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ABSTRACT

Purpose: Systemic health has a profound effect on dental treatment. The aim of this study
was to evaluate peri-implant bone loss and health screening data to discover factors that may
influence peri-implant diseases.

Methods: This study analyzed the panoramic X-rays of patients undergoing health screenings
at the Health Promotion Center at Seoul St. Mary’s Hospital in 2018, to investigate the
relationship between laboratory test results and dental data. The patients’ physical data, such
as height, weight, blood pressure, hematological and urine analysis data, smoking habits,
number of remaining teeth, alveolar bone level, number of implants, and degree of bone

loss around the implant, were analyzed for correlations. Their associations with glycated
hemoglobin, glucose, blood urea nitrogen (BUN), creatinine, and severity of periodontitis
were evaluated using univariate and multivariate regression analysis.

Results: In total, 2,264 patients opted in for dental health examinations, of whom 752
(33.2%) had undergone dental implant treatment. These 752 patients had a total of 2,658
implants, and 129 (17.1%) had 1 or more implants with peri-implant bone loss of 2 mm or
more. The number of these implants was 204 (7%). Body mass index and smoking were not
correlated with peri-implant bone loss. Stepwise multivariate regression analysis revealed
that the severity of periodontal bone loss (moderate bone loss: odds ratio [OR], 3.154; 95%
confidence interval [CI], 1.175-8.475 and severe bone loss: OR, 7.751; 95% CI, 3.003-20) and
BUN (OR, 1.082; 95% CI, 1.027-1.141) showed statistically significant predictive value. The
severity of periodontitis showed greater predictive value than the biochemical parameters of
blood glucose, renal function, and liver function.

Conclusions: The results of this study showed that periodontal bone loss was a predictor

of peri-implant bone loss, suggesting that periodontal disease should be controlled before
dental treatment. Diligent maintenance care is recommended for patients with moderate to
severe periodontal bone loss.
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. Systemic health has a profound effect on periodontal health [1]. Systemic diseases,
0.

ranging from conditions where dental treatment is not possible because of the high risk of
complications, such as high bleeding tendency or long-term bisphosphonate-based drug use
in cancer patients, to conditions where sufficient treatment is possible with caution, such

as mild hypertension and drug-controlled diabetes, can co-exist with oral disease [2]. These
systemic diseases not only make periodontal treatment harder or impossible but also can
affect the occurrence and severity of periodontal diseases. Overall, these systemic diseases
tend to occur with a higher frequency with increasing age, and may show overlap with
periodontal disease, which also increases with age. Impaired systemic and oral health can
influence an older person’s quality of life [3].

Periodontal disease progression may lead to loss of the tooth, and the tooth may be replaced
with a screw-type intraosseous implant made of titanium, as designed by Branemark of
Sweden in the 1950s [4], which is now widely used worldwide. Implants have a success rate of
over 90%-95% in healthy patients with normal healing ability and good bone quality [5]. The
success rate of these implants may vary depending on the type of systemic disease, and in
some cases, a systemic disease may be a contraindication to the implant treatment itself [6].

In 2014, the Korean National Health Insurance Service (NHIS) started to cover 50% of the fee
of up to 2 dental implants in partially edentulous patients aged 75 years or older. In July 2016,
the age of eligibility for this benefit decreased to 65 years, and the NHIS coverage rose to 70%
of the total fee in July 2018. According to a press release of the Korean Ministry of Health and
Welfare, in July 2014, the number of patients who had implants under insurance increased
from 390,320 in 2016 to 582,837 in 2018 [7]. Peri-implant disease is a complication of implant
treatment and is divided into peri-implant mucositis and peri-implantitis depending on the
presence or absence of bone loss [8]. Peri-implantitis is accompanied by inflammation and
bone loss in the peri-implant alveolar bone. The prevalence of the disease is 7.3%—34% at the
patient level and 5.5%-21% at the implant level [9-11].

It is well known that smoking induces systemic problems [12]. However, its effects on

the oral cavity are still unfamiliar to the public. Smoking affects not only healing after
periodontal treatment, but also the progression of periodontal disease and the rate of tooth
loss. This rate of tooth loss decreases when a patient quits smoking [13].

The purpose of this study was to analyze the panoramic X-rays of patients who underwent
health screenings at the Health Promotion Center at Seoul St. Mary’s Hospital in 2018 to
discover factors in medical screening data that correlate to the number of residual teeth and
implants, peri-implantitis, and periodontitis.

MATERIALS AND METHODS

Study design

Electronic medical records of people who had undergone a health screening examination
program that included a dental examination at Seoul St. Mary’s Hospital in 2018 were
evaluated. The study protocol was approved by the Institutional Review Board (IRB) of the
Seoul St. Mary’s Hospital (IRB approval number; KC19RESI0392). The patient's physical
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examination data such as height, weight, blood pressure, and laboratory test results
including blood and urine analysis and t information about smoking status collected at the
time of the medical examination and the data obtained by analyzing the panoramic X-rays

Peri-implant bone loss and associated health screening factors

were evaluated.

Panoramic radiograph evaluation

The authors investigated the number of residual natural teeth, periodontitis, severity of
periodontitis, the number of implants placed, the presence of peri-implant bone loss, and the
amount of peri-implant bone loss.

The presence or absence of periodontitis was defined as the presence of bone loss at the
cementoenamel junction (CEJ) on a panoramic image. The interproximal site with the greatest
bone loss was used for classification of severity of periodontitis. No bone loss or slight alveolar
bone loss was indicated as 0, alveolar bone loss of up to 30% was indicated as 1 (minor), bone
loss of 30%—-50% was indicated as 2 (moderate), and bone loss of 50% or more was indicated
as 3 (severe) [14]. The percentage of bone loss was measured by dividing the distance between
cementoenamel junction to the alveolar crest by the distance from the CE]J to the root apex.
The distance was measured perpendicular to an imaginary line connecting the CEJ of the teeth
(Figure 1). Cases without any residual teeth were excluded from the analysis.

Bone loss of 2 mm or more from the implant platform was taken as peri-implant bone loss,
and when different amounts of bone loss were found on the mesial and distal sides, the greater
of the 2 values was used [15]. The bone loss of the implant was measured in I-mm increments.

Physical examination

Height, weight, and blood pressure data were obtained from the physical examination. From
height and weight, the body mass index (BMI) was calculated. The BMI is derived from the
mass (weight) and height of a person by dividing the body mass by the square of the body
height, and is universally expressed in units of kg/m?, resulting from mass in kilograms and
height in meters. BMI was divided into 3 groups, <23, 223 and < 25, and >25 kg/m?.

Figure 1. Partial image of a panoramic radiograph. The percentage of the distance between the cementoenamel
junction to the alveolar crest (a) was divided by the distance between the cementoenamel junction to the root
apex (b).
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Laboratory tests

Blood glucose, glycated hemoglobin (HbAlc), blood urea nitrogen (BUN), creatinine, total
protein, albumin, sodium, potassium, chloride, total bilirubin, direct bilirubin, aspartate
aminotransferase (AST), alanine aminotransferase (ALT), alkaline phosphatase (ALP),
y-glutamyl transpeptidase (y-GTP), creatine phosphokinase, uric acid, calcium, phosphorus,
amylase, total cholesterol, triglyceride, high-density lipoprotein (HDL)-cholesterol, low-
density lipoprotein (LDL)-cholesterol, iron, and total iron binding capacity, levels were
analyzed. HbAlc levels were used to classify as diabetes mellitus (DM) (26.5%), prediabetes
(pre-DM) (>5.6% and <6.5%), and normal (no DM) (>4.0% and <5.6%).

Smoking

Patients were asked about their smoking habits at the health screening examination visit.
Patients are asked to check a box on a question about their smoking habits. The responses
were divided into smoking, non-smoking, and former smoking.

Exclusion criteria

Patients without any natural teeth were excluded from the analysis (n=7). Instances where
the implant could not be identified due to excessive distortion of the panoramic image were
excluded from the final analysis (n=41). In addition, some cases with missing laboratory test
values of glucose (n1=92) and bilirubin (n=1) were excluded from the final analysis.

Statistical analysis

We decided whether to use parametric or non-parametric tests to compare the differences
among 3or more groups by Shapiro-Wilk test. Frequencies (percentages) for categorical
variables, means+standard deviations for normally distributed continuous variables, and
geometric means (95% confidence intervals, CIs) for non-normal continuous variables, were
presented to describe their distributions, respectively.

The y? test was used to compare differences in proportions, and one-way analysis of
variance with the Scheffé post hoc test for means and the Kruskal-Wallis test for geometric
means among 3 or more groups. Pearson correlation analysis was conducted to detect the
relationships between BMI and the number of residual teeth or implant placements.

Finally, stepwise multivariate ordinal logistic regression was performed to identify the factors
associated with the amount of bone loss in peri-implantitis after checking the proportional
odds assumption. In this multivariate analysis, we considered only 6 variables (DM, glucose,
BUN, creatinine, HbAlc, and degree of periodontitis) that were significant at a 10% level in
each univariate ordinal logistic regression analysis. All statistical analyses were done with
SAS version 9.4 (SAS Institute, Inc., Cary, NC, USA). A Pvalue below 0.05 was considered
statistically significant.

RESULTS

Study population

Ofa total of 2,264 patients who had opted to undergo a dental examination, 752 (33.2%) had
received dental implant treatment (341 women). The mean age was 61.96+9.22 years (men
62.0949.02 years, women 61.8+9.00 years). In total, 129 (17.1%) had 1 or more implants with
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DM and oral parameters

peri-implant bone loss of 2 mm or more. The total number of implants was 2658, and 204
(7%) of these implants had bone loss of 2 mm or more.

BMI

Height and weight data from 442 patients were converted to BMI. Twenty-eight patients met
the exclusion criteria, and the BMI of a total of 414 patients (226 men: 63.2+9.46 years old, 188
women: 61.5+9.32 years old) was analyzed. Peri-implant bone loss did not show a statistically
significant correlation with BMI (Supplementary Table 1), and the number of residual teeth or
implants also showed no significant correlations with BMI (Supplementary Table 2).

Smoking

The relationship between smoking and periodontal and peri-implant bone loss was analyzed
in 192 patients who had answered the questionnaire about smoking (110 men: 65.5+7.33
years old; 82 women: 64.1+8.67 years old) but the presence of peri-implant bone loss or
severity of periodontitis did not show a statistically significant relationship with smoking
(Supplementary Table 3).

DM

HbAlc levels were analyzed in 621 patients (336 men: 61.8+8.61 years old, 285 women:
61.2+8.70 years old). DM showed statistically significant associations with the severity of
periodontitis (P=0.0037), occurrence of peri-implant bone loss (P=0.0454) and degree
of peri-implant bone loss (2=0.0074), the number of implants placed (£=0.0012) and the
number of residual teeth (P=0.0012) (Table 1).

Blood and urine tests

In addition to the above factors, the correlations between blood and urine test results and
periodontal and peri-implant bone loss were also analyzed among 621 patients (336 men:
61.8+8.61 years old; 285 women: 61.2+9.70 years old). Periodontal bone loss was correlated
with glucose, HbAlc, BUN, creatinine, direct bilirubin, AST, ALT, ALP, y-GTP, uric acid,
and HDL-cholesterol (2<0.05) (Table 2). Peri-implant bone loss showed slightly different
relationships with the laboratory test results compared to periodontal bone loss. In this
analysis, glucose, HbAlc, urea nitrogen, and creatinine showed statistically significant

Variables Total Diabetes mellitus Pvalue
No DM Pre-DM DM
Periodontitis 621 (100.00) 305 (49.11) 233 (37.52) 83 (13.37)
Severity of periodontitis 0.00379
1 140 (22.54) 892 (27.8) 43 (18.4) 15 (18.0)
2 248 (39.94) 124 (40.6) 100 (42.9) 24 (28.9)
3 233 (37.52) 99 (32.4) 90 (38.6) 44 (53.0)
Bone loss in implant (>2 mm) 87 (14.01) 32(5.15) 41 (6.6) 14 (2.25) 0.04549
Degree of bone loss in implant 0.00749
No bone loss (<2 mm) 534 (85.99) 273 (89.5) 192 (82.4) 69 (83.1)
2.and 3 mm 46 (7.41) 20 (6.55) 20 (8.58) 6 (7.29)
4and 5 mm 15 (2.49) 4(1.31) 5(2.1) 6 (7.22)
>5mm 926 (4.19) 8 (2.62) 16 (6.8) 2(2.4)
Number of residual teeth 292.98+4.31 23.48+4.09 22.61+4.43 292.16+4.6" 0.011629
Number of implants 3.13+2.47 2.87+2.9 3.15+92.44" 3.99+3.2) 0.00122%

Frequencies (%) are shown for categorical variables. Values are presented as means+standard deviations.

DM: diabetes mellitus.

The y? test or Pone-way analysis of variance; PP<0.05 vs. no DM by Scheffé post hoc test; 9P<0.05 vs. pre-DM by the Scheffé post hoc test. Statistically

significant difference (P<0.05).
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Severity of periodontitis and laboratory test results

Laboratory test results Total Severity of periodontitis

1 2 3 P value
Number of subjects 621 140 248 233
Glucose 101.54+20.22 98.8+17.62 99.4+16.28 105.46+24.499) 0.00089
HbAlc 5.86+0.79 5.71+0.6 5.79+0.68 6.02+0.969? 0.00029
BUN 15.4+3.97 14.7+3.5 14.88+3.59 16.37+4.413) <0.00019
Creatinine 0.9+0.43 0.85+0.16 0.87+0.18 0.98+0.669 0.0059
Total bilirubin 0.92 (0.9-0.95) 0.88 (0.83-0.93) 0.93 (0.89-0.98) 0.94 (0.9-0.98) 0.1832
Direct bilirubin 0.25 (0.24-0.25) 0.23(0.21-0.24) 0.25 (0.23-0.26) 0.26 (0.24-0.27) 0.0179
AST (GOT) 25.89 (25.18-26.62) 24.99 (23.68-26.29) 95.93 (24.29-26.21) 27.99 (25.79-28.72) 0.02139
ALT (GPT) 24.76 (23.79-25.77) 23.99 (21.43-25.16) 23.53 (22.2-24.95) 27.17 (25.31-29.18) 0.00189
ALP 52.5+19.49 50.35+13.67 50.96+14.95 55.42+25.53 0.01419
v-GTP 29.15 (27.58-30.81) 26 (23.43-28.85) 27.31(25.21-29.58) 33.47 (30.23-37.05) 0.00069
Uric acid 5.49+1.33 5.31+1.33 5.41+1.37 5.67+1.28% 0.02449
Calcium 9.28+0.42 9.27+0.38 9.28+0.37 9.29+0.48 0.902
Phosphorus 3.56+0.49 3.56+0.46 3.56+0.47 3.56+0.53 0.995
Total cholesterol 198.83+41.6 204.71+38.16 198.4+41.19 195.75+43.75 0.1282
Triglyceride 103.72 (99.26-108.39) 100.02 (91.28-109.59) 103.02 (95.69-110.91) 106.79 (99.71-114.37)  0.5324
HDL-cholesterol 54.47+13.93 56.78+14.7 55.27+14.37 52.24+192.65% 0.00479
LDL-cholesterol 118.27+36.55 122.35+33.25 116.78+34.79 117.42+40.08 0.3196
Total protein 7.2+0.46 7.19+0.39 7.2+0.46 7.21+0.49 0.8594
Albumin 4.49+0.28 4.51+0.24 4.49+0.29 4.46+0.29 0.2435
Sodium 143.49+2.03 143.79+1.95 143.39+2.05 143.42+2.06 0.1403
Potassium 4.26+0.3 4.25+0.31 4.25+0.29 4.29+0.31 0.2521
Chloride 105.53+2.28 105.62+2.35 105.59+2.17 105.42+2.37 0.6243

Values are presented as meanszstandard deviations or geometric mean (95% confidence interval).
HbA1c: glycated hemoglobin, AST: aspartate aminotransferase, GOT: glutamic oxaloacetic transaminase, ALT: alanine aminotransferase, GPT: glutamic pyruvic
transaminase, ALP: alkaline phosphatase, y-GTP: y-glutamyl transpeptidase, CPK: creatine phosphokinase, HDL: high-density lipoprotein, LDL: low-density

lipoprotein.

One-way analysis of variance and the Kruskal-Wallis test. P<0.05 vs. degree 1 by the Scheffé post hoc test; PP<0.05 vs degree 2 by the Scheffé post hoc test. ©
Statistically significant difference (P<0.05).

correlations, but direct bilirubin, AST, ALT, ALP, y-GTP, uric acid, and HDL-cholesterol
values were not statistically significant (Table 3).

Periodontal bone loss and peri-implant bone loss

Periodontal bone loss and peri-implant bone loss were analyzed in 709 patients (382 men:
61.5£8.76 years old, 327 women: 61.3+9.37 years old). Periodontal bone loss showed a
statistically significant relationship with peri-implant bone loss (Table 4). The severity

of periodontitis and existence of peri-implant bone loss had a statistically significant
relationship (£<0.0001), and the degree of peri-implant bone loss had a proportional

relationship with the severity of periodontitis (£<0.0001).

Factors associated with peri-implant bone loss by univariate and stepwise
multivariate analyses
Univariate and stepwise multivariate analyses were performed on the data of 621 participants
with no missing variables for any of the factors considered. The factors that were significant

at a 10% level in each univariate logistic analysis are shown in Table 5. DM, HbAlc, BUN,
creatinine, and the severity of periodontitis were significant in the univariate analyses,

but when a multivariate analysis was performed, only BUN (2=0.0034) and severity of
periodontitis (P<0.0001) were significant. Higher BUN levels were associated with a slight
increase in the odds ratio (OR) of 1.082. More severe periodontal bone loss was associated
with a higher likelihood of peri-implant bone loss (OR, 3.154 for moderate bone loss and OR,
7.751 for advanced bone loss).
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Degree of peri-implant bone loss and laboratory test results

Laboratory test Total Bone loss in the implant

results No bone loss (<2 mm) 2 and 3 mm 4and 5 mm >5 mm P value
Number of subjects 621 534 46 15 26

Glucose 101.54+20.22 100.91+19.1 102.43+27.8 121.53+32.633" 101.35+11.179 0.00159
HbAlc 5.86+0.79 5.82+0.77 5.99+0.96 6.5+1.11% 5.95+0.459 0.00579
BUN 15.4+3.97 15.16+3.61 16.21+4.95 16.09+3.38 18.49+6.98% 0.00019
Creatinine 0.9+0.43 0.88+0.18 0.94+0.25 0.94+0.2 1.31+1.9190 <0.00019
Total bilirubin 0.92 (0.9-0.95) 0.93 (0.9-0.96) 0.93 (0.84-1.04) 0.91 (0.72-1.16) 0.8 (0.69-0.92) 0.2036
Direct bilirubin 0.25 (0.24-0.25) 0.25 (0.24-0.26) 0.25 (0.22-0.28) 0.25 (0.2-0.32) 0.2 (0.17-0.23) 0.0759
AST (GOT) 925.89 (25.18-26.62) 25.8 (25.06-26.57)  26.89 (23.62-30.6) 27.99 (22.73-34.46)  24.75(21.27-28.79)  0.6298
ALT (GPT) 94.76 (23.79-25.77)  24.74(23.69-25.84)  24.98 (21.07-27.98)  29.79 (22.49-39.44)  23.53 (19.46-28.45)  0.5096
ALP 52.5+19.49 52.42+19.85 52.89+18.68 53.67+15.16 52.81+16.26 0.9932
v-GTP 29.15 (27.58-30.81) 29.29 (27.56-31.12) 26.34 (21.9-31.68) 39.91 (28.25-56.4) 26.39 (20.68-33.69) 0.2116
Uric acid 5.49+1.33 5.46+1.35 5,53::1L,97/ 6.11+1.1 5.88=1L.25 0.3105
Calcium 9.28+0.42 9.27+0.39 9.38+0.67 9.46+0.36 9.22+0.42 0.0956
Phosphorus 3.56+0.49 3.55+0.45 3.58+0.64 3.6+0.8 3.65+0.75 0.7768
Total cholesterol 198.83+41.6 199.46+41.89 186.15+39.69 199.8+35.69 207.77+39.64 0.1324
Triglyceride 103.72 (99.26-108.39) 102.33 (97.69-107.19) 112.27 (93.41-134.93) 119.34 (79.59-178.95) 109.7 (85.84-140.19) 0.4867
HDL-cholesterol 54.47+13.93 54.92+14.26 52.09+11.87 51.27+12.23 51.31+10.19 0.2578
LDL-cholesterol 118.27+36.55 118.94+36.45 105.85+35.44 119.73+37.8 125.73+37.28 0.0855
Total protein 7.2+0.46 7.2+0.46 7.15+0.46 7.27+0.6 7.21+0.48 0.817
Albumin 4.49+0.28 4.49+0.27 4.46+0.28 4.45+0.29 4.39+0.4 0.2817
Sodium 143.49+2.03 143.51+2.06 143.78+1.72 143.53+1.55 142.73+2.05 0.2025
Potassium 4.26+0.3 4.26+0.3 4.23+0.28 4.25+0.4 4.37+0.4 0.2644
Chloride 105.53+2.28 105.54+2.29 105.96+1.95 105.2+1.93 104.77+2.7 0.1849

Values are presented as meanszstandard deviations or geometric mean (95% confidence interval).
HbA1c: glycated hemoglobin, AST: aspartate aminotransferase, GOT: glutamic oxaloacetic transaminase, ALT: alanine aminotransferase, GPT: glutamic pyruvic
transaminase, ALP: alkaline phosphatase, y-GTP: y-glutamyl transpeptidase, CPK: creatine phosphokinase, HDL: high-density lipoprotein, LDL: low-density

lipoprotein.

Analysis of variance test and Kruskal-Wallis test; ¥P<0.05 vs. no bone loss by the Scheffé post hoc test; ¥P<0.05 vs. 2 and 3 mm by the Scheffé post hoc test; ©
P<0.05 vs. 4 and 5 mm by the Scheffé post hoc test. Statistically significant difference (P<0.05).

Severity of periodontitis and peri-implant bone loss

Variables Total Severity of periodontitis
1 2 3 P value

Number of subjects 709 161 275 273
Peri-implant bone loss (22 mm) 105 (14.81) 9 (5.5) 32 (11.6) 64 (24.5) <0.0001%
Degree of bone loss <0.0001%

No bone loss (<2 mm) 611 (86.18) 153 (95.0) 245 (89.0) 213 (78.0)

2and 3 mm 51(7.19) 5(3.1) 17 (6.1) 29 (10.6)

4and 5 mm 18 (2.54) 2(1.2) 8(2.9) 8(2.9)

>5mm 29 (4.09) 1(0.6) 5 (1.8) 23 (8.4)

Numbers of participants (%) are shown.
The 2 test. JStatistically significant difference (P<0.05).

DISCUSSION

The current investigation explored the correlation between general health data and
examination data from panoramic radiographs. Panoramic radiography is usually taken

during dental treatment, as a variety of information about the entire maxilla-mandible can

be obtained from a single radiograph [16]. Although panoramic radiography is convenient,
the errors in the images may be greater than in other radiographic methods such as
periapical radiography or computed tomography. These errors include overlapping with other
structures and between teeth or different magnifications of the posterior and anterior tooth.
Overlapping may make it difficult to evaluate the bone height around the tooth or implant,

and due to different magnifications, implants with the same length and width may seem

different in panoramic images. However, in health screening examinations, the advantage of
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Factors associated with peri-implant bone loss by univariate and stepwise multivariate analyses

Peri-implant bone loss and associated health screening factors

Variables Univariate Stepwise multivariate
OR (95% Cl) Pvalue OR (95% CI) P value
DM 0.0388%
Normal 1 (Ref.)
Pre-DM 1.862 (1.133-3.058) 0.014%
DM 1.742 (0.883-3.436) 0.1093%
Glucose 1.009 (0.999-1.019) 0.0687%
HbA1c 1.342 (1.065-1.692) 0.0127%
BUN 1.110 (1.054-1.168) <0.000% 1.082 (1.027-1.141) 0.0034%
Creatinine 4.255 (1.394-12.987) 0.0109%
Severity of periodontitis <0.0001% <0.000
1 1 (Ref.) 1 (Ref.)
2 3.184 (1.190-8.547) 0.0211% 3.154 (1.175-8.475)  0.0225
3 8.772 (3.401-22.727)  <0.0001? 7.751 (3.003-20) <0.0001%

OR with 95% Cls are shown. Univariate and stepwise multivariate regression analyses.
OR: odds ratio, CI: confidence interval, HbA1c: glycated hemoglobin, BUN: blood urea nitrogen.
Istatistically significant (P<0.05).

utilizing panoramic X-rays is that aspects of the overall oral condition, such as the number of
teeth and implants and alveolar bone levels, can be perceived quickly.

A 5-year longitudinal study has shown that obese individuals may develop greater marginal
bone loss compared to non-obese individuals, but the results of this study did not show a
statistically significant correlation (2=0.1732) (Supplementary Table 1) [17]. Their mean
marginal bone loss was 0.91 mm, while this study defined >2 mm of bone loss as peri-
implantitis; therefore, an explanation for this discrepancy may be that early changes were
not studied in this research. Obesity and tooth loss were not correlated, contrary to our
expectations, but BMI and periodontitis showed a correlation as expected [18].

In this study, smoking did not show a correlation with the presence of periodontitis or
peri-implantitis. However, the severity of periodontitis, the number of implants in the oral
cavity, and the number of residual teeth were statistically significantly related to smoking.
This suggests that smoking may not affect the onset of the disease, but may worsen its
progression, leading to more tooth loss. However, many studies have also reported no
correlation between peri-implantitis and smoking [19]. In Korea, according to the National
Statistical Office, 36.7% of adult men and 7.5% of adult women smoked in 2018 [20].
Compared to non-smokers, smoking increases the susceptibility to periodontal disease
and increases the severity and progression of periodontitis. The exact mechanism by
which smoking affects periodontal disease is unknown, but oxidative stress and changes
in immunoinflammatory systems appear to play an important role in the pathogenesis

of smoking-associated periodontitis. This change in the immunoinflammatory system

and the healing system may explain why the response to periodontal therapy in smokers

is poorer than in non-smokers [21]. The intraoral changes caused by smoking tend to be
dose-dependent and tend to improve to the same level as in non-smokers when smoking is
stopped [22]. There is a risk of underreporting of smoking compared to assessing smoking
status by cotinine levels, and this may have affected the study results [23].

DM has been closely linked to periodontal diseases in previous studies [24,25]. This
relationship was confirmed by this investigation. DM is known to increase a patient’s
susceptibility to infection, and it may also affect bacterial pathogens in the periodontal
pocket [26]. Periodontitis is a bacterial infection and can be affected by diabetes [25]. DM
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is a significant risk factor for periodontitis, and this risk is greater in patients with poorly
controlled diabetes, in whom the alveolar bone loss caused by periodontitis is also increased.
In addition, controlling one’s diabetes reduces the risk of periodontitis, and resolving
periodontal inflammation may improve metabolic control [27]. In patients with controlled
diabetes, the HbAlc levels decreased by approximately 0.4%p after the resolution of
periodontal inflammation.

Peri-implant bone loss and associated health screening factors

The BUN test measures the nitrogen portion of urea and is used as a marker for glomerular
function; increased levels indicate impaired renal function [28]. An animal study on

the effect of chronic kidney disease on osseointegration suggested that chronic kidney
disease may impair healing in early stages [29]. Many studies have shown correlation
between chronic kidney disease and periodontitis, and animal experiments indicating that
periodontitis can have an impact on kidney disease have been reported [30].

Serum creatinine and alkaline phosphatase levels are known to be associated with
periodontitis. Patients with severe periodontitis had significantly lower creatinine levels

and higher ALP levels than patients without periodontitis [31]. When serum creatinine is
lower, the risk of type 2 DM is increased. The biological basis for this change has not yet
been elucidated. In this study, serum creatinine was associated with both periodontitis

and peri-implantitis, but ALP did not have a statistically significant correlation with peri-
implantitis (£=0.9932). ALP is an enzyme that originates from the liver or bone and used as
an index of liver and bone disease. High ALP levels occur due to obstruction in the biliary
duct, indicative of liver damage, or increased osteoblast activity and deposition of calcium
on bone [28]. ALP has been found to be significantly higher in the gingival crevicular fluid
(GCF) of periodontitis patients than in that of healthy or gingivitis patients. ALP has been
suggested as a periodontal disease marker to distinguish inflammation [32]. However, ALP
levels in the GCF around implants have not shown a statistically significant relationship with
the bleeding index or plaque index [33]. In this study, serum ALP levels were studied, and the
correlation was similar to the results seen in other researches [32,33]. A plausible cause for
this difference in the relationship of ALP with periodontitis and peri-implantitis has not been
offered, and this is an area that needs further research.

Bilirubin is a breakdown product of heme released from the lysis of aged or abnormal

red blood cells. Recent research indicates that mildly elevated levels of bilirubin may be
protective [34]. In this study, higher blood bilirubin levels were associated with greater
periodontal and peri-implant bone loss. An increase in bilirubin in the blood means
increased destruction of red blood cells and may indicate liver damage, such as in hepatitis,
liver cirrhosis, or fatty liver. Although the test results were in the normal range (0.0-0.5 mg/
dL), these results suggest that a correlation may exist between periodontal and liver diseases.
The mechanism underlying the association of bilirubin with peri-implant and periodontal
bone loss is unclear.

A meta-analysis has shown that peri-implantitis incidence and implant bone loss are more
common in periodontitis patients [27]. Patients with aggressive periodontitis have higher
risk of implant loss than patients with chronic periodontitis [35]. We decided to classify
periodontal bone loss into 3 levels, as proposed by van der Velden [36,37]. Radiographic bone
loss of stages I and II in the new classification would correspond to minor severity in van der
Velden’s proposal [38]. The OR of severe bone loss (7.751) was more than twice the value of
moderate bone loss (3.154), and this was in turn more than 3 times greater than that of minor
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bone loss. The severity of periodontal bone loss predicted peri-implant bone loss. The results
of the multivariate analysis (Table 5) suggest that the correlation seen with DM and creatinine
can be explained as reflecting the influence of periodontitis. Only BUN levels had statistical
significance, and the OR was low.

Periodontitis and peri-implantitis cannot be said to be identical disease entities. However,
their clinical features and treatment methods are quite similar [39]. The incidence of
periodontitis and peri-implantitis is related. Periodontitis is a risk factor for peri-implantitis,
periodontitis patients have greater implant bone loss, and periodontitis is a risk factor for
implant loss [27]. In this study, periodontitis was closely correlated with peri-implantitis.
Patients with periodontitis are recommended to receive careful maintenance care after dental
implant treatment.

A limitation of this study is that, as a cross-sectional study utilizing health screening

tests, it was not possible to acquire information on the time and circumstances of implant
placement, and implant factors such as connection type, and prosthesis type were not
investigated. In addition, information on the medications taken by patients for pre-existing
conditions was not available.

This study showed that BMI and smoking were not correlated with peri-implant bone loss,
but it would be prudent to advise weight loss and smoking cessation and more frequent
maintenance visits because obesity and smoking impact overall health negatively. BUN,
creatinine, glucose, and HbAlc levels showed correlations with both periodontal and peri-
implant bone loss. AST, ALT, ALP, and y-GTP levels showed correlations with periodontitis.
Periodontitis has a bidirectional relationship with many diseases, and peri-implantitis may as
well [40]. The maintenance of periodontal and peri-implant health will benefit the systemic
health of the patient.

Further studies are needed to investigate the correlations between biochemical parameters and

peri-implantitis. Patients with severe periodontitis are at greater risk of severe peri-implantitis,
and vigilant maintenance care is recommended for dental implant patients with periodontitis.

SUPPLEMENTARY MATERIALS

Supplementary Table 1
BMI and oral parameters

Click here to view

Supplementary Table 2
Linear correlation between body mass index and number of teeth and implants

Click here to view

Supplementary Table 3
Smoking and oral parameters

Click here to view
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