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Association Between Chronic Periodontal Disease and
Obesity: A Systematic Review and Meta-Analysis

Benjamin W. Chaffee* and Scott J. Weston'

Background: Obesity is increasing in prevalence and is a major
contributor to worldwide morbidity. One consequence of obesity
might be an increased risk for periodontal disease, although peri-
odontal inflammation might, in turn, exacerbate the metabolic syn-
drome, of which obesity is one component. This review aims to
systematically compile the evidence of an obesity—periodontal dis-
ease relationship from epidemiologic studies and to derive a quanti-
tative summary of the association between these disease states.

Methods: Systematic searches of the MEDLINE, SCOPUS,
BIOSIS, LILACS, Cochrane Library, and Brazilian Bibliography of
Dentistry databases were conducted with the results and charac-
teristics of relevant studies abstracted to standardized forms. A
meta-analysis was performed to obtain a summary measure of
association.

Results: The electronic search identified 554 unique citations,
and 70 studies met a priori inclusion criteria, representing 57 inde-
pendent populations. Nearly all studies matching inclusion criteria
were cross-sectional in design with the results of 41 studies suggest-
ing a positive association. The fixed-effects summary odds ratio was
1.35 (Shore-corrected 95% confidence interval: 1.23 to 1.47), with
some evidence of a stronger association found among younger
adults, women, and non-smokers. Additional summary estimates
suggested a greater mean clinical attachment loss among obese in-
dividuals, a higher mean body mass index (BMI) among periodontal
patients, and a trend of increasing odds of prevalent periodontal dis-
ease with increasing BMI. Although these results are highly unlikely
to be chance findings, unmeasured confounding had a credible but
unknown influence on these estimates.

Conclusions: This positive association was consistent and coher-
ent with a biologically plausible role for obesity in the development
of periodontal disease. However, with few quality longitudinal stud-
ies, there is an inability to distinguish the temporal ordering of events,
thus limiting the evidence that obesity is a risk factor for periodontal
disease or that periodontitis might increase the risk of weight gain. In
clinical practice, a higher prevalence of periodontal disease should
be expected among obese adults. J Periodontol 2010;81:1708-1724.
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The worldwide prevalence of
obesity is a considerable source
of concern given its potential
impact on morbidity, mortality, and
the cost of health care.! The World
Health Organization (WHO)? has
recognized obesity as a predispos-
ing factor to major chronic diseases
ranging from cardiovascular disease
to cancer. Successful efforts to re-
duce and prevent obesity will have
substantial public-health benefits.

Chronic periodontal disease is
an inflammatory condition character-
ized by a shift in the microbial ecol-
ogy of subgingival plaque biofilms
and the progressive host-mediated
destruction of tooth-supporting struc-
tures.3 There has been considerable
interest in drawing connections be-
tween periodontal inflammation and
other chronic conditions, notably
heart disease,®’ diabetes,® and pre-
term low birth weight delivery.®
Although observed associations
suggested a causal role for peri-
odontitis in certain systemic diseases,
a consensus opinion demands fur-
ther evidence. 1011

Obesity might represent a sys-
temic condition capable of influ-
encing the onset and progression of
periodontal disease. First noted us-
ing a ligature-induced periodontitis
model in the rat,!? the evidence of an
obesity—periodontitis link in humans
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Figure 1.
Quadlity in reporting of observational studies in an epidemiology flowchart.

was recently addressed in several reviews.!3-20 Most
of these publications!3-1° described a relationship be-
tween periodontal disease and metabolic syndrome
(MetS) of which obesity, insulin resistance, dyslipide-
mia, and hypertension represent components,?! as
extensively discussed by Bullon et al.!? In brief, all
MetS components derive from a proinflammatory
state characterized by insulin resistance and oxidative
stress, with the latter being a common link with peri-
odontitis in a bidirectional relationship.!® Products
of oxidative damage?? and advanced glycation end
products?3 might promote periodontal disease. Mean-
while, periodontitis could, itself, be a source of oxida-
tive stress,242° perhaps through the alteration of
levels of circulating adipocytokines such as leptin,2®
which, in turn, accelerate the onset of insulin resis-
tance and MetS.

Although these reviews provided insight into the
possible mechanisms of an obesity—periodontitis re-
lationship, none of the reviews were systematic or
quantitative, and none of them performed a quality
assessment of included studies. There has been a ten-
dency to highlight a relatively small pool of studies
specific to obesity and periodontitis rather than to
explore the broader base of anthropometric data
collected during epidemiologic studies. This system-
atic review aims to compile the evidence for an

periodontal disease. As secondary
=

mean differences in obesity pa-

Publications Excluded
After Full-Text Review

suitable obesity measure)

rameters across groups with or
without periodontal disease, mean
differences in periodontal dis-
6 ease parameters across obese

(no peer review, no

and non-obese groups, and any lin-
ear changes in periodontal preva-

Studies Contributing to
sOR via Meta-Analysis

lence with an increasing body
mass index (BMI).
28

MATERIALS AND METHODS

Literature Search

Electronic searches of the MED-

LINE, SCOPUS, BIOSIS, LILACS,

Cochrane Library, and Brazilian

Bibliography of Dentistry data-

bases were conducted in July
2010 for publications that investigated periodontal
disease and obesity. In MEDLINE, the Medical Subject
Heading term periodontal disease and the Boolean
connector AND were linked to the terms overweight,
overnutrition, BMI, waist-hip ratio, waist circumfer-
ence, body weight, and body weight changes, each
joined by the connector OR with vocabulary exploding
allowed to automatically query indexed subheadings
under the main terms. Analogous search strategies
were applied to other databases, expanding query
components to include similar terms such as peri-
odontal and periodontitis to account for less-controlled
indexing vocabularies. Terms were in English, but no
other language or date restrictions were placed. Two
reviewers (BWC and SJW) appraised retrieved titles
and abstracts. Exclusion criteria included: non-hu-
man studies, no measure of periodontal disease or
obesity, case series, studies of children, reviews,
abstracts, or lack of peer review. Full-text copies of
the remaining potentially relevant citations were ob-
tained, and the following inclusion criteria were ap-
plied: English or Spanish language (or translation),
suitable reference group, and an obesity—periodontitis
association reported or calculable from tables. Publi-
cations were further excluded if periodontal status was
only assessed by tooth loss, oral hygiene, gingival ap-
pearance, or use of a dental prosthesis. Additional
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Descriptive Characteristics and Individual Results of Studies Meeting Criteria for

Systematic Review: Results Contributing to the sOR

Study Periodontal Disease Obesity Case Crude POR Adjusted POR  Quality of
Reference Population Case Definition Definition (95% Cl) (95% Cl) Evidence
Alabdulkarim 400 dental clinic Alveolar bone BMI =30 kg/m? 2.37 (1.55 to 3.63) 1.86 (099 to 3.51) Medium
et al, 20053° patients near score <60
Cleveland, OH
Al-Zahrani 13,665 NHANES Il 2| site with clinical ~ BMI 230 kg/m? 1.64 (1.38 to 1.96) 1.37 (I.14 to 1.64) High
etal, 2003°¢  adults AL 23 mm and
PD >4 mm
Bouchard 2,132 NPASES | >| site with clinical ~ BMI >30 kg/m? 22 (1.7 to 3.0) — Medium
et al, 2006%7  subjects aged 35 to AL >5 mm
65 years in France
Brennan 1,256 postmenopausal ~ Mean radiographic BMI >30 kg/m? 1.20 (0.87 to 1.67) — Low
et al, 200740 women near alveolar crest
Buffalo, NY height loss >3 mm
or =2 sites with
clinical AL >5 mm
or tooth loss due
to periodontitis
Buhlin 50 prevalent >7 sites with clinical ~ BMI >26 kg/m? — 454 (159 to 13.0) Medium
et al, 2003"' periodontitis AL >5 mm (men)

Dalla Vecchia
et al, 2005*

El-Sayed Amin,
2010%

Furuta
etal, 2010°%

Griffin
et al, 2009°°

Haffajee and
Socransky,
20097

Han
et al, 2010°°

Hayashida
et al, 2009

cases and 47
convenience
controls in Sweden

706 non-pregnant
community adults
aged 30 to 65 years
in southern Brazil

380 patients aged
20 to 26 years
attending an obesity
clinic in Egypt

2,225 non-smoking
university freshmen
in Japan

10,505 NHANES
1999 through
2004 adults

695 adult periodontal
clinic patients near
Boston, MA

1,046 community
adults aged 15 to 84
years in Sihwa and
Banwol, South Korea

I35 community adults
aged 4| to 91| years
near Nagasaki, Japan

>30% of teeth
with clinical
AL =5 mm

CPI =3

>| tooth with
PD >3 mm

Examiner diagnosis

>5% sites with
clinical AL 24 mm
or PD 24 mm

CPI 23

CPl =4

BMI >25 kg/m?
(women)

BMI 230 kg/m?

BMI 230 kg/m?

BMI 225 kg/m?

BMI =30 kg/m?

BMI =30 kg/m?

BMI 225 kg/m?

BMI 225 kg/m?

135 (097 to 19) 143 (09210 222)  High

2.89 (1.65 to 5.04) — Low

254 (147 t0 439) 34 (2.1 to 551) High

— 121 (105 to 141)  Medium
531 (279 to 9.5)

231 (119 t0 449)  High

— 160 (11310 225)  High

063 (027 to 1.44) — Low
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Descriptive Characteristics and Individual Results of Studies Meeting Criteria for
Systematic Review: Results Contributing to the sOR
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Study Periodontal Disease Obesity Case Crude POR Adjusted POR  Quality of
Reference Population Case Definition Definition (95% Cl) (95% Cl) Evidence
|de et al, 4,285 civil officers CPI=4 BMI >25 I<g/m2 1.24 (098 to 1.57) — Medium
200742 aged 40 to 59
years in Japan
Khader 340 patient 2| site with clinical BMI =30 kg/m? 6.6 (3.5 to 12.5) 29 (1.3 to 6.1) High
et al, 20093 companions at AL =3 mm and
a Jordanian PD >4 mm
medical clinic
Kongstad 1,504 Copenhagen Mean clinical AL BMI 230 kg/m? 1.94 (1.36 to 2.76) 0.60 (0.36 to 0.99) High
et al, 2009* City Heart Study >3 mm
participants,
Denmark
Kushiyama 1,070 community CPl =4 BMI 225 kg/m? [.17 (083 to 1.64) 1.09 (0.77 to 1.53) High
et al, 2009%7  adults aged 40 to
70 years in Miyazaki
City, Japan
Linden 1,362 men aged >|5% sites with BMI =30 kg/m? 1.68 (0.94 to 3.0) 1.55 (0.82 to 2.93) High
etal, 2007%% 60 to 70 years clinical AL 26 mm
near Belfast, and 21 site with
Ireland PD 26 mm
Morita 2,475 employees of CPI 23 BMI 225 kg/m? .6 (1.3 to 1.9) 1.9 (1.6 to 2.3) High
et al, 200972 a large company in
Tokyo, Japan
Nishida 372 factory workers Upper 20th BMI 28 kg/m? 3.7 (1.79 to 5.61) 4.40 (1.18 to 164) Medium
Y PP 8
et al, 200577 near Osaka, Japan percentile by
percentage of
sites with
PD >3.5 mm
Ojima 3,343 1999 National CPl =4 BMI 225 kg/m? 1.00 (0.79 to 1.25) 1.00 (0.79 to 1.26) High
et al, 2006”7 Nutrition Survey and
Survey of Dental
Diseases participants
in Japan
Saito 643 dentate adults >| tooth with WHR >0.8 (men) — 20 (1.4 to 2.9) Low
et al, 200182 near Fukuoka, Japan PD 24 mm WHR >0.9 (women)
Saito 584 community women Mean clinical AL BMI 25 kg/m? 2.1 (1.1 to 3.8) 1.8 (09 to 3.4) Medium
etal, 2005%"  aged 40 to 79 years >241 mm
in Hisayama, Japan
Shimazaki [,160 dentate adults >3 sextants with Highest BMI 390 (2.24 to 6.78) 242 (1.33 to 442) High
et al, 20107 aged 20 to 77 years CPI =23 quintile (median:
at a health clinic in 26.5 kg/m?)
Fukuoka, Japan compared to
lowest BMI

quintile (median:

183 kg/m?)
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Table |. (continued)

Descriptive Characteristics and Individual Results of Studies Meeting Criteria for
Systematic Review: Results Contributing to the sOR

Study Periodontal Disease Obesity Case Crude POR Adjusted POR  Quality of
Reference Population Case Definition Definition (95% Cl) (95% Cl) Evidence
Slade 5,552 Atherosclerosis >30% of sites with BMI 230 kg/m? .29 (093 to 1.79) — Low
etal, 200372 Risk in Communities PD 24 mm
study in United States
subjects aged 52 to
74 years
Torrungruang 2,005 electric workers ~ Mean clinical AL BMI 230 kg/m? [.5 (0.8 to 2.7) — Low
et al, 20057 aged 50 to 73 years 24 mm
near Bang Kruai,
Thailand
Wakai 630 adults aged 23 to  CPI=4 Highest BMI [.I5 (049 to 2.70) 0.95 (0.50 to 1.81) High
et al, 19997¢ 83 years presenting quintile (>26 kg/m?)
for health tests in compared to
Japan lowest BMI
quintile (<20 kg/m?)
Wang 12,076 community CPI =23 BMI 225 kg/m? 1.27 (1.17 to 1.38) — Low
et al, 2009°7 adults aged 35
to 44 years near
Keelung, Taiwan
Wood and 213 non-smoking Mean PSR =3 BMI 230 kg/m? — 4.38 (0.88 to 21.8) Low
Johnson, dental-clinic patients
2008'0! in Mississippi

POR = prevalence odds ratio; NHANES = National Health and Nutrition Examination Survey (United States); PD = probing depth; NPASES I = First National
Periodontal and Systemic Examination Survey (France); — = data not provided; CPI = Community Periodontal Index; WHR = waist-to-hip ratio; PSR =

periodontal screening and recording.

publications were obtained by searching the citation
listings of included studies and review articles.!3-20
Articles meeting the inclusion criteria were combined
with the articles obtained from the electronic search.
Each reviewer was then unmasked to the other’s
progress and a consensus was reached regarding
any citations selected by only one reviewer.

Quality of Evidence

The quality of the information abstracted for the meta-
analysis was assessed using a scale designed specifi-
cally for this review by the authors. Each reviewer
scored studies independently using 24 criteria across
six domains as follows: research questions (14 points),
study design (nine points), measurement (eight points),
analysis (14 points), presentation (four points), and
conflict of interest (four points). A total of 16 points
across the design and analysis domains were dedi-
cated to appropriate adjustment for confounding fac-
tors. Quality-of-evidence scores were not intended
to rank studies based on intrinsic quality alone but,
rather, according to how well study results estimated
the association between obesity and periodontal dis-
ease in the general population. There was no sta-
tistically significant difference in quality scores by

1712

reviewer (mean difference: 0.8 points; Wilcoxon
matched-pairs signed rank test; P= 0.68); therefore,
studies were ranked by the average score. The empir-
ical distribution of quality scores suggested three
strata, which roughly partitioned studies in tertiles.
Twelve of the 13 high-quality studies and eight of
the 10 low-quality studies maintained their respective
designation regardless of whether average scores or
the scores of either reviewer were used for classifica-
tion. Two very low quality studies of the 10 were not
included, and therefore did not contribute to the re-
sults of the review.

Meta-Analysis

The prevalence odds ratio was the measure ab-
stracted for the primary meta-analysis because nearly
all studies were cross-sectional. When individual stud-
ies reported more than one association measure, ad-
justed measures were preferred over crude measures,
and stratified results were pooled when possible to
estimate a population-level effect. When multiple
publications drew results from an identical set of partic-
ipants (such as from large national surveys), only data
from the study with the most inclusive study popu-
lation were abstracted.
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Table 2.
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Descriptive Characteristics and Individual Results of Studies Meeting Criteria for
Systematic Review That Compared Mean Obesity Parameters Across Periodontal
Disease Cases and Controls

Periodontal Disease

Crude Mean BMI (kg/m?)

Reference Study Population Case Definition Cases Controls
Al-Zahrani 2,521 adults from NHANES 2| site with clinical AL 26.6 (SE: 0.3) 258 (SE: 0.2); P = 0.04*
et al, 200537 Il with similar physical >3 mm and PD >4 mm
activity levels over
10 years
Buhlin 50 prevalent periodontitis =7 sites with >5 mm 25.7 (SD: 3.3) 24.1 (SD: 3.0); P =001
et al, 2003* cases and 47 convenience clinical AL
controls in Sweden
Buhlin 68 prevalent periodontitis >7 sites with >5 mm 259 (SD: 3.5) 25.0 (SD: 4.1); P = 0.20
et al, 20092 cases and 48 community clinical AL WHR: 0.90 (SD: 0.08)  WHR: 0.89 (SD: 0.11)
controls in Sweden
Dietrich 462 male United States >| site with PD >4 mm 27.8 (SD: 3.6) 27.3 (SD: 3.8); P = 0.27
et al, 20064 veterans aged 47 to
92 years
Franek 99 patients with essential CPI >3 29.5 (SD: 4.4) 299 (SD: 4.8); P = 0.63
et al, 2009°° hypertension in Poland
Furugen [58 community adults aged 2| tooth with PD >5 mm 22.8 (SD: 2.7) 224 (SD: 2.6); P =0.38
et al, 2008°' 76 years in Japan
Furuichi 1,068 community adults aged ~ CPIl = 4; controls CPI <3 23.6 (SD: 2.9) 23.6 (SD: 3.0); P= 1.0
et al, 20032 40 years and older in Japan
Haffajee and 695 adult periodontal clinic >5% sites with clinical AL 279 (SD: 5.7) 24.7 (SD: 5.6); P <0.005
Socransky, patients near Boston, MA 24 mm or PD 24 mm
2009°7
Hattatoglu-Sénmez 45 premenopausal female Patient referred to 272 (SD: 5.0) 25.1 (SD: 3.6); P = 0.06
et al, 2008° periodontal patients periodontal clinic for
without diabetes and 40 treatment
convenience controls in
Turkey
Kshirsagar [54 hemodialysis patients in 260% with clinical AL 24 mm 272 (SD: 6.6) 288 (SD: 7.7), P = 0.27
et al, 2007%° New York and North
Carolina
Kumar 513 mine laborers aged CPI 23 242 (SD: 34) 20.8 (SD: 2.8); P <0.005
et al,, 2009%¢ |8 to 54 years in Indig;
no participants with
BMI >30 kg/m?
Loos 54 dental clinic patients in >8 teeth with radiographic 24.2 (SD: 3.8) 23.6 (SD: 2.9); P = 0.39
et al, 200067 Amsterdam, The bone loss into middle third
Netherlands, with of root length
generalized periodontitis
and 43 controls
Machado Convenience sample of 60 22 sites with 25 mm PD 25.0 (SD: 3.3) 24.4 (SD: 2.6); P = 043
et al, 200570 dental-clinic patients,

students, and staff in Brazil
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Volume 81 ¢ Number 12

Descriptive Characteristics and Individual Results of Studies Meeting Criteria for
Systematic Review That Compared Mean Obesity Parameters Across Periodontal
Disease Cases and Controls

Periodontal Disease

Crude Mean BMI (kg/m?)

Reference Study Population Case Definition Cases Controls
Morita 2,475 employees of a large CPI 23 24.0 (SD: 3.1) 22.9 (SD: 3.1); P <0.005
et al, 200972 company in Tokyo, Japan
Noack |74 community adults aged Mean clinical AL >3 mm; 289 (SD: 5.3) 275 (SD: 5.3); P=0.17
et al, 200176 35 to 79 years near controls with mean
Buffalo, NY clinical AL of O to 2 mm
Phipps Community sample of 1,210 Clinical AL 25 mm in 230% 27.3 27.2; P =058
et al, 200778 dentate men in the US. of teeth
aged =65 years
Pitiphat 35 pregnant women with >| site with =23 mm alveolar 23.0 (SD: 5.1) 243 (SD: 4.1); P=0.17
et al, 20067° periodontitis and 66 bone loss
controls near Boston,
MA; prepregnancy BMI
collected
Pitiphat Convenience sample of |21 >30% of sites with PD =5 mm 23.8 (SD: 3.2) 21.6 (SD: 2.4); P <0.005
et al, 2008%° adults presenting for oral
examinations in Thailand
Saito 584 community women aged  Mean clinical AL >2.41 mm 23.6 (SD: 3.1) 230 (SD: 3.5); P = 0.09
et al, 200584 40 to 79 years in Hisayama,
Japan
Saito 34 female periodontitis 2| tooth with PD >5 mm 23.3 (SD: 2.6) 21.9 (SD: 3.2); P =00
et al, 20088 cases and 42 controls and/or at least three WHR: 0.89 (SD: 0.07) WHR: 0.89 (SD: 0.06);
aged 50 to 59 years teeth with PD >3 mm P =092
in 23 Hisayama, Japan
Shimazaki [,160 dentate adults aged >3 sextants with CPl >3 Median 22.8 Median: 21.7; P <0.005
et al, 20107 20 to 77 years at a health
clinic in Fukuoka, Japan
Soder 33 periodontitis patients and 2| site with PD 25 mm 259 (SD: 5.2) 23.5 (SD: 3.0); P = 0.03
et al, 20067* 3| controls selected from
an ongoing study in
Sweden
Weyent 1,053 US. community >10% of sites with PD 26 mm 26.6 (SE: 0.6) 27.2 (SE: 0.2); P =031
et al, 200478 adults aged 265 years
at baseline
Wolff 59 periodontitis cases and 53 25 teeth with PD 25 mm 27.6 (SD: 4.6) 25.5 (SD: 4.6); P = 0.02
et al, 20097 controls free of diabetes
recruited from a dental
clinic in Minneapolis, MN
Wood and 213 dental clinic patients in Mean PSR = 3 Non-smokers: Non-smokers: 25.3
Johnson, Mississippi 29.2 (SE: 1.0) (SE: 0.6); P =001
20080 Smokers: 26.2 Smokers: 26.6
(SE: 0.6) (SE: 14); P=078
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Table 2. (continued)

Chaffee, Weston

Descriptive Characteristics and Individual Results of Studies Meeting Criteria for
Systematic Review That Compared Mean Obesity Parameters Across Periodontal

Disease Cases and Controls

Periodontal Disease

Crude Mean BMI (kg/m?)

Reference Study Population Case Definition Cases Controls

Xiao 492 clinic patients aged 40 to  =30% of sites with clinical Patients with diabetes:  Patients with diabetes:
et al, 87 years in China AL 23 mm 24.1 (SD: 3.5) 242 (SD: 5.5); P = 0.80
200902 Patients without Patients without

diabetes: 22.3
(SD: 2.8)

diabetes: 22.8
(SD: 4.0); P =029

POR = prevalence odds ratio; NHANES = National Health and Nutrition Examination Survey (United States); PD = probing depth; WHR = waist-to-hip ratio;
CPI = Community Periodontal Index; PSR = periodontal screening and recording.

* Pvalue for mean differences calculated by the unpaired ¢ test.

Table 3.

Descriptive Characteristics and Individual Results of Studies Meeting Criteria for
Systematic Review That Compared Mean Periodontal Disease Parameters Across

Obese and Non-Obese Groups

Obesity Case

Crude Mean Clinical AL (mm)

Reference Study Population Definition Cases Controls
Chapper Convenience sample of 60 BMI 230 kg/m? 2.61 (SE: 041) 2.21 (SE: 0.54); P = 0.03
et al, 2005 patients with gestational
diabetes in Brazil
Dumitrescu and Convenience sample of 79 BMI 225 kg/m? 3.18 (SD: 1.04) 3.07 (SD: 1.42); P =0.70
Kawamura, 2010%/ private-practice patients
Khader 340 patient companions at a BMI =30 kg/m? 3.03 (SD: I.14) 2.27 (SD: 0.77); P <0.005
et al, 2009%3 Jordanian medical clinic
Kongstad 1,504 participants in the BMI >30 kg/m? Women: 293 (SD: 1.39) Women: 2.39 (SD: 0.93);
et al, 2009%7 Copenhagen City Heart Men: 3.18 (SD: 1.73) P <0.005 Men: 2.68
Study, Denmark (SD: 1.20); P <0.005
Sarlati 40 obese cases aged 18 to 34 Not stated 1.98 (SD: 0.5) [.63 (SD: 0.3); P <0.005
et al, 200886 years and 40 controls in Iran

Periodontal disease status was based on the clini-
cal parameters selected by the individual studies. If
multiple measures of periodontal disease appeared
in a single study, clinical attachment loss (AL) was
preferred to the probing depth, which was preferred
to radiographs. Presented with multiple definitions,
BMI =30 kg/m?, concordant with guidelines of the
WHO,! was the preferred measure of obesity. The
waist-to-hip ratio was considered in the case of one
study that did not report BMI. Given alternate cut
points, the highest reported BMI category defined obe-
sity, and the second highest category defined over-
weight. Given multiple categories of periodontal
disease, the most severe disease designation was pre-

ferred unless few subjects (<20) were present in that
uppermost stratum.

Overall and subgroup Mantel-Haenszel fixed-
effects®” summary odds ratios (sORs) were obtained
using statistical software. Ninety-five percent confi-
dence intervals (Cls) were calculated by the method
of Shore et al.28 (Shore-corrected 95% Cl) whenever
this adjustment resulted in more conservative (wider)
Cls. An overall DerSimonian-Laird random-effects2?
sOR was calculated for comparison. The sensitivity
of the sOR to the inclusion or exclusion of individual
studies was assessed. As a secondary meta-analysis,

# Stata IC version 10.1, StataCorp, College Station, TX.
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Table 4.

Descriptive Characteristics and Individual Results of Studies Meeting Criteria for
Systematic Review that Presented a Relative Increase in the Odds of Periodontal Disease
With Each Unit Increase in BMI

Periodontal Disease

Adjusted POR for Obesity
With Each Unit Increase

Reference Study Population Case Definition in BMI (95% Cl)
Al-Zahrani 2,213 adults from NHANES Il 2| site with PD 24 mm and clinical 1.0l (0.98 to 1.05)
et al, 2005%7 with a 10-year history of similar AL =23 mm

Borges-Yafiez

physical activity levels

315 community adults aged 260

Clinical AL 24 mm

0.99 (0.92 to 1.05)

1.04 (1.00 to 1.07)

116 (1.03 to 1.31)
Crude: 1.17 (1.04 to 1.31)

0.94 (081 to 1.09)
Crude: 1.03 (091 to I.17)

098 (0.88 to 1.09)
Crude: 094 (087 to 1.02)

1.06 (097 to 1.16)

et al, 200638 years in Mexico
Bouchard 2,132 participants in NPASES | 2| site with PD 24 mm and clinical
et al, 2006> aged 35 to 65 years AL 23 mm
Ekuni et al., Convenience sample of 618 CPlI =3
200848 students at Okayama University,
Japan; none of the subjects had
a BMI >30 kg/m? or a CPI >3
Furuichi et al,, 1,068 community adults aged CPI=4
2003°2 240 vyears in Japan
Marugame 664 men aged 46 to 57 years at a Lowest 30% in distribution of mean
et al, 2003”! self-defense force preretirement alveolar bone support compared
exam in Japan to highest 30% in distribution
of mean alveolar bone support
Shimazaki [,160 dentate adults aged 20 to >3 sextants with CPl =3
et al, 2010%° 77 years at a health clinic in
Fukuoka, Japan
Xiao 492 clinic patients aged 40 to >230% of sites with clinical AL 23 mm
et al, 200902 87 years in China

Patients with diabetes:
0.95 (0.88 to 1.03)
Patients without diabetes:
[.00 (0.93 to 1.07)

POR = prevalence odds ratio; NHANES = National Health and Nutrition Examination Survey (United States); PD = probing depth; NPASES I = First National
Periodontal and Systemic Examination Survey (France); CPl = Community Periodontal Index.

from studies that presented a difference in mean BMI
across groups with and without periodontal disease
or for those presenting a difference in mean clinical
AL across obese and non-obese groups, a fixed-
effects summary mean difference (sMD) was calcu-
lated using the general variance inverse-weighting
method.3° If not reported, SDs were calculated or
estimated to obtain sMD. A Mantel-Haenszel fixed-
effects linear sOR was calculated from studies that re-
ported a change in the odds of periodontal disease per
unit increase in BMIL

For the primary meta-analysis, a funnel plot served
as a visual means for assessing any disproportionate
representation of study results according to strength
and precision.3! A Begg-adjusted rank correlation
test32 formally tested for any trend of increasing asso-
ciation strength with reducing precision. It was sug-
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gested that such an effect could represent the
preferential publication of statistically significant pos-
itive results,33 which could bias the sOR. The rank-
based data-augmentation technique of Duval and
Tweedie,3* commonly called the trim-and-fill method,
was used to recalculate the sOR under the hypo-
thetical scenario that association measures of simi-
larly low precision but opposite direction had also
been present. Studies were divided into subgroups
based on features of study designs or characteristics
of study populations to explore whether the sOR
was sensitive to such variables.

RESULTS

The electronic search generated 864 hits, which rep-
resented 554 unique citations. A total of 142 publica-
tions were obtained as full-text copies, and 74 of these
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publications were later excluded on the basis of a priori
criteria. Eight additional publications were identified
as potentially relevant among the citation listings of
included articles and review articles, and six of these
articles were later excluded based on the same crite-
ria. In total, 70 publications that represented 57
unique study populations were included for system-
atic review.3>"194 A summary flowchart is presented
in accordance with a proposal for reporting meta-
analysis of observational studies in epidemiology!%®
(Fig. 1).
Articles3536,39-41,45,49,54,56,57,59,61-64,67,68,72,74,77,
82,84,90,92,95-97,101 |isted in Table 1 represent the study
results that contributed to the calculation of the sOR.
Tables 2 through 4 lists those results37-39:41-43,46-48,
50-52,57,60,63-66,69-72,76,78-80,84-86,90,94,98,99,101,102
that did not define periodontal disease and obesity as
binary conditions but could contribute to an sMD
(Tables 2 and 3) or linear sOR (Table 4). Table 5
lists four studies®3:73.98:103 that were unique in design
and therefore their results could not be pooled. Two
studies’®°! were excluded from the review because
of low scores according to the quality-of-evidence cri-
teria. Results from 12 studies39:41,52,57,63,64,72,84,90,
98,101,102 appear more than once across Tables 1
through 5, as do three pairs of separately published
studies in which each pair was based on a single study
population,36:37,58,59.72.73 Only independent results

Table 5.

contributed to any summary measure. An additional
11 studies,*455:58,81,83,87-89,93,100,104 yhjch otherwise
matched the inclusion criteria but derived results
from subsets of the populations already described in
Tables 1 through 5, are not listed. No experimental
studies were found, and just two studies”3:98 were pro-
spective. Publications were written in English, and
no study published before the year 1999 met the
inclusion criteria. Calculating a measure of asso-
ciation between periodontal disease and obesity or
MetS was a principle study aim of 24 publica-
tions.3536.,43,45,47-49,54,57,59,63,64,66-68,72,73,82,84-86,
90,101,103 Forty-one independent results reported
a positive association,35:36,39-43,45-49,51,54,56-58,60,62,63,
66-70,72,74,76,78,80,82,84-86,90,92,94,95,97,99,100 22 f which
were statistically significant (P <0.05).36:39:41,43,
48,49,54,56-58,63,66,72,74,80,82,85,86,90,94,97,99

For the association between prevalent periodontal
disease and obesity, the overall fixed-effects sOR
and Shore-corrected 95% CI was 1.35 (1.23 to
1.47) with a x? statistic for heterogeneity (Q) of
81.7 with 27 degrees of freedom (P <0.005) (Fig.
2). The DerSimonian-Laird random effects sOR
was 1.48 (95% Cl: 1.32 to 1.66). One study®’ ac-
counted for 39% of the weight assigned in calculating
the sOR; however, the exclusion of this result raised
the overall estimate only slightly to 1.40 (Shore-
corrected 95% CI: 1.25 to 1.57). The exclusion of

Descriptive Characteristics and Individual Results of Studies Meeting Criteria for
Systematic Review That Had Other Study Designs

Reference

Study Population and Design

Primary Study Result

Furukawa et al, 2007°3
with type 2 diabetes in Japan

Morita et al, 201073
free of MetS components

Weyent et al,, 200478
aged 265 years at two study sites

Yigstalo et al, 2008'03

Cross-sectional study of 94 hospital outpatients

Cohort study of 1,023 Japanese workers initially

Cohort study of 1,053 community adults in the US.

Cross-sectional study of 2,810 community adults
without diabetes aged 30 to 49 years in Finland

Adjusted for confounders; Spearman
correlation coefficients between BMI
and mean PD: —=0.071; P=0.51

Adjusted for confounders; those participants
with periodontal pockets at baseline (CPI =3)
had greater odds of obesity (BMI 225 kg/m?)
4 years later; OR: .7 (95% Cl: 1.0 to 3.0)

Adjusted for confounders; each 10% increase
in baseline extent of sites with PD =6 mm
associated with 2-year prospective weight
loss of 25% of baseline body weight; OR:
[.55 (95% Cl: 1.36 to 1.78)

Adjusted for confounders; the number of
teeth with PD =6 mm among the highest BMI
quintile (>29.1 kg/m) was 1.0 times the
number in the lowest BMI quintile; 95% Cl:
0.7 to 1.6; crude ratio: .7 (1.0 to 2.7);
Poisson regression with total number of
teeth as offset

PD = probing depth; CPI = Community Periodontal Index.
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First Author (Citation) Weight (%)  suggested a trend of increasingly
% ' positive association measures with
ﬁ:f‘?:l:‘::?g? : g‘gg decreasing precision (continuity
Bouchard39? L —— 3.26 corrected P = 0.08). The trim-
Brennan40 —+— 2.47 and-fill procedure estimated the
Buhlin®! - : ¢ 0.24 sOR if analogous low-precision
Dalla Vecchia4> T 1.35 f . .
El-Sayed Amin9 [J S — 0.84 measures of an inverse associa-
Furutas4 | ———— 0.88 tion had theoretically been pres-
Griffin56 e 12.10 ent. This procedure added seven
::gsgee“ . g_gg hypothetical study results but
Hayashida6’ - : 0.38 only slightly lowered the sOR to
Ide62 —e— 4.73 1.32 (Shore-corrected 95% CI:
Khader®3 | - 0.44 1.20 to 1.44).
Kongstad®4 —_— ] 1.03 .
EE it = 223 The.r.esult.s shown in Table 1
Linden68 — 0.65 were divided into groups based on
Morita?2 —— 7.30 study characteristics, and fixed-
g{?h'd$:4 : * » 2-;; effects sORs were recalculated by
jima - . . .
Saito82 — 198 group (Fig. 4). lf.a particular study
Saito84 4 - - 0.60 presented stratified results, for
Shimazaki®0 —— 0.73 example among men and women,
Slade%2 = 2.45 the appropriate stratum-specific
Torrungruang?> —_H— 0.71
Wakai96 L e 0.64 result was abstracted for subgroup
Wang?7 - 38.58 analyses. Among the 15 stud-
Wood101 * > 0.10 ieg35,36,45,54,57,63,64,67,68,72,74,77,
Gyl ¢ 100.00 84,90,96 that presented both crude
: : : | : | and adjusted estimates, the pooled
25 5 ] 2 4 8 16 adjusted measure was lower. Sim-
Odds Ratio, Log Scale ilarly, a less-positive association
was seen with overweight than
Figure 2. with obesity among 14 stud-
Meta-andlysis forest plot. The forest plot is a graphical depiction of the individual results that jeg36.39,45,49,57,59,63,64,68,74,92,95,

contributed to meta-analysis. Sizes of the boxes are proportional to the weight assigned to each
result in calculating the fixed-effects sOR, where weight was assigned inversely to precision.

no other individual result altered the sOR by >0.02
units in either direction.

Combining those results37-41,42,46,50-52,57,60,65,66,
69,70,72,76,78-80,84,85,90,94,98,99,101,102 i Taple 2 gen-
erated an sMD of 0.80 BMI units (95% CI: 0.70 to
0.95) comparing individuals with periodontal disease
to those without periodontal disease (Q = 135.4;
P <0.005). The studies43:47:63.64.86 that compared
clinical AL across obese and non-obese groups (Ta-
ble 3) yielded an sMD of 0.58 mm (95% CI: 0.40 to
0.74 mm) with greater clinical AL seen among obese
individuals (Q = 5.1; P = 0.40). Eight studies3”-3948,
52,71,90,102 expressed a linear change in the odds of pe-
riodontitis with each 1-unit increase in BMI (Table 4),
resulting in a summary linear association ratio of 1.02
(Shore-corrected 95% Cl: 0.99 to 1.04) and a Q statis-
tic of 12.7 (P=0.08).

Figure 3 displays the precision of the results from
Table 1 as a function of the strength of association.
The three largest estimates of a positive obesity—
periodontitis association were also the three least
precise estimates abstracted.#:74101 The Begg test
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96,101 that provided both estimates.
There appeared to be a stronger
association between periodontal
disease and obesity when results were only based on
youngder individuals, women, and non-smokers, as
well as when a study specifically aimed to estimate an
association between periodontal disease and obesity
or MetS as a primary objective. No obvious pattern
emerged by the quality-of-evidence levels. Summary
estimates were similar whether BMI or waist circumfer-
ence was used to define obesity based on the results of

eight studies drawing from seven independent popula-
tions,36:49,59,63,84,89,95,97

DISCUSSION

A positive association was repeatedly demonstrated
between prevalent periodontal disease and obesity
across multiple studies from around the world. The
meta-analysis of the systematically identified results
from 57 independent study populations suggested
an approximate one-third increase in the prevalence
odds of obesity among subjects with periodontal dis-
ease, a greater mean clinical AL among obese individ-
uals, a higher BMI among subjects with periodontal
disease, and a slight but not statistically significant
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Standard Error of Estimate
NS
1
~d

terpreted cautiously. Confounding
and heterogeneity more often
influence observational studies
than clinical trials, which is a limi-
tation in pooling results. Although
oral diseases are sometimes pre-
sented as if separate entities from
systemic conditions, shared risk
factors, such as behavior and
genetic predisposition, frequently
precede the manifestation of dis-
% ease. Incomplete accounting of
e confounding factors has made
% drawing unequivocal conclusions
about periodontal-systemic disease
connections an elusive goal.!23-125
Neither the sMD reflecting pooled
differences in clinical AL across
obese and non-obese groups nor

® Studies
— 1%
—— 5%

T
-2 -1 0

Relative Association (log linear difference)

Figure 3.

Precision versus strength funnel plot. The funnel plot depicts the study precision as a function of the
strength of association. The outer borders of the funnel represent the required strength of association
to obtain statistical significance at any given level of precision for a critical o for hypothesis tests of
1% or 5%. The vertical blue line represents the sOR for combining all 28 studies.

linear increase in the odds of periodontal disease with
increasing BMI. In total, these findings are highly
unlikely due to chance and persist over studies using
a multitude of measurement strategies for assessing
these two health conditions.

The summary measure of association (sOR) re-
ported here was less strong in magnitude than those
reported between periodontal disease and adverse
pregnancy outcomes!%6 or cardiovascular events.!97
However, based on a subset of included studies, there
appears to be stronger obesity—periodontitis associa-
tion in women, non-smokers, and younger individuals
than in the general adult population. Although smok-
ing is a well-studied predisposing factor for peri-
odontitis, %8199 smoking and BMI share a complex
relationship,'1? which can appear to be inverse in
certain populations.!!1:112 For older individuals,
tooth loss and impaired masticatory function might
be a path through which advanced periodontal dis-
ease could impact energy balance and nutrition.!13
Studies that linked overweight or obesity to tooth loss
reported positive,!14-116 negative,!!” and equivocal
results! 18119 and are complicated by an association
between tooth loss and underweight status.!!3

Though widespread, the use of meta-analysis has
been controversial,!20-122 and any result must be in-

' the sMD based on pooled differ-
ences in BMI across periodontal
disease patients and healthy con-
trols was adjusted to account for
confounding and, thus, likely over-
states any causal difference across
groups. However, the sOR based
solely on adjusted results did not
differ greatly from that comprised
of all studies and maintained a sta-
tistically significant positive associ-
ation (Fig. 4). However, for studies that presented
both adjusted and crude results, the adjusted sOR
was lower and remained potentially biased by unmea-
sured factors such as physical inactivity,3?-12% alco-
hol use,'27 and stress.!28

The preferential publication of statistically signifi-
cant positive results, or those deemed important,
might theoretically bias the results of any meta-anal-
ysis.129:130 [ndeed, we observed a handful of results in
the literature with low precision but strongly positive
findings (Fig. 3). However, attempts to account for
small study effects, either by exclusion or trim-and-fill
techniques, did not greatly alter the sOR estimate.

The design of nearly all included studies was cross-
sectional, making it impossible to determine the tempo-
ral relationship between diseased states. Whether one
condition stands as a risk factor for another, or whether
ameasured covariable might represent a confounder or
mediator on a causal pathway, could not be distin-
guished. Recent work”3 showed that individuals with
periodontal pockets at baseline were more likely to de-
velop components of MetS, including obesity, 4 years
later. Two other prospective studies!3!:132 appeared
during the literature search but were excluded because
of a lack of peer review. Hopefully, these efforts pre-
clude the arrival of more high-quality prospective
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Subgroup Studies (n) Fixed Effects sOR (95% Cl) and a lack of flossing. Although
N St 5 O [ 2 the cross-sgctlonal ass.omatlon b.e-
By Adjustment: tween obesity and periodontal dis-
Adjusted 20 — 1.38 (1.21, 1.57) ease is consistent with a causal
Crude 23 — 1.47 (1.29, 1.68) f : : :
ramework iphering the direc-
Adjusted, Has Crude 15 —— 1.38 (1.17, 1.62) ramework, deciphering the direc
Crude, Has Adjusted 15 —_— 1.74 (1.40, 2.16) tionality of this relationship cannot
By Overweight: be accomplished based on preva-
Overweight 14 —t— 1.18 (1.00, 1.39) .
Obesity, Has Overweight 14 —_— 1.52 (1.26, 1.83) lence studies alone.
Overweight, Adjusted 9 —— 1.10 (0.95, 1.27)
By Quality of Evidence: CONCLUSIONS
High Quality 13 —— 1.37 (1.16, 1.61) . _
Medium Quality 7 —_— 1.40 (1.13, 1.74) Despite the prospects of unmea
Low Quality — 1.31 (1.16, 1.48) sured confounding, a positive
BYEL"C@:"?”: » 350 35 59 association between periodontal
ast Asia —— il 1.19, 1.47 . .
Europe or Middle East 6 - 1.87 (1.17, 2.99) disease and obesity was suggested
United States 7 — 1.30 (1.16, 1.46) across diverse populations. Eluci-
Other Subgroups: dating any physiologic mecha-
Younger 7 —_— 1.35(1.14, 1.59) . behind thi lati hi il
Older 10 e i 1.21 (1.04, 1.41) I'llSl’r.l ehind t 1.s relationship Wl
Men 9 —_—— 1.50 (1.27,1.77) require well-designed prospective
Women 10 1.75(1.286, 2.43) studies. For the clinician, continu-
Smokers 5 +—— 1.36 (0.98, 1.88) . he i ¢
Non-Smokers 7 % 2.08 (1.29, 3.36) ing to stress the importance o
Obesity Study Focus 15 — 1.53 (1.32, 1.78) maintaining a healthy weight, as
Other Study Focus 13 —_—— 1.28 (1.15, 1.43) ;
Waist Circumference 7 —— 1.27 (1.09, 1.47) recgmmended by Jld;le National
Institutes of Health, stands to
T T T benefit all patients. The prevalence
8 1 iy of periodontal disease is likely to
Summary Odds Ratio, Log-Scale be higher among obese patients,
although there is no current evi-
Figure 4. dence to recommend differences

Subgroup analysis of studies included in meta-analysis. The study results contributing to the meta-

in treatment planning.

analysis were divided into groups based on study characteristics (left), and fixed-effects sORs were

calculated accordingly.

studies that are necessary to validate the proposed
causal links between obesity and periodontitis.

To our knowledge, the present analysis is the first
on this topic that was systematic and quantitative in
approach. We estimated the magnitude of the peri-
odontal disease-obesity association with weighting
by study precision and explored differences across
subgroups of similar studies. A systematic search
allowed for the inclusion of studies for which the asso-
ciation between obesity and periodontal disease was
not a primary focus but from which an effect estimate
could be abstracted and greatly widened the evidence
base for this review.

This review did not cover investigations into the
putative causal mechanisms that underlie the
observed association between periodontal disease
and obesity. However, Bullon et al.!> proposed a bi-
directional relationship between MetS and peri-
odontitis mediated by circulating cytokines and
oxidative stress. Alternately, Hujoel et al.!33 argued
that a failure to account for correlations among
health-promoting behaviors could create strong
but spurious associations between oral factors and
systemic conditions, such as seen between obesity
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