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Abstract

Background: This review identified papers that described periodontitis and
rheumatoid arthritis in sub-Saharan Africa. Only English language publica-
tions from January 2010 to December 2017 describing original research in
sub-Saharan Africa on the association between periodontitis and rheumatoid
arthritis were considered for this study. Methods: Published databases:
PubMed, Science direct and Google scholar, were searched using terms “pe-
riodontitis”, “rheumatoid arthritis” and “Sub-Saharan Africa” to generate a
set of putative studies. Articles with data on both rheumatoid arthritis and
periodontitis compared to controls were selected. Studies on the association
of periodontitis with cardiovascular disease, arthritis or rheumatoid arthritis
alone were excluded. Data were extracted, critically appraised, and analyzed
using a random-effect Mantel-Haenszel meta-analysis on plaque index, gin-
gival index, pocket depth and clinical attachment loss. Results: Three publi-
cations were selected for the systematic review and 2 for the meta-analysis.
Two studies were from Sudan, and one was from Burina Faso. There was a
significant increase in pocket depth (mean difference: 0.31; 95% CI: 0.21,
0.41; N = 274; (p < 0.001)) and clinical attachment loss (mean difference:
0.47; 95% CI: 0.22, 0.75; N = 274; (p < 0.001)) in participants with rheumato-
id arthritis compared to normal controls. Conclusion: Findings from these
combined studies show a significant relationship between periodontal disease
and rheumatoid arthritis with increased periodontal pocket depth and clinical
attachment loss. They also highlight the need for additional work especially in
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the area of associating rheumatoid arthritis with P. gingivalis, the oral micro-
biome and treating periodontal diseases to help in the management of rheu-
matoid arthritis.
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1. Introduction

Periodontitis (PD) is characterized by destruction of both soft and hard tissue
surrounding the teeth [1]. Rheumatoid arthritis (RA) is characterized by de-
struction of cartilage and bone in the joints, mediated by similar bone-resorptive
cytokines and proteinases [2] [3]. Both diseases lead to significant morbidity,
with PD ultimately leading to tooth loss and loss of masticatory function, while
RA leads to loss of joint function and loss of mobility [4].

PD and RA share numerous similarities in pathogenesis, risk factors, and epi-
demiological associations [5]. They both share several immunological and mor-
phological features including: increased pro-inflammatory cytokines and metal-
loproteinases [6]. Various hypotheses have been proposed that suggest that PD
may potentially exacerbate or initiate RA or vice versa. One of the widely ac-
cepted hypotheses is that Porphyromonus gingivalis, a bacterium present in the oral
cavity, induces breakdown of tolerance by exerting an abnormal post-translational
protein modification called citrullination [4]. In citrullination the amino acid
arginine is converted into citrulline after protein synthesis, resulting in a change
of structure and function of the affected protein. The Porphyromonus gingivalis
bacteria are thought to produce these citrullinated proteins with the aid of pep-
tidyl-arginine-deiminases (PAD), enzymes that catalyze the conversion of pep-
tidyl-arginine sections of proteins to peptidyl-citrulline. This leads to loss of to-
lerance to neo-epitopes eliciting a response that may result in disease [7].

Previous work in developed countries has shown that the occurrence and se-
verity of periodontitis are higher among subjects with RA, showing a positive
correlation between these two chronic inflammatory diseases [8] [9] [10]. In RA
patients, periodontitis is a strong predictor of anti-citrullinated peptide antibo-
dies (ACPA), which in part supports the observed higher RA disease activity
scores of individuals with a correspondingly high burden of periodontal symp-
toms [11]. Several studies have evaluated the effect of periodontal treatment on
RA and biomarkers of the disease [12] [13]. Studies have shown that, after
non-surgical periodontal treatment, there is reduction of disease activity score
on 28 joints (DAS28) in RA patients with PD. This was also associated with sig-
nificant reductions in erythrocyte sedimentation rate and a trend towards a re-
duction in TNF-a titers and DAS scores [14]. The control of local periodontal
infection and inflammation by non-surgical periodontal therapy may attenuate

the systemic inflammatory response leading to an improvement in RA disease
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activity [15] [16].

Ongoing studies in the developed countries continue to unravel the different
pathogenic linkages and possible treatment remedies between these two diseases
[13] [15] [17]. In Sub-Saharan Africa (which is associated with poor oral hy-
giene) where these two diseases also occur, little is known about this link and
possible benefits of co-treating PD and RA. This review addresses the question:

what is the association between PD and RA among Sub-Saharan African patients?

2. Methods
2.1. Search Strategy

We searched the following published databases: PubMed, Science direct and
Google scholar [18]. We placed date restrictions to identify articles published
between Jan 2010 to Dec 2017. Only English language articles were selected. Ar-
ticles were searched for using the search terms ((Chronic Periodontitis) OR (Pe-
riodontitis, Chronic) OR (Periodontitis, Chronic) OR (Adult Periodontitis) OR
(Periodontitis, Adult)) AND ((Rheumatoid arthritis) OR (Arthritis, rheumatoid)
OR (subSaharan Africa) OR (Africa)). Studies with both diseased and controls
were included. Studies looking at association of periodontal disease with the oral
microbiome, cardiovascular disease, arthritis or rheumatoid arthritis alone were
excluded from the study. In addition, those with unavailable abstracts were also
excluded. The titles and abstracts of each citation were independently reviewed
by three authors (EN, HK and IGM) and verified by a forth (WB). Full texts of
potentially eligible papers, were independently reviewed by three authors (MK,
IGM, and WB) with consensus made through discussion on final study eligibility
(See Figure 1). The Preferred Reporting Items for Systematic Reviews and Me-
ta-Analyses (PRISMA) strategy was followed.

2.2. Data Extraction

Data were entered into a data extraction table from the full text articles of the in-
cluded papers (Table 1). These included number of participants, age, gender,
country of origin and periodontitis measures. These periodontitis measurements
included percentages with periodontitis, probing depth, plaque index, missing
teeth, proportion of sites with plaque, bleeding on probing (BOP), and clinical
attachment loss (CAL). Two authors independently extracted all the data with
any disagreements addressed through discussion.

2.3. Critical Appraisal

All included studies were assessed using the Downs and Black critical appraisal
tool for non-randomized controlled trials [19]. This 27-item critical appraisal
tool assesses study quality (10 items), external validity (3 items), study bias (7
items), confounding and selection bias (6 items), and power of the study (1
item). All papers were independently assessed by two reviewers (EN, HK) and
verified by two reviewers (IGK and WB).
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Figure 1. Literature review flow diagram.

2.4. Data Analysis

Study heterogeneity was assessed through visual assessment of the data extrac-
tion table (Table 1). As there was sufficient homogeneity in participant charac-
teristics (Table 2), periodontal assessment, and study design, a meta-analytic
approach was undertaken. The primary analysis was to estimate the mean dif-
ference between plaque index, gingival index, Pocket depth and CAL scores of
periodontitis with rheumatoid arthritis over participants without rheumatoid
arthritis. A fixed-effect Mantel-Haenszel meta-analysis was used when the in-
consistency value I* was 50% or less and Chi® equated p = 0.10. A random-effect
Mantel-Haenszel meta-analysis was undertaken when I was >50% and Chi?
equated to p < 0.10. All analyses were calculated with 95% confidence intervals,
and forest-plots were constructed, and performed using R statistical computing

software version 3.2.0 (Vienna, Austria) [20].
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Table 1. Data extraction table for the systematic review.

BMC Research Notes Joint Bone Spine BMC Research Notes

2011, 4:460 [22] 84, (2017); 113-114 [21] 2017, 10:34 [23]

Study design Case-control Case-control Case-control

Participant number 160 129 171
Cases: Controls 80:80 43:86 57:57:57
A Cases: Controls Cases: Controls RA: PD: Control
e
8 Both: 20 - 60 years 46.5:46.3 42.9:42:30.5

Females were 79% and 75.6% in the
Gender EM9:1 . F:M 8.3:1
cases and controls respectively.

Country of origin Sudan Burkina Faso Sudan
Inclusion criteria 2010-ACR/EULAR criteria for RA 2010-ACR/EULAR criteria for RA 2010-ACR/EULAR criteria for RA
Pregnancy, lactation, smoking, periodontal
& v 10 pert Systemic diseases that can affect

periodontal status, smoking, antibiotic
therapy with the last 3 months and

therapy or antibiotics in the previous three

months, or any systemic condition which Diabetes mellitus, pregnancy,
might have affected the progression of antibiotic therapy and smoking
periodontitis, localized or generalized

Exclusion criteria

periodontal treatment with in the last

. . . 6 months
aggressive periodontitis
No association between the drugs used for The was a significant difference in all
treatment of rheumatoid arthritis (Non Periodontal disease was not periodontal parameters among the
Steroidal Anti-Inflammatory Drugs &  significantly associated with Age > 50 three groups. The periodontal disease
Major findings Disease Mordifying Anti-Rheumatic  years, male gender, Disease duration >group experienced significantly higher
Drugs) and the periodontal parameters 10 years, DAS28 > 3.2, Joint values in all clinical periodontal
(plaque index, gingival index, and clinical deformities and ACPA parameters in comparison to the RA
attachment loss). and healthy groups (p < 0.001).

Table 2. Downs and Black critical appraisal results.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27

Reference
Abdelsa-

lam

Gamel v v v N Vv v vV NN v X X N NNV NV NN Vv X N NN N Vv

v v NV Vv V/ NN ¢y X X NNNVV N/ NN v X N N N N Vv

Key: v, satisfied; X, not satisfied; N, not applicable. (1) Hypotheses/aims/objectives clearly stated; (2) Main outcome measures clearly described. (3) Charac-
teristics of patients/subjects clearly described. (4) Interventions of interest clearly described. (5) Distribution of principal confounders in each group clearly
described. (6) Main findings clearly described. (7) Estimates of random variability in the data provided. (8) Important adverse events reported. (9) Characte-
ristics of patients lost to follow-up described. (10) Actual probability values reported. (11) Participants approached representative of entire population. (12)
Participants recruited representative of entire population. (13) Staff, places, and facilities representative of majority of population. (14) Blinding of study
subjects. (16) Blinding of assessors. (16) Data based on data-dredging clearly stated. (17) Adjustment of different length of follow-up or duration between
case and control. (18) Appropriate statistical tests used. (19) Compliance to intervention reliable. (20) Main outcome measure reliable and valid. (21) Inter-
vention groups or case-controls recruited from same population. (22) Intervention groups or case-controls recruited at the same time. (23) Study subjects
randomized to the interventions. (24) Was concealed randomization to allocation undertaken. (25) Adequate adjustment made in the analysis of confound-
ers. (26) Patient losses accounted for. (27) Sufficiently powered cohort size.

3. Results
3.1. Overall Description of the African Publications
Three publications met the inclusion criteria (Figure 1). Two of the studies were

from Sudan and one from Burkina Faso. All the studies had a comparative study
design, that included RA and PD, and controls. There were 129 participants in
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the Burkina Faso study, 160 and 171 participants in the first and second Sudan
studies respectively (Table 1).

3.2. Age and Sex Predisposition

In the Burkina Faso study [21] the mean age was 46.50 + 12.75 years in the 43
cases and 46.39 + 14.39 years in the 86 controls (P = 0.966). Females were more
common in both cases and controls (79% vs. 75.6%). The first Sudanese study
[22] had 80 cases and 80 controls with an age range of 20 to 60 years. Again,
there were more female (90%) participants. The second Sudanese study [23] had
57 RA, 57 chronic periodontitis patients and 57 healthy adult participants. The
mean age was similar in the RA and chronic periodontitis groups (42.9 + 10.3)
and (42.0 + 10.0) years, respectively. However, a younger age was found in the

control group (30.51 + 6.00) years.

3.3. Periodontitis Measures

The mean number of times participants brushed their teeth per day was 1.30 £
0.46 in the cases and 1.43 + 0.56 in the controls (P = 0.201) from Burkino Faso
[21]. The first Sudanese study [22] revealed no significant differences in plaque
and gingival index among study and control groups, with mean plaque index of
(1.25 £ 0.4) for patients and (1.17 * 0.28) for the control group (p = 0.360). The
mean gingival index was (1.2 + 0.24) for the patients and (1.2 * 0.33) for the
control (p = 0.305). The results showed statistically significant differences in
clinical attachment loss between study and control groups, with mean clinical
attachment loss of (1.03 £ 0.95) for the study group and (0.56 + 0.63) for the
control group (p < 0.001). On the other hand, the prevalence of periodontal dis-
ease in the study from Burkino Faso [21] was 83.72% (36/43) in the cases and
54.65% (47/86) in the controls. The odds ratio (OR) for periodontal disease
among the cases compared to the controls was 4.26 (95% confidence interval,
1.71 - 10.64; p < 0.001).

In the third study included in this analysis from Sudan [23], clinical peri-
odontal measurements were analyzed in two steps: first, the full mouth record-
ings at six sites/tooth were compared between the study groups; then the levels
of salivary TNF-a were compared among the three study groups. The results re-
vealed a significant difference in all periodontal parameters among the three
groups. The periodontal disease group had significantly higher values in all clin-
ical periodontal parameters in comparison to the RA and healthy groups (p <
0.001). The mean level of salivary TNF-a levels in the RA patients was (30.80 +
26.73) pg/ml while in the chronic periodontitis patients and control subjects was
(28.70 + 35.24) pg/ml and (35.98 + 30.43) pg/ml respectively. When comparing
the salivary levels of TNF-a among the 3 study groups using one-way ANOVA
test, no significant difference was detected (p = 0.846). No significant correlation
was found between the salivary level of TNF-a and CAL in the chronic peri-
odontitis and RA groups.
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3.4. Association of Periodontitis with RA Drugs

Thirty-six of the study participants (83.72%) were taking methotrexate while
three participants (6.98%) were receiving both methotrexate and sulfasalazine
for the treatment of rheumatoid arthritis in the Burkino Faso study [21]. For the
second study from Sudan [22] no association was found between the type of
drug used to treat rheumatoid arthritis (NSAIDs & DMARDs) and the peri-
odontal parameters (plaque index, gingival index, and clinical attachment loss).
This was a similar result to the findings from the third study also from Sudan
[23], where the medications used by the RA patients were methotrexate, hy-
droxychloroquine, prednisolone, NSAID and sulphasalazine and there was no
significant correlation between the type of drug used for treatment of RA and
the clinical attachment loss (CAL). Additionally, no significant difference was
obtained when correlating the CAL with the disease duration (p = 0.189).

3.5. Meta-Analysis of Two Studies

Two studies were included in the meta-analysis [22] [23], because the third
study [21] did not break down the periodontal measures into plaque index, gin-
gival index, Pocket depth and CAL scores and was hence not comparable. There
were significant differences in pocket depth (mean difference: 0.31; 95% CI: 0.21
to 0.4; N = 274 (p < 0.001)) and clinical attachment loss (mean difference: 0.47;
95% CI: 0.22 to 0.75; N = 274 (p < 0.001)) in participants with RA compared to
normal controls. The plaque index (mean difference: 0.38; 95% CI: —0.21 to 0.97;
N = 274) and gingival index (mean difference: 0.36; 95% CI: —0.35 to 1.08: N =
274) were not significantly different (Figure 2).

4. Discussion

In this review, we set out to determine the association between PD and RA

among African Sub-Saharan (SSA) patients. We found that only three studies

Experimental Control
Study Total Mean SD Total Mean SD Mean Difference MD 95%-Cl
PI
Abdelsalam 2011 80 1.25 0.4000 80 1.17 0.2800 - 0.08 [-0.03;0.19]
Gamel 2017 57 0.91 0.3200 57 0.23 0.2600 = 0.68 [0.57;0.79]
Fixed effect model 137 137 < 0.38  [0.30; 0.46]
Random effects model ——— 0.38 [-0.21;0.97]
Heterogeneity: 2= 98%, 1?= 0.1770, p <0.01
Gl
Abdelsalam 2011 80 1.20 0.2400 80 1.20 0.3300 i 0.00 [-0.09; 0.09]
Gamel 2017 57 0.99 0.1700 57 0.26 0.3200 = 0.73 [0.64; 0.82]
Fixed effect model 137 137 < 0.35 [0.28; 0.14]
Random effects model —————————  0.36 [-0.35;1.08]

Heterogeneity: » = 98%, 1> = 0.2643, p < 0.01

PD

Abdelsalam 2011 80 0.46 04200 80 0.15 0.2200 = 0.31 [0.21;0.41]
Gamel 2017 57 0.02 0.0400 57 0.00 0.0000 ] 0.02

Fixed effect model 137 137 < 031  [0.21;0.41]
Random effects model < 0.31  [0.21; 0.41]
Heterogeneity: not applicable

CAL

Abdelsalam 2011 80 1.03 0.9500 80 0.56 0.6200 — 0.47 [0.22;0.72]
Gamel 2017 57 0.51 0.5700 57 0.00 0.0000 . 0.51

Fixed effect model 137 137 _ 0.47  [0.22;0.72]
Random effects model _ 0.47 [0.22; 0.72]

Heterogeneity: not applicable

Figure 2. Meta analysis Forest plot. SD: Standard deviation, MD: Mean difference.
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had been conducted in SSA and they reported that periodontal disease (PD) was
more frequently observed in participants with Rheumatoid Arthritis (RA) as
compared to healthy controls [21] [22] [23]. This is in agreement with findings
from high income countries studies which have demonstrated an association
between PD and RA [4] [24] [25]. These studies and the meta-analysis con-
ducted here showed that pocket depth and clinical attachment loss is greater in
RA participants than non-RA participants [25]. Also, consistent with previous
reports in the current review is the absence of any associations linking peri-
odontal disease to other parameters (gender, disease duration, DAS28, deformi-
ties, and ACPA) [21].

The association between RA and PD via micro-organisms has long been post-
ulated [26]. Specifically P. gingivalis has been suggested as the possible link and
has been studied [27] in other areas outside sub-Saharan Africa. In the current
review this association with P. gingivalis is glaringly missing in the African stu-
dies and needs to be explored. Also, several studies have examined the effects of
periodontal treatment on the DAS 28 score, a common measure of RA activity
[28]. They have reported that after non-surgical periodontal treatment for three
months or six months: the DAS 28 levels, serum erythrocyte sedimentation rate,
CRP and tumor necrosis factor (TNF)-a were statistically lower [29]. Only one
study mentions inflammatory markers [23]. These findings are also missing
from these African studies and need to be explored [30].

There is scarcity of information regarding the interaction of these two dis-
eases to guide the formulation of interventions or educational programs. Sev-
eral studies have demonstrated that the human microbiome is important in
maintaining health, for example dysbiosis has been associated with various
diseases [31] [32] Thus, translational studies of the microbiome will have the
potential for clinical and diagnostic use. With the populations of Sub-Saharan
Africa on the rise with anticipated increase in the numbers of rheumatoid arth-
ritis patients, development of interventional strategies is urgently needed to ad-
dress this. Further studies are needed in understanding the oral microbiome and
its relationship with non-communicable diseases especially RA in Sub-Saharan
Africa.

5. Limitations

The current literature search included studies published from 2010 to 2017.
Hence, we may not have identified all pertinent articles, and our search and re-
view strategy may have introduced some bias. Additionally, we included only
English-language articles, which may have led to missing articles written in other
languages. We could not include clinical trials because they were not available,
which could reduce the power of the conclusions made from our review. Finally,
there were only a limited number of studies comparing periodontitis with rheu-
matoid arthritis from the wider Sub-Saharan African region, the two studies in-

cluded in the meta-analysis were from one country Sudan, which may limit ge-
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neralization of the findings to the entire continent.

6. Conclusion

The findings from these studies from sub-Saharan Africa show a significant rela-
tionship between periodontal disease and RA in terms of pocket depth and
clinical attachment loss. However, there is no significant difference between
plaque and gingival index among study and control groups. These studies high-
light the potential of studying the relationship between these two diseases in
sub-Saharan Africa and the lack of work especially in the area of associating RA
with P. gingivalis and treating periodontal diseases to help in the management of
RA.
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