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Abstract

Background: Chronic Human Immunodeficiency Virus (HIV) infection is associated with reduced saliva flow rate
due to infiltration of HIV and proliferation of CD8 lymphocytes in salivary glands. It is unclear whether HIV infection
and antiretroviral therapy (ART) increase caries risk. This study aimed to determine the prevalence and factors
associated with dental caries in HIV infected adults attending the Mulago Immune Suppression Syndrome (ISS)
clinic in Uganda.

Methods: A cross-sectional study was conducted among HIV infected persons. Dental examinations were performed
by two calibrated dentists using the WHO Radke's caries classification criteria and reported using the decayed (D),
missing (M), filled (F), teeth (DMFT) index. The prevalence and factors associated with dental caries was examined
through linear regression analyses.

Results: Overall, 748 participants (females =491, 65.6%) with a mean age of 39 + 94 years were included in the final
analysis; of whom 83.7% had caries (DMFT> 0), with a significantly (p < 0.05) higher prevalence among females
86.6% than males 78.2%. The mean DMFT was 5.9 + 5.5, with statistically significant differences based on gender
(males 4.9 + 4.8 and females 6.3 5.9, p < 0.05) and duration on ART (< 2 years 4.8 + 4.4, > 2 years but < 5 years
57+55,>5years 6.6 £ 6.0 p <0.05). The majority (67.2%) of participants reported brushing their teeth twice or

more a day, and sugar intake was not associated with dental caries.

Conclusion: Caries prevalence is high among HIV infected adults under care. Duration of ART was associated with
increased risk and severity of caries. Therefore, we recommend integration of dental care in HIV treatment programs.
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Background

Dental caries is a major public health disease in all
regions of the world [1]. People living with HIV (PLHIV)
have a higher risk of developing dental caries compared
to the general population [2, 3]. The major factors that
have been suggested to increase the risk of dental caries
in PLHIV are reduced saliva flow rate due to infiltration
of HIV and proliferation of CD8 lymphocytes in salivary
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glands [4, 5] and ART use [6-8] that results in change
in the normal microbial flora of the oral cavity. PLHIV
are also at high risk for malnutrition [9], which may be
exacerbated by symptoms of dental caries. Several studies
in children [10-14] and the elderly [15, 16] show that den-
tal caries is associated with poor nutritional outcomes.
PLHIV are now living longer due to ART, which means
that chronic health issues like dental caries are increas-
ingly important to manage well in this patient population.
However, there are paucity of data on the prevalence and
factors associated with dental caries in HIV positive adults
in sub-Saharan Africa (SSA). Therefore, the aim of the
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present study was to determine the prevalence of and fac-
tors associated with dental caries in this patient popula-
tion, in order to inform the development of oral health
care guidelines as a means of improving comprehensive
adult HIV care.

Methods

Aim and design

This was a cross sectional study aimed at determining
the prevalence and factors associated with dental caries
among HIV infected adult patients.

Study setting

The participants for this study were drawn from among
HIV infected adults attending the Mulago ISS clinic (HIV
care clinic) under the Makerere University Joint AIDS
Program (MJAP). The Mulago ISS clinic has been in exist-
ence for about 15years and is currently the largest HIV
clinic in Kampala, Uganda’s capital city. The clinic pro-
vides comprehensive HIV services to over 16,000 adults,
adolescents and children, 80% of whom are already on
ART. This clinic is administered through the PEPFAR-
supported Makerere University Joint AIDS Program and
on average sees 300 patients on each working day.

Sample size determination and power analysis

We used a two-group sample size for proportions to
determine a sample size of 850 participants in order to de-
tect a difference of 6% [17] between ART naive (< 3 months
on ART) and ART experienced (3+ months) with a power
of 80 and 5% level of significance and an adjustment for a

10% non-response rate. The study was originally designed
to test the hypothesis that caries experience among HIV
infected ART naive adults is different from that of HIV
infected ART experienced adults. However, because of the
change in HIV treatment care policy in Uganda to test and
treat [18], we were not able to accrue sufficient numbers of
HIV positive ART naive participants for comparison pur-
poses hence the use of the <3 months on ART cut off as a
proxy for ART naive. Further more, we conducted a power
analysis during the analysis and found that with an 80%
power and 5% level of significance, we could still detect a
difference of as low as 8% with a sample size of 748.

Study sample and participant recruitment

Participants aged 18 to 72 years were recruited from the
Mulago ISS clinic. We used the systematic random
sampling technique to enroll participants into the study.
A total of 850 participants were targeted and this number
was proportionately allocated to each clinic day over a
period of three months as informed by the historical client
clinic load. A sampling interval of 1-20 was determined
from the need to enroll 15 participants from an average
300 participants that attended the clinic on any given day.
A random number was selected from the sampling frame
to determine the starting point of enrollment over the
duration of the study recruitment (Fig. 1). HIV positive
patients who agreed to participate in the study were
brought to the Makerere University Dental school clinic
by the study nurse, where written informed consents were
obtained and study procedures performed. This process
continued until the desired sample size was obtained.
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Data collection

Demographic and clinical data including age, gender, use
of anti-retroviral medicine, xerostomia and smoking were
captured using a modified World Health Organization
(WHO) oral health questionnaire for adults [19] for each
participant. Dental examinations were performed by two
trained and calibrated dentists (DK and CLM) on dental
chairs under suitable artificial light using a mirror and a
probe, after wiping teeth using cotton roll to remove food
debris. To ensure accurate and correct application of the
research procedures through examiners’ practice, the two
examiners were trained and calibrated by a benchmark
examiner (CMR) on caries detection. The first 14 subjects
that were recruited into the study were used for the
calibration exercise. The agreement between the two
examiners and calibrator, (interexaminer agreement) and
the examiners’ individual repeated exercise (intraexaminer
agreement) were evaluated using the unweighted kappa
(k) statistic. Caries was assessed using the WHO Radke’s
caries classification criteria and reported using the
decayed (D), missing (M), filled (F), teeth (DMFT) index
as described by WHO [19]. A DMFT score of >0 was
considered as dental caries.

Sugar intake

The frequency of sugar snacks consumption was assessed
in terms of cakes/biscuits, bread/buns, jam/honey and
sugar containing chewing gum intake. Sweet drink intake
was assessed in terms of sugared tea /coffee and soft
drinks. This is according to the WHO oral health ques-
tionnaire for adults. Sugar consumption was categorized
as “less” representing seldom/never to once a week sugar
intake and “more” representing several times a week to
several times a day sugar intake.

Data management and statistical methods

Data from completed questionnaires was keyed into pre-
tested entry screens designed using EPIDATA software ver-
sion 3.1. After validation, the data were then exported to
STATA version 14 for analysis. Mean (SD) for age and pro-
portions for categorical variables such as sex and residence
were presented as descriptive statistics. Poisson regression
models with robust standard errors and random effects
estimator were fitted on the outcome of dental caries pre-
valence to generate incidence rate ratios interpreted as
Prevalence Ratios (PR) for our study design and P-values in
the assessment of association and statistical significance.
Linear regression models were also fitted for the DMFT
(severity) outcome via the generalized linearized model
path. Inclusion of variables into the multivariable model for
both analyses, was at a p value of <0.2 or guidance from
literature and confounding assessed at a 10% change in the
prevalence ratios. Statistical significance was determined at
two-sided p-values of less than 5%.
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Key study outcomes

Prevalence and severity as denoted by the DMFT index of
dental caries (DMFT score of >0 defined dental caries).
Prevalence was assessed as a categorical variable whereas
average DMFT was assessed as a continuous variable.

Table 1 Demographic data of randomly selected HIV infected
adults attending an HIV care clinic in Uganda

Characteristic N =748 (%)
Age in years: mean 388+94
Sex

Male 257 (344)

Female 491 (65.6)
Residence

Urban 204 (27.3)

Periurban 294 (39.3)

Rural 250 (334)
Education level

No formal education 53(7.1)

Primary 493 (65.9)

Secondary 149 (19.9)

Tertiary 53(7.1)
Years on ART

Less than 6 months 174 (23.3)

More than 6 months but less than 2 years 66 (8.8)

More than 2 years but less than 5 years 106 (14.2)

More than 5 years 402 (53.7)
Tooth brushing habit

Seldom 13 (1.7)

Once a day 227 (304)

Twice or more 506 (67.8)
What is used to clean teeth?

Toothbrush 743 (96.8)

Others (toothpicks, floss, charcoal) 24 (3.2)
Toothpaste use

Toothpaste 669 (89.6)

Other 78 (104)
Dry mouth experience (self reported)

No 719 (96.5)

Yes 26 (3.5)
Ever visited a dentist

Yes 518 (69.3)

No 229 (30.7)
Sugar intake (Honey, Biscuits, Chew Gum, Soda)

Less 537 (71.8)

More (Several times a week and more) 211 (28.2)

2 Multiple response variable
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Table 2 Prevalence and Univariate analysis of risk factors for dental caries in HIV infected adults attending an HIV care clinic in

Uganda
Characteristic Had dental caries Unadjusted Prevalence Ratio (95% Cl) P-value
N (row %)
Yes No

Overall 626 (83.7) 122 (16.3)
Sex

Male 201 (78.2) 56 (21.8) 1.00

Female 425 (86.6) 66 (134) 1.26 (1.09,1.49) <0.05
Age in years

18-24 34 (85.0) 6 (15) 1.00

25-35 203 (83.9) 39 (16.1) 1.27 (0.89,1.81) 0.18

36-45 247 (81.0) 58 (19.0) 1.32 (0.93,1.87) 0.12

46-55 112 (86.8) 17 (13.2) 149 (1.03,2.16) <0.05

56+ 30 (938 2 (6.2) 1.90 (1.18,3.06) <0.05
Residence

Urban 169 (82.8) 35(17.2) 1.00

Periurban 245 (83.3) 49 (16.7) 1.14 (0.94,1.37) 017

Rural 212 (84.8) 38 (15.2) 1.26 (1.04,1.52) <0.05
Education Level

No formal education 44 (83.0) 9(17.0) 1.00

Primary 409 (83.0) 84 (17.0) 1.06 (0.79,1.42) 0.69

Secondary 126 (84.6) 23 (154) 0.97 (0.69,1.34) 0.85

Tertiary 47 (88.7) 7(113) 1.12 (0.75,1.65) 0.59
Years on ART

Less than 6 months 149 (85.6) 25 (14.4) 1.00

More than 6 months but less than 2 years 56 (84.9) 10 (15.1) 0.94 (0.69,1.27) 0.69

More than 2 years but less than 5 years 86 (81.1) 20 (189) 1.17 (0.92,1.51) 0.20

More than 5 years 335(833) 67 (16.7) 1.33 (1.11,1.60) <005
Tooth brushing habit

Seldom 10 (76.9) 3(23.1) 1.00

Once a day 179 (78.8) 48 (22.2) 0.75 (042,1.32) 0.32

Twice or more 435 (86.0) 71 (14.0) 0.87 (0.49,1.53) 0.63
What is used to clean teeth

Toothbrush 605 (83.7) 118 (16.3) 1.00

Others (toothpicks, floss, charcoal) 20 (83.3) 4 (16.7) 1.25 (0.83,1.89) 0.29
Toothpaste use

Toothpaste 557 (83.3) 112 (16.7) 1.00

Other 68 (87.2) 10 (12.8) 1.15(0.91,1.43) 0.23
Dry mouth experience (self-reported)

No 600 (83.4) 119 (16.6) 1.00

Yes 23 (86.5) 3(115) 1.35(0.91,2.01) 0.14
Ever visited a dentist

Yes 509 (98.3) 9(1.7) 1.00

No 116 (50.7) 113 (49.3) 0.28 (0.78,1.08) <0.05

Sugar Intake (Honey, Biscuits, Soda)
Less 442 (82.3) 95 (17.7) 1.00
More (Several times a week and more) 184 (87.2) 27 (12.8) 0.92 (0.78,1.08) 0.30
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Table 3 Multivariate analysis of risk factors for dental caries in HIV infected adults attending an HIV care clinic in Uganda

Characteristic Univariate Model PR Final multivariate model PR P-value
(95% Cl)

Sex 1.28 121 (1.05,140) <0.05
Age in years 112 1.02 (0.95,1.10) 062
Residence 112 1.07 (0.98,1.16) 0.13
Education Level 0.99 0.94 (0.86,1.03) 0.21
Years on ART 1.11 1.04 (0.98,1.10) 0.18
Tooth brushing habit 1.10 0 (0.88,1.14) 0.96
Toothpaste use 1.16 1.08 (0.87,1.33) 048
Ever visited a dentist 0.28 0.28 (0.24,0.33) <0.05
Sugar Intake (Honey, Biscuits, Soda) 092 2 (0.88,1.18) 0.79

Modified Poisson regression model used for multivariate analysis

Factors associated with dental caries in HIV infected
adults were determined using linear regression.

Results

Calibration

The kappa statistic of over 0.73 across all rater compa-
risons denotes a strong agreement between the two
raters, thus signifying a higher extent to which the data
collected in this study are correct representations of the
variables measured.

Socio-demographics

Overall, 748 participants were included in the analysis.
The mean age was 39+ 9.4 years. Almost two thirds
(491/748) of the participants were women and the
majority (493/748) had attained some level of primary
education. Over 50% (402/748) of the participants had
been on ART for more than five years. The majority
of participants reported good oral hygiene practices
(506/746 (tooth brushing habit), 743/767 (toothbrush
use), and 669/747 (toothpaste use)) and infrequent
(seldom/never to once a week) consumption of sugar
containing beverages and snacks (537/748). Only 3.5%
(26/745) reported experiencing dry mouth symptoms
(Table 1).

Prevalence of dental caries

Among HIV infected individuals on ART, eight in every
ten were found to have dental caries. Female gender,
living in a rural setting, more than five years duration on
ART and prior visit(s) to the dentist were associated with
a higher caries burden and this difference was statisti-
cally significant (Table 2).

As shown in Table 3, female gender was independently
associated with a modest (21%) increase risk of dental
caries. The lack of a prior visit to a dentist was in-
dependently associated with a 28% lower risk of den-
tal caries.

Severity of dental caries
The severity of dental caries as denoted by DMFT was
on average 5.9 +5.5. The average DMFT was higher in
females (6.3) when compared to males (4.9) and this
difference was statistically significant (p <0.05). The
average DMFT was significantly increased with age and
duration on ART. Interestingly, the average DMFT was
significantly lower among persons that had not been to
the dentist (Table 4).

As shown in Table 5, female gender, > 5 years of ART,
and prior visit to the dentist were independently associ-
ated with an increased risk of more severe dental caries.

Discussion

The present study investigated the prevalence, severity
and risk factors of dental caries among HIV infected
patients attending the Mulago ISS clinic in Uganda. The
prevalence and severity of dental caries among HIV
infected patients was high. More severe dental caries in
HIV patients was associated with the female gender,
duration on ART, self-reported experience of dry mouth
and prior visit to the dentist. These findings are not
surprising considering that it is well known that dental
caries is a major public health disease in all regions of
the world and one of the major causes of tooth loss [1].
In 2010, 2.4 billion people across the globe were affected
by dental caries [20] and the greatest burden normally
being among the disadvantaged and socially margina-
lized populations [19]. Therefore, the proportion (84%)
of dental caries in this study population supports these
observations.

The finding of the present study is in agreement with
previous studies that reported PLHIV to have a higher
risk of developing dental caries [8, 21, 22] compared to
the general population. However, studies on dental caries
rate among HIV patients on ART are scarce while the
only available one did not show any specific trend [23].
Although our study did not compare dental caries
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Table 4 Univariate analysis of risk factors for severity of dental caries in HIV infected adults attending an HIV care clinic in Uganda

Characteristic Mean DMFT Coefficients P-value
(SD) (95% ClI)

Overall 5.9 (5.5)
Sex

Male 49 (4.8) 1.00

Female 63 (59) 1.35(0.52,2.19) <0.05
Age in years

18-24 43 (46) 1.00

25-35 56 (53) 1.26 (-0.58,3.11) 0.18

36-45 58(53) 148 (-0.34,3.29) 0.11

46-55 64 (5.7) 2.1 (0.154.07) 0.04

56+ 8.5 (86) 4.1 (1.58,6.71) <0.05
Residence

Urban 52 (5.3) 1.00

Periurban 59 (5.4) 0.69 (-0.29,1.69) 017

Rural 6.5 (5.9 1.31 (0.29,2.34) 0.01
Education Level

No formal education 57 (5.7) 1.00

Primary 59 (5.7) 031 (-1.26,1.88) 0.70

Secondary 55(5.2) —0.17(=1.92,1.56) 0.84

Tertiary 6.3 (5.1) 0.68 (—1.40,2.79) 0.53
Years on ART

Less than 6 months 49 (4.6) 1.00

More than 6 months but less than 2 years 45 (3.9) -041(-1.97,1.12) 0.60

More than 2 years but less than 5 years 57 (5.5) 0.83 (—049,2.16) 0.22

More than 5 years 6.6 (6.0) 1.64 (0.66,2.62) <0.05
Tooth brushing habit

Seldom brush 7.2 (86) 1.00

Once a day 52(53) —1.94 (=5.04,1.16) 0.22

Twice or more 6.1 (5.5 —1.01 (-4.06,2.04) 0.52
What is used to clean teeth

Toothbrush 5.8 (5.5) 1.00

Others (toothpicks, floss, charcoal) 73(72) 1.50 (-0.75,3.76) 0.19
Toothpaste use

Toothpaste 58 (5.6) 1.00

Other 6.7 (5.5 087 (-043,2.17) 0.19
Dry mouth experience (Self-reported)

No 58 (5.5 1.00

Yes 78 (7.8) 200 (-0.17,4.18) 0.07
Ever visited a dentist

Yes 76 (55) 1.00

No 2.1 (34) —547(-6.24, 471) <0.05
Sugar Intake (Honey, Biscuits, Soda)

Less 6.0 (5.8) 1.00

More (Several times a week and more) 55 (4.8) —048 (-1.36,041) 0.29

Severity of dental caries is denoted by the DMFT (Decayed, Missing, Filled Teeth) index
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Table 5 Multivariate analysis of risk factors for severity dental caries in HIV infected adults attending an HIV care clinic in Uganda

Characteristic Univariate Model coefficient Final multivariate model coefficient (95% Cl) P-value
Sex 135 0.99 (0.20,1.79) <0.05
Age in years 0.68 0.19 (-=0.24,0.63) 0.37
Residence 0.65 029 (-0.19,0.76) 0.24
Education Level 0.01 —0.14(- 0.67,0.39) 0.59
Years on ART 0.06 0.34 (0.03,0.65) <0.05
Tooth brushing habit 061 0.22 (-048,0.93) 053
Toothpaste use 0.87 0.51 (-0.67,1.69) 039
Ever visited a dentist -5.50 -5.29(-6.01,451) <0.05
Sugar Intake (Honey, Biscuits, Soda) —-040 —0.002(-0.83,0.82) 0.99

among HIV positive versus negative patients, the pre-
valence and severity of caries in PLHIV was higher in
reference to a survey of the general Ugandan popula-
tion. The prevalence and severity in the general adult
Ugandan population was reported to be 66.7% and
4.71 respectively [24].

Salivary gland hypofunction and medications are
among the factors suggested to increase dental caries in
HIV [8, 21, 25]. This present study noted that a higher
proportion of those participants experiencing dry mouth
had significantly higher mean DMFT than those who
did not report the same experience. This is in agree-
ment with a long-established fact that low saliva flow
rate as seen in dry mouth conditions (xerostomia)
places an individual at a higher risk of developing
dental caries [26, 27]. On the same footing, it is not
surprising that in the present study, participants on
ART for more than five years have a higher DMFT
score than other groups, considering the well-
established knowledge that 80% of prescribed drugs
cause xerostomia [26, 27].

The increased risk of dental caries with age is not
surprising since the DMFT index is a measure of caries
experience, which naturally increases with age. However,
the higher risk among participants that had a prior visit
to the dentist might be due to the fact that the popu-
lation under study has poor oral health seeking be-
haviours, which has been reported in other African
populations [28]. In such settings, dental care is usually
emergency care in response to pain. Therefore, without
pain individuals have no reason to seek dental care or
might be faced by other access challenges.

PLHIV are also at a higher risk for malnutrition [9],
which may be exacerbated by dental caries. Studies sug-
gest that caries of the primary and permanent dentitions
is associated with early childhood malnutrition [12, 14]
and increased likelihood of malnutrition [15] in the eld-
erly respectively. PLHIV are now living longer due to
ART, which means that chronic health issues like dental
caries and oral health are increasingly important to

manage well in HIV patients to prevent complications
such as malnutrition.
Our study limitations were as follows:

o Considering that DMFT index does not record
teeth with incipient caries as decayed, it is possible
that many-decayed teeth with early caries were
unaccounted for.

e The lack of an HIV negative comparison group.

e Survival bias might have affected the association
between severity of caries and duration on ART and
the proxy used for xerostomia was incomplete for the
majority of participants as saliva flow rates were only
done for 168 participants involved in a sub-study.
Therefore, we suggest that future studies should
employ a more robust caries classification system
such as the International Caries Detection and
Assessment System (ICDAS II) [29] for caries
assessment. We also recommend longitudinal studies
involving both HIV positive and negative individuals.

Conclusions

The prevalence of dental caries was high (83.7%) among
HIV infected adults under care and longer duration of
ART was associated with increased risk of caries. There-
fore, we recommend integration of dental care in HIV
treatment programs to further understand the HIV-asso-
ciated biological and behavioural risk of caries.
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