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Underweight is associated with periodontitis among Korean female adults.
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Abstract
The relationship between underweight and periodontitis has not been well revealed. This study was
performed to assess the relationship between underweight, defined by body mass index, and
periodontitis, using nationally representative data. The final number of participants in this study was
3,285, and they were surveyed using the Korean National Health and Nutrition Examination Survey. An
association between periodontitis and body mass index was obtained using multivariate logistic
regression models after adjustment for age, frequency of tooth brushing per day, self-reported oral
status, waist circumference, white blood cell count, smoking, drinking, and walking. Adjusted odds
ratios and their 95% confidence intervals for periodontitis in men was 0.614 (0.126-2.987), 1 (reference),
1.103 (0.668-1.821), and 1.300 (0.726-2.328), for a body mass index of <18.5, 18.5 ≤ x<23, 23 ≤ x<25, and
≥ 25 kg/m2, respectively, after adjustment. Adjusted odds ratios and their 95% confidence intervals for
periodontitis in women was 2.400 (1.028-5.605), 1 (reference), 1.152 (0.594-2.235), and
0.971(0.416-2.268), for a body mass index of <18.5, 18.5 ≤ x<23, 23 ≤ x<25, and ≥ 25 kg/m2, respectively,
after adjustment. Conclusively, the association between underweight, defined by body mass index, and
periodontitis was proven among Korean female adults by multiple logistic regression analyses after
adjusting for confounding factors.
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Introduction
Previous reports have shown that a high body mass index is
associated with general health [1]. It was shown that a high
body mass index were associated with the osteoarthritis of the
knee defined by Kellgren-Lawrence grading scale [1,2]. A
previous study explored factors affecting cardiorespiratory
fitness with different values for body mass index, and it was
shown that obese male subjects, defined by body mass index,
with diabetes had a lower estimated maximal oxygen uptake
[2]. Similarly, previous research reported that an increase in
body mass index was associated with greater leg pain scores
[3]. The association between obesity and periodontal diseases
has been suggested in previous reports. In the overweight and
obese groups, the odds ratios for periodontitis were 1.27 (95%
confidence of interval of 1.10 and 1.48) after adjustments [4].
A previous report has shown that obesity defined by body mass
index was associated with increased levels of pathogens
associated with periodontitis [5]. Resistin, an adipocytederived hormone from gingival crevicular fluid, was higher in
obese participants with periodontitis when compared with nonobese subjects with healthy periodontium [6]. However, the
relationship between underweight and periodontitis is not well
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revealed. It was hypothesized that there is no statistically
significant association between underweight and periodontitis.
Thus, this study was performed to assess the relationship
between underweight, defined by body mass index, and
periodontitis using nationally representative data.

Material and methods
Subjects
Findings from the Korean National Health and Nutrition
Examination Survey conducted between 2012 and 2014 were
used for this study. Informed consent was obtained from all the
participants. The Institutional Review Board of the Korea
Centers for Disease Control approved the Korean National
Health and Nutrition Examination Survey, and this study was
performed based on the Helsinki Declaration-based ethical
principles for medical research involving human subjects. The
design of this study was approved by the Review Board at
Seoul St Mary’s Hospital, the Catholic University of Korea
(KC14EISI0636).
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A total of 23,626 participants were candidates from the Korean
National Health and Nutrition Examination Survey survey. The
number was reduced to 18,382 by excluding the participants
younger than 19. The number was 5,414 by excluding the
participants 40 or older. The individuals with pregnancy or
menopause were excluded from this study. The final number of
individuals was 3,285 for this study after excluding the
participants with missing values (Figure 1).

were categorized into urban areas in the case of administrative
divisions of “dong” [8].
Metabolic syndrome was defined based on the American Heart
Association/National Heart, Lung, and Blood Institute
Scientific Statement criteria for Asians [9]. Three or more of
the following must be fulfilled to be diagnosed with metabolic
syndrome: use of lipid-lowering medication or fasting
triglycerides ≥ 150 mg/dL; use of cholesterol-lowering
medication or high-density lipoprotein cholesterol <40 mg/dL
in men and <50 mg/dL in women; waist circumference ≥ 90
cm in men and ≥ 80 cm in women; use of antihypertensive
medication or blood pressure ≥1 30/85 mm Hg; or current use
of antidiabetic medication or fasting blood glucose ≥ 100
mg/dL.

Oral health behaviors and number of natural teeth
The time of day of the participants’ tooth brushing was
recorded, and the frequency of tooth brushing per day was
calculated based on the interview. Self-reported oral status was
categorized into three: favorable, average, and problematic.
Dental checkup within a year was also evaluated. The presence
of periodontitis was evaluated using the World Health
Organization community periodontal index (CPI). Presence of
periodontitis was defined if CPI score was ≥ 3 according to the
previous report [10]. Dental checkup was also evaluated.

Figure 1. Participant flow chart.

Measurement and classification of variables
Staff members with training performed anthropometric
measurements for this study. Body mass index was measured
by the following calculation: weight (kg) divided by squared
height (m2). Measurement of waist circumference was done at
the time of the end of normal expiration at the level midway
between the costal margin and the iliac crest.
Smoking status was categorized as current smoker or not and
was derived from the interview. Individuals were categorized
as heavy drinkers if the individuals declared that they
consumed more than 30 g in their answers to the self-reported
questionnaire [7]. Individuals were regarded as regular
exercisers if they performed walking at least 5 times per week
for at least 30 minutes per session. Economic status was
categorized as the lowest quartile, which included households
with a monthly income <$1092.4. Education level was
categorized as university graduate or higher. Residential areas

Statistical analysis
The data are presented as means ± standard errors for
continuous variables and as proportions (standard errors) for
categorical variables. A chi-square test for categorical variables
or an independent t-test for continuous variables was
performed to assess the differences in characteristics
categorized by the presence of periodontitis. Sensitivity test
was performed to evaluate the interactions of parameters with
periodontitis. A multivariable logistic regression analysis was
used to evaluate the odds ratios of periodontitis in relation to
body mass index. Model 1 was adjusted for age, whereas
Model 2 was adjusted for age, frequency of tooth brushing per
day, self-reported oral status, waist circumference, and white
blood cell count. In Model 3, adjustments were made for the
variables in Model 2 plus smoking, drinking, and walking.

Table 1. Baseline characteristics of study participants according to presence of periodontitis.
Variables

Male

Female
Periodontitis

No

Yes

Unweighted n

1,872

225

Age (years)

29 ± 0.2

33.1 ± 0.4

Body mass index (kg/m2)

24.2 ± 0.1

Waist circumference (cm)

82.7 ± 0.3

5610

P-value

No

Yes

P-value

1,624

104

<0.0001

29.1 ± 0.2

33.6 ± 0.6

<0.0001

24.6 ± 0.2

0.0944

21.8 ± 0.1

23 ± 0.5

0.0226

84.5 ± 0.7

0.0111

72.7 ± 0.3

76.7 ± 1.3

0.0031
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Number of natural teeth

27.45 ± 0.04

26.92 ± 0.17

0.0024

27.35 ± 0.04

26.93 ± 0.2

0.0323

Smoking (current)

40.5 (1.3)

56.1 (3.7)

<0.0001

7.7 (0.9)

8.5 (3.3)

0.8045

Heavy drinker (>30g/day)

14.5 (0.9)

19.5 (3.2)

0.0900

4.6 (0.8)

2.4 (1.6)

0.3276

Walking (yes)

12.0 (1.2)

8.3 (1.1)

0.0174

5.8 (0.8)

5.6 (1.0)

0.8793

Income (lowest quartile)

7.4 (0.8)

8.0 (1.9)

0.7585

5.5 (0.7)

12.7 (3.9)

0.0093

University degree or higher

45.9 (1.5)

46.3 (3.8)

0.9134

52.4 (1.6)

50 (5.5)

0.665

Residence (urban)

85.4 (1.7)

82.3 (3.9)

0.3699

87.9 (1.8)

77.3 (5.6)

0.0116

Metabolic syndrome (yes)

13.9 (0.9)

24.4 (3.4)

0.0002

6.2 (0.7)

12.6 (3.6)

0.0249

Body mass index ≥ 25 (kg/m2)

36.5 (1.2)

44.8 (3.6)

0.0218

16.8 (1.2)

26.8 (4.8)

0.0186

Frequency of tooth brushing per
day

0.7367

0.0026

≤1

9.1 (0.7)

10.6 (2.4)

3.3 (0.5)

5.2 (2.6)

2

38.2 (1.4)

39.2 (3.8)

27.9 (1.3)

44.5 (5.8)

≥3

52.7 (1.4)

50.2 (3.5)

68.8 (1.3)

50.3 (5.8)

Dental checkup within a year 23.0 (1.2)
(yes)

23.7 (3.1)

29.8 (1.3)

31.6 (5.3)

Self-reported oral status

0.8283

<0.0001

0.7293

0.0002

Favorable

16.8 (1.1)

7.3 (1.8)

12.4 (1.0)

4.0 (2.2)

Average

44.5 (1.4)

37.2 (3.8)

47.5 (1.6)

34.8 (4.8)

Problematic

38.7 (1.4)

55.4 (3.7)

40.1 (1.6)

61.2 (5.0)

statistically higher with the presence of periodontitis regardless
of sex (P<0.05).

Figure 2. Average number of natural teeth of male participants
categorized by body mass index.

Results
Table 1 shows the characteristics of the participants of the
present study categorized by sex according to the presence of
periodontitis. Regardless of sex, the average age was higher
with the presence of periodontitis (P<0.05). The average body
mass index was significantly higher in female participants with
periodontitis (P<0.05). Average waist circumference was
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Figure 3. Average number of natural teeth of female participants
categorized by body mass index.

Percentage of participants with smoking was significantly
higher in men with periodontitis (P<0.05). Percentage of
participants with regular walking was significantly lower in
men with periodontitis (P<0.05). Percentage of participants
with lowest quartile income was significantly higher in women
with periodontitis (P<0.05). Percentage of participants with
metabolic syndrome was significantly higher with presence of
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periodontitis both in men and women (P<0.05). Percentage of
individuals with body mass index 25 kg/m2 or greater was
significantly higher with the presence of periodontitis both in
men and women (P<0.05). Favorable self-reported oral status
was significantly lower with the presence of periodontitis both
in men and women (P<0.05). Average number of natural teeth
defined by body mass index in men and women is shown in
Figures 2 and 3, respectively.

Percentage of individuals with current smoking, categorized by
body mass index, differed significantly between the groups
both in men and women (P<0.05). Percentage of individuals
with heavy drinking, categorized by body mass index, differed
significantly between the groups both in men and women
(P<0.05). Percentage of individuals with periodontitis,
categorized by body mass index, differed significantly between
the groups only in women (P<0.05).

Table 2 shows the association between body mass index and
smoking, drinking, and periodontitis categorized by sex.
Table 2. Distribution of body mass index and smoking, drinking, and periodontitis categorized by sex.
Body mass index (kg/m2)
<18.5

≥ 18.5 and <23

≥ 23 and <25

≥ 25

P-value

Smoking (current)

49.1 (6.9)

38.4 (2.1)

39.3 (2.8)

46.7 (2.0)

0.0159

Heavy drinker (>30g/day)

6.4 (3.6)

12.8 (1.3)

15.0 (2.0)

17.9 (1.5)

0.0260

Periodontitis (yes)

5.5 (3.2)

8.5 (1.1)

10.2 (1.6)

12.2 (1.3)

0.1078

Smoking (current)

11.7 (2.9)

5.8 (0.9)

7.3 (2.1)

10.5 (2.3)

0.0342

Heavy drinker (>30g/day)

5.1 (2.2)

3.5 (0.7)

3.8 (1.5)

7.7 (1.9)

0.0867

Periodontitis (yes)

5.1 (1.5)

4.4 (0.7)

7.9 (2.2)

8.9 (1.8)

0.0456

Male

Female

The adjusted odds ratios and 95% confidence intervals of
individuals with periodontitis categorized by body mass index
in multivariate logistic regression models is shown in Table 3.
Adjusted odds ratios and their 95% confidence intervals for
periodontitis in men is 0.614 (0.126-2.987), 1 (reference),
1.103 (0.668-1.821), and 1.300 (0.726-2.328), for body mass
index of <18.5, 18.5 ≤ x<23, 23 ≤ x<25, and ≥ 25 kg/m2,
respectively, after adjustment for age, frequency of tooth

brushing per day, self-reported oral status, waist circumference,
white blood cell count, smoking, drinking, and walking.
Adjusted odds ratios and their 95% confidence intervals for
periodontitis in women was 2.400 (1.028-5.605), 1 (reference),
1.152 (0.594-2.235), and 0.971 (0.416-2.268), respectively,
after adjustment for body mass index of <18.5, 18.5 ≤ x<23, 23
≤ x<25, and ≥ 25 kg/m2.

Table 3. Adjusted odds ratios and 95% confidence intervals of individuals with periodontitis categorized by body mass index in multivariate
logistic regression models.
Periodontitis
Body mass index (kg/m2)

Model 1

Model 2

Model 3

<18.5

0.912 (0.255-3.268)

0.639 (0.133-3.081)

0.614 (0.126-2.987)

≥ 18.5 and <23

1 (reference)

1 (reference)

1 (reference)

≥ 23 and <25

1.013 (0.649-1.583)

1.124 (0.686-1.841)

1.103 (0.668-1.821)

≥25

1.169 (0.826-1.653)

1.286 (0.716-2.308)

1.300 (0.726-2.328)

<18.5

1.722 (0.826-3.589)

2.357 (1.016-5.467)

2.400 (1.028-5.605)

≥ 18.5 and <23

1 (reference)

1 (reference)

1 (reference)

≥ 23 and <25

1.534 (0.797-2.953)

1.214 (0.618-2.382)

1.152 (0.594-2.235)

Male

Female
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≥ 25

1.897 (1.088-3.308)

1.006 (0.433-2.334)

0.971 (0.416-2.268)

Model 1: Age adjusted
Model 2: Model 1 + frequency of tooth brushing per day, self-reported oral status, waist circumference, and white blood cell count adjusted
Model 3: Model 2 + smoking, drinking, and walking

Discussion
This study aimed to identify associations between underweight,
determined by body mass index, and periodontal disease using
nationally representative data. This study clearly showed that
the females with body mass index lower than 18.5 had higher
odds ratios of periodontitis.
To date, obesity has been considered a risk factor for health
issues [11]. A previous report has shown that individuals with
underweight, defined by body mass index, have a significantly
increased risk of postsurgical complication compared to
individuals with normal body mass index [12]. However, the
association and the underlying mechanism between
underweight and periodontal disease is not well known yet.
Individuals with underweight may have a higher chance of
inadequate consumption of food, and this may lead to
malnutrition [13]. Underweight persons may have deficiency in
essential amino acids and important vitamins [14]. Systemic
inflammation has been suggested as being associated with
malnutrition, and it has been shown that nutritional status is
related to infection [15]. Similar to the association between
underweight and systemic diseases, underweight may be
served as a risk factor for periodontitis [16]. This study clearly
showed the gender-specific association between underweight
and periodontitis. It was shown that more than half of the
females referred their ideal figure to be underweight and more
females were underweight than males [17]. It was
demonstrated that females tended to perceive themselves as
overweight when they were not, failed to see themselves as
underweight when they were underweight [18]. In a previous
report, females diet more frequently and used laxatives as their
weight-loss strategies and these may have affected the
association [17].
The measurement of underweight and obesity may be
evaluated by means of various methods including body mass
index, waist circumference, waist to hip ratio, relative weight,
percentage of body fat, and computed tomography [19]. This
study used body mass index, which is considered one of the
most commonly used ways to estimate whether a person is
overweight and obese. It is used widely to measure population
prevalence [20]. However, it should be noted that body mass
index is also a widely criticized index [21]. A previous report
has suggested that waist circumference may predict a greater
variance in health risk than body mass index, and it was shown
that obesity-related health risk could be explained by waist
circumference and not by body mass index [22]. Previous
reports identified the correlation between waist circumference,
waist to hip ratio, and body mass index with cardiovascular
disease risk, and it was shown that waist to hip ratio showed
the strongest correlations [23]. Body fat percentage is
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calculated by the total mass of fat divided by total body mass,
and body fat percentage may serve as better tool for
determination of an individual’s health [24]. There may be
differences between ethnic groups, and a previous study has
shown that this may be due to differences in body build and
energy balance [24]. Collectively, it cannot be concluded that
one method serves all purposes. However, body mass index
can be measured simply and inexpensively, and it can also be
considered a useful and clinically important indicator for a
large group of people [21].
This study can be considered as offering very well-organized
and reliable data. First, data was collected by applying a rolling
sampling design involving complex, stratified, and multistage
probability samples [25]. Moreover, the interview and survey,
along with periodontal examination, were performed by trained
experts [26]. However, it should also be noted that the study is
characterized by several limitations. The design of the study is
cross-sectional, and the cause and effect relationship cannot be
verified [27]. Some of the values, including smoking, drinking,
exercise, and tooth brushing were obtained by interview, and
there may be recall bias [28].

Conclusion
Conclusively, the association between underweight, defined by
body mass index, and periodontitis was proven among Korean
female adults by multiple logistic regression analyses after
adjusting for confounding factors.
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