion

OC and OHL are the two most common oral
diseases associated with HIV/AIDS (1-22). Most
studies have reported higher prevalence of OC
than OHL (36, 37), in contrast to our findings that
prevalence of OC and OHL were both around 17%.
Among US HIV-infected women under medical
care, the prevalence of OHL (6.1%) has been
reported to be substantially less than that of OC
(13.7%) (38), suggesting a decreased risk of OHL
among women, as confirmed in our multivariable
model. Although many published studies evaluat-
ing risk indicators for HIV-associated oral diseases
have methodological weaknesses such as inad-
equate sample size, biased/convenience samples,
misclassification of disease, different categorization
of variables, poor control of potential confounders,
and lack of multivariable analyses (36, 37), recent
well-designed studies (38) have shown sounder
analytic approaches to determine risk indicators
beyond the well-established lower CD4 counts and
somewhat less well-established higher viral loads.
The current study attempted to address many of
these issues in accordance with guidelines for
future research (36, 37). However, this cross-
sectional data could not be analyzed to address
issues related to changes in observations in a time-
dependent manner. Additional aspects of risk for
these HIV-associated oral lesions may not have
been either conceptualized or assessed in our study
design.

We used CD4+ cell count as our main explanatory
variable. While modeling to ascertain potential
etiological mechanisms, we followed the sugges-
tions by Rothman and Greenland (39) that variables
falling in the direct causal pathway should not be
used as covariates in the same model. Because CD4+
cell count was our main exposure variable, we did
not use plasma viral load as a covariate in the
multivariable models. Greenspan et al. (38) used
viral load and CD4+ cell count in the same model for
each of the outcomes, possibly resulting in an
attenuated effect of CD4+ cell counts in their study.
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We used antiretroviral therapy as a potential
confounder in the models. Antiretroviral therapies
have a variable effect on plasma viral load owing to
differences in bioactivity, tissue penetration, half-
life, ease of developing resistant strains, tolerance,
toxicity and regimen complexity that influence
adherence (40). Thus, HIV therapies are often not
equally successful in reducing viral load for sub-
stantial periods. Their effect on CD4+ cell count
therefore would be variable and indirect. In addi-
tion, some antiretroviral medications are secreted
in the saliva, suggesting that systemic anti-HIV
medications may alter the oral milieu through
either direct antimicrobial effects on oral pathogens
or a common side effect such as reduced saliva
production. In light of these issues, we used
antiretroviral therapy as a covariate in the most
logical form within the constraints of our data to
demonstrate the role of these therapies compared
with more ecological evaluations or intervention
with protease inhibitors alone (2, 5, 6).

It is intuitive to expect a reduction in disease
odds following antiretroviral therapy. In a study
described in 1994, Lamster et al. (41) found a
significantly higher risk of OC among those receiv-
ing antiviral therapy. In a study reported 6 years
later, Hilton et al. (42) described a similar finding
although the effect was not statistically significant
in their study. In contrast, we found significant
protective effects of antiretrovirals for OC, but no
effect on OHL alone. There are several possible
explanations for these seemingly contradictory
results. First, the antivirals used before 1994 were
typically administered in monotherapy or two-
drug combinations and did not include potent
protease inhibitors. Because these early therapies
were not very effective, patients could have experi-
enced inadequate suppression of viremia with
CD4+ cell loss continuing despite treatment. Sec-
ond, antiretrovirals were typically prescribed at
late, rather than early, stages in the HIV/AIDS
disease spectrum and may account for the higher
risk of OC described in the Lamster et al.’s study
(41). Third, because of the variety of medication
regimens available from 1991 (Lamster et al.s
study) to 2000 (current study), the various studies
may have used different definitions of antiretrovi-
ral therapy (e.g. combination therapies including
multiple reverse transcriptase inhibitors versus
regimens that contained both reverse transcriptase
and protease inhibitors).

While various studies have discussed the chan-
ging prevalence of HIV/AIDS and diseases before



and after the availability of HAART, a clear
definition of what constituted HAART in these
studies was not uniformly available until the US
Public Health Service guidelines were published in
1998 (40). Our study was initiated before these
guidelines, and data were collected before, during,
and after the phase of initiation and establishment
of HAART. Our data are not suitable for a
HAART/non-HAART dichotomy. Instead of using
HAART as a definition, we evaluated antiretroviral
therapy as a paradigm by categorizing antiretro-
viral therapy into a three level variable — no
antiretroviral medications, monotherapy, and
combination therapy. Monotherapy is no longer
recommended, as numerous combinations of anti-
retroviral agents have shown superior efficacy in
reducing viral load and restoring immune function
in individuals who have not experienced develop-
ment of antiretroviral drug resistance.

Among studies reporting multivariable analyses
for OC and OHL, the effect of cigarette smoking
has varied between no (16), mild (43), and strong
associations (44). Palmer et al. (43) used the
stepwise regression analyses, a technique that has
been criticized as a modeling strategy (39). In those
models (43), age and tobacco use were the signi-
ficant variables associated with OC, with tobacco
use imparting a 50% higher risk. The results from a
study conducted by Nittayananta et al. (16) had
some intriguing features. First, in the multivariable
model presented, current smoking exhibited a
protective effect for any oral lesion. Second, current
smoking was significant when any HIV-associated
oral disease was the outcome. However, smoking
was not reported in the models for OC and OHL
analyzed independently. Our results are contra-
dictory in that not only was current smoking
associated with significantly higher risk of OC,
there was also a suggestion of a dose-response
relationship if former smokers are considered as
low-dose exposed. In contrast, smoking did not
contribute significantly to OHL. Construction of
the variables in the various studies may explain
some of these differences. Additionally, smoking
was a common social behavior among the study
population, with 59% being current smokers and
20% being former smokers.

Nittayananta et al. (16) used ‘symptomatic’
disease as a covariate, along with AIDS status
and CD4+ cell count to model OC status. In their
model, being symptomatic for OC showed a 42
times higher risk of OC compared with not being
symptomatic. The use of the symptom of a disease
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as an explanatory variable for the disease outcome
seems questionable. AIDS staging has been repor-
ted as a predictor for OC (16). OC and OHL have
been shown to be highly predictive of AIDS (25, 33,
45). Therefore, conceptually, AIDS status should
not be used as an explanatory variable. At the same
time, it is likely that AIDS status is correlated with
CD4+ cell count. Covariates that are causally linked
should not be used together (39). It is likely that the
high odds ratios associated with AIDS symptoms
(OR = 42.1) and status (OR = 24.2) as predictors of
candidiasis in the Nittayananta models (16) may
have arisen as a function of their model specifica-
tion.

One repeat-measure analysis using transitional
models (42) found history of candidiasis to be a
good predictor for OC. This is generally true for
most diseases in that past occurrences of a disease
predict a future event of the same or associated
disease very well. Unless evaluating multiple
occurrences of a disease, conceptually, when the
goal is to look for potential etiological models for a
disease, history of the same disease should not be
specified as an explanatory variable because it will
be strongly correlated with all strong predictors for
the disease outcome that are used as explanatory
variables (39). For example, the Spearman correla-
tion statistic for history of candidiasis and CD4+
cell count in our data was 0.56, which suggests
moderate correlation. We analyzed history of OC
and AIDS staging separately for consistency with
literature. We tested both full and final models by
introducing these factors after model selections
were complete. While history of candidiasis pre-
dicted OC very strongly, it did not influence the
significance or direction of effect estimates of any
other factors, but it attenuated the strength of CD4+
cell count and OC association by about 50%. For
the OHL model, results were similar to the OC
model. AIDS staging showed strong bivariable
association with OC and OHL, but the effect
disappeared after adjustments in multivariable
models.

As reported in comprehensive reviews of other
studies (37), we found men to be at greater risk for
OHL. This higher risk persisted after adjustment
for all the covariates in the full model, and in the
final model. Change in precision of the estimate
between the crude and adjusted OR was not
appreciable (similar CLR). Several authors have
discussed the higher risk of OHL for men (3, §,
10-12, 36, 37). Although MSMs have been generally
associated with greater risk for OHL (8, 37), we did
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not find MSMs to be at higher risk. In an effort to
explore the potential issues that may explain the
differences, we found that among men, proportion
with OHL was higher among never smokers (15%),
former smokers (18%) and current smokers (24%)
compared with women (10, 6 and 7%, respectively),
although not statistically significantly different. A
similar trend was also found among drug users.
Furthermore, 84% of the men with OHL had
multiple risk factors including cigarette smoking
and the use of cocaine, marijuana and crack
cocaine. None of these differences achieved statis-
tical significance. Carefully designed studies eval-
uating these interactions may be able to report an
advance. Campisi et al. (46) reported a higher
proportion of women with OC and attributed it to a
purportedly different genetic makeup of Mediter-
ranean women. Based on our results and other
studies (37), it seems more likely that smoking,
drug use and other such factors might explain the
observed differences between men and women.

We found that drug use was a significant factor
for risk of OHL but not for OC. Current drug users
were 2.5 times as likely to have OHL compared
with never users. The risk was lesser and non-
significant (OR =1.24) for former drug users.
Because most men with OHL had multiple poten-
tial risk factors such as drug use and smoking, it is
possible that a multiway interaction could be at
play.

An intriguing result was that use of antifungal
medications was a strong risk indicator for OHL.
Although the adjusted final risk estimate
(OR = 1.82) was 32% lower than the crude estimate
(OR = 2.66), it remained significant in the final
model. Several plausible explanations exist: (a)
those with OHL also had OC and were treated with
antifungals, and at examination, OC had resolved
but OHL had not; (b) antifungals were prescribed
because OHL was either misdiagnosed as OC or
persons with OHL were deemed to be at risk for
OGC; or (c) antifungals were prescribed as secondary
prophylaxis against chronic mucosal candidiasis or
other systemic fungal disease among some with
severe immune suppression, who were likely to
also be susceptible to EBV infection presenting as
OHL.

It is important to address the limitations of our
study and the quality assurance steps that we
undertook to enhance the study design. As men-
tioned earlier, this cross-sectional study could not
address the issue of temporality etiological mecha-
nisms. Because data documenting the time since
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HIV-1 seroconversion were not available, inference
regarding events related to time since exposure was
not incorporated in the analyses. In addition, diag-
noses in this study were based on clinical grounds
without biopsy or cultures, which could raise con-
cerns for potential misclassification. However, OC
and OHL have distinct clinical presentation, and as
suggested by the presumptive diagnostic criteria
(34, 35), clinical diagnoses are valid. The quality of
the data described here was enhanced through
multiple data entry, multiple record review and
crosschecking missing and out of range values. The
study population is representative of the North
Carolina HIV-infected population in age, sex and
racial/ethnic groups, and has slightly fewer inject-
ing drug users and more heterosexuals than the
North Carolina AIDS Surveillance Report (47).
However, it is not a statistical representation of all
HIV-infected persons of the nation, which could
only be achieved through a national probability
sample of HIV-infected persons. At the same time, it
must be recalled that in a study addressing potential
etiological relationships, limited generalizability
may not be viewed as a serious limitation. Epidemi-
ologic study designs are usually stronger if subject
selection is guided by the need to make a valid
comparison, which may require severe restriction of
admissible subjects to a narrow range of character-
istics, rather than by attempts, in a survey sampling
sense, to make the subjects representative of the
potential target populations (39). Without an assess-
ment of adherence to antiretroviral therapy regi-
mens or access to plasma levels of antiretroviral
drugs, we area unable to verify that we have not
misclassified individuals according to use of anti-
retroviral medications. Additionally, the cross-
sectional nature of the study design limits our ability
to determine cause and effect in the antifungal-OHL
relationship; however, it is unlikely that OHL is a
side effect of antifungal drugs.

In summary, comparing both models, a picture
emerged that confirms low CD4+ cell count as an
important risk factor for OC and OHL and that
antiretroviral medications are particularly protect-
ive for OC. Among our population with a high
smoking prevalence, cigarette smoking appears to
increase the risk for OC and was identified as a
significant OC risk indicator, while smoking
remains a relatively unimportant factor for OHL.
Our knowledge of HIV-associated oral disease
pathogenesis will be advanced by addressing 1)
the impact of continually evolving antiretroviral
drug regimens, including new drug classes such as



the fusion inhibitors that prevent entry of HIV into
the target cell, on the prevalence of OC, OHL, and
other HIV-associated oral diseases, and 2) the
potential influence of oral mucosal disease on
immune reconstitution and systemic viremia fol-
lowing effective therapy as measured by improve-
ments in plasma markers of HIV disease.
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