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Abstract

Background: Human Immunodeficiency Virus (HIV) infects patients via CD4+ cells which are later be destroyed
subsequently causing the deteriotation of immune system. HIV generally manifests in the oral cavity as the first
indicating sign and a marker of disease progression. HAART medications are used to reduce the incidence of oral
manifestations, however it can also generate adverse effects in the oral cavity including oral hyperpigmentation.
This review aimed to estimate the prevalence of oral hyperpigmentation which affect individual quality of life as a
side effect of HAART.

Material and Methods: This systematic review applied Preferred Reporting Items for Systematic Review and Me-
ta-Analyses (PRISMA) 2020. Literature search was performed in ScienceDirect, PubMed, and Scopus by combi-
ning terms such as highly active antiretroviral therapy, oral manifestation, epidemiology or prevalence published
between January 1998 to March 2022.

Results: Of 108 articles, eleven articles were included for systematic review and meta-analysis. The pooled preva-
lence of oral hyperpigmentation in HAART patients was 25% (95% CI: 11%, 38%; 12: 99%). Subgroup analysis
based on geographical location showed varied result may be due to the type and duration of HAART used in study
population. The most widely used type of ARV was from the NRTI group (n=7) and the study with the shortest
duration showed the lowest oral hyperpigmentation prevalence (n=7).

Conclusions: There is an increased prevalence of oral hyperpigmentation by the use of HAART. Future study
should investigate the correlation between HAART duration and the degree of oral hyperpigmentation.
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Introduction

Human Immunodeficiency Virus (HIV) is a type of virus
that may deteriorate individual immune system as the
result of CD4+ cells destruction after being infected (1).
HIV/AIDS itself has been classified as an epidemic with
a total population of people living with HIV is approxi-
mately 34.0 million (31.4 million—35.9 million) accor-
ding to the global epidemiological report on AIDS by
the United Nations (UN) (2).

In HIV infected patients, decreased immune system com-
monly manifests in the oral cavity as the first indicating
symptom and also a marker of disease progression (3).
The most common oral manifestations that occur in HIV
individual are candidiasis, hyperpigmentation, angular
cheilitis, gingivitis, periodontitis, aphthous ulcers, herpes
simplex infection, and oral hairy leukoplakia (2). HIV can
infect people through several phases in which the final
phase progresses to AIDS when appropriate management
is not delivered immediately. The AIDS phase occurs due
to the increased of viral replications so that the patient’s
immunity decreases. In addition, patients with AIDS can
also be infected with opportunistic diseases and presented
with other clinical symptoms (4). Oral manifestations that
occur can trigger more viral replication so that it can wor-
sen the condition of HIV itself (5).

Most HIV patients are currently treated with highly ac-
tive antiretroviral therapy (HAART) drugs. According
to Nittayananta et al. (2010), it is known that there are
good results on the frequency and severity of opportu-
nistic diseases in HIV patients after using ART drugs
(6). So far, there has been no research that proves that
HIV patients can recover completely, but antiretroviral
therapy may control the virus replication in the body (7).
In mid-1995, antiretroviral drugs were developed in a
treatment regimen consisting of three or more antire-
troviral drugs which is then referred to as HAART (8).
Based on Ponnam et al.(2012) and Rao et al.(2015) stu-
dies, HAART medications were found to be able to re-
duce the number of oral manifestations, particularly oral
candidiasis and oral hairy leukoplakia (2,9). Despite the
advantage of HAART in reducing many HIV oral mani-
festations, long-term use of HAART can also trigger an
increase in oral hyperpigmentation (10,11).

Oral hyperpigmentation is clinically described as locali-
zed or generalized zones of blue to ill- defined black pig-
mentation affecting any site in the oral cavity, most com-
monly the gingiva, tongue, and buccal mucosa (12). This
condition was found to be more predominant in HIV-pa-
tients on HAART than those who did not take HAART
(3,6). Even though characterized as asymptomatic, oral
hyperpigmentation could affect patients’ quality of life
by causing aesthetic problems and has been associated
with numerous systemic therapeutic agents. However,
the specific pathogenesis of tissue pigmentation differs
significantly and has yet to be discovered (11-13).
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Considering the lack of discussion upon oral hyperpig-
mentations although it is common in HIV patients taking
HAART, authors decided to conduct a systematic review
and meta-analysis aiming to estimate the prevalence of
oral hyperpigmentation as a side effect of HAART.

Material and Methods

This systematic review followed the Preferred Repor-
ting Items for Systematic Review and Meta- Analysis
(PRISMA) 2020 (14).

-Eligibility criteria

Articles reporting oral hyperpigmentation in people with
HIV positive on HAART at any age or gender were con-
sidered to be eligible. The included articles are those
published in English from January 1998 to March 2022
using observational analytic design, such as longitudi-
nal, cross-sectional, case controls, and cohort studies.
Full text format should be able to be retrieved.

Article discussing oral pigmentation in HIV patients
that appeared before or without HAART usage were not
included. The combination of HAART with any other
therapy, such as antitubercular, antifungal, antimalarial,
antimicrobial, and chemotherapeutic agents were ex-
cluded. Study design considered to be ineligible were
literature reviews, books, experimental studies, case re-
ports, case series, conference papers, and guidelines.
-Search strategy

Literature search was performed by three reviewers (NA,
SFP, SRP ) on March 20th 2022 in three databases, namely
ScienceDirect, PubMed, and Scopus. Combinations of
keywords and boolean operators (AND or OR) including
Highly Active Antiretroviral Therapy (HAART, cART),
oral hyperpigmentation OR oral hypermelanosis OR oral
hypermelanoses OR oral melanosis OR oral melanoses
OR oral melanism OR oral pigmentation OR melanotic
macule OR HIV-associated melanin hyperpigmentation
OR melanotic hyperpigmentation, AND epidemiology
OR prevalence were applied to specify the search and de-
termined which article to be included. Study design was
filtered to observational analytic studies including cohort
and cross-sectional studies.

The selection process adjusts to the predefined inclusion
criteria. All data were double-checked by SRP for ac-
curacy after the initial abstraction. Any disagreements
were resolved by discussion with DR, NFA, and FYM
as appropriate. The selection process is summarized
following the PRISMA flow diagram (Figure 1). After
completing the article selection process, critical apprai-
sal was conducted, (Fig. 1).

-Risk of bias assessment

Eligible articles were assessed for bias using an adapted
Newcastle-Ottawa Scale that are relevant to cross-sec-
tional studies. Studies with a score of 9-10 will be rated
as very good studies and considered to have a low risk
of bias. Studies scored 7-8 will be assessed as a good



J Clin Exp Dent. 2023;15(7):e561-70.

Identification of studies via databases and registers

_§ Records identified from*: Records removed before
‘ﬁ Databases (n = 108) screening:
= Pubmed (n = 26) > Duplicate records removed
€ Science Direct (n = 50) (n=16)
i Scopus (n = 32)
| S—
A4
=)
Records screened Records excluded™
————
(n=92) (n=0)
A4
Reports sought for retrieval _| Reports not retrieved
) (n=92) > (h=7)
£ No-full text (n = 7)
3 A
Reports assessed for eligibility |
(n=85) ”| Reports excluded:
Review articles (n = 32)
Conference paper (n = 2)
Guidelines (n=1)
Book (n =2)
Not related to oral hyper-
=) Pigmentation and
G v HAART (n = 30)
et : -7
Studies included in review thghinaknrises (ns7)
g (n=11)
'E Reports of included studies
= (n=11)
N

Fig. 1: Preferred Reporting Items for Systematic Review and Meta-Analysis (PRISMA) Flow

Diagram 2020.

study. Studies with a score of 5-6 will be classified as
satisfactory studies and a score of 0-4 will be assigned
to studies that have a high risk of bias or studies that are
unsatisfactory (15,16).

The assessment was carried out separately by two re-
viewers (NA, SFP) using Newcastle-Ottawa Scale. If
there is any difference in the assessment between the
two, the results of the assessment will be consulted on
the third reviewer (SRP). The risk of bias assessment
and critical appraisal are attached below in a table form.
-Data extraction and synthesis

Data were extracted from included studies into spreads-
heet by three reviewers (NA, SFP, SRP) and dou-
ble-checked (SRP) to collect information such as author,
study design, sample size, sample age, location and po-
pulation, type of HAART, duration of HAART, and pre-
valence of OMP. The form also included a column for
risk of bias assessment result. The standard error (SE)
of prevalence was calculated from the reported percen-
tage prevalence and sample size for each of the studies.
SE was calculated as v [p*(1—p)/n] (17). Prevalence of
OMP was pooled using generic inverse variance random
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effect. Subgroup analyses were considered in repor-
ting the continuous effect of oral melanosis by splitting
population based on geographic location. Sensitivity
analysis was performed by excluding study with high
risk of bias (18).

Results

-Search Results

The search results return a number of 11 articles using a
cross sectional study design. The search was conducted
using 3 formal databases, which were identified based
on the criteria for side effects of ART on oral manifes-
tations of HIV patients. The articles searched were only
for the period 1998 - 2022. Of the 11 articles obtained,
they had the full text that could be reviewed and inclu-
ded. The screening process is detailed in Table 1.

This review discovered 11 articles, 10 of them were
cross sectional studies and only one was cohort studies.
Most populations were from Asia (India; n = 811, Thai-
land; n =205, and Nepal; n = 81), while the remainder
were from Africa, Tanzania (n = 532) and Nigeria (n =
491) (Tables 1,2.).
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Table 1: Sample size in each included studies based on geographical variation.
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References Country Age (year) :mean, range Sex (n) Sample | Patients on Patients
Male Female Size (n) | HAART (n) without
HAART (n)
Nittayananta Thailand HAART 71 (45.2%) | 86 (54.8%) 157 99 58
etal., Mean : 39
2010 Range : 23-57
Non-HAART
Mean : 34
Range : 20-59
Lam-Ubol et al., Thailand Mean : 33.8 5.8 14 (29.2%) | 34 (70.8%) 48 25 23
2019 Range : 22-49
Sharma et al., Mangaloreand Mean : 35.3 73 (72.2%) | 28 (27.85) 101 16 85
2006 Manipal, India Range : 16-54
Umadevi et al., Chennai, South HAART 76 (76%) 24 (24%) 100 50 50
2007 India Mean: 33.9 + 6.3 Non-
HAART Mean : 35.2+7.6
Range : >18
South India Mean : 35.27 178 (55.6%) | 142 (44.4%) 320 320 320
Rao et al., 2015 Range : 21-40
Patil et al., 2015 Karnataka,India Mean : 35.16Range : NA 56 (56%) 44 (44%) 100 50 50
Satyakiran et Karnataka,India Adult Adult Adult 80 80 0
al.,2016 Mean : 37.25Range : NA Male :21 Female : 46
Pediatric Mean : NA Pediatric Pediatric
Range : <4 ;4-8; Male : NA Female :
>8 NA
Denny et al,. Mangaluru,India NA NA NA 110 110 0
2019
Hamza et al., Dar es salaam, Mean : 22.9 (SD +6.6) 165 (31%) 367 (69%) 532 298 234
2006 Tanzania Range : 2-67
Naidu, S.G. et Nepal Mean : 32.49 54 (66.7%) | 27 (33.3%) 81 28 53
al.,2013 Range : 20-59
Mary et al., 2018 Nigeria Mean : 41.2+9.1 125 366 (74.7%) 491 491 0
Range : 18-80 (25.3%)
Total 833 1.164 2.120 1.567 873
Table 2: Newcastle-Ottawa Scale for Assessing Quality of Cross-sectional Study.
References Selection Comparability Outcome Overall Grade
Nittayananta et al., 2010 kol ok o Very Good
Lam-Ubol et al., 2019 Hokk * Hokk Good
Sharma et al., 2006 o - HAE Good
Umadevi et al., 2007 Hokkok * *k Good
Rao et al., 2015 Hokkok - Hokok Good
Patil et al., 2015 o * o Good
Satyakiran et al., 2016 Hk * Hk Satisfactory
Denny. et al., 2019 HoHE - ** Satisfactory
Hamza et al., 2006 Rkl ok ok Very Good
Naidu et al., 2013 Hokx - Hk Satisfactory
Mary et al., 2018 HAE wox HAE Good
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-Overall prevalence

The meta-analysis evaluated data from eleven articles,
providing eleven prevalence estimates; the estimated
prevalence ranged between 6% and 56% (Fig. 2). Forest
plot analysis showed the overall pooled prevalence esti-
mates of oral hyperpigmentation in HIV patients taking
HAART was 25% (95% CI: 11%, 38%) with a high level
of heterogeneity (12= 99%).

Prevalence Prevalence

Study or Subgroup Prevalence SE_Weight IV, Random, 95% CI IV, Random, 95% C1
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Patil etal. 2015 014 005 04%  014(0.04,0.24] —
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Subtotal (95% CI) 53.1% 0.26 [0.16, 0.36] <
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1.4.4 Nepal
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Testfor overall effect Z= 3.33 (P = 0.0009)

1.4.5 Tanzanian
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-Clinical Feature of Oral Hyperpigmentation

Based on the articles that have been analyzed, the cli-
nical features of oral hyperpigmentation were observed
on the buccal, tongue, and attached gingiva especially in
pediatric patient (10,22).

-Antiretroviral Regimen Used in the Studies

Eight studies reported the type and duration of antire-
troviral drugs used in the study sample, three of which

u__SE(Prevalence)

oo™

s i antnes o iyt i e e e

14+

54

Prevalence

2

05 025 0 0.25 05

Tanzanian

Fig. 2: Forest plot and funnel plot of oral pigmentation prevalence in HIV-seropositive patients undergoing HAART.

-Subgroup Analysis

From all selected studies, the prevalence of oral hyper-
pigmentation was found to be distributed in certain geo-
graphic locations (Fig. 2), including India (n=6), Nigeria
(n=1), Thailand (n=2), Nepal (n=1), and Tanzania (n=1).
The pooling of all studies from various geographic areas
presented an estimate of 25% (95% CI: 11, 38; 12=99%)).
The estimated prevalence of oral hyperpigmentation in
India ranged between 14% and 56%. Meta-analysis dis-
played a random-effects pooled prevalence of 26% (95%
CI: 16%, 36%) in India, with a high level of heterogenei-
ty (I2 =83%). Meanwhile in Thailand, the meta-analy-
sis consecutively showed the random-effects pooled
prevalences was 44% (95% CI: 42%, 46%) with low
heterogeneity (I2 =0%). Since there is only one study
in Nigeria, Nepal, and Tanzania, meta-analysis was not
applicable (2,3,6,10,19-24).

-Risk of Bias

A result of risk of bias of the included articles is provi-
ded in Table 2, along with details of the ratings for each
study. The majority of the included studies had a mode-
rate to low risk of bias, according to the article quality.
Eight studies (73%) were considered to be at low risk
of bias for both selection and comparability measure-
ment, while three studies (27%) were considered to be
at moderate risk of bias for selection and comparability
measurement (16).
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did not report relevant information. Details of this data
can be seen in Table 3. The most widely used type of
antiretroviral drug was from the NRTI group (n=7). The
shortest reported duration of using HAART was for <
4 months by Hamza et al. (2006), while the longest du-
ration of HAART use was reported by Satyakiran et al.
(2016) which was more than 8 years (10,21)

Discussion

Oral hyperpigmentation is the deposition process of pig-
ment in tissues pertaining to the mouth (25). The pro-
cess of oral hyperpigmentation can be caused by various
things either physiologic or pathologic, where patholo-
gic condition may be resulted either from endogenous
or exogenous factors (25). Ten to twenty percent of oral
hyperpigmentation is reported to be the result of drug
consumption including antiretroviral treatment. Althou-
gh it will subside after the discontinuation of the causa-
tive medication, it becomes a great concern in patients
with chronic diseases who require polypharmacy and
long-term therapy such as in HAART (12,26).

In this study, the current meta-analysis reveals that the
prevalence of oral hyperpigmentation among HIV pa-
tients under HAART is 25% (95% CI: 11%, 38%). This
study indicated that oral hyperpigmentation can be ob-
served in patients under HAART (e.g. 25 of 100 patients)
which require anticipation to maintain the adherence to



J Clin Exp Dent. 2023;15(7):¢561-70.

Table 3: Duration and Type of Highly Active Antiretroviral Therapy Used in the Studies.

References Duration of Type of HAART Prevalence of Oral MelanoticPigmentation
HAART
Nittayananta etal., 2010 Short term 2 NRTIs + 1 NNRTI (n = 82; No HAART (n=16; 28%)
HAART <3 83%),
years 2 NRTIs + 2 PIs (n =7; 7%), Short term HAART <3 years (n=19; 35%)Long
2 NRTIs + 1 PI (n=3;3%), and term HAART >3 years (n=25; 46%)
Long term others (n =7; 7%)
HAART >3
years

Lam-Ubol et al.,2019

0.6-13.8 years
mean 5.7 years

NRTIs and NNRTI (n=22; 88%)NRTIs
and PIs (n=3; 12%)

10; 40%

Sharma G et al.,2006 Not Reported Not Reported non HAART (n=26; 30.5%)HAART (n=9;
56.3%)
Umadevi et al., 4.6 months 2 NRTI (Lamivudine + Stavudine or La- n=19; 38%
2007 mivudine +Zidovudine) and an NNRTI
(Nevirapine or
Efavirenz) (n=49; 98%)
2 NRTI and PI combination(n=1; 12%)
Rao et al., 2015 6 months 2 NRTIs (Lamivudine + Stavudine Pre-HAART (n=17; 5.31%) On HAART (n=76;
or Lamivudine + Zidovudine) and a 23.75%)
NNRTI (Nevirapine or Efavirenz) (n =
320; 100%)
Patil et al., 2015 Not reported Abacavir, Efavirenz, andRitonavir HAART (n=7; 14%)

(n=50; 50%)

Non HAART (n=5; 10%)

Satyakiran et al.,2016 <4 years to >8years

Not reported

Adult
Duration <4 years (n=3; 17.6%)
Duration 4-8 years (n=11; 42.3%)
Duration >8 years (n=5; 26.3%)

Children
Duration <4 years (n=0) Duration 4-8 years
(n=2; 33.3%)
Duration >8 years (n=3; 100%)

Denny et al.,2019 Not Reported

Not Reported

HAART (n=46; 41%)

Hamza et al., 1 to 14 months
2006

Mostly 6 months

Stavudine/Lamivudine/Nevirapine
(n=229; 76.8%)
Zidovudine/Lamivudine/Efavirenz
(n=32; 10.7%)
Stavudine/Lamivudine/Efavirenz(n=26;
8.7%)
Zidovudine/Lamivudine/Nevirapine
(n=10; 3.4%)
Abacavir/Lopinavir/Didanosine(n=1;
0.3%)

HAART (n=17; 6.2%) Non HAART (n=8;
3.9%)

Naidu et al., 2013 Not Reported

Not Reported

HAART (n=9; 32.1%)

Mary et al., 2018 5 months

Regimen containing Tenofovir(n=62.5%)
Regimen containing Lamivudine
(n=75%)

n=10; 2%

the antiviral drug regimen. This is the first pooled pre-
valence for oral hyperpigmentation in HAART patients
presenting the highest random-effects pooled prevalence
was in Thailand at 44% (95% CI: 42%, 46%) and fo-
llowed by India at 24%. However, no pooled prevalence
was analyzed in the populations in Nepal (11%), Tanza-
nia (6%), and Nigeria (2%) since there is only one study
in each of the three countries. The result in this pooling
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prevalence is varied may be due to the type and duration
of HAART used in study population (27,28).

The most widely used type of ARV was from the NRTI
group (n=7), which can be seen from the use of Teno-
fovir, Lamivudine, Abacavir, Stavudine, Zidovudine,
and Didanosine. Initially, HAART therapy commonly
combined NRTI and NNRTT agents to inhibit the activi-
ty of reverse transcriptase (RT) in HIV viruses as a sole
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target. Afterwards, more HAART are the combination
of NNRTI/NRTI with protease inhibitors-aiming at in-
terfering both HIV virus proliferations and RT activities
(26). However, the use of various drugs from the NRTI
group, such as Zidovudine, Lamivudine, Abacavir, Te-
nofovir, and Emtricitabine has been reported by various
studies to have side effects related to oral hyperpigmen-
tation in HIV patients. Zidovudine has been linked to
hyperpigmentation in the nails, skin, and mouth (6,27).

Mallagray-Montero (2022) in his study also found that
the combined treatment of abacavir sulfate/lamivudine/
zidovudine had an effect in causing oral pigmentation
(28).

The mechanism of HAART in the increased produc-
tion of melanin is illustrared in Figure 3. HAART in
the NRTI group works by being incorporated into viral
DNA to cause chain termination via polymerase gam-
ma (Pol-y). In neighboring cells, high processivity of

HAART
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Fig. 3: Melanin formation and transfer of melanin pigment to keratinocytes (32).
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Pol-y and ART exposure lead to mutation of mitochon-
drial DNA (mtDNA) thus inducing mitochondrial func-
tion failure and increased oxidative stress (29). Inside
melanosome, increased reactive oxygen species may
induce polymerization of dopachrome decarboxylation
product (reactive quinones) which finally leads to the
formation of the brown/black eumelanin (30). As me-
lanocyte stimulating drugs, the mechanism of action of
these antiretrovirals is also postulated from an increase
in melanin synthesis as an outcome of increased melano-
cyte-stimulating hormone secretion (a-MSH) though the
process has yet to be elucidated. High oxidative stress
and increased melanocyte-stimulating hormone secre-
tion (a-MSH) would elevate the activation of melano-
cortin 1 receptor (MC1R) on membrane cell of melano-
cyte resulting in the increased mRNA concentration of
tyrosinase and produced melanin (28,31). Other group
of HAARTS such as NNRTI and PI is also reported with
mitochondrial dysfunction and cellular stress that may
also lead to increased melanin production (29).
Although oral hyperpigmentation may appear imme-
diately after drug administration or over a longer period
such as days or even years, the duration of ART has an
impact on the prevalence of oral hyperpigmentation
regardless of the type of antiretroviral drug used (28).
It is supported by Nittayananta (2010), who found that
HIV-infected subjects who took ART for a longer period
of time than those who took it for a shorter period of
time had a higher risk of developing oral hyperpigmen-
tation (6). Of all 11 studies, only 7 studies reported the
duration of HAART among the HIV patients where the
study with the shortest duration showed the lowest oral
hyperpigmentation prevalence (2,10,19,21,22). Howe-
ver, no study has been conducted to investigate the co-
rrelation between HAART type, duration and the degree
of oral hyperpigmentation.

Clinically, oral hyperpigmentation lesions are asympto-
matic and can appear in various sizes and shapes (Fig.
4). It manifests as light to dark brown macules, single or
multiple, well or ill-defined, with smooth surfaces (12).
It can affect any part of the oral mucosa, such as the
gingiva, palate, labial mucosa, tongue, alveolar ridge,

floor of the mouth but most commonly the buccal mu-
cosa (27,33). It may affect the patient’s quality of life,
especially self-confidence, where hyperpigmentation
interferes with the patient’s aesthetics based on location
of lesion in the oral cavity (12). Hyperpigmentation in
HAART patients may either appear concurrently in skin,
nails oral mucosa or solely presents in the oral cavity.
Only two included studies reported the characteristics
of oral hyperpigmentation that are Satyakiran et al.’s
(2016) mentioning oral hyperpigmentation among HIV
patients under HAART was found in the buccal, tongue,
and attached gingiva especially in pediatric patient, and
Mary et al. (2018) mentioning the lesion on the tongue
and buccal mucosa (10,22).

HAART induced pigmentation in the oral cavity may
be caused by the diffusion of drug metabolite from the
capillary in the lamina propria to the basal layer where
melanocytes are present. Sole presentation in the oral
cavity may be determined by several factors including
the number and melanogenic activity of the melanocytes
in the basal cell layer of the epithelium, differences in
number, size, and distribution of melanosomes, diffe-
rences in the type of melanins, and the masking effect
of heavily keratinized epithelium (35,36). Pigmentation
due to drugs, antiretroviral drugs investigated in this
review particularly, is known to be reversible and rela-
tively dose-dependent where melanin disappears upon
keratinocyte terminal differentiation in epithelial layer.
The accumulation of melanin will remain as the causati-
ve drugs continued (37-39).

Potential influences on prevalence estimates were inves-
tigated using subgroup analyses. Where studies allowed,
we descriptively compared prevalence estimates by
location within studies. We then assessed the influen-
ce on estimates of the following study-level variables
identified a priori as potential sources of variation in
the estimates of prevalence: 1) risk of bias, and 2) geo-
graphical location. We undertook an initial descriptive
analysis of the studies. Heterogeneity between estimates
was assessed using the 12 statistic, which describes the
percentage of variation not because of sampling error
across studies. An 12 value above 75% is categorized

& .
Fig. 4: Diffuse light (left) and homogenous (right) pigmentation (34).
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as high as observed in India (83%) indicating that the
source of heterogeneity was not geographical location.
The high level of heterogeneity in pooled prevalence es-
timates may have been due to varied study populations
such as age and gender or type and duration of HAART.
However, further analysis could not be performed due
to unreported prevalence based on age, gender, type of
HAART, and duration of HAART. Based on Figure 2, it
can be observed that funnel plots appear in asymmetry.
This may result from smaller studies which presented
larger prevalence than the number of populations. True
heterogeneity may also lead to the asymmetry (32,40).
One of the strengths of this study is that we reported a
detailed characterization of oral hyperpigmentation and
used a systematic meta-analysis to analyze the prevalen-
ce of oral hyperpigmentation caused by HAART using a
systematic meta-analysis. However, there are limitations
that must be addressed in the result of this review. Al-
though being examined by three independent reviewers,
the result of this review may be biased due to the quality
assessment of the individual studies. Out of a total of 11
studies, 3 of them had a moderate risk of bias and many
of them were due to low scores in selection and com-
parability domains of quality scales. Moreover, because
the articles included were predominantly cross-sectional
studies and there was only 1 cohort study, it is not pos-
sible to point out the main factors related to a higher
prevalence of oral hyperpigmentation in some regions.

Conclusions

In summary, in this systematic review and meta-analy-
sis, we confirmed that concurrent oral hyperpigmenta-
tion was present in about one-fifth of the studies popu-
lation. This review is a preliminary study showing an
increased prevalence of oral hyperpigmentation with
the use of HAART in HIV patients. Further studies are
required to investigate the correlation between the dura-
tion and type of HAART with pigmentation. In addition,
a large number of standardized studies are also needed
to reduce heterogeneity.
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