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Risk factors for periodontitis
in HIV* patients

Alpagot T, Duzgunes N, Wolff LF, Lee A. Risk factors for periodontitis in HIV "
patients. J Periodont Res 2004, 39, 149-157. © Blackwell Munksgaard, 2004

Objective: The purpose of this study was to identify risk factors for periodontitis
associated with human immunodeficiency virus (HIV) infection.

Methods: A total of 152 HIV™ patients were recruited from the CARE clinic at
the University of the Pacific School of Dentistry. Clinical measurements (gingival
index, plaque index, bleeding index, probing depth, and attachment loss), gingival
crevicular fluid (GCF) and subgingival plaque samples were taken from eight sites
of each patient at baseline and 6-month visits. GCF neutrophil elastase was
determined by measurement of p-nitroanalide resulting from hydrolysis of an
elastase-specific peptide. GCF B-glucuronidase was determined by release of
4-methylumbelliferone from hydrolysis of a specific substrate. A bacterial con-
centration fluorescence immunoassay was used to detect periodontopathic bacteria
in subgingival plaque samples.

Results: Viral load, age, smoking pack-years, Fusobacterium nucleatum, Prevotella

intermedia, Actinobacillus actinomycetemcomitans, Porphyromonas gingivalis,
neutrophil elastase, and B-glucuronidase were significantly correlated with clinical
measurements (0.0001 < p < 0.05). Significantly higher levels of elastase,
B-glucuronidase, F. nucleatum, P. intermedia, and A. actinomycetemcomitans were
found at progressing sites than in non-progressing sites (0.001 < p < 0.05).

Conclusions: These data indicate that age, smoking pack-years, viral load,
F. nucleatum, P. intermedia, A. actinomycetemcomitans, elastase, and B-glucu-
ronidase are risk factors for periodontitis in HIV™" patients.
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Periodontal diseases are common in
human immunodeficiency virus (HIV)-
infected individuals and generally pro-
gress over an extended period of time
with little or no pain or discomfort to
the patient. This lack of signs and
symptoms frequently masks the pres-
ence of periodontal disease until severe
damage has occurred. On the other
hand, periodontal lesions that result in
pain usually represent more acute
conditions such as necrotizing ulcera-
tive gingivitis or periodontitis in
HIV-infected individuals. Advanced
periodontal disease with severe gingi-
vitis, gingival recession, and alveolar
bone loss in patients with HIV infec-
tion have been reported previously

(1-9). It has been suggested that HIV-
infected patients are at risk for severe
periodontal diseases (1-9). Smith et al.
reported that HIV' subjects had
experienced more severe attachment
loss localized to the lower incisors and
upper posterior sextants compared to
the non-HIV control subjects (10).

It is well recognized that the devel-
opment of periodontal disease depends
on the interaction between the resident
oral microbiota found in the dento-
gingival plaque and the host response.
The bacteria colonize and invade the
periodontal tissue while the host uses
a variety of defense mechanisms to
maintain a dynamic equilibrium with
the resident oral microbial flora. As a

result of these interactions between the
bacteria and the host, a sequence of
host immune mechanisms may be
activated even at the expense of dam-
aging the periodontal tissues (11, 12).
Most of the tissue damage is caused by
the host response to infection (11). The
etiology of periodontal disease in
HIV™ patients remains unclear. It is
likely that the compromised immune
system contributes to the pathogenesis
of the lesions.

Components of microbial plaque
have the capacity to induce the initial
infiltrate of inflammatory cells inclu-
ding lymphocytes, macrophages, and
polymorphonuclear leukocytes. Neu-
trophil plays an important role in



150 Alpagot et al.

destruction of host tissues (11). Lytic
enzyme release from polymorphonu-
clear leukocytes such as elastase and
B-glucuronidase may contribute to the
development of periodontal disease.
Neutrophil elastase is one of the major
enzymes of the azurophilic granules of
human neutrophils, and its release in
inflammation could contribute to tis-
sue damage. Elastase degrades several
proteins, including elastin, collagen,
fibrinogen,  hemoglobin,  ground-
substance components of the connect-
ive tissue and proteoglycans (13, 14).
The increase in the amount of elastase
in gingival crevicular fluid (GCF) with
inflammation is due primarily to the
parallel increase in the number of sul-
cular polymorphonuclear leukocytes.
However, there is a lack of information
related to the associations among
elastase, the subgingival periodonto-
pathic bacteria and periodontal disease
occurrence in HIV-infected patients.
B-Glucuronidase is a lysosomal acid
hydrolase which has a significant role
in connective tissue ground substance
degradation. B-Glucuronidase s
involved in the degradation of glycos-
aminoglycans. Its action is on oligo-
saccharides generated by the action of
hyaluronidase on the ground substance
(15). Elevated levels of B-glucuronidase
in GCF may be from local interaction
of polymorphonuclear leukocytes with
endotoxin and other factors released
from subgingival microorganisms.
Levels of this enzyme are associated
significantly with inflammation, pocket
depth, and alveolar bone loss (16, 17).
There may be a significant relationship
between the microbial profile of sub-
gingival plaque and p-glucuronidase
levels in GCF that could lead to loss
of periodontal attachment in HIV™"
patients. In the subgingival plaque

microflora of periodontal disease
in HIV" patients, Fusobacterium
nucleatum, Prevotella  intermedia,

Actinobacillus actinomycetemcomitans,
Porphyromonas gingivalis, spirochetes,
Peptostreptococcus micros, Bacteroides
fragilis, Campylobacter rectus were
prevalent periodontopathic bacteria
(1, 2, 5, 18, 19). Recently, the elevated
numbers of spirochetes of the genus
Treponema have been reported in the
subgingival plaque samples of HIV™"

individuals (6, 7). GCF contains
potential markers derived not only
from the host tissues and serum but
also the subgingival microbial plaque.
Correlating GCF enzyme levels with
the presence of subgingival bacteria at
specific sites could provide valuable
information regarding the diagnosis
and pathogenesis of periodontal dis-
ease in HIV-infected individuals.

CD4™" T-helper lymphocytes are
responsible for coordinating some
important functions of the immune
system. Dysfunction and/or depletion
of CD4™ T lymphocytes results in the
immunologic defects found in HIV-
infected individuals. CD4" T-lym-
phocyte count and viral load level serve
as indicators for initiating treatment,
and are used to monitor immunologic
status and disease progression. In a
longitudinal study, Barr eral. (3)
reported an increase in attachment loss
in immunodeficient individuals (CD4*
T lymphocytes < 200 cells/mm?).
Glick et al. (20) reported that HIV-
infected individuals presenting with a
diagnosis of necrotizing ulcerative
periodontitis were 20.8 times as likely
to have CD4" T-lymphocyte counts
below 200 cells/mm® compared to
HIV-infected individuals presenting
without necrotizing ulcerative perio-
dontitis. Tomar et al. (21) reported
that the medical stage of HIV disease
and the presence of oral candidiasis
significantly affected the likelihood of
severe attachment loss. The purpose of
the present study was to identify risk
factors for periodontal disease associ-
ated with HIV infection.

Material and methods

Patient selection, sampling,
and clinical evaluation

A total of 152 HIV-infected patients
were recruited from the CARE clinic at
the University of Pacific School of
Dentistry. Subjects who were younger
than 18 years of age, did not have at
least one sextant with two premolars
and two molars (excluding third
molars) and four lower incisors,
required premedication with antibio-
tics for a periodontal examination,
received antibiotic therapy within the

previous 3 months, had other systemic
health problems, and had gone
through periodontal therapy within the
previous 6 months, did not have CD4
and viral load values determined
within the previous 2 months were
excluded. The protocol for all proce-
dures was approved by the Institu-
tional Review Board of California
Pacific Medical Center. All study par-
ticipants  signed the committee-
approved informed consent. Medical
and demographic variables including
medical history, age, race, cigarette
smoking, alcohol consumption, oral
hygiene practices, dental care utiliza-
tion, level of education and income
were obtained using a structured
interview with the subject. Following
extraoral and intraoral examination,
the most diseased sextant (determined
radiographically) in each subject was
evaluated including the mesiobuccal
sites of two premolars and two molars
in that sextant excluding third molars.
The plaque index (22), gingival index
(23), probing depth, attachment level,
and bleeding on probing were recorded
for each experimental site including
four posterior teeth and four lower
anterior teeth by a calibrated examiner.
The study sites in the lower anterior
sextant were the mesiobuccal sites of
two lower left incisors and the disto-
buccal sites of two lower right incisors.
GCF sampling was carried out using
sterile paper strips. A sterile periopaper
(IDE Interstate, Amityville, NY, USA)
was gently inserted 1-2 mm into the
orifice of the gingival crevice and left in
place for 30s. Sample volume was
measured with a calibrated Periotron
6000 prior to transfer of the strip to a
microfuge tube containing 350 pl of
elution media (physiologic saline—
0.1% Tween 20). The GCF samples
were stored in a —80°C freezer. The
subgingival plaque samples were col-
lected by curet and transferred into a
microfuge tube containing 350 pl of
reduced transport fluid, then stored at
—80°C until the day of analysis. The
same procedures were repeated at the
6-month visit. All study subjects
received scaling-polishing and oral
hygiene instructions immediately after
the completion of their baseline visit.
No additional periodontal treatment



was performed during the course of the

6-month study period.

Sample sites were classified as:

(i) healthy sites (including sites with
gingival  recession):  gingival
index = 0, probing depth < 3 mm
and attachment loss < 3 mm;

(i1) gingivitis sites: gingival index >
0, probing depth < 3 mm, attach-
ment loss = 0 mm;

(iii) periodontitis sites: gingival index
>0, probing depth >4 mm,
attachment loss > 2 mm.

Subjects were assigned to periodontitis,

gingivitis or healthy groups based on

each subject’s most diseased study site.

The subject, not the site, was the unit

of analysis in this investigation. A

progressing site was defined as a site

which had 2 mm or more new attach-
ment loss during the 6-month study
period.

Evaluation of GCF neutrophil
elastase and p-glucuronidase

Elastase was determined in enzyme-
linked immunosorbent assay plates by
measurement of nitroanalide resulting
from the hydrolysis of the elastase-
specific peptide, MeOSuc-Ala-Ala-Pro-
Val-p-Nitroanalide (24). This method
measures functionally active elastase,
which includes free elastase and ela-
stase bound to o2-macroglobulin.
Procedures were described in detail
elsewhere (25).

B-Glucuronidase was determined by
the release of 4-methylumbelliferone
from hydrolysis of 4-methylumberrife-
ryl-B-p-glucuronide (4-MUGL).
4-MUGTL is a fluorescent substrate for
lysosomal B-glucuronidase. Procedures
were described in detail elsewhere (16).
Assay values for neutrophil elastase
and B-glucuronidase were reported in
total amount per site.

Determination of periodontopathic
bacteria

A bacterial concentration fluorescence
immunoassay was used to detect perio-
dontopathic bacteria in subgingival
plaque samples. The bacterial concen-
tration  fluorescence immunoassay
utilizes fluorescently tagged bacterial
specific monoclonal antibodies directed

against the lipopolysaccharide of
selective gram-negative bacteria. These
bacterial specific monoclonal antibod-
ies included antibodies specific for
P. gingivalis, P. intermedia, A. actin-
omycetemcomitans, F. nucleatum, and
Eikenella corrodens. The details of the
method were described elsewhere (26,
27). Based on comparison to the
standard, a plaque sample was con-
sidered negative when the relative
number of bacterial cells was < 10°.
Plaque samples positive for a given
bacteria  were  categorized into
low positive (= 10° and < 10%), med-
jum positive (= 10* and < 10°), and
high positive (= 10°).

Data analysis

Periodontitis, gingivitis, and healthy
groups were compared by r-tests with
respect to mean age and mean smoking
pack-years. The differences in the mean
GCF volumes of all sites, molars, pre-
molars, anteriors and in the mean total
amount of B-glucuronidase, and ela-
stase between periodontitis, gingivitis,
and healthy groups were tested by the
t-tests. Enzyme values were subject to a
square root transformation to render
variances more homogenous and to
reduce skewness. Since the distribution
of bacterial sum values was skewed, the
Wilcoxon rank sum test was used for
the comparison of the median bacterial
sum values in the periodontitis, gingi-
vitis, and healthy groups. Chi-squared
tests were used to test the associations
with respect to categorical data.
Age was dichotomized into older
(>35 years) and younger (<35 years)
age groups. History of smoking (inclu-
ding quitters and current smokers) was
reported as pack-years (number of
packs of cigarettes smoked per day
multiplied by number of years
smoked). Pack-years were then used to
categorize participants as non-smoker,
light smoker (0-5 pack-years), moder-
ate smoker (> 5 and <15 pack-years),
heavy smokers (> 15 pack-years). To
determine the associations between
demographics, immunologic para-
meters, GCF enzymes, and microbial
parameters with periodontal status,
Spearman correlation analysis was
performed between probing depth,
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attachment level, and other variables.
Sum of the bacterial scores of the eight
sites per subject was used for deter-
mination of correlation coefficients.
The odds ratios were calculated to
estimate the relative risk of developing
attachment loss from 2 x 2 contin-
gency tables. Repeated measures ana-
lysis was used to evaluate the changes
in clinical measurements such as loss
of attachment and increase in probing
depth. Stepwise multiple regression
analysis was performed to investigate
whether a combination of risk factors
could explain more of the variability
in periodontal (probing
depth and attachment loss) than any
of the risk factor alone, and to
develop risk assessment models for the
estimation of probing depth and
attachment loss in HIV-infected indi-
viduals. Adjustment of periodontal
status in regression analysis was made
by assigning the subjects to perio-
dontitis, gingivitis, and healthy groups
as described in ‘Patient Selection,
Sampling and Clinical Evaluation’
section. Finally, all independent vari-
ables were entered into regression
analysis to determine the contribution
of each variable to the models for
both probing depth and attachment
loss (partial R* values). All analyses
were subject based. A p-value < 0.05
was considered indicative of a true
difference. No adjustment for multiple
testing was done.

measures

Results

A total of 152 HIV " male subjects were
enrolled comprising 88 whites (57.9%),
37 African Americans (24.3%), 22
Hispanics (14.5%), and 5 Asians
(3.3%). At the time of examination, 96
(63.2%) study subjects were on a highly
active antiretroviral therapy.

The mean clinical indices and the
study groups are shown in Table 1. In
the periodontitis group, 111 HIV™
patients (73%) were evaluated. Subject
mean value of attachment loss in the
periodontitis group at baseline was
indicative of moderate to severe chro-
nic periodontitis (4.85 £ 0.62). The
mean age of the study population was
34.1 years (range 18-64). The mean
age of the periodontitis group
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Table 1. Mean and SD of clinical measurements, pack-years, CD4, and viral load values in diagnostic groups at baseline and 6 months

Periodontitis Gingivitis Healthy
n=111 n=29 n=12

Variables Baseline 6-month Baseline 6-month Baseline 6-month
Plaque index 1.79 + 0.74* 1.81 + 0.76F 1.01 £+ 0.53* 1.04 + 0.57f 0.56 + 0.29* 0.58 + 0.301
Gingival index 1.39 + 0.36* 1.44 + 0417% 1.16 + 0.31* 1.18 £ 0.32} 0* 0f
Bleeding on probing 0.73 £ 0.42% 0.77 £ 0.54% 0.51 + 0.36* 0.56 + 0.39F 0* 0t
Probing depth (mm) 5.24 £ 0.66*f 5.68 £ 0.727 2.81 + 0.53% 2.86 £ 0.557 2.14 £+ 0.49* 2.13 + 0477
Attachment level (mm) 4.85 £ 0.62*% 5.27 £ 0.71% 1.74 + 0.49* 1.78 £ 0.517 0.78 + 0.39* 0.79 + 0.40%
GCF (ul/30 s) 0.48 £ 0.12*%f 0.66 + 0.18+ 0.32 + 0.08% 0.36 + 0.09} 0.16 = 0.06* 0.18 + 0.07f
Pack-years 7.89 + 6.47* 8.29 + 6.82F 1.54 + 1.23* 1.82 + 1.26F 0.92 + 0.66* 0.98 + 0.697
CD4 (per pl) 285 + 147 292 £ 155 303 £ 172 311 + 177 309 £ 145 301 + 152
Viral load (per ml) 16367 + 11562* 16849 + 12315f 9372 + 5429* 9758 + 6149 5193 + 4164* 3875 + 3481t

*+There were significant differences between the study groups with respect to plaque index, gingival index, bleeding on probing, probing
depth, attachment level, pack-years, viral load at baseline, and 6-month visits (0.001 < p < 0.05).

iThere were also significant differences between the baseline and 6-month values of probing depth, attachment level, and gingival crevicular
fluid (GCF) in the periodontitis group (0.01 < p < 0.05).

Table 2. Odds ratios of the test variables as predictors of attachment loss at 6 months

Odds
Variables ratios 95% CI*  p-value
Age (>35) 378 (1.93-5.62) 0.003
Smoking (> 15 pack-years) 492  (1.32-7.64) 0.001
Viral load (> 20,000 copies/ml) 275 (1.52-4.63) 0.017
CD4 (<200 per pl) 1.61  (1.32-2.14) 0.068
Elastase (> 1.5 ng/site) 3.15  (1.73-5.26) 0.007
B-Glucuronidase (> 1.75 ng/site) 2.86  (1.62-4.96) 0.012
Fusobacterium nucleatum (medium or heavy/site) 324 (1.72-5.31) 0.005
Prevotella intermedia (medium or heavy/site) 2.93 1.67-5.18) 0.015
Actinobacillus actinomycetemcomitans (medium or heavy/site) 2.37  (1.43-4.74) 0.031
Porphyromonas gingivalis (medium or heavy/site) 2.06 (1.27-3.58) 0.047
Eikenella corrodens (medium or heavy/site) 1.27  (0.89-2.46) 0.369
Plaque index (2 or greater) 0.86  (0.63-1.19) 0.872
Gingival index (2 or greater) 231 (1.02-5.73) 0.042
Bleeding on probing 1.49  (1.06-1.85) 0.069
Probing depth (5 mm or greater) 1.28  (0.87-1.71) 0.375

*95% confidence intervals of the odds ratios.

was 394 £ 9.7 and significantly
(» < 0.004) higher than that of the
gingivitis group (32.2 £ 8.6) and
healthy group (29.7 + 6.9). The odds
of individuals who were older than
35 years old of having periodontitis vs.
gingivitis was 3.78 (95% CI = 1.93-
5.62) times greater than the odds of
individuals who were less than 35 years
old of having periodontitis vs. gingivi-
tis (Table 2). The mean pack-years of
the periodontitis group was signifi-
cantly higher (p < 0.001) than that of
the gingivitis group (Table 1). More-
over, moderate smokers combined
with heavy smokers had an odds ratio
of 492 (95% CI = 1.32-7.64) of
having periodontitis as opposed to
non-smokers (Table 2). The mean viral
load of periodontitis group at baseline

was 16367 £ 11562 and significantly
higher (p < 0.001) than the mean
viral load of the gingivitis group
(9372 £ 5429) (Table 1). On the other
hand, there was no significant differ-
ence in mean CD4 levels of periodon-
titis and gingivitis groups.

The total amount of elastase and
B-glucuronidase values in the study
groups are shown in Fig. 1. Neutrophil
elastase and B-glucuronidase values in
the periodontitis group at baseline and
6 months were higher than in the
gingivitis group and healthy group
(0.001 < p < 0.01). There were also
significant increases in neutrophil
elastase and B-glucuronidase values
at 6-month visits compared to baseline
visits in the periodontitis group
(0.001 < p < 0.01).

The odds ratios were calculated to
estimate the relative risk of developing
attachment loss from 2 x 2 contin-
gency tables using the subject as the
unit of analysis. The odds ratios of
age (3.78), smoking pack-years (4.92),
viral load (2.75), neutrophil elastase
(3.15), PB-glucuronidase (2.86), F. nu-
cleatum (3.24), P. intermedia (2.93),
and A. actinomycetemcomitans (2.37)
were higher than the odds ratios of
other variables in the study (Table 2).
The odds ratios
P. intermedia, A. actinomycetemcomi-
tans, P. gingivalis, and E. corrodens
were based on the presence of medium
to high positive bacteria (= 10%) for a
given subject.

The percentages of periodontopathic
bacteria in each study group at base-
line and 6-month visits are given in
Table 3. F. nucleatum was the most
prevalent bacteria in the periodontitis
and gingivitis study groups. The per-
centages of periodontopathic bacteria
in periodontitis and gingivitis groups at
baseline and 6 months were signifi-
cantly higher than the percentages of
these bacteria in the healthy group
(0.001 < p < 0.01). There was a
significant difference (0.001 < p < 0.05)
in median sum values for F. nucleatum,
P. intermedia, A. actinomycetemcomi-
tans, and P. gingivalis between gingi-
vitis, periodontitis, and healthy groups.
The percentages provided in Table 3
and Table 5 were based on the pres-
ence of a given bacteria in a given site
(210%). For example, 81.3% of the

of F. nucleatum,
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Fig. 1. Mean and SD of neutrophil elastase (NE) and B-glucuronidase (BG) in diagnostic

groups at baseline and 6 months.

Table 3. Percentage of periodontopathic bacteria (210?) in diagnostic groups at baseline and

6 months

Periodontitis Gingivitis Healthy

n=1I11 n=29 n=12

Variables Baseline 6-month Baseline 6-month Baseline 6-month
F. nucleatum 81.3%% 89.9F 70.1%* 75.7% 9.5% 11.2F
P. intermedia 78.5%% 84.6F 68.2% 72.8% 9.5% 9.9+
A. actinomycetemcomitans  72.8*] 78.17 63.6* 67.91 4.8% 4.67
P. gingivalis 70.9% 74.8% 58.4% 63.7+ 5.9% 5.5t
E. corrodens** 53.7 51.6 51.8 48.2 4.7 5.1

*+There were significant differences between the study groups with respect to F. nucleatum,
Prevotella intermedia, Actinobacillus actinomycetemcomitans, and Porphyromonas gingivalis
values at baseline and 6-month visits (0.001 < p < 0.05).

iThere were also significant differences between the baseline and 6-month values of
Fusobacterium nucleatum, P. intermedia, and A. actinomycetemcomitans in the periodontitis

group (0.01 < p < 0.05).

** Eikenella corrodens values of the periodontitis and the gingivitis groups at baseline and
6-month visits were significantly higher than E. corrodens values of the healthy group

(» < 0.001).

subjects in the periodontitis group had
at least one site which had >10°
F. nucleatum at baseline.

The Spearman correlation coefficient
(r) values between attachment loss,
probing depth, age, pack-years, viral
load, CD4, neutrophil elastase,
B-glucuronidase, and periodontopathic
bacteria in active subject group (n = 41)

at baseline and 6-month visits are shown
in Table 4. Age, pack-years, neutrophil
elastase, B-glucuronidase, F. nucleatum,
P. intermedia,
tans, P. gingivalis, and viral load values
were correlated significantly with
attachment loss (0.0001 < p < 0.05).
Smoking pack-years had the highest
correlation value with attachment loss

A. actinomycetemcomi-
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at baseline and 6-month (» = 0.63 and
0.65, respectively). There were also
significant (0.001 < p < 0.05) corre-
lations between F. nucleatum, P. inter-
media, A. actinomycetemcomitans,
P. gingivalis and probing depth and
attachment loss at baseline and 6-month
visits (Table 4).

A total of 65 sites in 43 patients in
the periodontitis group showed 2 mm
or more new attachment loss during
the 6-month study period (Table 5)
and were considered active. The mean
neutrophil elastase and B-glucu-
ronidase values, and the percentages of
F. nucleatum, and
A. actinomycetemcomitans of these 65
active sites at 6-month visits were sig-
nificantly higher than the mean neu-
trophil elastase and B-glucuronidase
values and the percentages of
F. nucleatum, P. intermedia, and
A. actinomycetemcomitans of active
sites at baseline visits (0.001 <
p < 0.01). The baseline and 6-month
values of neutrophil elastase, B-glucu-
ronidase, F. nucleatum, P. intermedia,
and A. actinomycetemcomitans in act-
ive sites were significantly higher than
those in inactive sites (0.001 <
p < 0.01).

To examine multiple associations
between potential risk factors and
probing depth or attachment loss,
stepwise multiple regression analysis
was performed. The R? values of the
models from regression analysis of
dependent variables (probing depth
and attachment loss) with regressor
variables (F. nucleatum, P. intermedia,
neutrophil elastase, age, pack-years,
viral load) are shown in Table 6. The
R? value is the proportion of the vari-
ance explained by the model. Only
variables which contributed signifi-
cantly to each of the models for pro-
bing depth and attachment loss
(p < 0.05) were included in the model.
The model which had the best R? value
from the regression analysis of mean
probing depth with risk factors inclu-
ded F. nucleatum, neutrophil elastase,
pack-years, and viral load. It was
demonstrated that periodontal disease
was more closely associated with a
contribution of these factors combined
than any of these parameters alone.
This model explained 54% of the

P. intermedia,
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Table 4. Spearman correlation coeflicient (r) values between attachment loss, probing depth,
age, pack-years, viral load, CD4, elastase, B-glucuronidase, and periodontopathic bacteria in
active subject group (n = 41) at baseline and 6-month visits

Pack-years Attachment Probing Elastase Viral load

Parameters (r) loss (r) depth (r) (r) (r)
Age

Baseline 0.56 0.47 0.15 -0.17 0.16

6-month 0.57 0.48 0.14 -0.19 0.18
Pack-years

Baseline 1.00 0.63 0.47 0.33 0.30

6-month 1.00 0.65 0.48 0.35 0.31
Elastase

Baseline 0.33 0.39 0.54 1.00 0.25

6-month 0.35 0.46 0.58 1.00 0.28
B-Glucuronidase

Baseline 0.30 0.36 0.52 0.79 0.20

6-month 0.32 0.41 0.47 0.82 0.22
Fusobacterium nucleatum*

Baseline 0.39 0.43 0.48 0.34 0.30

6-month 0.43 0.46 0.51 0.35 0.33
Prevotella intermedia*

Baseline 0.32 0.38 0.44 0.31 0.25

6-month 0.34 0.41 0.46 0.32 0.26
Actinobacillus actinomycetemcomitans*

Baseline 0.25 0.31 0.34 0.27 0.22

6-month 0.26 0.32 0.36 0.29 0.23
Porphyromonas gingivalis*

Baseline 0.24 0.30 0.32 0.23 0.21

6-month 0.26 0.33 0.35 0.24 0.20
Eikenella corrodens*

Baseline 0.21 0.19 0.22 0.16 0.15

6-month 0.17 0.21 0.21 0.18 0.19
Viral load

Baseline 0.30 0.34 0.37 0.25 1.00

6-month 0.31 0.36 0.40 0.28 1.00
CD4

Baseline 0.15 0.21 0.19 0.17 0.19

6-month 0.18 0.22 0.23 0.17 0.21

Reported correlations in bold text are positive at a significance level of 0.0001 < p < 0.05.
*Sum of the bacterial scores of the eight sites per subject was used for determination of

correlation coefficients.

variability in mean probing depth. The
best regression model for the estima-
tion of attachment loss included
F. nucleatum, neutrophil elastase, age,
pack-years, viral load. This model
explained 59% of the variability in
mean attachment loss.

Discussion

We have identified several risk factors
for periodontitis in HIV " individuals,
including age, smoking pack-years,
viral load, F. nucleatum, P. intermedia,
A. actinomycetemcomitans, neutrophil
elastase, and B-glucuronidase. Age was
significantly associated with attach-
ment loss, suggesting the potential role
of age as a risk factor of periodontal

disease in HIV™ subjects (p < 0.007).
Higher prevalence and severity of per-
iodontal disease with increasing age
has been reported by previous investi-
gators (16, 28-31). Our age findings
demonstrated that age makes a signi-
ficant contribution to the regression
model for the estimation of attachment
loss but not for probing depth.
Several factors may have contributed
to the significant association we ob-
served between cigarette smoking and
greater probing depth and attachment
loss in HIV" subjects (p < 0.001).
Cigarette smoking has been shown to

alter host response mechanisms
by adversely affecting poly-
morphonuclear leukocyte function,

thereby depressing phagocyte-mediated

protective responses to periodonto-
pathic bacteria (32). In a recent study,
cigarette smokers exhibited a less
favorable healing outcome following
periodontal surgery compared to non-
smokers (33). In the present study,
moderate smokers combined with hea-
vy smokers had an odds ratio of 4.92
(95% CI = 1.32-7.64) of having perio-
dontitis as opposed to non-smokers,
suggesting the potential role of smo-
king in the etiology of periodontal dis-
ease. Smoking contributed significantly
to the multifactorial risk profile of
periodontal disease in HIV™ subjects
(» < 0.05). In regards to smoking, our
data agrees with the findings of previ-
ous studies (16, 31, 34, 35). Beck et al.
(36) reported that cigarette smokers
were at higher risk for periodontal
disease progression. In a recent longi-
tudinal study, we reported a strong
correlation between smoking pack-
years and attachment loss in a system-
ically healthy study population
(r=0.68, p < 0.0001) (31).

In the present study, there was a
significant association between GCF
enzymes, neutrophil elastase, and
B-glucuronidase, and clinical measure-
ments, probing depth, and attachment
loss. The positive associations between
these polymorphonuclear leukocyte
enzymes and clinical measurements
may result from an increase in the
number of sulcular polymorphonuclear
leukocytes and/or activation of syn-
thesis and release of enzymes from
polymorphonuclear leukocytes. Only
neutrophil elastase contributed signifi-
cantly to the regression models of
periodontitis in  HIV™  patients
(» < 0.05). Our data support previous
studies showing a significant associ-
ation between GCF neutrophil elastase
and B-glucuronidase levels and perio-
dontal disease (16, 17, 37). Nakashima
and coworkers (38) demonstrated a
strong correlation between polymor-
phonuclear leukocyte numbers and
B-glucuronidase activities in GCF
samples (p < 0.001).

Elastase is one of the major enzymes
of the azurophilic granules of poly-
morphonuclear leukocytes, and in
inflammation its release into gingival
tissue and/or into the gingival crevice
during inflammation could contribute



Table 5. Mean and SD of neutrophil elastase, B-glucuronidase, Fusobacterium nucleatum,
Prevotella intermedia, Actinobacillus actinomycetemcomitans, Porphyromonas gingivalis, and
Eikenella corrodens in active and inactive sites of periodontitis group at baseline and 6-month

visits

Active sites

Inactive sites

n==65 n =823

Baseline 6-month Baseline 6-month
Elastase (ng/site) 1.35 £ 0.39*%t  1.69 £ 0.51F 1.11 + 0.34* 1.17 £ 0.36F
B-glucuronidase (ng/site) 1.63 £ 0.54*f 1.88 + 0.691 1.42 £+ 0.51* 1.61 = 0.56F
F. nucleatum (% [site) 84.7% *1 93.5%% 77.4%%* 79.6%T
P. intermedia (% site) 81.5%*% 88.3%T 75.6%* 77.1%F
A. actinomycetemcomitans  76.2% *1 82.4%T 69.5%%* 70.9%F

(% /site)

P. gingivalis (% /site) 71.8% 74.2% 67.7% 69.6.1%
E. corrodens (% [site) 55.3% 56.2% 52.7% 51.1%

*1There were significant differences between the active sites and inactive sites with respect to
neutrophil elastase, B-glucuronidase, F. nucleatum, P. intermedia, and A. actinomycetem-
comitans values at baseline and 6-month visits (0.001 < p < 0.05).

tThere were also significant differences between the baseline and 6-month values of neutro-
phil elastase, B-glucuronidase, F. nucleatum, P. intermedia, and A. actinomycetemcomitans in

the active sites (0.001 < p < 0.05).

Table 6. R® values of models from regression analysis of dependent variables (probing depth
and attachment loss) with independent variables such as Fusobacterium nucleatum, neutro-
phil elastase, age, pack-years, viral load in HIV " patients with active periodontitis sites

Variable R? for probing depth

R? for attachment loss

Subject means 0.54

(Fn, NE, pack-years, viral load)

0.59
(Fn, NE, age, pack-years, viral load)

Fn, F. nucleatum; NE, neutrophil elastase.

to the development of periodontal dis-
ease. In the present study, there was a
significant association between neutro-
phil elastase and probing depth and
attachment loss (p < 0.001). In sup-
port of our findings, Armitage et al.
(37) reported higher GCF neutrophil
elastase levels at progressing sites than
at non-progressing sites in a longitud-
inal clinical trial. In our study, neutro-
phil elastase was also associated with
the presence of F. nucleatum, P. inter-
media, and A. actinomycetemcomitans
(0.001 < p < 0.01). This suggested a
plausible interaction between neutro-
phil elastase releasing granulocytes,
and periodontopathic bacteria.

Our findings with respect to the
associations of F. nucleatum, P. inter-
media, A. actinomycetemcomitans, and
P. gingivalis with measures of perio-
dontal disease, i.e. probing depth and
attachment loss, support the observa-
tions made by other
investigators (1, 2, 5). In the present

numerous

study, F. nucleatum was the most pre-
valent bacteria, followed by P. inter-
media and A. actinomycetemcomitans.
It is noteworthy that F. nucleatum con-
tributed significantly to the multifacto-
rial risk profile of periodontal disease in
regression models (p < 0.05).

In the present study, 111 HIV™
patients (73%) were evaluated in the
periodontitis group. In our previous
study performed in non-HIV popula-
tion, 55% of the study subjects were
evaluated in the periodontitis group
(16). In the current study, the rate of
disease progression in the entire study
population including periodontitis,
gingivitis, and healthy subject groups
was 5.3%. The rate of disease pro-
gression in periodontitis group alone
was 7.3%. To our knowledge, there is
no data available with respect to the
rate of periodontal disease progression
in HIV" patients. In a recent longi-
tudinal study, the progression of
attachment loss in non-HIV patients
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with early onset periodontitis has been
reported (39). In that study, the per-
centages of sites with 2 mm or more
attachment loss were 3.2% at the end
of the first year, and 7.5% at the end of
the second year. In the present study,
the increased rate of incidence and
periodontal disease progression in
HIV *patients may be due in part to an
immunosuppressed health status, such
as the existence of high viral load level
and a diffuse invasion of opportunistic
bacterial infections and fungi into the
gingival tissue, leading to destructive
inflammatory response in the perio-
dontal tissues.

The baseline and 6-month values of
neutrophil elastase, B-glucuronidase,
F. nucleatum, P. intermedia, and
A. actinomycetemcomitans in active
sites were significantly higher than
those in inactive sites (0.001 <
p < 0.01). The mean neutrophil ela-
stase and B-glucuronidase values, and
the percentages of F. nucleatum,
P. intermedia, and A. actinomycetem-
comitans of these 65 active sites at
6-month visits were significantly higher
than those of active sites at baseline
visits (0.001 < p < 0.01). This finding
suggests a potential role for GCF en-
zymes and periodontopathic bacteria
in the progression of periodontal dis-
ease in HIV " patients. In a cross-sec-
tional study, Scully e? al. (5) reported a
higher prevalence of A. actinomyce-
temcomitans, P. gingivalis, P. interme-
dia, F. nucleatum, and C. rectus in
HIV-infected individuals than in HIV-
negative controls with similar perio-
dontal status.

With respect to the immunologic
variables, only viral load levels were
correlated significantly (0.01 < p <
0.05) with F. nucleatum and P. inter-
media, suggesting that the subtle
changes in the immune system may
allow proliferation of more virulent
clones of periodontal pathogens. Viral
load also contributed significantly to
the regression models for the predic-
tion of attachment loss and probing
depth measurements (p < 0.05). On
the other hand, CD4 T-lymphocyte
counts were not associated significantly
with the clinical measurements. In a
20-month longitudinal study published
in 1992, Barr et al. (3) reported an
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increase in attachment loss in
immunodeficient individuals (CD4" T
lymphocytes < 200 cells/mm?®) who
were older than 35 years of age. This
difference in findings between Barr’s
study and our study may be explained
by the fact that protease inhibitors
were not commonly used in the treat-
ment of HIV" subjects prior to 1992.

In the present study, F. nucleatum,
neutrophil elastase, age, pack-years,
and viral load contributed signifi-
cantly to the regression model for the
estimation of the attachment loss.
This model explained 59% of the
variability in mean attachment loss.
Other risk factors such as traumatic
occlusion, other bacterial and host
factors, genetic influences, race, low

education, stress, inadequate oral
hygiene and infrequent dental
attendance may account for the

remaining variability in attachment
loss. HIV" individuals with several of
these identified risk factors should be
monitored closely to prevent future
attachment loss. Preventive measures
include oral hygiene instructions,
scaling and root planing, initial
treatment  evaluation,  supportive
periodontal therapy with 3-month
intervals, local administration of
antibiotics, and periodontal surgeries
to achieve pocket elimination. These
preventive may have a
lowering effect on the GCF levels of
destructive neutrophils enzymes such
as P-glucuronidase and elastase as
well as subgingival plaque bacteria
such as F. nucleatum, P. intermedia,
and A. actinomycetemcomitans.

measures

Conclusions

In summary, F. nucleatum, P. interme-
dia, A. actinomycetemcomitans, elastase,
B-glucuronidase, smoking pack-years,
viral load, and age are risk factors for
periodontitis in HIV™ patients. HIV ™"
patients with these identified risk
factors should be monitored closely
and preventive measures should be
taken. The results of this study should
be further validated in an epidemio-
logic field study to assess the predictive
potential of these regression models
for increase in probing depth and
attachment loss in a real world setting.
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