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Abstract. The aim of this systematic review was to test the following hypotheses:

(1) that there is no difference in implant survival rate between individuals with
overweight or obesity and those who are within the ideal weight range; (2) that there
are no differences between these groups regarding indicators of peri-implant health.
Two independent reviewers performed a literature search of the PubMed/
MEDLINE, Scopus, and Cochrane Library databases for studies published up to
April 1, 2018. A meta-analysis was performed to determine the risk difference for
implant failure and mean difference for marginal bone loss, probing depth, and
bleeding on probing. Six studies were selected for review, involving a total of 746
patients with 986 implants: 609 in overweight or obese individuals and 377 in
individuals within the ideal weight range. The findings of this systematic review
indicate that the first hypothesis should be accepted, since no statistically significant
difference in implant survival rate was found between individuals with overweight/
obesity and those within the ideal weight range (P = 0.64). The second hypothesis
was rejected, as the review indicated a difference in marginal bone loss

(P < 0.00001), probing depth (P < 0.00001), and bleeding around dental implants
(P < 0.00001).
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According to the World Health Organiza-
tion', overweight and obesity are defined
as abnormal or excessive fat accumulation
that may impair health. Recent data indi-
cate that the prevalence of obesity has
nearly tripled since 1975. Global estimates
show that 2.8 million people die each year
due to diseases associated with obesity or
overweight, and this is considered an epi-
demic in high-, middle- and low-income
countries'. It is predicted that approxi-
mately half of the world’s population will
be obese by the year 20302

Obesity is associated with high rates of
mortality and morbidities such as hyper-
tension, type II diabetes, and atheroscle-
rosis®. It has recently been suggested that
this condition is correlated with a low-
grade inflammatory state, characterized by
an increase in circulating inflammatory
markers®. This systemic inflammatory
state contributes to an alteration in the
immune response and increasing levels
of C-reactive protein (CRP), which is an
indicator of systemic inflammation”.

Suvan et al. found that overweight/
obese individuals are more likely to have
periodontitis compared to normal weight
controls®. This periodontal tissue destruc-
tion is likely related to increased levels of
pro-inflammatory cytokines and periodon-
tal pathogens in patients with obesity”*. A
recent systematic review concluded that
an increased waist circumference, obesity,
overweight, and weight gain contribute
to a worsening of periodontal measures’.
The same reasoning may apply to dental
implants, but there is no consensus on this
issue yet.

Despite the relatively high implant suc-
cess rate in daily practice, it is important
to identify patients who are at greater risk
of complications, such as implant failure,
which is defined as an osseointegration
failure or long-term failure due to peri-
implantitis'’. Considering the growing
concerns regarding the high prevalence
of overweight and obesity throughout
the world and the increasing number of
patients seeking dental implant treatment,
the aim of this study was to perform a
systematic review of the literature on the
possible association between overweight/
obesity and dental implant complications.
The following were the null hypotheses:
(1) there is no difference in implant sur-
vival rate between individuals with over-
weight or obesity and those who are within
the ideal weight range; (2) there are no
differences between these groups regard-
ing indicators of peri-implant health, such
as marginal bone loss, probing depth,
bleeding on probing, or inflammation
mediators around dental implants.

Materials and methods
Protocol and registration

This study was conducted using the
PRISMA guidelines''. The guiding ques-
tion was: Is there an association between
overweight/obesity and dental implant
complications? This systematic review is
registered with the International Prospec-
tive Register of Systematic Reviews in
Health and Social Care (PROSPERO, Na-
tional Institute for Health Research, UK;
CRD42018094848).

Eligibility criteria

The PICO question was used to guide the
selection of articles: (1) population:
patients undergoing dental implant
surgery; (2) intervention: placement of
dental implants in individuals with over-
weight or obesity; (3) comparison: place-
ment of dental implants in individuals
within the ideal weight range; (4) out-
come: implant survival rate (primary
outcome) and marginal bone loss
(MBL), probing depth (PD), bleeding
on probing, and other complications (sec-
ondary outcomes).

The following inclusion criteria were
applied: articles published in English,
Portuguese or Spanish; randomized con-
trolled trials and retrospective or prospec-
tive studies comparing individuals with
overweight/obesity to those who are with-
in the ideal weight range. Body mass index
(BMI = weight in kilograms divided by
height in metres squared, kg/m?) was cat-
egorized as follows: (1) <18.5 kg/m? =
underweight; (2) 18.5-24.9 kg/m? = ideal
range; (3) 25-29.9 kg/m® = overweight;
(4) 30-39.9 kg/m> = obesity; and (4)
>40 kg/m? = morbid obesity'>. Narrative
review articles and animal studies were
excluded.

Sources of information and search
criteria

The PubMed/MEDLINE, Cochrane Li-
brary, and Scopus databases were
searched for pertinent articles published
up to April 1, 2018. Medical subject head-
ings (MeSH, PubMed) and terms related to
overweight/obesity and dental implants
were combined using Boolean operators.
The following search was conducted in
each database: (dental AND implant) [All
fields] AND (obese OR obesity OR weight
OR overweight OR body mass index OR
BMI OR body fat) [All fields].

To screen for articles in press and not
yet indexed in the main databases, a man-
ual search of the following journals was

performed: International Journal of Oral
and Maxillofacial Surgery, Journal of
Oral and Maxillofacial Surgery, British
Journal of Oral and Maxillofacial Sur-
gery, Clinical Oral Implants Research,
and International Journal of Oral and
Manxillofacial Implants. The reference lists
of selected studies were also screened for
potential titles that met the inclusion cri-
teria.

Data collection process

Two independent reviewers who had un-
dergone a calibration exercise performed
the selection of the articles (J.L.G.C.M.
and C.A.A.L.). Inter-examiner kappa
scores were calculated to determine
the level of agreement in the pre-selection
of articles based on titles and abstracts
(k=086  for PubMed/MEDLINE,
K = 1.0 for Scopus, and K =1.0 for the
Cochrane Library). Titles and abstracts
were screened using the inclusion and
exclusion criteria. Next, pre-selected stud-
ies and those for which insufficient infor-
mation was found in the title/abstract were
submitted to full-text analysis for the
determination of eligibility. In cases of
a divergence of opinion, a third reviewer
(B.C.E.V.) was consulted to make the final
decision.

Data extraction

Two reviewers (J.L.G.C.M.and C.A.A.L.)
extracted the following data from the arti-
cles: author(s) and year of publication,
study type, sample characteristics, sample
size for each group, measures of obesity
employed, and methods of assessing peri-
implant health or complications. Given
that some obesity-related comorbidities
such as diabetes or other implant fail-
ure-related factors could influence the
results'?, the studies were evaluated with
regard to adjustments for confounding
factors (yes/no/partial). The following
complications were considered: implant
loss, peri-implantitis, MBL, PD, and any
other complication or factor reported in
the studies that may influence peri-implant
health.

Summary measures

Review Manager software (RevMan ver-
sion 5.3; The Nordic Cochrane Centre,
The Cochrane Collaboration, Copenha-
gen, Denmark, 2014) was used for the
meta-analysis and to construct the forest
plots. The Mantel-Haenszel method was
used. The risk difference (RD) with a 95%
confidence interval (CI) was used to com-



pare the occurrence of implant failure
between individuals with overweight/obe-
sity and those within the ideal weight
range (dichotomous outcome). A RD val-
ue was considered significant when the P-
value was <0.05. The method described
by Hozo et al.'* was used to calculate the
standard deviation (SD) of continuous
measures when individual subject data
were not available. This method is useful
for calculating the SD when only the range
of values and mean are available. The
mean difference (MD) was used in the
meta-analysis for the comparison of con-
tinuous measures.

In cases of statistically significant het-
erogeneity (P < 0.10), a random-effects
model was used to assess the significance
of the treatment effects. When no statisti-
cally significant heterogeneity was found,
analysis was performed using a fixed-
effects model. Heterogeneity was assessed
using the Q method (Xz), with calculation
of the 2 value, which was used to analyze
variations in heterogeneity: /* above 75%
(0-100%) was considered indicative of
relevant heterogeneity'”. Five selected
articles were eligible for quantitative anal-
ysis (three for implant failure and two for
MBL, PD, and bleeding on probing). One
article was not included in the quantitative
analysis because it only evaluated bio-
markers of inflammation around dental
implants and the correlation with body
fat indices.

Overweight/obesity and dental implants

Assessment of study quality

Two investigators (J.L.G.C.M. and C.A.A.
L.) assessed the methodological quality of
the studies using the Methodological In-
dex for Non-Randomized Studies (MIN-
ORS) scale, which is a validated 12-item
instrument. This is a validated index for
the assessment of non-randomized studies.
It was developed by a group of surgeons
because of the problems faced by clini-
cians due to the lack of randomized surgi-
cal trials and the large number of
observational studies in surgery. Each
item is scored 0 (not reported), 1 (reported,
but inadequate), or 2 (reported and ade-
quate)'®. A controlled study is considered
to be of high quality if it receives a score of
>16. For non-controlled studies, a score of
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>10 is considered indicative of high qual-
ity. Additionally, the articles were classi-
fied with regard to the level of scientific
evidence based on the classification sys-
tem proposed by the Oxford Centre for
Evidence-Based Medicine (CEBM) in
2009 (Table 1), which is often employed
for this purpose. The classification is
based on the study design'’.

Results

Details of the search strategy are displayed
in Fig. 1. The searches performed in the
databases led to the retrieval of 972 arti-
cles: 891 from PubMed/MEDLINE, 29
from Scopus, and 52 from the Cochrane
Library. After the removal of duplicates,

Table 1. Levels of evidence according to the Oxford Centre for Evidence-Based Medicine

(CEBM)"".

Level of evidence Meaning

la Systematic reviews (with homogeneity) of RCTs

1b Individual RCTs (with narrow confidence intervals)

lc ‘All or nothing’

2a Systematic reviews (with homogeneity) of cohort studies

2b Individual cohort studies (including RCTs of low quality)

2c ‘Outcome’ studies, ecological studies

3a Systematic reviews (with homogeneity) of case—control studies

3b Individual case—control studies

4 Case series (as well as cohort and case—control studies of low quality)
5 Expert opinions with no explicit critical considerations or based on

physiology or based on studies of low quality

RCT, randomized controlled trial.

Pubmed/MEDLINE: 891
‘g Scopus: 29
= Cochrane Library: 52
& Total: 972
K
D
=
o0
= - T =
= Records after duplicates removed: 910 }—* Records excluded after reading titles or abstracts:
§ 899
9
@
& - - -
= Full-textarticles assessed for |, |Full-text articles excluded, with reasons:
5 Eligibility:11 .
E *  Measure(s) of obesity not evaluated!s-20
* No specification regarding BMI categories?!-2
3
= Studies included in qualitative synthesis: 6
Tﬂ‘ Studies included in quantitative synthesis: 5
L=

Fig. 1. PRISMA flow diagram of the study selection process.



1244

Monteiro et al.

910 studies remained. Following the anal-
ysis of the titles and/or abstracts, 11 stud-
ies were submitted to full-text analysis,
five of which were excluded due to the
absence of an obesity measure'® " or
failure to specify BMI categories®>>'.
Thus, six studies were included in the
present review>> >%.

The studies were evaluated for feasibil-
ity regarding data synthesis and one study
was not included in the meta-analysis due
to missing data. Thus, six studies were
submitted to qualitative analysis and five
studies were submitted to quantitative
analysis. All studies were categorized as
level 2b according to the CEBM levels of
evidence. Four were retrospective, one
was prospective, and one was a cross-
sectional study. The studies involved a
total of 746 patients and the placement
of 986 implants: 609 in individuals con-
sidered overweight/obese and 377 in
individuals within the ideal weight
range. Most studies considered a BMI

>30 kg/m* as indicating obesity. One
study included an overweight category
(BMI 25-29.9 kg/m?) and another consid-
ered a BMI of 27 kg/m? as indicating class
I obesity. Table 2 displays the character-
istics of the studies included in this review.

Implant failure

Implant failure was reported in three
studies”™ . In the study by Knabe
et al.”>, no implant failure was detected
in either group (obese and non-obese)
after follow-up ranging from 2 to 3 years.
BMI had no impact on implant survival in
the study by Otzel et al.**, in which seven
out of 65 implants failed in patients with-
out obesity (BMI <30 kg/m?; 10.8% fail-
ure rate) and eight out of 244 failed in
obese individuals (BMI >30 kg/m?; 3.2%
failure rate). Hazem et al.>> also found no
impact of BMI on implant survival. The
meta-analysis using a random-effects
model (Fig. 2) indicated no statistically

Table 2. Characteristics of the studies included in this review.

significant difference in the implant sur-
vival rate between obese and non-obese
individuals (P = 0.64; RD —0.02, 95% CI
—0.09 to 0.06). The total number of
implants installed in each group was con-
sidered in this analysis.

Marginal bone loss, probing depth, and
bleeding on probing around dental
implants

Two studies involved measures of MBL,
PD, and bleeding on probing around den-
tal implants”**’. The mean values for
these measures were higher in obese indi-
viduals than in the controls (ideal weight
range) in both studies.

Vohra et al.?’ stratified the participants
into different levels of obesity and found
that the highest mean values for these
measures occurred among individuals
with a BMI >40 kg/m2 (class III obesity);
they also demonstrated a statistically sig-
nificant difference between individuals

Measures of Adjustment for

Methods of assessment of

First author, Type of study/ obesity confounders Number of peri-implant
publication year CEBM category employed individuals (n) health/complications
Systemic  Local®
Knabe et al.>, 2017 Prospective/2b BMI Yes Partial 120 Failure rate”
Otzel et al.>, 2017 Retrospective/2b BMI Yes Partial 177 Failure rate®
Vohra et al.>’, 2018 Retrospective/2b BMI Yes Partial 84 Plaque index*
Bleeding on probing’
Probing depth?
MBL levels®
Hazem et al.>, 2016 Retrospective/2b BMI Yes Partial 220 Failure rate’
Signs of infection (fistula tracks, pus)
MBL (present/absent)®
Abduljabbar et al.”°, 2016 Retrospective/2b BMI Yes Partial 72 Non-stimulated whole saliva analysis”
Probing depth
Bleeding on probing
MBL levels'
Elangovan et al.?®, 2014 Cross-sectional/2b  BMI, WC, Yes Partial 73 PISF analysis’
% total Plaque levels®
body fat Probing depth

Bleeding on probing

Presence of suppuration
Mobility

Pain on percussion or palpation

BMI, body mass index; CEBM, Centre for Evidence-Based Medicine; MBL, marginal bone loss; PISF, peri-implant sulcular fluid; WC, waist

circumference.
*Smoking was considered a local factor.

®No description of the method used to determine implant failure.
°Defined as an implant requiring replacement.

4 According to the Seventh European Workshop on Periodontology.
°Defined as the distance from the widest supracrestal part of the implant to the alveolar crest.
"The implant was considered a failure if it was removed from the patient’s mouth.
£No measurements of bone levels were made, but bone loss was recorded as present or absent based on whether it was noted in the treatment

record.

%‘Measurement of levels of interleukins IL-6 and IL-1[3 through enzyme-linked immunosorbent assay.

'Defined as the linear distance from the implant-abutment junction to the most coronal part of the alveolar crest.

I Peri-implant sulcular fluid analysis was performed by measuring levels of interleukins (IL-1c, 13, 6, 8, 10, 12, 17), tumour necrosis factor
alpha (TNF-av), C-reactive protein (CRP), osteoprotegerin, leptin, and adiponectin. Measurements were performed using a multiplexed fluorescent

bead-based immunoassay.

XMeasured using the modified Quigley—Hein plaque index.
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Obese Non-obese Risk Difference Risk Difference
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% ClI
Hazem et al., 2016 3 89 4 232 47.2% 0.02 [-0.02, 0.086) a
Knabe etal., 2017 1} 9 0 111 191% 0.00[-0.14,0.14) -
Otzel et al., 2017 8 244 7 65 33.8% -0.07 [-0.15, 0.00] —
Total (95% Cl) 342 408 100.0% -0.02 [-0.09, 0.06] &
Total events 11 11
Heterogeneity: Tau®*= 0.00; Chi*=5.27, df=2 (P = 0.07), F=62% F 05 5 o5 7

Test for overall effect: Z=0.47 (P = 0.64)

Obese Non-obese

Fig. 2. Meta-analysis through a random-effects model indicating no statistically significant difference in implant survival rate between obese and

non-obese individuals.

with a BMI 27.5-34.9 kg/m” and those
with a BMI within the ideal range (BMI
18.5-22.9 kg/m?). Values were also
higher among individuals with class II
and class III obesity compared to the
controls (ideal range). Table 3 shows the
results of the studies regarding the implant
failure rate, as well as MBL, PD, and
bleeding on probing around dental
implants, when available.

The meta-analysis demonstrated a sta-
tistically significant increase in MBL, PD,
and bleeding around dental implants in
obese individuals compared to those with-
in the ideal weight range (Fig. 3). The
mean difference was 2.04 mm (95% CI
1.46 to 2.61, P <0.00001) for MBL,
219mm (95% CI 1.85 to 253,
P < 0.00001) for PD, and 15.98% (95%
CI 13.72t0 18.23, P < 0.00001) for bleed-
ing around dental implants.

Inflammation measures

Three studies provided information on in-
flammation measures’® 2%, One study
assessed the concentration of interleukins

(IL-1B and IL-6) in saliva®. One study
measured the levels of inflammatory med-
iators in the peri-implant sulcular fluid
(PISF)*® and one study correlated CRP
levels in blood samples with clinical and
radiographic peri-implant variables. The
results of these studies are found in Table 4.

Overall, inflammatory mediators were
increased in obese individuals compared
to non-obese individuals. Elangovan
et al.>® found a modest, but statistically
significant association between waist cir-
cumference and levels of IL-13 in the PISF
around dental implants. Vohra etal.>’ found
a significant positive correlation between
serum CRP levels and bleeding on probing,
and a significant negative correlation be-
tween serum CRP levels and MBL in class
III obesity (BMI >40 kg/m?). Abduljabbar
et al.>® found that whole salivary levels of
IL-1B and IL-6 were significantly higher
among obese individuals compared to nor-
mal weight controls. Since these inflamma-
tory mediators were measured in different
manners (non-stimulated whole saliva,
PISF analysis, and serum levels), a meta-
analysis was not viable.

Quality analysis of studies

Overall, the studies analyzed were of high
level quality. The MINORS score ranged
from 15 to 20 (Table 5). A common
deficiency was the lack of a sample size
calculation in most studies. The follow-up
period varied among the studies. The par-
ticipants in the retrospective studies also
had different follow-up periods. A major
limitation was that some studies included
patients with implants functioning for dif-
ferent periods®® ?®. One study stated that
only early failures (prior to crown place-
ment) occurred®. In one study, it was not
clear whether the implants were function-
ing after the last follow-up™’.

Discussion

The rapid increase in the global pre-
valence of obesity has led to increased
concerns regarding the health-related
complications of this condition. High
levels of body fat are related to various
inflammatory reactions, which result in a
chronic low-grade inflammatory state7.

Table 3. Results of studies on failure rate, marginal bone loss, probing depth, and peri-implant bleeding.

Peri-implant

Implant bleeding on
First author, BMI categories (kg/m?) Number of  failure MBL (mm), Probing depth (mm), probing (%),
publication year for each study implants rate (%)  mean (SD) mean (SD) mean (SD)
Knabe et al.>, 2017 Obese (>30) 9 0 NR NR NR
Non-obese (< 30) 111 0 NR NR NR
Otzel et al.>*, 2017 Obese (>30) 244 32 NR NR NR
Non-obese (< 30) 65 10.8 NR NR NR
Vohra et al.”’, 2018 Class I obesity (27.5-34.9) 39 NR 1.8 (0.35)° 2.4 (0.22)° 19.1 (2.25)°
Class I obesity (35-39.9) 35 NR 2.6 (0.52)° 3.1 (0.27)° 25.4 (3.95)°
Class IIT obesity (>40) 26 NR 2.7 (0.45)° 3.6 (0.45)° 27.8 (2.12)°
_ Normal weight (18.5-22.9) 43 NR 0.9 (0.62) 1.2 (0.35) 11.7 (2.37)
Hazem et al.>>, 2016 Obese (>30) 89 3.37 NR NR NR
Overweight (25-29.9) 122 2.45 NR NR NR
Normal weight (18.5-24.9) 110 0.9 NR NR NR
Abduljabbar et al.*®, 2016  Obese (>30) 45 NR 3.4 (0.55)¢ 4.4 (0.8) 28.2 (4.22)¢
Normal weight (18.5-24.9) 48 NR 0.8 (0.6) 2.1 (0.17) 10.1 (2.65)

BMI, body mass index; MBL, marginal bone loss; NR, not reported; SD, standard deviation.
“This study used different values of BMI to classify different levels of obesity.
b Statistically significant difference (P < 0.05) in comparison to class II obesity, class III obesity, and individuals within the ideal weight range.
¢ Statistically significant difference (P < 0.05) in comparison to class I obesity and individuals within the ideal weight range.
9 Statistically significant difference (P < 0.05) in comparison to individuals within the ideal weight range.
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A
Obese Non-obese Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% ClI
Abduljabbar et al. (2016) 34 055 45 08 06 48 335% 2.60[2.37,2.83) i
Vohra et al. (2017) BMI 35- 39.9 26 052 35 09 062 43 33.2% 1.70 [1.45,1.95) =
Vohra etal. (2017) BMI = 40 2.7 045 26 09 062 43 33.2% 1.80 [1.55, 2.05) -
Total (95% Cl) 106 134 100.0% 2.04 [1.46, 2.61] <
Heterogeneity: Tau®= 0.24; Chi*= 32.32, df= 2 (P < 0.00001), F= 94% 54 :2 S é j‘
Test for overall effect: Z= 6.97 (P < 0.00001) Favoursobese EavoursNon:obese
B
Obese Non-obese Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Ci IV, Random, 95% ClI
Abduljabbar et al. (2016) 44 08 45 21 017 48 31.6% 2.30(2.06, 2.54) =
Vohra et al. (2017) BMI 35- 39.9 31 027 35 1.2 035 43 353% 1.80[1.76, 2.04) B
Vohra et al. (2017) BMI = 40 36 045 26 1.2 0.35 43 331% 2.40[2.20, 2.60) u
Total (95% Cl) 106 134 100.0% 2.19[1.85,2.53] ¢
Heterogeneity: Tau®= 0.08; Chi*= 19.27, df= 2 (P < 0.0001); F= 90% -it 5 S :'l j‘
Test for overall effect: Z=12.63 (P < 0.00001) Favours Obese Favours Non-obese
Obese Non-obese Mean Difference Mean Difference C
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% ClI
Abduljabbar et al. (2016) 28.2 4.22 45 101 265 48 32.7% 18.10(16.66,18.54] d
Vohra et al. (2017) BMI 35- 38.9 254 3.95 35 11.7 237 43 325% 13.70(12.21,15.19] =
Vohra et al. (2017) BMI = 40 278 212 26 11.7 237 43 348% 16.10(15.02,17.18] I
Total (95% Cl) 106 134 100.0% 15.98[13.72,18.23] L 2

Heterogeneity: Tau?= 3.52; Chi*=17.34, df= 2 (P = 0.0002); I*= 88%
Test for overall effect: Z= 13.86 (P < 0.00001)

20 10 0 10 20
Favours Obese Favours Non-obese

Fig. 3. Meta-analysis demonstrating a statistically significant increase in (A) marginal bone loss, (B) probing depth, and (C) bleeding around
dental implants in obese patients compared to normal-weight individuals.

Table 4. Results of studies on measures of inflammation.

First author,

publication year Measures of inflammation

Results

Non-stimulated whole salivary IL-1[3
and IL-6

Abduljabbar et al.*°, 2016

Concentrations of IL (1o, IB, 6, 8,
10, 12, 17), TNF-a, CRP, OPG,
leptin, and adiponectin were
measured*

Individual measures for each BMI
category were not available

Blood samples were collected and
CRP was assessed

Elangovan et al.”%, 2014

Vohra et al.”’, 2018

Non-stimulated whole salivary IL-1[3 and IL-6 were significantly higher
among obese individuals than among those within the ideal weight range
(P < 0.0001)

Mean (SD) IL-13 (pg/ml) in obese individuals: 2462.7 (254.2)°

Mean (SD) IL-6 (pg/ml) in obese individuals: 361.3 (26.4)"

Mean (ED) IL-1B (pg/ml) in individuals in ideal weight range: 1088.3
(103.2)

Mean (SD) IL-6 (pg/ml) in individuals in ideal weight range: 133.2 (9)°
A modest, but statistically significant association was found between WC
and levels of IL-1f3 in PISF

A significant positive correlation was found between CRP levels and BOP
(P =0.0148) and a significant negative correlation (P = 0.0212) was found
for MBL in the class III obesity group (BMI >40)

BMI, body mass index; BOP, bleeding on probing; CRP, C-reactive protein; IL, interleukin; MBL, marginal bone loss; OPG, osteoprotegerin;
PISF, peri-implant sulcular fluid; SD, standard deviation; TNF-o, tumour necrosis factor alpha; WC, waist circumference.

*Measurement of levels of IL-6 and IL-[3 through enzyme-linked immunosorbent assay.

°The SD was calculated using the method described by Hozo et al.'*.

°Peri-implant sulcular fluid analysis was performed. Measurements of mediators of inflammation were performed using a multiplexed

fluorescent bead-based immunoassay.

Fat accumulated in hepatocytes and adi-
pocytes secretes inflammatory cytokines,
such as tumour necrosis factor alpha
(TNF-at) and IL-6*°. Indeed, adipose tis-
sue acts as an endocrine organ and mainly

consists of subcutaneous and internal adi-
pose tissue, the latter of which constitutes
approximately 20% of body fat and con-
sists mainly of visceral adipose tissue.
Moreover, evidence from animal studies

has indicated that macrophage infiltration
in adipose tissue is associated with the
chronic inflammatory state found in obe-
sity’™!. In the present review study, it
was found that measures of MBL, PD, and
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Component et al.”? et al.** et al.”’ et al.”’ et al.?° et al.”®
A clearly stated aim® 2 2 2 2 2 2
Inclusion of consecutive patients” 2 2 2 2 2 2
Prospective collection of data® 2 2 2 2 2 2
Endpoint appropriate to the aim of the study* 1 1 1 1 1 1
Unbiased assessment of the study endpoint® ) 1 0 2 1 1 1
Follow-up period appropriate to the aim of the study’ 2 2 2 1 2 2

Loss to follow-up less than 5%°% 2 0 1 0 1 1
Prospective calculation of the study size" 0 0 0 0 2 0

An adequate control group' 2 2 2 2 2 2
Contemporary groups’ 2 1 1 1 1 1
Baseline equivalence of groups* 2 2 2 2 2 2
Adequate statistical analyses' 2 1 2 2 2 2
Total score 20 15 19 16 20 18

MINORS (Methodological Index for Non-Randomized Studies): the items are scored 0 (not reported), 1 (reported, but inadequate), or 2 (reported
and adequate). The global ideal score is 16 for non-comparative studies and 24 for comparative studies.
#The question addressed should be precise and relevant in light of the available literature.
® All patients potentially suitable for inclusion (satisfying the criteria for inclusion) have been included in the study during the study period (no
exclusion, or details about the reasons for exclusion).

¢ Data were collected according to a protocol established before the beginning of the study.

9 Unambiguous explanation of the criteria used to evaluate the main outcome, which should be in accordance with the question addressed by the
study. The endpoints should also be assessed on an intention-to-treat basis.
¢ Blind evaluation of objective endpoints and double-blind evaluation of subjective endpoints. Otherwise, the reasons for not blinding should be

stated.

“The follow-up should be sufficiently long to allow the assessment of the main endpoint and possible adverse events.
€ All patients should be included in the follow-up. Otherwise, the proportion lost to follow-up should not exceed the proportion experiencing the

magor endpoint.

Information on the size of the detectable difference of interest with calculation of the 95% confidence interval according to the expected
incidence of the outcome event and information about the level for statistical significance and estimates of power when comparing the outcomes.
'Having a gold standard diagnostic test or therapeutic intervention recognized as the optimal intervention according to the available published

data.

IThe control and study group should be managed during the same time period (no historical comparison).
X The groups should be similar regarding the criteria other than the studied endpoints. There should be an absence of confounding factors that

could bias the interpretation of the results.

"Whether the statistical analyses were in accordance with the type of study, with calculation of confidence intervals or relative risk.

inflammation around dental implants were
higher in individuals with overweight or
obesity. The reason for these elevated
measures may be correlated with the ele-
vated presence of these inflammatory
mediators in the oral environment. More-
over, increased susceptibility to infection
is correlated with the obesity-related
chronic inflammatory state, which disturbs
protective irnrnunity3 2,

PISF analysis, which was used in one
study included in this review?®, has a
stronger correlation with clinical parame-
ters. Since it may be difficult to diagnose
peri-implant disease only on a clinical
basis, this method is a reasonable way
to assess disease activity™>.

The findings of this review should be
interpreted with caution, since the studies
did not consider other important factors
that may exert a long-term influence on
peri-implant health. For instance, a recent
meta-analysis showed that cement-
retained prostheses exhibited less MBL
than screw-retained prostheses®. Another
meta-analysis found that short implants
(length less than 8 mm) have a higher risk
of failure®®. The studies also varied re-

garding the period in which the implants
were functioning. In one study, there was
mention that only early failures were con-
sidered®®. The evaluation of early failures
represents a more ideal scenario for the
assessment of the isolated influence of
obesity or overweight on the osseointegra-
tion of dental implants, since these failures
occur prior to the introduction of mastica-
tory forces.

All studies used the BMI to categorize
patients and one study also used waist
circumference”®. The BMI is a widely
accepted measure to classify medical risk
according to weight status. However, the
BMI does not distinguish between fat-free
mass and fat-mass, which have opposing
associations with health risks. Studies
have reported that waist circumference
is a more reliable indicator of visceral
fat than BMI*®*’ and that both indicators
independently contribute to the prediction
of non-abdominal, abdominal subcutane-
ous, and visceral fat*®.

The findings of this systematic review
indicate that the first hypothesis should be
accepted, since no statistically significant
difference in implant survival rate was

found between individuals with over-
weight/obesity and those within the ideal
weight range. In contrast, the second hy-
pothesis was rejected, as the review indi-
cated a difference in peri-implant health
indicators between the groups. Due to the
inclusion of retrospective cohort studies in
this review, interpretation of the meta-
analysis results should be done with cau-
tion, since these studies are not appropri-
ate to determine causation. Furthermore,
the results of a meta-analysis that com-
bines the results of observational studies
of heterogeneous quality can be highly
biased. It is also difficult to control for
confounding factors in non-randomized
studies. Moreover, retrospective studies
are prone to missing data and need large
sample sizes if outcomes (such as implant
failure) are rare.

In conclusion, within the limitations of
this review, dental implants are feasible
for obese or overweight individuals. How-
ever, there is some evidence that these
patients may be at greater risk of clinical
complications in comparison to those who
are within the ideal weight range, as well
as increased concentrations of inflamma-
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tory markers around implants and in the
oral environment. This indicates that these
patients should be submitted to more reg-
ular follow-up evaluations and that health
professionals should warn these patients
of a possible association between over-
weight/obesity and peri-implant health.
Randomized clinical trials with well-
established inclusion criteria and the con-
trol of local and systemic factors are need-
ed to gain a better understanding of this
issue.
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