
Metabolic disorders related to
obesity and periodontal disease

TO S H I Y U K I SA I T O & YO S H I H I R O SH I M A Z A K I

Being overweight and obese are important risk

factors for various adult diseases, including type 2

diabetes, hyperlipemia, hypertension, cholelithiasis,

arteriosclerosis, and cardiovascular and cerebro-

vascular disease (31). Type 2 diabetes is rapidly

becoming prevalent in Japan and the U.S.A. and is

much more common in the obese. Cardiovascular

disease is the most common cause of death and ac-

counts for more than 17 million deaths annually. The

World Health Organization (WHO) estimated that 1

billion people were overweight [body mass index

(BMI) > 25] or obese (BMI > 30) in 2005 and the

number will increase to 1.5 billion by 2015 if current

trends continue (85). Although obesity was once

considered a health problem only in wealthy coun-

tries, the WHO now states that obesity is rising dra-

matically in poor and intermediate countries. This is

the result of a number of lifestyle-related factors,

including a global shift in diet towards increased

energy, fat, and sugar intake, and a trend towards

decreased physical activity because of the sedentary

nature of modern work and transportation.

Recently, obesity has emerged as one of the risk

indicators of periodontal disease (Fig. 1A) and con-

versely, the remote effects of periodontal disease on

various systemic diseases have been proposed

(Fig. 2). Among the systemic health disorders shown

in Fig. 2, type 2 diabetes and cardiovascular disease

are established obesity-related diseases (25, 31, 45,

67). If obesity is a true risk factor for periodontal

disease, the association among periodontal disease,

obesity, and type 2 diabetes or cardiovascular disease

must be very complex because each is a confounding

factor for the other. In addition, several studies have

suggested that periodontal disease affects both glu-

cose and lipid metabolisms, which are themselves

very important factors in the development of both

type 2 diabetes and cardiovascular disease. Consid-

ering these issues, the knowledge from various recent

reports must be consolidated. The first part of this

document reviews the relationship between obesity

and periodontal disease. Then, it reviews and dis-

cusses reports on the influence of periodontal disease

on obesity-related metabolic disorders, such as glu-

cose and lipid metabolism, which cause glucose

intolerance and dyslipidemia.

Obesity and periodontal disease

The first paper on the relationship between obesity

and periodontal disease (Table 1) was published in

1977, and showed that obese-hypertensive rats are

more likely to have periodontal tissue deterioration

than normal rats (50). In humans, it was reported that

obese Japanese subjects were more likely to have

periodontal disease than thin people in 1998 (54). A

higher BMI was related to a greater prevalence of

periodontal disease in 241 apparently healthy adults

aged 20–59 years using BMI and body fat to assess

obesity and the community periodontal index (CPI)

for periodontal status. A multivariate analysis adjus-

ted for age, sex, oral hygiene, and smoking found an

8.6 times higher odds ratio of periodontal disease for

subjects with a BMI ‡ 30 compared to subjects with a

BMI < 20. Body fat was analyzed using dual-energy

X-ray absorptiometry and a 5% increase in body fat

corresponded to a 30% increased risk of periodontal

disease. In that study, neither glycosylated he-

moglobin values (3.4–6.3%) nor the fasting blood

glucose concentration (73–131 mg/dl) were corre-

lated with the incidence of periodontal disease,

which was probably because those ranges were

within normal limits or borderline.

In contrast, periodontal disease was more preval-

ent in the subjects with a serum high-density

lipoprotein cholesterol concentration <60 mg/dl,

suggesting that periodontal disease is exacerbated by

some conditions associated with obesity, such as

�the metabolic syndrome� (13, 78), a clustering of
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dyslipidemia and insulin resistance. Buhlin et al. (7)

also reported that a high BMI (>26 in men and >25

in women) and cholesterol were significantly associ-

ated with severe periodontitis in a multivariate model

of a case–control study. A relationship between per-

iodontal disease and exercise capacity, which is clo-

sely associated with obesity, has been reported (42,

55). Of the various physical strength tests, the maxi-

mum oxygen uptake (VO2max), which is closely rela-

ted to daily exercise, was significantly associated with

periodontal disease, supporting the relationship be-

tween obesity and periodontal disease from the per-

spective of physical strength (55). Merchant et al. (42)

also reported that increased physical activity de-

creased periodontal risk in men. In their study,

�metabolic equivalents� (39) were calculated from the

energy costs for each activity based on answers to a

questionnaire. An additional adjustment for BMI

attenuated the odds ratio for periodontitis and in a

subgroup analysis with a BMI ‡ 25 a more significant

relationship was found between physical activity and

periodontitis (42).

Of the different types of obesity, upper body

obesity, which is related to visceral fat accumula-

tion, increases the risk of various adult diseases,

especially type 2 diabetes (5) and cardiovascular

disease (45). Upper body obesity was also reported

to have a significant relationship with periodontal

disease in 643 Japanese subjects (56). In that study,

BMI, body fat determined using dual-energy X-ray

absorptiometry, and the waist-to-hip ratio were

used as indices of obesity and all these indices

were connected to periodontal disease using the

CPI criteria. The subjects were then divided into

two groups using a waist-to-hip ratio ‡0.8 for wo-

men and ‡0.9 for men as the criterion for upper

body obesity. Then, both groups were divided into

four BMI categories. Multivariate analysis using

known risk factors of periodontal disease showed a

significant relationship between BMI and perio-

dontal disease only in the subjects with high waist-

to-hip ratios. Similar results were obtained using

body fat instead of BMI. These findings suggest that

visceral fat accumulation in upper body obesity is

associated with periodontal disease.

Several studies have been published using data

from the third National Health and Nutrition Exam-

ination Survey (NHANES III), a cross-sectional
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Fig. 1. (A,B) Relationships among obesity, diabetes, and periodontal disease. The black arrows indicate established

relationships. Blue arrows indicate associations from recent reports.

255

Metabolic disorders related to obesity and periodontal disease



national survey conducted by the National Center for

Health Statistics (NCHS) from 1988 to 1994. This

sample is considered to be representative of U.S.

citizens. Using NHANES III subjects, Woods et al. (84)

reported that BMI and the waist-to-hip ratio were

associated with various periodontal indices, such as

attachment loss, pocket depth, gingival bleeding, and

calculus index, but fat-free mass was not after ad-

justment. Interestingly, they showed that these

associations were not linear. Also using NHANES III,

Al-Zahrani et al. (1) reported that BMI and waist

circumference were associated with periodontal dis-

ease (for both attachment loss ‡3 mm and probing

depth ‡4 mm) especially in the subset of young

adults aged 18–34 years. This was significant in all

subjects of all age groups; however, no significant

association was found between obesity and perio-

dontal disease when the middle and older age groups

were analyzed separately. One reason may have been

that several affected teeth had been extracted in aged

subjects and many of the remaining teeth were

healthier, making it difficult to detect the relationship

between obesity and periodontal disease. Indeed, a

national survey held in Japan showed that the pre-

valence of periodontal disease decreased after

50 years of age because of an insufficient number of

teeth to examine. Various reports found a stronger

association between obesity and cardiovascular and

chronic adult diseases in younger age groups (16, 44,

67, 79). Aging is associated with an increase in body

fat mass (26, 70) and this means that some older

obese subjects gain weight as part of the aging pro-

cess. The association between obesity and perio-

dontal disease could be more pronounced among

younger than older adults because of the confound-

ing metabolic changes in later life. Using the same

subjects, it was reported that three health-enhancing

behaviors were associated with a lower prevalence of

periodontitis: maintaining a normal weight (BMI

18.5–24.9), engaging in exercise, and eating a high-

quality diet (2). A case–control study showed that

alveolar bone loss is related to obesity (BMI ‡ 30)

before the age of 40, but not at ages ‡40 years (3). A

study in Thailand found that BMI was not associated

with attachment loss in 2005 subjects aged between

50 and 73 years (73). This concurs with the two
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Fig. 2. Remote effects of periodontal disease on systemic health. LPS, lipopolysaccharide; TNF-a, tumor necrosis factor-a;

IL-6, interleukin-6.

256

Saito & Shimazaki



Table 1. Studies on the relationship between obesity and periodontal disease

Authors Study design Subjects Criteria for

periodontitis

Major results

Perlstein &

Bissada (50)

Animal model 44 Rats Histopathological

evaluation

Obese-hypertensive rats

showed the most severe

periodontal destruction

Saito et al. (54) Cross-sectional Convenience

N ¼ 241 (172 females,

69 males) 20–59 years

Max. probing depth

‡4 mm (CPI)

BMI and body fat were

associated with

periodontitis

Saito et al. (55) Cross-sectional Convenience

N ¼ 241 (172 females,

69 males) 20–59 years

Max. probing depth

‡4 mm (CPI)

VO2max was associated

with periodontitis

Nishimura et al. (47) Case-series Convenience

N ¼ 79

Subjects with NIDDM

Max. probing depth

‡4 mm (CPI)

BMI was associated with

periodontitis in NIDDM

patients

Saito et al. (56) Cross-sectional Convenience

N ¼ 643 (512 females,

131 males) 19–79 years

Max. probing depth

‡4 mm (CPI)

WHR, BMI, and body fat

were associated with

periodontitis

Wood et al. (84) Cross-sectional NHANES III

N ¼ 8842

Percent sites with

attachment

loss ‡3 mm

WHR and BMI

were associated

with attachment loss

nonlinearly

Al-Zahrani et al. (1) Cross-sectional NHANES III

N ¼ 13665

18–90 years

Attachment

loss ‡3 mm

and probing

depth ‡4 mm

BMI ‡ 30 and high

waist were associated

with periodontitis,

especially in younger

adults (18–34 years)

Buhlin et al. (7) Case–control N ¼ 96

50 periodontitis and

46 periodontally healthy

subjects, 36–70 years

Seven or more sites

with ‡6 mm of

attachment loss

BMI > 26 in men and

>25 in women was

associated with

periodontitis

Torrungruang

et al. (73)

Cross-sectional N ¼ 2005

50–73 years

Mean attachment

loss

BMI and waist were not

associated with

periodontitis

Alabdulkarim

et al. (3)

Case–control N ¼ 400

200 obese (BMI ‡ 30)

200 non-obese

(BMI < 25), ‡18 years

Alveolar bone

score <60

Obesity (BMI ‡ 30) was

associated with alveolar

bone loss, especially

in young adults

(<40 years)

Saito et al. (58) Cross-sectional Community

Women, N ¼ 584,

40–79 years

Upper 20th percentile

of mean probing

depth and mean

attachment loss

BMI, body fat, and WHR

were associated with

deep pockets,

adjusted for OGTT

Nishida et al. (46) Cross-sectional Convenience

N ¼ 372, 20–59 years

Upper 20th percentile

of % probing depth

‡3.5 mm

BMI > 26 was

associated with

periodontitis

Socransky &

Haffajee (65)

Case–control N ¼ 415

329 periodontitis and

86 periodontally

healthy subjects

Probing depth,

attachment loss,

bleeding on probing,

subgingival plaque

The proportion of

T. forsythia was

increased in

BMI > 35

NIDDM, non-insulin-dependent diabetes mellitus; CPI, community periodontal index; BMI, body-mass index; WHR, waist-to-hip ratio; OGTT, oral glucose
tolerance test; VO2max, maximum oxygen uptake.
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studies mentioned above, which found that obesity

was not associated with periodontal disease in sub-

jects ‡35 or >40 years of age (1, 3).

Several confounders between obesity and perio-

dontal disease can be imagined. A BMI > 25 is

associated with dental health behavior, including the

frequency of dental checkups, frequency of tooth-

brushing, and the consumption of sweet foods or

beverages, as well as with general health behavior

(87). These factors easily remind us of the develop-

ment of periodontal disease, although these factors,

especially tooth-brushing and the amount of dental

plaque accumulation, have been considered con-

founding factors and adjusted for in many studies.

Nishida et al. (46) examined the association between

periodontal disease and several lifestyle-related fac-

tors, including smoking, alcohol consumption, and

obesity, and showed that smoking had the strongest

association, followed by obesity, using the classifi-

cation and regression tree method. The criterion used

for periodontitis in this study was the upper 20th

percentile of the subjects with pockets deeper than

3.5 mm. A community-based study of women

showed that deep pockets were significantly associ-

ated with obesity, after adjusting for glucose toler-

ance using a fasting 75-g oral glucose tolerance test

(58), which constitutes the definitive method for

assessing a patient’s glucose tolerance as defined by

the Japan Diabetes Society (33), American Diabetes

Association, and WHO (4). Although oral glucose

tolerance test results were closely associated with

both periodontal condition and obesity, the rela-

tionship between the obesity indices and deep

pockets was more significant than that between the

oral glucose tolerance test results and deep pockets.

The latter was not significant in multivariate models,

suggesting that the obese condition is associated with

periodontal disease independent of deteriorated

glucose condition. The association between obesity

and attachment loss was weaker than that with

pocket depth (58). Nishimura et al. (47) reported a

relationship between BMI and periodontal disease in

type 2 diabetes mellitus patients. From these studies,

obesity may be associated with periodontal disease

independent of diabetes, as shown in Fig. 1A. In

ongoing case–control studies at The Forsyth Institute

in the U.S.A. (65), obesity was related to deep pockets,

attachment loss, bleeding on probing, and plaque

accumulation and an increase in the proportion of

Tannerella forsythia (Bacteroides forsythus) was

marked in extremely obese subjects with a BMI > 35.

The bacterial flora in dental plaque may differ in

obese subjects.

Obesity and dental caries

Some studies have examined the relationship

between obesity and dental caries in children and

adolescents. Tuomi (75) studied obesity as a pre-

dictor of caries increment in children. In that study,

obesity alone could not predict dental decay, while

the combined use of obesity and earlier caries

experience was a more sensitive predictor of further

caries than the use of early caries experience alone.

Willershausen et al. (82) examined the relationship

between weight and frequency of caries in ele-

mentary school children in Germany, and showed

that the subjects with normal weights had signifi-

cantly fewer dental caries, in both their primary and

permanent teeth, than the overweight children.

Larsson et al. (35) examined 15-year-olds, and

reported that adolescents with a high level of dental

caries had more risk factors for cardiovascular

disease, including a higher BMI, than caries-free

adolescents. A significant positive correlation was

found between the decayed-filled surface-score and

BMI in a multiple linear regression analysis. Larsson

et al. (34) previously reported that eating a nutri-

tionally poorer diet was associated with a high

dental caries score in adolescents, suggesting that

poorer eating habits at younger ages could lead

to cardiovascular disease later in life. Recently,

Tomofuji et al. (71) reported that a high-cholesterol

diet was associated with the proliferation of junc-

tional epithelium with increasing bone resorption in

rat periodontitis. This could explain the relationship

between obesity and periodontal disease, because a

high-cholesterol diet leads to obesity. As both oral

health and obesity are closely associated with daily

diet, dietary counseling for children and adolescents

concerning oral health problems, including dental

caries and periodontal disease, and obesity may

reduce the risk of oral diseases, as well as the risk of

developing cardiovascular disease in later life. Mal-

nutrition and poor eating habits, related to both

oral health and cardiovascular disease, may streng-

then the relationship between oral health and

cardiovascular disease.

Obesity and the number of teeth

Several studies have indicated that a high BMI is

associated with a decreased number of teeth or

edentulousness in middle-aged women (17). It has

been reported that obesity is associated with dental
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caries in adolescents (35), which could be a reason

for fewer teeth. Periodontal disease worsened by

obesity in younger adults could be another reason for

tooth loss in later life.

Conversely, it has been reported that edentulous-

ness was a significant risk factor for a 10% weight loss

over 1 year among community-dwelling older adults

(53). Severe periodontal disease was also reported to

be a risk factor for weight loss in older adults (81).

The number of sites with a probing depth ‡6 mm was

causally related to a 5% weight loss over 2 years in

1053 community-dwelling elderly aged 65 years and

over. These factors may help explain why the rela-

tionship between obesity and periodontal disease is

not dramatic in the elderly.

The mechanism connecting obesity
and periodontal disease

There are few reports on the mechanism connecting

obesity and periodontal disease. Conversely, a huge

number of studies have reported on obesity as a

medical problem. From these papers, several ways in

which obesity affects periodontal tissue directly can

be proposed. Obesity affects host immunity (40, 66,

69). It has been reported that obese-hypertensive rats

are more likely to have periodontitis than normal rats

and that the periodontal blood vessels of these rats

show intimal thickening, indicating diminished blood

flow (50). A high-cholesterol diet has been associated

with the proliferation of junctional epithelium, with

increasing bone resorption in rat periodontitis (71).

As a high-cholesterol diet leads to fat accumulation

directly, an elevated serum cholesterol level may be a

reason for the relationship between obesity and

periodontal disease.

Upper body obesity, i.e. abdominal adiposity, has

greater adverse effects on health than lower body

obesity (52, 78). Visceral fat accumulation, which is

frequently observed in upper body obesity, increases

the risk of cardiovascular disease (45) and type 2

diabetes (5). An increase in visceral fat is associated

with insulin resistance and increased liver fat (5, 20).

An increase in the waist-to-hip ratio is reported to

be a predictor of hepatic steatosis independent of

BMI (20, 32). One study showed a significant associ-

ation between periodontitis and serum aspartate

aminotransferase, alanine aminotransferase, and

cholinesterase levels and the aspartate aminotrans-

ferase-to-alanine aminotransferase ratio, suggesting

that subjects with periodontitis also tend to have

hepatic steatosis (59). Visceral fat, which leads to

hepatic steatosis, may also increase the risk of

periodontitis.

Recent studies have indicated that adipose tissue,

especially visceral adipose tissue, is an important

organ that secretes several bioactive substances

known as adipocytokines, which include tumor nec-

rosis factor-a, as shown in Fig. 3 (63, 64). These may

affect periodontal tissue directly. Tumor necrosis

factor-a mediates endotoxin-induced injury in var-

ious organs, including periodontal tissue (19). As

tumor necrosis factor-a is secreted from adipose

tissue, it may enhance periodontal degradation. A

recent study of young adults showed that tumor

necrosis factor-a in gingival crevicular fluid is corre-

lated with BMI in subjects with a BMI ‡ 40 (38). The

level of tumor necrosis factor-a in gingival crevicular

fluid was positively associated with BMI in subjects

without periodontal disease, suggesting that tumor

necrosis factor-a in gingival crevicular fluid is derived

from adipose tissue in obese subjects, which concurs

with the finding that obesity is a type of low-grade

systemic inflammatory disease. This suggests that

tumor necrosis factor-a from adipose tissue in young

adults will cause deterioration of their periodontal

tissue in later life, although they do not have perio-

dontal disease when they are young. Plasminogen

activator inhibitor-1, which is strongly expressed in

visceral fat (63), induces the agglutination of blood

and raises the risk of ischemic vascular disease.

Therefore, plasminogen activator inhibitor-1 may

also decrease blood flow in the periodontium

of obese subjects to promote the development of

periodontal disease. Indeed, the plasminogen-

activating system was reported to play an important

role in gingival inflammation (30).

Leptin is the best-known substance secreted from

adipose tissue. Leptin stimulates the immune system

as it enhances cytokine production and phagocytosis

by macrophages (18). A strong negative relationship

between the plasma levels of leptin and interleukin-6

has been reported in sepsis (72). Most recently, leptin

was found to act in bone formation (8, 80). It has

been reported that leptin is present within healthy

and marginally inflamed gingiva and decreases in

concentration as the adjacent probing depth increa-

ses (28). Thus, leptin may play an important role in

the development of periodontitis.

Diabetes and periodontal disease

As mentioned previously, obesity is the most

important risk factor for type 2 diabetes, and both
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obesity and type 2 diabetes are increasing in preval-

ence and becoming serious problems (31). Many

studies have long recognized that periodontitis is

more prevalent in diabetic patients and worsens with

diabetes (49) and periodontal disease is called the

sixth complication of diabetes (36). Moreover, studies

have indicated that treating periodontitis in diabetic

patients has a beneficial effect on their glucose con-

dition (9, 21, 22, 27, 43, 68, 83). Recently we have

reported a relationship between deep pockets and the

past development of glucose intolerance (57). A

fasting 75-g oral glucose tolerance test is needed to

diagnose diabetes because it constitutes the definit-

ive method for assessing a patient’s glucose toler-

ance, as defined by the Japan Diabetes Society (33),

American Diabetes Association, and WHO (4). In this

study, we examined the oral glucose tolerance test

and periodontal status of 961 community-dwelling

subjects aged 40–79 years with at least 10 teeth in

1998. Subsequently, we examined their oral glucose

tolerance test results from 10 years earlier and

identified a total of 415 subjects with normal

glucose tolerance in 1988. Of the 415 subjects, 72

developed impaired glucose tolerance and nine sub-

jects developed diabetes 10 years later (Fig. 4). The

development of impaired glucose tolerance (the nine

diabetics were excluded) was significantly associated

with deeper pockets in a multivariate analysis

adjusting for known risk factors for diabetes (25, 51),

suggesting that deep pockets are a possible risk factor

for glucose intolerance. In the same subjects, we

clarified the cross-sectional relationship between

periodontal disease and electrocardiographic abnor-

malities, which are known predictors of cardio-

vascular disease (62). These studies suggested that

periodontal disease affects glucose control status and

the development of glucose intolerance increases the

risk of cardiovascular disease.

A relationship between alveolar bone loss and

impaired glucose tolerance has been studied in a

cross-sectional study of homogeneous subjects con-

sisting of Japanese men aged between 50 and

54 years (60). In this study, alveolar bone loss of the

molars was measured on panoramic X-ray films and

analyzed as a possible risk indicator of impaired

glucose tolerance, adjusted for age, BMI, smoking

history, alcohol consumption, and the amount of

exercise, which are known risk factors for diabetes

(25, 51). In the multivariate logistic regression ana-

lysis, excluding diabetic subjects, the adjusted odds

ratio for impaired glucose tolerance to normal

glucose tolerance increased in the subjects with
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Fig. 3. Adipocytokines: bioactive substances secreted

from adipose tissue. TNF-a, tumor necrosis factor-a; FFA,

free fatty acid; LPL, lipoprotein lipase; PAI-1, plasminogen

activator inhibitor-1; IL-6, interleukin-6; modified with

permission from Shimomura et al. (64).
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higher tertiles of alveolar bone loss (P ¼ 0.03 for

trend). In the subjects with the highest tertile of

alveolar bone loss, the adjusted odds ratio for im-

paired glucose tolerance to normal glucose tolerance

was 4.27 (95% CI, 1.41–12.9; P ¼ 0.01). Although

diabetes has been reported to have an adverse effect

on the health of periodontal tissues, the effect of

impaired glucose tolerance has not been reported.

Several studies on the relationship between diabetes

and periodontal disease found an insignificant

association of impaired glucose tolerance as a risk

indicator of periodontal disease (12, 48, 58, 74). At

present, we propose the scheme shown in Fig. 1B,

which was modified from Fig. 1A with the inclusion

of impaired glucose tolerance between obesity and

diabetes. A prospective cohort study is required to

clarify whether periodontal disease affects glucose

tolerance or impaired glucose tolerance affects

periodontal disease.

Dyslipidemia and periodontal
disease

Nutrition influences immune function (40). Since the

cell membrane is composed primarily of phospholi-

pids, its makeup is influenced by the type and

quantity of lipids ingested. This is also the case for

immunocytes, such as polymorphonuclear leuko-

cytes. Indeed, it has been reported that hyper-lipid

food or fatty acids depress immune function and that

the bactericidal effect on Porphyromonas gingivalis is

depressed in humans (10). A recent study showed

that hyperlipidemia is associated with periodontal

disease in animal models and several epidemiological

studies have examined this. Noack et al. (48) studied

100 subjects and suggested that hyperlipidemia is a

risk factor for periodontal disease, while impaired

glucose tolerance is not. Losche et al. (37) reported a
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case–control study indicating that total cholesterol,

low-density lipoprotein cholesterol, and triglyceride

were significantly higher in subjects with periodontal

disease. Katz et al. (29) studied approximately 10,000

subjects and reported a higher prevalence of in-

creased total cholesterol and low-density lipoprotein

cholesterol in subjects with a higher CPI code. Since

these studies were cross-sectional, it has been sug-

gested that periodontal disease is a possible risk

factor for hyperlipidemia. Subcutaneous injection

and implantation of lipopolysaccharide increases the

serum level of triglyceride in rats (76). Very small

amounts of cytokines, such as interleukin-1 and

interleukin-2, have a negative effect on lipid meta-

bolism. Since these substances are induced in

periodontal disease, it is possible that periodontal

disease affects lipid metabolism. Cutler and Iacopino

(10) reported that periodontal tissue infected by

P. gingivalis increased serum triglyceride levels, but

not serum glucose levels.

At present, it is not clear if periodontal disease

affects lipid metabolism or whether abnormalities in

lipid metabolism or conditions related to dyslipide-

mia cause the deterioration in the periodontal tis-

sues. As shown in the next section, metabolism of

both lipids and glucose is closely associated with liver

function and the liver is a major site of lipid and

glucose metabolism. It would be noteworthy to

determine whether the negative effects of periodontal

disease act on lipid metabolism before they act on

glucose control.

Liver and periodontal disease

The liver has an important role in maintaining the

blood glucose level to sustain physical function,

including brain function. As a result of its anatomic

position, the liver is the first organ to utilize glucose,

which reaches it via the portal vein after it is absorbed

in the digestive tract; it is also the main site of insulin

action, which is secreted from the pancreas. After a

meal, the liver converts some of the absorbed glucose

into glycogen, and releases the rest into the systemic

circulation. Therefore, a decrease in glucose intake by

the liver leads to hyperglycemia after meals, i.e. glu-

cose intolerance. The glycogen stores in the liver are

depleted within 1 day once the production of glucose

from glycogen starts; subsequently, glyconeogenesis

involving the conversion of lipids is enhanced to

maintain the blood glucose level. Free fatty acids

from the diet and from the decomposition of tri-

glycerides in adipocytes, flow into the liver via the

portal vein. This is then converted into energy,

although some is converted into very low-density

lipoprotein via triglycerides and released into the

bloodstream (6). Consequently, the liver plays a very

important role in glucose and lipid metabolism.

Although the mechanism for the development of

non-alcoholic steatohepatitis, which is frequently

accompanied by obesity or diabetes, is not clear, it

has been suggested that there is an association with

lipopolysaccharide, which is an endotoxin of gram-

negative microorganisms (15, 41, 86). Lipopolysac-

charide triggers the production of various cytokines

that affect lipid metabolism, leading to dyslipidemia

(15, 23). The anti-lipopolysaccharide immunoglob-

ulin G levels of subjects with periodontal disease are

elevated (14, 61), and some studies have suggested a

relationship between hyperlipidemia and periodontal

disease (10, 11, 29, 37, 48). Tumor necrosis factor-a
mediates endotoxin-induced injury in various organs

and periodontal tissue (19). Of these organs, the liver

is most involved in lipid metabolism. Recently, adi-

pose tissue was shown to secrete tumor necrosis

factor-a, which causes liver injury in obese rodents

(86). Moreover, tumor necrosis factor-a from adipose

tissue was reported to be directly associated with

insulin resistance (24, 77). An increase in hepatic

triglycerides is dependent on the influx of free fatty

acids, which are mainly derived from visceral adipose

tissue, and this is associated with insulin resistance

(31). Several studies have indicated that hyper-

lipidemia frequently accompanies infectious diseases

(15, 23). A single dose of bacterial endotoxin (lipo-

polysaccharide) can induce changes in lipid meta-

bolism in adipose tissue and in the liver (15). As

mentioned previously, an association between

periodontitis and hyperlipidemia has been reported.

Moreover, periodontal treatment decreases the ser-

um level of glycosylated hemoglobin and has a

beneficial effect on diabetic control (21, 22). If lipo-

polysaccharide derived from gram-negative bacteria

in periodontal pockets mediates tumor necrosis fac-

tor-a release from adipose tissue, it may be associ-

ated with hepatic dyslipidemia. This hypothesis is

supported by our study, in which periodontal disease

was associated with the results of blood tests, espe-

cially those associated with liver function; the sub-

jects with deep pockets had elevated serum levels of

aspartate aminotransferase, alanine aminotrans-

ferase, and cholinesterase, and an aspartate amino-

transferase-to-alanine aminotransferase ratio less

than one, suggesting that they have a tendency

toward steatohepatitis (59). It is possible that lipo-

polysaccharide from periodontal pathogens affects
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the liver, leading to hepatic dyslipidemia and glucose

intolerance.

Concluding remarks

We propose the scheme illustrated in Fig. 5. The left

stream with blue arrows illustrates current know-

ledge that includes much evidence that obesity af-

fects type 2 diabetes and that the diabetic condition

influences arteriosclerosis and cardiovascular dis-

ease. Recent evidence clarified that arteriosclerosis

includes some inflammatory changes and that

inflammation has a considerable effect on cardio-

vascular disease and type 2 diabetes. Periodontal

disease is a common chronic inflammatory disease

caused by gram-negative pathogens, which have a

very high prevalence in adults when non-severe cases

are included. The red arrows show the proposed

relationships connecting periodontal disease and

systemic disorders from recent studies, but these lack

sufficient supporting evidence at present. Reports on

the relationship between obesity and periodontal

disease are increasing and the relationship in young

adults is likely to be major. However, all of these

studies are cross-sectional or case–control studies.

Prospective cohort studies and laboratory studies are

required to clarify whether obesity is one of the risk

factors for periodontal disease or simply a risk indi-

cator.

Recent studies suggest that periodontal disease

affects glucose metabolism in both diabetics and

non-diabetics. Considering the relationship between

obesity and periodontal disease and the strong causal

relationship between obesity and diabetes, we can

only conclude that the associations among perio-

dontal disease, diabetes, and obesity confound each

other. More studies on the causal relationships

among these three health disorders with stringent

consideration of confounders are needed.

Associations between lipid metabolism and hepatic

disorders with periodontal disease have emerged.

These are strongly associated not only with obesity,

but also with glucose metabolism, especially in the

Type 2 diabetes

Obesity

Impaired glucose tolerance

Weight loss

Cardiovascular disease

TNF-α
IL-6
CRP

Periodontal 
disease

Gram-negative bacteria
LPS

Arteriosclerosis

Inflammation

TNF-α
IL-6
CRP

C. pneumoniae
CMV, H. pylori

?

TNF-α
Adiponectin

?

Liver

Fig. 5. Relationship between the development of obesity-

related disease and periodontal disease. The blue arrows

indicate established relationships. Red and green arrows

indicate associations from recent reports. TNF-a, tumor

necrosis factor-a; IL-6, interleukin-6; CRP, C-reactive

protein; LPS, lipopolysaccharide; C. pneumoniae, Chla-

mydia pneumoniae; CMV, cytomegalovirus; H. pylori,

Helicobacter pylori.
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liver. They may become a key to clarifying the

metabolic disorders related to periodontal disease.
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23. Hardardóttir I, Grünfeld C, Feingold KR. Effects of endo-

toxin and cytokines on lipid metabolism. Curr Opin Lipidol

1994: 5: 207–215.

24. Hotamisligil GS, Peraldi P, Budavari A, Ellis R, White MF,

Spiegelman BM. IRS-1-mediated inhibition of insulin

receptor tyrosine kinase activity in TNF-a- and obesity-

induced insulin resistance. Science 1996: 271: 665–668.

25. Hu FB, Manson JE, Stampfer MJ, Colditz G, Liu S, Solomon

CG, Willett WC. Diet, lifestyle, and the risk of type 2 dia-

betes mellitus in women. N Engl J Med 2001: 345: 790–797.

26. Ito H, Ohshima A, Ohto N, Ogasawara M, Tsuzuki M, Takao

K, Hijii C, Tanaka H, Nishioka K. Relation between body

composition and age in healthy Japanese subjects. Eur J

Clin Nutr 2001: 55: 462–470.

27. Iwamoto Y, Nishimura F, Nakagawa M, Sugimoto H,

Shikata K, Makino H, Fukuda T, Tsuji T, Iwamoto M,

Murayama Y. The effect of antimicrobial periodontal

treatment on circulating tumor necrosis factor-alpha and

glycated hemoglobin level in patients with type 2 diabetes.

J Periodontol 2001: 72: 774–778.

28. Johnson RB, Serio FG. Leptin within healthy and diseased

human gingiva. J Periodontol 2001: 72: 1254–1257.

29. Katz J, Flugelman MY, Goldberg A, Heft M. Association

between periodontal pockets and elevated cholesterol and

264

Saito & Shimazaki



low density lipoprotein cholesterol levels. J Periodontol

2002: 73: 494–500.

30. Kinnby B, Lindberg P, Lecander I, Matsson L. Localization

of plasminogen activators and plasminogen-activator

inhibitors in human gingival tissues demonstrated by im-

munohistochemistry and in situ hybridization. Arch Oral

Biol 1999: 44: 1027–1034.

31. Kopelman PG. Obesity as a medical problem. Nature 2000:

404: 635–643.

32. Kral JG, Schaffner F, Pierson RN Jr, Wang J. Body fat

topography as an independent predictor of fatty liver.

Metabolism 1993: 42: 548–551.

33. Kuzuya T, Nakagawa S, Satoh J, Kanazawa Y, Iwamoto Y,

Kobayashi M, Nanjo K, Sasaki A, Seino Y, Ito C, Shima K,

Nonaka K, Kadowaki T. Report of the Committee on the

classification and diagnostic criteria of diabetes mellitus.

Diabetes Res Clin Pract 2002: 55: 65–85.

34. Larsson B, Johansson I, Ericson T. Prevalence of caries in

adolescents in relation to diet. Community Dent Oral Epi-

demiol 1992: 20: 133–137.

35. Larsson B, Johansson I, Hallmans G, Ericson T. Relation-

ship between dental caries and risk factors for athero-

sclerosis in Swedish adolescents? Community Dent Oral

Epidemiol 1995: 23: 205–210.

36. Loe H. Periodontal disease. The sixth complication of

diabetes mellitus. Diabetes Care 1993: 16: 329–334.

37. Losche W, Karapetow F, Pohl A, Pohl C, Kocher T.

Plasma lipid and blood glucose levels in patients with

destructive periodontal disease. J Clin Periodontol 2000:

27: 537–541.

38. Lundin M, Yucel-Lindberg T, Dahllof G, Marcus C, Modeer

T. Correlation between TNFalpha in gingival crevicular

fluid and body mass index in obese subjects. Acta Odontol

Scand 2004: 62: 273–277.

39. Manson JE, Hu FB, Rich-Edwards JW, Colditz GA, Stampfer

MJ, Willett WC, Speizer FE, Hennekens CH. A prospective

study of walking as compared with vigorous exercise in the

prevention of coronary heart disease in women. N Engl J

Med 1999: 341: 650–658.

40. Marti A, Marcos A, Martinez JA. Obesity and immune

function relationships. Obesity Rev 2001: 2: 131–140.

41. McClain CJ, Mokshagundam SP, Barve SS, Song Z, Hill DB,

Chen T, Deaciuc I. Mechanisms of non-alcoholic steato-

hepatitis. Alcohol 2004: 34: 67–79.

42. Merchant AT, Pitiphat W, Rimm EB, Joshipura K. Increased

physical activity decreases periodontitis risk in men. Eur J

Epidemiol 2003: 18: 891–898.

43. Miller LS, Manwell MA, Newbold D, Reding ME, Rasheed A,

Blodgett J, Kornman KS. The relationship between reduc-

tion in periodontal inflammation and diabetes control: a

report of 9 cases. J Periodontol 1992: 63: 843–848.

44. Must A, Spadano J, Coakley EH, Field AE, Colditz G, Dietz

WH. The disease burden associated with overweight and

obesity. J Am Med Assoc 1999: 282: 1523–1529.

45. Nakamura T, Tokunaga K, Shimomura I, Nishida M, Yosh-

ida S, Kotani K, Islam AH, Keno Y, Kobatake T, Nagai Y,

Fujioka S, Tarui S, Matsuzdwa Y. Contribution of visceral fat

accumulation to the development of coronary artery dis-

ease in non-obese men. Atherosclerosis 1994: 107: 239–246.

46. Nishida N, Tanaka M, Hayashi N, Nagata H, Takeshita T,

Nakayama K, Morimoto K, Shizukuishi S. Determination

of smoking and obesity as periodontitis risks using the

classification and regression tree method. J Periodontol

2005: 76: 923–928.

47. Nishimura F, Kono T, Fujimoto C, Iwamoto Y, Murayama

Y. Negative effects of chronic inflammatory periodontal

disease on diabetes mellitus. J Int Acad Periodontol 2000: 2:

49–55.

48. Noack B, Jachmann I, Roscher S, Sieber L, Kopprasch S,

Luck C, Hanefeld M, Hoffmann T. Metabolic diseases and

their possible link to risk indicators of periodontitis.

J Periodontol 2000: 71: 898–903.

49. Page RC, Offenbacher S, Schroeder HE, Seymour GJ,

Kornman KS. Advances in the pathogenesis of perio-

dontitis: summary of developments, clinical implica-

tions and future directions. Periodontol 2000 1997 14:

216–248.

50. Perlstein MI, Bissada NF. Influence of obesity and hyper-

tension on the severity of periodontitis in rats. Oral Surg

Oral Med Oral Pathol 1977: 43: 707–719.

51. Pradhan AD, Manson JE, Rifai N, Buring JE, Ridker PM.

C-reactive protein, interleukin 6, and risk of developing

type 2 diabetes mellitus. J Am Med Assoc 2001: 286: 327–

334.

52. Rexrode KM, Carey VJ, Hennekens CH, Walters EE, Colditz

GA, Stampfer MJ, Willett WC, Manson JE. Abdominal adi-

posity and coronary heart disease in women. J Am Med

Assoc 1998: 280: 1843–1848.

53. Ritchie CS, Joshipura K, Silliman RA, Miller B, Douglas CW.

Oral health problems and significant weight loss among

community-dwelling older adults. J Gerontol A Biol Sci Med

Sci 2000: 55: M366–M371.

54. Saito T, Shimazaki Y, Sakamoto M. Obesity and periodon-

titis [letter]. N Engl J Med 1998: 339: 482–483.

55. Saito T, Shimazaki Y, Yamashita Y, Koga T, Tsuzuki M,

Sakamoto M. Association between periodontitis and exer-

cise capacity. Periodontal Insights 1999: 6: 9–12.

56. Saito T, Shimazaki Y, Koga T, Tsuzuki M, Ohshima A.

Relationship between upper body obesity and periodonti-

tis. J Dent Res 2001: 80: 1631–1636.

57. Saito T, Shimazaki Y, Kiyohara Y, Kato I, Kubo M, Iida M,

Koga T. The severity of periodontal disease is associated

with the development of glucose intolerance in non-

diabetics: the Hisayama study. J Dent Res 2004: 83: 485–

490.

58. Saito T, Shimazaki Y, Kiyohara Y, Kato I, Kubo M, Iida M,

Yamashita Y. Relationship between obesity, glucose toler-

ance, and periodontal disease in Japanese women: the

Hisayama study. J Periodontal Res 2005: 40: 346–353.

59. Saito T, Shimazaki Y, Koga T, Tsuzuki M, Ohshima A.

Relationship between periodontitis and hepatic condition

in Japanese women. J Int Acad Periodontol 2006: 8: 89–95.

60. Saito T, Murakami M, Shimazaki Y, Matsumoto S,

Yamashita Y. The extent of alveolar bone loss is associated

with impaired glucose tolerance in Japanese men. J Perio-

dontol 2006: 77: 392–397.

61. Schenck K, Michaelsen TE. IgG subclass distribution of

serum antibodies against lipopolysaccharide from Bacter-

oides gingivalis in periodontal health and disease. Acta

Pathol Microbiol Immunol Scand [C] 1987: 95: 41–46.

62. Shimazaki Y, Saito T, Kiyohara Y, Kato I, Kubo M, Iida M,

Koga T. Relationship between electrocardiographic

abnormalities and periodontal disease: the Hisayama

Study. J Periodontol 2004: 75: 791–797.

265

Metabolic disorders related to obesity and periodontal disease



63. Shimomura I, Funahashi T, Takahashi M, Maeda K, Kotani

K, Nakamura T, Yamashita S, Miura M, Fukuda Y,

Takemura K, Tokunaga K, Matsuzawa Y. Enhanced

expression of PAI-1 in visceral fat: possible contributor to

vascular disease in obesity. Nat Med 1996: 2: 800–803.

64. Shimomura I, Funahashi T, Kihara S, Matsuzawa Y. Central

role of adipocytokine on metabolic syndrome (Japanese).

Exp Med 2002: 20: 1762–1767.

65. Socransky SS, Haffajee AD. Periodontal microbial ecology.

Periodontol 2000 2005: 38: 135–187.

66. Stallone DD. The influence of obesity and its treatment on

the immune system. Nutr Rev 1994: 52: 37–50.

67. Stevens J, Cai J, Pamuk ER, Williamson DF, Thun MJ, Wood

JL. The effect of age on the association between body-mass

index and mortality. N Engl J Med 1998: 338: 1–7.

68. Stewart JE, Wager KA, Friedlander AH, Zadeh HH. The

effect of periodontal treatment on glycemic control in

patients with type 2 diabetes mellitus. J Clin Periodontol

2001: 28: 306–310.

69. Tanaka S, Inoue S, Isoda F, Waseda M, Ishihara M, Yam-

akawa T, Sugiyama A, Takamura Y, Okuda K. Impaired

immunity in obesity: suppressed but reversible lymphocyte

responsiveness. Int J Obes Relat Metab Disord 1993: 17:

631–636.

70. Tessari P. Changes in protein, carbohydrate, and fat

metabolism with aging: possible role of insulin. Nutr Rev

2000: 58: 11–19.

71. Tomofuji T, Kusano H, Azuma T, Ekuni D, Yamamoto T,

Watanabe T. Effects of a high-cholesterol diet on cell

behavior in rat periodontitis. J Dent Res 2005: 84: 752–756.

72. Torpy DJ, Bornstein SR, Chrousos GP. Leptin and inter-

leukin-6 in sepsis. Horm Metab Res 1998: 30: 726–729.

73. Torrungruang K, Tamsailom S, Rojanasomsith K,

Sutdhibhisal S, Nisapakultorn K, Vanichjakvong O, Prap-

akamol S, Premsirinirund T, Pusiri T, Jaratkulangkoon O,

Unkurapinun N, Sritara P. Risk indicators of periodontal

disease in older Thai adults. J Periodontol 2005: 76: 558–

565.

74. Tsai C, Hayes C, Taylor GW. Glycemic control of type 2

diabetes and severe periodontal disease in the US adult

population. Community Dent Oral Epidemiol 2002: 30:

182–192.

75. Tuomi T. Pilot study on obesity in caries prediction.

Community Dent Oral Epidemiol 1989: 17: 289–291.

76. Uchiumi D, Kobayashi M, Tachikawa T, Hasegawa K.

Subcutaneous and continuous administration of lipopoly-

saccharide increases serum levels of triglyceride and

monocyte chemoattractant protein-1 in rats. J Periodontal

Res 2004: 39: 120–128.

77. Uysal KT, Wiesbrock SM, Marino MW, Hotamisligil GS.

Protection from obesity-induced insulin resistance in mice

lacking TNF-a function. Nature 1997: 389: 610–614.

78. Vanhala MJ, Kumpusalo EA, Pitkäjärvi TK, Takala JK.
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