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Abstract

Tooth loss is a prevailing condition in China due to the high prevalence of oral diseases.

Since previous studies explored the association between tooth loss and handgrip strength

showed incongruous results, the aim of this study was to investigate the association

between tooth loss and handgrip strength in Tianjin, China. Cross-sectional data in the pres-

ent study used baseline data of Tianjin Chronic Low-grade Systemic Inflammation and

Health (TCLSIH) Cohort Study during 2013–2016. Eligible adults (n = 26275) were classified

into four groups depending on the number of missing teeth (excluding third molars): 0, 1–2,

3–5 and�6. Handgrip strength was measured using a handheld type dynamometer. Analy-

sis of covariance was used to examine the relationships between tooth loss and handgrip

strength and handgrip strength per body weight according to gender. After adjustment for

potential confounders, the relationships existed between increasing categories of tooth loss

and handgrip strength, as well as handgrip strength per weight. The data of stratified analy-

sis showed that there was a trending association between decreased handgrip strength and

fewer retained teeth both in males and females less than 60 years of age (P for trend <0.01);

whereas no significant association 60 years of age or older. Moreover, loss of more than 3

teeth was significantly associated with reduced muscle strength (P <0.01). Tooth loss is

independently associated with handgrip strength in Chinese adults less than 60 years of

age.

Introduction

Tooth loss is a prevailing condition all over the world contributed by a number of factors,

among which periodontitis and caries are the main causes [1, 2]. Recent data from The Fourth

National Epidemiology Survey of Oral Health reported that 96.7% of Chinese adults aged

between 35–44 have dental calculus, 87.4% have gingival bleeding [3], both higher compared

to 10 years ago [3, 4]. This indicates that Chinese adults are still in poor oral state, and tooth
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loss as the denouement is still problematic. Handgrip strength which is an accurate and easily

assessed estimating measure of muscle strength, is an important indicator for physical perfor-

mance and nutritional status of adults [5, 6]. Reduced handgrip strength is associated with

increased disability [7–9] and mortality [10, 11]. In addition, handgrip strength is a powerful

predictor of sarcopenia [12] and frailty [13] among elderly. In this study, handgrip strength

has been evaluated as an estimate of overall muscle strength [5].

The association between tooth loss and several chronic diseases or conditions such as obe-

sity [14–16], cardiovascular diseases [14, 17], diabetes [18, 19] and metabolic syndrome [20]

has been well documented. A possible mechanism by which tooth loss is associated with sys-

temic diseases is the inflammatory pathway. Tooth loss is resulting from previous or current

oral bacterial infection such as periodontal (gingival) diseases and carious lesions [21]. Thus,

the number of missing teeth may reflect cumulative level of oral inflammation [22], a common

source of low-grade systemic inflammation leads to increasing levels of inflammatory cyto-

kines [23, 24], probably being a link to chronic diseases [25]. On the other hand, studies have

suggested that elevated levels of inflammatory cytokine brought by chronic low-grade inflam-

mation were associated with loss of strength [26]. Inflammatory cytokines also affect the syn-

thesis and secretion of anabolic hormones [such as testosterone and insulin-like growth factor

1 (IGF-1)] on both muscle mass and strength [27, 28]. Moreover, tooth loss in adults may

affect muscle status through lower dietary quality and reduced intake of most nutrients [1, 29].

Therefore, the relationship between tooth loss and handgrip strength can be hypothesized.

A few researchers have studied the association between tooth loss and muscle strength,

most of them have only focused on adults in old age [30–33]. Moreover two studies failed to

find an association [33, 34] and one study only find the association in men [30]. Therefore,

studies in a general adult population to determine whether tooth loss is associated with hand-

grip strength are required to support the previous findings and expand the generalizability.

The aim of this study is to investigate the relationship between the number of missing teeth

and muscle strength represented by handgrip strength in a general adult population. The data

we used was the baseline data from the Tianjin Chronic Low-grade Systemic Inflammation

and Health (TCLSIH or TCLSIHealth) Cohort Study.

Materials and methods

Study design and participants

This cross-sectional study used data from TCLSIH Cohort Study, a prospective dynamic

cohort study designed to investigate the relationship between chronic low-grade systemic

inflammation and health status of the general population in Tianjin, China [35]. TCLSIH sam-

ple was recruited from several hospital health management centers and community manage-

ment centers, and the participants underwent their annual health examination which generally

included items of anthropometric parameters [weight, height, waist circumference (WC)],

blood pressure (BP), blood biochemical examination [fasting blood glucose (FBG), triglycer-

ides (TG), total cholesterol (TC), low-density lipoprotein cholesterol (LDL-C) and high-den-

sity lipoprotein cholesterol (HDL-C)] and physical performance (handgrip strength) there.

Meanwhile, randomly selected participants had completed a standardized structured interview

questionnaire which including but not limited to age, sex, employment status, educational

level, marital status, family income, dental condition, physical activity (PA), dietary habits, dis-

eases and use of medicines since May 2013. The TCLSIH Cohort Study was approved by Tian-

jin Medical University Institutional Review Board and written informed consent was obtained

from all participants.
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The baseline data of the TCLSIH Cohort Study (2013–2016) was used in the present study.

Participants who completed the health examination and questionnaire were initially included

(n = 28131). Among them, 1856 participants excluded as they met the exclusion criteria: were

under the age of 18 (n = 21); had missing information in handgrip strength and dental condi-

tion part (n = 158); had a history of cardiovascular disease (n = 1396) [10, 36, 37] or cancer

(n = 281) [38, 39], because of these conditions affected muscle strength. The final study popu-

lation comprised 26275 participants.

Assessment of missing teeth

The number of missing teeth was obtained from the question in the questionnaire, there were

four alternative categories depending on it: 0 (full dentition, 28 teeth), 1–2 (26–27 teeth), 3–5

(23–25 teeth) and�6 (22 teeth or less), participants selected and recorded. In the present

study, 3 missing teeth was used as a cut-off value. According to the data of National Health

and Nutrition Examination Survey, the average number of missing teeth between the ages of

35 and 49 is 3 (NIDCR, 2018). And the average age of the present study participants was 41.6

years.

Assessment of handgrip strength

Generally, handgrip strength is measured to estimate muscle strength. Participants were tested

under the same conditions by trained technicians. We used a handheld type dynamometer

(EH101; CAMRY) which was calibrated before each survey, error range within 0.1 kg. Before

the measurement, adjusted the dynamometer width for each participant’ palm. The maximal

voluntary handgrip strength of each hand was measured in an upright position and the better

score was recorded as the final handgrip strengths, which was indicated in kg. Handgrip

strength relative to body weight (kg/kg) was also calculated because handgrip strength is

affected by body weight [40].

Assessment of other variables

Weight and height were measured by a height and weight meter and WC by a tape using the

standard method. Body mass index (BMI) was calculated as weight /height squared. BP was

measured from the upper left arm using an automatic digital sphygmomanometer (KD598;

Andon) in a seated position. Blood samples were drawn in fasting state from veins and all

blood biochemical tests were performed using a Cobas 8000 analyzer with Roche original

reagents. The diagnostic criteria of metabolic syndrome (MS) were using the criteria of the

American Heart Association scientific statements of 2009 [41].

Physical activity (PA) was assessed using the short version of International Physical Activity

Questionnaire. Activities were divided into three activity levels: walking; moderate level of

activity (such as child care or household activity) and vigorous level of activity (such as swim-

ming, running, or other sports activities). Participants answered the questionnaire based on

the duration of activities they had performed during the most recent week. Metabolic equiva-

lent (MET) hours were calculated using corresponding MET coefficients (3.3 for walking, 4.0

for moderate level of activity and 8.0 for vigorous level of activity) according to the following

formula: MET coefficients × duration (hours) × frequency (days) [42]. Total PA was the sum

of the above three physical activities’ scores.

A semi-quantitative Food Frequency Questionnaire was used to evaluate the dietary pat-

terns of participants which contains 81 items of food and beverages [43]. The food consump-

tion frequency includes 7 options: 2 times a day, 1 time a day, 4–6 times a week, 2–3 times a

week, 1 time a week,< 1 time a week, almost never; the beverage consumption frequency
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includes 8 options: 2–4 cups per day, 2- cups per day, 1 cup per day, 4–6 cups per week, 2–3

cups per week, 1 cup per week,< 1 cup per week, almost never. The participants were required

to make a choice based on their consumption frequency within a month. The average daily

consumption of each item was calculated by an ad hoc computer program developed to ana-

lyze the questionnaire. Factor analysis was used and three dietary patterns which named ‘‘fruits

and sweets” pattern, ‘‘health” pattern, and ‘‘animal foods” pattern were derived.

Other socio-demographic data were also obtained from the same questionnaire. The educa-

tional level was sorted into two categories: < college graduate or� college graduate; the family

income was sorted into two categories: < or > 10000 Yuan. Employment status was defined as

managers, professionals and others. Smoking status was defined as ‘smoker’, ‘ex-smoker’, and

‘non-smoker’ and drinking status was defined as ‘everyday’, ‘occasional’, and ‘ex-drinker’ and

‘non-drinker’.

Statistical analysis

All the statistical analyses were performed by gender, as the difference in muscle strength

between men and women was significant (P<0.001). Kolmogorov-Smirnov (n>2000) or Sha-

piro-Wilk (n�2000) were used to test the normality of continuous variables. The results

showed that the distribution of most continuous variables in this study was not normal. There-

fore, before statistical analyses, natural logarithm was used to normalize continuous variables,

and after logarithm transformation the continuous variables were approached normal distri-

bution. Adjusted continuous variables were expressed by geometric mean [95% confidence

interval (CI)], and classified variables were expressed by percentage. In the baseline character-

istics analyses, analysis of variance (ANOVA) were performed for continuous variables and

logistic regression analysis were performed for classified variables to test the differences across

tooth loss categories (according to the number of missing teeth, 0:1; 1–2:2, 3–5:3,�6:4). For

analysis, the handgrip strength was used as dependent variable, and tooth loss categories were

used as independent variable. Bonferroni-corrected P values were used to compare the differ-

ences of handgrip strength between tooth loss categories. Variance inflation factors (VIFs)

were used for multicollinearity test, and VIFs less than 10 indicated that there was no collinear-

ity. Relationship between tooth loss categories and handgrip strength were examined using

analysis of covariance (ANCOVA) by three different models. Model 1 was crude, model 2 was

adjusted for age, WC and BMI, and model 3 was additionally adjusted for family income, edu-

cational levels, employment status, smoking status, drinking status, PA, total energy intake,

dietary patterns, MS. Interactions between tooth loss categories and age were tested by the

addition of cross-product terms in males and females, respectively, and both interaction terms

were significant (P<0.0001 both in males and females). Thus, we performed a stratified analy-

sis, stratifying on age less than 60 years of age versus age greater than or equal to 60 years [44].

All statistical tests were performed by bilateral test, and P<0.05 was defined as statistically sig-

nificant. All analyses were performed using the Statistical Analysis System 9.3 edition for Win-

dows (SAS Institute Inc.).

Results

Characteristics of participants

26275 participants were included in this study with age ranging between 18–90 years, mean

ages (standard deviation, SD) was 41.6 (11.9) years, among which 13983 (53.2%) were males

and 12292 (46.8%) were females. Excluding third molars, 16266 (61.91%) participants had full

dentition, 5961 (22.69%) had 26–27natural teeth, 2829 (10.77%) had 23–25natural teeth, and

1219 (4.64%) had 22 natural teeth or less. The mean handgrip strength (SD) was 43.06 (1.18)
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kg in male, and 25.43 (1.20) kg in female. There were significant differences (P<0.001), so all

analyses were performed according to gender.

Table 1 summarizes participants’ characteristics according to their tooth loss categories.

The analysis were showed as ANOVA for continuous variables and logistic regression analysis

for categorical variables. Compared with participants having full dentition, participants with

increasingly missing teeth tended to be older and to have higher PA and WC. Among the par-

ticipants with more missing teeth, there were a higher proportion of smokers, alcohol consum-

ers, MS patients, and a lower proportion of college graduate, managers, professionals in both

men and women (P for trends all<0.0001). In addition, there was no significant difference

between tooth loss and energy intake.

Association between tooth loss and handgrip strength

Table 2 shows the gender-specific relationship between tooth loss categories and handgrip

strength, as well as handgrip strength per weight of three models. Model 1 indicated an associa-

tion between tooth loss and handgrip strength, as well as handgrip strength per weight (P for

trend< 0.0001). In model 2 and model 3, after adjusting for several variables, the association

remained statistically significant in both males and females (P for trend< 0.0001). The adjusted

means [95% confidence interval (CI)] for handgrip strength (kg) in males and females across

increasing categories of tooth loss were 43.67(42.15, 45.25), 43.63(42.11, 45.22), 42.76(41.24,

44.34) and 40.26(38.79, 41.79); 26.00(24.84, 27.21), 25.95(24.79, 27.17), 25.17(24.03, 26.37) and

24.38(23.24, 25.58) (all P for trend<0.0001), respectively. The adjusted means (95% CI) for

handgrip strength per weight (kg/kg) in males and females across increasing categories of tooth

loss were 0.57(0.55, 0.59), 0.57(0.55, 0.59), 0.56(0.54, 0.58), and 0.53(0.51, 0.55); 0.43(0.41, 0.45),

0.43(0.41, 0.45), 0.42(0.40, 0.43), and 0.41(0.39, 0.43) (all P for trend<0.0001), respectively. We

also investigated the difference of handgrip strength among different categories of tooth loss as

shown in Table 2. Handgrip strength was significantly different between the group with 0 miss-

ing teeth, the group with 3–5 missing teeth, and the group with more than 6 missing teeth

(P< 0.01) in the fully adjusted model. However there was no statistically significant differences

were found between 0 missing teeth and 1–2 missing teeth (P> 0.05). In addition, the results of

stratified analysis in the fully adjusted model showed that tooth loss was significantly associated

with handgrip strength in participants younger than 60 years of age; however, in participants 60

years of age or older, there was no longer a significant association (Figs 1 and 2).

Discussion

Summary of main findings

This cross-sectional study which was part of a large-scale cohort study revealed that tooth loss

was significantly associated with handgrip strength in Chinese adults. From our analysis, it can

be seen that numerous factors were associated with tooth loss, including age, employment sta-

tus, education level, family income, drinking and smoking status, WC, PA, dietary habits, and

MS. And, as studies have demonstrated, handgrip strength is closely associated with many fac-

tors, such as age and bodyweight (BMI and WC) [6, 45–47]. Thus, we adjusted for age, BMI,

WC firstly in model 2, we adjusted for multiple potentially confounding factors sequentially in

model 3, the relationships between tooth loss and handgrip strength did not change in both

model 2 and model 3. We also compared handgrip strength among different categories of

tooth loss and handgrip strength was significantly different between the group with 0 missing

teeth, the group with 3–5 missing teeth, and the group with more than 6 missing teeth

(P< 0.01). We also performed a stratified multivariate analysis. In conclusion, in the fully

adjusted model we found: 1) there was a trending association between decreased handgrip
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Table 1. Participant characteristics by tooth loss statusa.

Number of missing teeth

0 1–2 3–5 �6 P for trendb

Males(n = 13983) 8,400 3,265 1,592 726 -

Age (y) 36.8 (36.6, 37.0)c 43.9 (43.6, 44.3) 50.5 (49.9, 51.1) 58.1 (57.1, 59.1) <0.0001

BMI (kg/m2) 25.6 (25.5, 25.7) 25.6 (25.5, 25.8) 25.7 (25.6, 25.9) 25.4 (25.2, 25.7) 0.089

WC (cm) 87.8 (87.6, 88.0) 88.7 (88.4, 89.0) 89.5 (89.0, 90.0) 89.4 (88.7, 90.1) <0.0001

MS (%) 31.6 39.6 43.2 45.6 <0.0001

PA (Mets × hour/week) 11.3 (11.0, 11.6) 11.4 (10.9, 12.0) 12.7 (11.9, 13.6) 15.8 (14.3, 17.4) <0.001

Energy intake (kcal/d) 2074.2 (2062.0, 2086.4) 2070.1 (2050.6, 2089.7) 2065.8 (2038.0, 2093.9) 2082.7 (2041.1, 2124.9) 0.59

“Fruits and sweets” dietary pattern (factor score) 0.78 (0.76, 0.79) 0.78 (0.76, 0.81) 0.75 (0.72, 0.78) 0.77 (0.73, 0.82) 0.089

“Healthy” dietary pattern (factor score) 0.86 (0.84, 0.88) 0.89 (0.86, 0.93) 0.97 (0.93, 1.02) 1.10 (1.02, 1.18) <0.0001

“Animal foods” dietary pattern (factor score) 0.95 (0.94, 0.97) 0.91 (0.89, 0.94) 0.85 (0.82, 0.89) 0.76 (0.71, 0.80) <0.0001

Smoking status (%)

Smoker 34.6 39.7 45.0 42.9 <0.0001

Ex-smoker 7.71 10.2 12.9 17.4 <0.0001

Non-smoker 57.7 50.1 42.2 39.8 <0.0001

Drinking status (%)

Everyday 6.61 9.31 14.7 19.0 <0.0001

Occasional 73.6 70.2 63.9 54.7 <0.0001

Ex-drinker 9.67 9.86 11.1 10.5 0.12

Non-drinker 10.2 10.6 10.4 15.8 <0.001

Educational level (�college graduate, %) 75.1 64.0 48.5 36.0 <0.0001

Employment status (%)

Managers 45.9 46.5 43.3 35.1 <0.0001

Professionals 19.7 18.7 17.1 12.3 <0.0001

Others 34.4 34.8 39.6 52.6 <0.0001

Family income (�10000 Yuan, %) 36.7 34.1 27.5 20.8 <0.0001

Females(n = 12292) 7,866 2,696 1,237 493 -

Age (y) 36.0 (35.8, 36.2) 41.9 (41.5, 42.3) 47.4 (46.8, 48.1) 56.7 (55.5, 58.0) <0.0001

BMI (kg/m2) 22.4 (22.4, 22.5) 23.2 (23.1, 23.3) 23.5 (23.3, 23.7) 24.7 (24.4, 25.1) <0.0001

WC (cm) 74.3 (74.1, 74.5) 76.6 (76.3, 76.9) 78.2 (77.7, 78.8) 82.8 (82.0, 83.7) <0.0001

MS (%) 10.8 18.1 23.7 38.3 <0.0001

PA (Mets × hour/week) 8.68 (8.44, 8.90) 9.28 (8.83, 9.80) 10.3 (9.57, 11.1) 13.4 (11.9, 15.0) <0.0001

Energy intake (kcal/d) 1919.7 (1906.7, 1932.9) 1936.6 (1914.1, 1959.3) 1940.6 (1907.5, 1974.4) 1941.1 (1888.8, 1994.8) 0.25

“Fruits and sweets” dietary pattern (factor score) 0.84 (0.83, 0.86) 0.88 (0.85, 0.90) 0.89 (0.86, 0.92) 0.92 (0.87, 0.98) <0.01

“Healthy” dietary pattern (factor score) 0.69 (0.68, 0.71) 0.74 (0.71, 0.77) 0.76 (0.72, 0.81) 0.91 (0.83, 1.00) <0.01

“Animal foods” dietary pattern (factor score) 0.65 (0.64, 0.66) 0.60 (0.58, 0.62) 0.58 (0.56, 0.61) 0.46 (0.42, 0.49) <0.001

Smoking status (%)

Smoker 0.94 1.43 1.79 4.49 <0.0001

Ex-smoker 0.68 0.51 0.72 1.57 0.24

Non-smoker 98.4 98.0 97.5 93.9 <0.0001

Drinking status (%)

Everyday 0.56 0.94 1.07 1.45 <0.01

Occasional 39.4 40.7 39.1 31.9 0.08

Ex-drinker 10.4 9.70 7.88 7.66 <0.01

Non-drinker 49.6 48.7 51.9 59.0 <0.01

Educational level (�college graduate, %) 73.2 59.0 46.7 27.0 <0.0001

Employment status (%)

(Continued)
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strength and fewer retained teeth both in males and females; 2) loss of more than 3 teeth was

significantly associated with reduced muscle strength; 3) in the stratified analysis, this associa-

tion disappeared in elderly participants over 60 years of age.

Summary of previous findings

In the previous studies which explored whether tooth loss was associated with muscle strength

parameters, there was only one study focused on general population [29]. The participants was

Table 1. (Continued)

Number of missing teeth

0 1–2 3–5 �6 P for trendb

Managers 44.3 41.0 38.1 21.8 <0.0001

Professionals 12.7 12.2 11.6 8.89 0.02

Others 43.0 46.7 50.4 69.3 <0.0001

Family income (�10000 Yuan, %) 35.1 32.1 25.9 17.6 <0.0001

a BMI, body mass index; WC, waist circumference
b Analysis of variance or logistic regression analysis.
c Geometric least square mean (95% confidence interval) (all such values).

https://doi.org/10.1371/journal.pone.0236010.t001

Table 2. Adjusted relationships of tooth loss status with handgrip strength (or handgrip strength per weight).

Number of missing teeth

0 1–2 3–5 �6 P for trenda

Males (n = 13983) 8,400 3,265 1,592 726 -

Handgrip strength(kg)

Model 1 c 43.9 (43.7, 44.0) b 42.9 (42.7, 43.2) 41.4 (41.1, 41.8) f 38.1 (37.6, 38.6) f < 0.0001

Model 2 d 43.3 (43.2, 43.5) 43.3 (43.1, 43.6) 42.5 (42.2, 42.8) f 39.9 (39.4, 40.4) f < 0.0001

Model 3 e 43.6 (42.1, 45.2) 43.6 (42.0, 45.2) 42.7 (41.2, 44.3) f 40.2 (38.7, 41.8) f < 0.0001

Handgrip strength per body weight(kg/kg)

Model 1 c 0.56 (0.56, 0.57) 0.56 (0.56, 0.56) f 0.54 (0.54, 0.55) f 0.52 (0.51, 0.53) f < 0.0001

Model 2 d 0.56 (0.56, 0.56) 0.56 (0.56, 0.56) 0.55 (0.55, 0.56) f 0.52 (0.52, 0.53) f < 0.0001

Model 3 e 0.57 (0.55, 0.59) 0.57 (0.55, 0.59) 0.56 (0.54, 0.58) f 0.54 (0.52, 0.56) f < 0.0001

Female (n = 12292) 7,866 2,696 1,237 493 -

Handgrip strength(kg)

Model 1 c 25.7 (25.6, 25.8) 25.5 (25.3, 25.7) f 24.5 (24.2, 24.7) f 23.6 (23.2, 23.9) f < 0.0001

Model 2 d 25.6 (25.5, 25.7) 25.5 (25.4, 25.7) 24.7 (24.5, 25.0) f 23.9 (23.5, 24.3) f < 0.0001

Model 3 e 26.1 (24.9, 27.3) 26.0 (24.9, 27.3) 25.3 (24.1, 26.5) f 24.5 (23.4, 25.7) f < 0.0001

Handgrip strength per body weight(kg/kg)

Model 1 c 0.44 (0.43, 0.44) 0.42 (0.42, 0.43) f 0.41 (0.40, 0.41) f 0.38 (0.37, 0.39) f < 0.0001

Model 2 d 0.43 (0.43, 0.43) 0.43 (0.43, 0.43) 0.42 (0.41, 0.42) f 0.41 (0.40, 0.41) f < 0.0001

Model 3 e 0.43 (0.41, 0.45) 0.43 (0.41, 0.45) 0.42 (0.40, 0.44) f 0.41 (0.39, 0.43) f < 0.0001

a Analysis of covariance.
b Adjusted least square mean (95% confidence interval) (all such values).
c Crude model.
d Adjusted for age, BMI(body mass index) and WC(waist circumference).
e Adjusted for age, BMI, WC, physical activities, metabolic syndrome, energy intake, dietary patterns, smoking status, drinking status, educational levels, employment

status, family income.
f Significantly different from the category of 0 missing teeth (Bonferroni correction): p<0.01.

https://doi.org/10.1371/journal.pone.0236010.t002
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a German population aged between 30 and 90 years, and the results showed that the number

of remaining teeth was significantly associated with handgrip strength when several confound-

ing factors were adjusted. Our findings are in agreement with these results; however, the differ-

ence is that we did a stratified analysis, and the association had disappeared in the group over

Fig 1. Adjusted relationships of tooth loss status with handgrip strength by age for males.

https://doi.org/10.1371/journal.pone.0236010.g001

Fig 2. Adjusted relationships of tooth loss status with handgrip strength by age for females.

https://doi.org/10.1371/journal.pone.0236010.g002
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60 years of age. To the best of our knowledge, most of previous studies focused on old aged

adults. Hamalainen et al. compared the handgrip strength by the number of teeth in 193 par-

ticipants aged 80 years old. This study found the positive association between handgrip

strength and the number of remaining teeth in men but failed in women [30]. Two other stud-

ies examined the association between tooth loss and handgrip strength in old Japanese popula-

tion did not find positive results [33, 34]. The results mentioned above are seemingly

consistent with our findings in the group over 60 years of age. Previous study has investigated

the relationship between tooth loss and the systemic inflammatory reaction and antibody titer

of periodontitis bacteria, and the relation between them was an inverted J shape. Moreover, a

recent clinical review reported that a steep increase of severe tooth loss (> 9 teeth) around the

70 years of life [48]. In this study, it is may explained why there was no longer a significant

association in participants 60 years of age. In addition, dietary pattern analysis was not used in

previous studies which examined the effects of overall diet [49].

Possible biological mechanisms

The mechanisms of the association between tooth loss and handgrip strength is unclear, cer-

tain possible explanations may be hypothesized. A well proposed mechanism refers to the

inflammatory pathway. As the main reason for tooth loss, oral bacterial infectious diseases are

associated with a chronic low-grade inflammation, which can upregulate inflammatory bio-

markers including C-reactive protein (CRP), tumor necrosis factor alpha (TNF-alpha), and

interleukin-6 (IL-6) [50–52]. There are evidences that handgrip strength are associated with

CRP and IL-6 [53, 54], this suggested inflammation was involved in the process of muscle

reducing. Firstly, among the relevant signaling pathways, nuclear factor-κB (NFκB) transcrip-

tion factors plays an important role. NFκB expressed in skeletal muscle was an important

mediators of immunity and inflammation which mediating the effects of inflammatory cyto-

kines on muscles [55]. Secondly, periodontitis was associated with insulin resistance and can

impair glucose tolerance in general population [56–58]. It subsequently down-regulates IGF-1

though changing in GH/IGF-1 axis bioactivity [59]. IGF-1 is an important anabolic hormone

which plays an active role in the maintenance of muscle mass and strength [60]. Thirdly, a

close relationship exists between low-grade inflammatory state and the decline of androgens

such as testosterone [61]. The secretion of testosterone is controlled by hypothalamic-pituitary

(central) and testicular (peripheral), and many experimental studies have shown that IL-6,

TNF- alpha and IL-1 beta inhibit the secretion of testosterone by affecting the above compo-

nents of the gonadal axis [62]. Hormonal dysregulation may concur to the development of dis-

ability through decreasing both skeletal muscle mass and strength [63].

Moreover, another possible pathway could be explained, partly by damage of chewing abil-

ity brought by tooth loss, which may affect dietary intake and dietary choices, leading to

changes in dietary habits [1, 29]. Muscle strength as a nutritional indicator can be affected.

Therefore, we adjusted for total energy intake and dietary patterns in the fully adjusted model.

Dietary pattern analysis combines nutrients with food consumed, and their combined effects

were taking into account, making it the best choice to investigate dietary intake and dietary

choices [49]. However, the significant positive correlation between tooth loss and grip strength

did not change after the adjustments, which suggested the relationship in this study was inde-

pendent from dietary patterns and other confounding factors.

Strengths and limitations

The strengths of the present study include, using a large-scale cohort from a general adult pop-

ulation and not only assessed of missing teeth and handgrip strength but also adjusted for
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confounding factors as far as possible. Nonetheless, the study also had several limitations.

Firstly, we cannot completely exclude residual confounding factors from a cross-sectional

study, although we had adjusted for a wide range of demographic characteristics, dietary habits

and disease status. There are still potential confounders such as cognitive skills and access to

oral health. Secondly, because the examination in the TCLSIH Cohort Study did not include a

complete oral health assessment, so we adopted self-reported missing teeth number which

may introduce biases that are difficult to control. Moreover, this study only available for the

number of missing teeth, without collecting the reasons of when and how each tooth was miss-

ing. Therefore, results should be interpreted with caution. Third, we did not obtain the infor-

mation of hand dexterity needed for oral hygiene may be related to handgrip strength.

Therefore, the presented results need to be confirmed by further studies, which including

assessment of hand dexterity, dental caries, periodontal diseases and inflammation cytokines

such as IL-6 and TNF-alpha. The putative inflammatory pathways linked tooth loss and physi-

cal strength warrant further studies to elucidate potential pathogenesis.

Finally, the sample of this study was composed of a relatively young age group, with an average

age of 41.6 years. Therefore, our results which only represent this age group and may not general-

ize to the whole population are needed to validate in other populations in further studies.

Conclusion

In summary, there was a trend towards less handgrip strength with fewer retained teeth. The

underlying causes that could result in both tooth loss and reduced handgrip strength (e.g.

inflammation etc.) might lead to the observed association. The stratified analysis between

tooth loss and muscle strength in this study may provide proof for previous studies that dis-

played incongruous results. These results emphasized that controlling the number of missing

teeth less than 3 is important for maintaining muscle strength, which can further prevent

adverse health outcomes, as well as sarcopenia and frailty in elderly.
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15. Östberg AL, Bengtsson C, Lissner L, Hakeberg M. Oral health and obesity indicators. BMC Oral Health.

2012; 12(1). https://doi.org/10.1186/1472-6831-12-50 PMID: 23167443

16. Sheiham A, Steele JG, Marcenes W, Finch S, Walls AWG. The relationship between oral health status

and Body Mass Index among older people: A national survey of older people in Great Britain. British

Dental Journal. 2002; 192(12):703–6. https://doi.org/10.1038/sj.bdj.4801461 PMID: 12125796

17. Hung HC, Joshipura KJ, Colditz G, Manson JE, Rimm EB, Speizer FE, et al. The association between

tooth loss and coronary heart disease in men and women. Journal of Public Health Dentistry. 2004; 64

(4):209–15. https://doi.org/10.1111/j.1752-7325.2004.tb02755.x PMID: 15562943

18. Kaur G, Holtfreter B, Rathmann WG, Schwahn C, Wallaschofski H, Schipf S, et al. Association between

type 1 and type 2 diabetes with periodontal disease and tooth loss. Journal of Clinical Periodontology.

2009; 36(9):765–74. https://doi.org/10.1111/j.1600-051X.2009.01445.x PMID: 19622096

19. Patel MH, Kumar JV, Moss ME. Diabetes and tooth loss: An analysis of data from the National Health

and Nutrition Examination Survey, 2003–2004. Journal of the American Dental Association. 2013; 144

(5):478–85. https://doi.org/10.14219/jada.archive.2013.0149 PMID: 23633695

PLOS ONE tooth loss and handgrip strength

PLOS ONE | https://doi.org/10.1371/journal.pone.0236010 July 10, 2020 11 / 14

https://doi.org/10.1016/j.jdent.2014.08.012
http://www.ncbi.nlm.nih.gov/pubmed/25174947
https://doi.org//S0042-96862005000900011
https://doi.org//S0042-96862005000900011
http://www.ncbi.nlm.nih.gov/pubmed/16211157
https://doi.org/10.1007/s00431-009-1010-4
https://doi.org/10.1007/s00431-009-1010-4
http://www.ncbi.nlm.nih.gov/pubmed/19526369
https://doi.org/10.1016/j.clnu.2010.09.010
https://doi.org/10.1016/j.clnu.2010.09.010
http://www.ncbi.nlm.nih.gov/pubmed/21035927
https://doi.org/10.1111/j.1532-5415.2010.03145.x
http://www.ncbi.nlm.nih.gov/pubmed/21054284
https://doi.org/10.1034/j.1600-0838.2003.00298.x
https://doi.org/10.1034/j.1600-0838.2003.00298.x
http://www.ncbi.nlm.nih.gov/pubmed/12535311
https://doi.org/10.1016/s0003-9993(99)90109-0
http://www.ncbi.nlm.nih.gov/pubmed/10025485
https://doi.org/10.1136/bmj.k1651
https://doi.org/10.1136/bmj.k1651
http://www.ncbi.nlm.nih.gov/pubmed/29739772
http://www.icmje.org/coi_disclosure.pdf
http://www.icmje.org/coi_disclosure.pdf
https://doi.org/10.1093/ije/dyl224
http://www.ncbi.nlm.nih.gov/pubmed/17056604
https://doi.org/10.1007/s12603-015-0628-3
http://www.ncbi.nlm.nih.gov/pubmed/27102794
https://doi.org/10.1111/jgs.13826
https://doi.org/10.1111/jgs.13826
http://www.ncbi.nlm.nih.gov/pubmed/26563844
https://doi.org/10.14219/jada.archive.2009.0050
http://www.ncbi.nlm.nih.gov/pubmed/19797557
https://doi.org/10.1186/1472-6831-12-50
http://www.ncbi.nlm.nih.gov/pubmed/23167443
https://doi.org/10.1038/sj.bdj.4801461
http://www.ncbi.nlm.nih.gov/pubmed/12125796
https://doi.org/10.1111/j.1752-7325.2004.tb02755.x
http://www.ncbi.nlm.nih.gov/pubmed/15562943
https://doi.org/10.1111/j.1600-051X.2009.01445.x
http://www.ncbi.nlm.nih.gov/pubmed/19622096
https://doi.org/10.14219/jada.archive.2013.0149
http://www.ncbi.nlm.nih.gov/pubmed/23633695
https://doi.org/10.1371/journal.pone.0236010


20. Zhu Y, Hollis JH. Associations between the number of natural teeth and metabolic syndrome in adults. J

Clin Periodontol. 2015; 42(2):113–20. https://doi.org/10.1111/jcpe.12361 PMID: 25581485.

21. Joshipura K, Ritchie C, Douglass C. Strength of evidence linking oral conditions and systemic disease.

Compend Contin Educ Dent Suppl. 2000;(30):12–23; quiz 65. PMID: 11908384.

22. Kassebaum NJ, Bernabe E, Dahiya M, Bhandari B, Murray CJL, Marcenes W. Global Burden of Severe

Tooth Loss: A Systematic Review and Meta-analysis. Journal of Dental Research. 2014; 93(7):20–8.

https://doi.org/10.1177/0022034514537828 WOS:000338500700003. PMID: 24947899

23. Buchwald S, Kocher T, Biffar R, Harb A, Holtfreter B, Meisel P. Tooth loss and periodontitis by socio-

economic status and inflammation in a longitudinal population-based study. J Clin Periodontol. 2013; 40

(3):203–11. https://doi.org/10.1111/jcpe.12056 PMID: 23379538.

24. Meisel P, Holtfreter B, Volzke H, Kocher T. Sex Differences of Tooth Loss and Obesity on Systemic

Markers of Inflammation. J Dent Res. 2014; 93(8):774–9. https://doi.org/10.1177/0022034514535604

PMID: 24828384; PubMed Central PMCID: PMC4293755.

25. Meisel P, Wilke P, Biffar R, Holtfreter B, Wallaschofski H, Kocher T. Total tooth loss and systemic corre-

lates of inflammation: role of obesity. Obesity (Silver Spring). 2012; 20(3):644–50. https://doi.org/10.

1038/oby.2011.218 PMID: 21760638.

26. Beyer I, Mets T, Bautmans I. Chronic low-grade inflammation and age-related sarcopenia. Curr Opin

Clin Nutr Metab Care. 2012; 15(1):12–22. https://doi.org/10.1097/MCO.0b013e32834dd297 PMID:

22108098.

27. Maggio M, Ceda GP, Lauretani F, Bandinelli S, Corsi AM, Giallauria F, et al. SHBG, sex hormones, and

inflammatory markers in older women. J Clin Endocrinol Metab. 2011; 96(4):1053–9. https://doi.org/10.

1210/jc.2010-1902 PMID: 21239514; PubMed Central PMCID: PMC3070258.

28. Maggio M, De Vita F, Lauretani F, Butto V, Bondi G, Cattabiani C, et al. IGF-1, the cross road of the

nutritional, inflammatory and hormonal pathways to frailty. Nutrients. 2013; 5(10):4184–205. https://doi.

org/10.3390/nu5104184 PMID: 24152751; PubMed Central PMCID: PMC3820068.

29. Eremenko M, Pink C, Biffar R, Schmidt CO, Ittermann T, Kocher T, et al. Cross-sectional association

between physical strength, obesity, periodontitis and number of teeth in a general population. J Clin Per-

iodontol. 2016; 43(5):401–7. https://doi.org/10.1111/jcpe.12531 PMID: 26878266.

30. Hamalainen P, Rantanen T, Keskinen M, Meurman JH. Oral health status and change in handgrip

strength over a 5-year period in 80-year-old people. Gerodontology. 2004; 21(3):155–60. https://doi.

org/10.1111/j.1741-2358.2004.00022.x PMID: 15369018.

31. Hashimoto M, Yamanaka K, Shimosato T, Ozawa A, Takigawa T, Hidaka S, et al. Oral condition and

health status of elderly 8020 achievers in Aichi Prefecture. Bull Tokyo Dent Coll. 2006; 47(2):37–43.

https://doi.org/10.2209/tdcpublication.47.37 PMID: 17167218.

32. Tsakos G, Watt RG, Rouxel PL, de Oliveira C, Demakakos P. Tooth loss associated with physical and

cognitive decline in older adults. J Am Geriatr Soc. 2015; 63(1):91–9. https://doi.org/10.1111/jgs.13190

PMID: 25523131.

33. Takata Y, Ansai T, Awano S, Hamasaki T, Yoshitake Y, Kimura Y, et al. Relationship of physical fitness

to chewing in an 80-year-old population. Oral Dis. 2004; 10(1):44–9. https://doi.org/10.1046/j.1354-

523x.2003.00972.x PMID: 14996294.

34. Inui A, Takahashi I, Sawada K, Naoki A, Oyama T, Tamura Y, et al. Teeth and physical fitness in a com-

munity-dwelling 40 to 79-year-old Japanese population. Clin Interv Aging. 2016; 11:873–8. https://doi.

org/10.2147/CIA.S108498 PMID: 27418813; PubMed Central PMCID: PMC4933564.

35. Gu Y, Li H, Bao X, Zhang Q, Liu L, Meng G, et al. The Relationship Between Thyroid Function and the

Prevalence of Type 2 Diabetes Mellitus in Euthyroid Subjects. J Clin Endocrinol Metab. 2017; 102

(2):434–42. https://doi.org/10.1210/jc.2016-2965 PMID: 27906594.

36. Lee MR, Jung SM, Kim HS, Kim YB. Association of muscle strength with cardiovascular risk in Korean

adults: Findings from the Korea National Health and Nutrition Examination Survey (KNHANES) VI to VII

(2014–2016). Medicine (Baltimore). 2018; 97(47):e13240. https://doi.org/10.1097/MD.

0000000000013240 PMID: 30461627.

37. Lowe G, Woodward M, Rumley A, Morrison C, Tunstall-Pedoe H, Stephen K. Total tooth loss and prev-

alent cardiovascular disease in men and women: possible roles of citrus fruit consumption, vitamin C,

and inflammatory and thrombotic variables. J Clin Epidemiol. 2003; 56(7):694–700. https://doi.org/10.

1016/s0895-4356(03)00086-6 PMID: 12921939.

38. Gale N, Wasley D, Roberts S, Backx K, Nelson A, van Deursen R, et al. A longitudinal study of muscle

strength and function in patients with cancer cachexia. Support Care Cancer. 2018. https://doi.org/10.

1007/s00520-018-4297-8 PMID: 29860710.

PLOS ONE tooth loss and handgrip strength

PLOS ONE | https://doi.org/10.1371/journal.pone.0236010 July 10, 2020 12 / 14

https://doi.org/10.1111/jcpe.12361
http://www.ncbi.nlm.nih.gov/pubmed/25581485
http://www.ncbi.nlm.nih.gov/pubmed/11908384
https://doi.org/10.1177/0022034514537828
http://www.ncbi.nlm.nih.gov/pubmed/24947899
https://doi.org/10.1111/jcpe.12056
http://www.ncbi.nlm.nih.gov/pubmed/23379538
https://doi.org/10.1177/0022034514535604
http://www.ncbi.nlm.nih.gov/pubmed/24828384
https://doi.org/10.1038/oby.2011.218
https://doi.org/10.1038/oby.2011.218
http://www.ncbi.nlm.nih.gov/pubmed/21760638
https://doi.org/10.1097/MCO.0b013e32834dd297
http://www.ncbi.nlm.nih.gov/pubmed/22108098
https://doi.org/10.1210/jc.2010-1902
https://doi.org/10.1210/jc.2010-1902
http://www.ncbi.nlm.nih.gov/pubmed/21239514
https://doi.org/10.3390/nu5104184
https://doi.org/10.3390/nu5104184
http://www.ncbi.nlm.nih.gov/pubmed/24152751
https://doi.org/10.1111/jcpe.12531
http://www.ncbi.nlm.nih.gov/pubmed/26878266
https://doi.org/10.1111/j.1741-2358.2004.00022.x
https://doi.org/10.1111/j.1741-2358.2004.00022.x
http://www.ncbi.nlm.nih.gov/pubmed/15369018
https://doi.org/10.2209/tdcpublication.47.37
http://www.ncbi.nlm.nih.gov/pubmed/17167218
https://doi.org/10.1111/jgs.13190
http://www.ncbi.nlm.nih.gov/pubmed/25523131
https://doi.org/10.1046/j.1354-523x.2003.00972.x
https://doi.org/10.1046/j.1354-523x.2003.00972.x
http://www.ncbi.nlm.nih.gov/pubmed/14996294
https://doi.org/10.2147/CIA.S108498
https://doi.org/10.2147/CIA.S108498
http://www.ncbi.nlm.nih.gov/pubmed/27418813
https://doi.org/10.1210/jc.2016-2965
http://www.ncbi.nlm.nih.gov/pubmed/27906594
https://doi.org/10.1097/MD.0000000000013240
https://doi.org/10.1097/MD.0000000000013240
http://www.ncbi.nlm.nih.gov/pubmed/30461627
https://doi.org/10.1016/s0895-4356(03)00086-6
https://doi.org/10.1016/s0895-4356(03)00086-6
http://www.ncbi.nlm.nih.gov/pubmed/12921939
https://doi.org/10.1007/s00520-018-4297-8
https://doi.org/10.1007/s00520-018-4297-8
http://www.ncbi.nlm.nih.gov/pubmed/29860710
https://doi.org/10.1371/journal.pone.0236010


39. Yang L, Koyanagi A, Smith L, Hu L, Colditz GA, Toriola AT, et al. Hand grip strength and cognitive func-

tion among elderly cancer survivors. PLoS One. 2018; 13(6):e0197909. https://doi.org/10.1371/journal.

pone.0197909 PMID: 29864112; PubMed Central PMCID: PMC5986134.

40. Jimenez-Pavon D, Ortega FB, Valtuena J, Castro-Pinero J, Gomez-Martinez S, Zaccaria M, et al. Mus-

cular strength and markers of insulin resistance in European adolescents: the HELENA Study. Eur J

Appl Physiol. 2012; 112(7):2455–65. https://doi.org/10.1007/s00421-011-2216-5 PMID: 22052103.

41. Alberti KG, Eckel RH, Grundy SM, Zimmet PZ, Cleeman JI, Donato KA, et al. Harmonizing the meta-

bolic syndrome: a joint interim statement of the International Diabetes Federation Task Force on Epide-

miology and Prevention; National Heart, Lung, and Blood Institute; American Heart Association; World

Heart Federation; International Atherosclerosis Society; and International Association for the Study of

Obesity. Circulation. 2009; 120(16):1640–5. https://doi.org/10.1161/CIRCULATIONAHA.109.192644

PMID: 19805654.

42. Craig CL, Marshall AL, Sjostrom M, Bauman AE, Booth ML, Ainsworth BE, et al. International physical

activity questionnaire: 12-country reliability and validity. Med Sci Sports Exerc. 2003; 35(8):1381–95.

https://doi.org/10.1249/01.MSS.0000078924.61453.FB PMID: 12900694.

43. Xia Y, Wang N, Yu B, Zhang Q, Liu L, Meng G, et al. Dietary patterns are associated with depressive

symptoms among Chinese adults: a case-control study with propensity score matching. Eur J Nutr.

2017; 56(8):2577–87. https://doi.org/10.1007/s00394-016-1293-y PMID: 27543189.

44. Cenko E, Yoon J, Kedev S, Stankovic G, Vasiljevic Z, Krljanac G, et al. Sex Differences in Outcomes

After STEMI: Effect Modification by Treatment Strategy and Age. JAMA Intern Med. 2018; 178(5):632–

9. https://doi.org/10.1001/jamainternmed.2018.0514 PMID: 29630703; PubMed Central PMCID:

PMC6145795.

45. Gomez-Cabello A, Carnicero JA, Alonso-Bouzon C, Tresguerres JA, Alfaro-Acha A, Ara I, et al. Age

and gender, two key factors in the associations between physical activity and strength during the ageing

process. Maturitas. 2014; 78(2):106–12. https://doi.org/10.1016/j.maturitas.2014.03.007 PMID:

24720906.

46. Hardy R, Cooper R, Aihie Sayer A, Ben-Shlomo Y, Cooper C, Deary IJ, et al. Body mass index, muscle

strength and physical performance in older adults from eight cohort studies: the HALCyon programme.

PLoS One. 2013; 8(2):e56483. https://doi.org/10.1371/journal.pone.0056483 PMID: 23437142;

PubMed Central PMCID: PMC3577921.

47. Snyder CK, Lapidus JA, Cawthon PM, Dam TT, Sakai LY, Marshall LM, et al. Serum albumin in relation

to change in muscle mass, muscle strength, and muscle power in older men. J Am Geriatr Soc. 2012;

60(9):1663–72. https://doi.org/10.1111/j.1532-5415.2012.04115.x PMID: 22905696; PubMed Central

PMCID: PMC3445747.

48. Kassebaum NJ, Bernabe E, Dahiya M, Bhandari B, Murray CJ, Marcenes W. Global Burden of Severe

Tooth Loss: A Systematic Review and Meta-analysis. J Dent Res. 2014; 93(7 Suppl):20S–8S. https://

doi.org/10.1177/0022034514537828 PMID: 24947899; PubMed Central PMCID: PMC4293725.

49. Hu FB. Dietary pattern analysis: a new direction in nutritional epidemiology. Curr Opin Lipidol. 2002; 13

(1):3–9. https://doi.org/10.1097/00041433-200202000-00002 PMID: 11790957.

50. Yucel-Lindberg T, Bage T. Inflammatory mediators in the pathogenesis of periodontitis. Expert Rev Mol

Med. 2013; 15:e7. https://doi.org/10.1017/erm.2013.8 PMID: 23915822.

51. Hotamisligil GS. Inflammation and metabolic disorders. Nature. 2006; 444(7121):860–7. https://doi.org/

10.1038/nature05485 PMID: 17167474.

52. Santos Tunes R, Foss-Freitas MC, Nogueira-Filho Gda R. Impact of periodontitis on the diabetes-

related inflammatory status. J Can Dent Assoc. 2010; 76:a35. PMID: 20831852.

53. Cesari M, Penninx BW, Pahor M, Lauretani F, Corsi AM, Rhys Williams G, et al. Inflammatory markers

and physical performance in older persons: the InCHIANTI study. J Gerontol A Biol Sci Med Sci. 2004;

59(3):242–8. Epub 2004/03/20. https://doi.org/10.1093/gerona/59.3.m242 PMID: 15031308.

54. Haren MT, Malmstrom TK, Miller DK, Patrick P, Perry HM 3rd, Herning MM, et al. Higher C-reactive pro-

tein and soluble tumor necrosis factor receptor levels are associated with poor physical function and dis-

ability: a cross-sectional analysis of a cohort of late middle-aged African Americans. J Gerontol A Biol

Sci Med Sci. 2010; 65(3):274–81. Epub 2009/10/09. https://doi.org/10.1093/gerona/glp148 PMID:

19812256; PubMed Central PMCID: PMC2822280.

55. Peterson JM, Bakkar N, Guttridge DC. NF-kappaB signaling in skeletal muscle health and disease. Cur-

rent topics in developmental biology. 2011; 96:85–119. Epub 2011/05/31. https://doi.org/10.1016/B978-

0-12-385940-2.00004-8 PMID: 21621068.

56. Chapple IL, Genco R, Working group 2 of joint EFPAAPw. Diabetes and periodontal diseases: consen-

sus report of the Joint EFP/AAP Workshop on Periodontitis and Systemic Diseases. J Clin Periodontol.

2013; 40 Suppl 14:S106–12. https://doi.org/10.1111/jcpe.12077 PMID: 23627322.

PLOS ONE tooth loss and handgrip strength

PLOS ONE | https://doi.org/10.1371/journal.pone.0236010 July 10, 2020 13 / 14

https://doi.org/10.1371/journal.pone.0197909
https://doi.org/10.1371/journal.pone.0197909
http://www.ncbi.nlm.nih.gov/pubmed/29864112
https://doi.org/10.1007/s00421-011-2216-5
http://www.ncbi.nlm.nih.gov/pubmed/22052103
https://doi.org/10.1161/CIRCULATIONAHA.109.192644
http://www.ncbi.nlm.nih.gov/pubmed/19805654
https://doi.org/10.1249/01.MSS.0000078924.61453.FB
http://www.ncbi.nlm.nih.gov/pubmed/12900694
https://doi.org/10.1007/s00394-016-1293-y
http://www.ncbi.nlm.nih.gov/pubmed/27543189
https://doi.org/10.1001/jamainternmed.2018.0514
http://www.ncbi.nlm.nih.gov/pubmed/29630703
https://doi.org/10.1016/j.maturitas.2014.03.007
http://www.ncbi.nlm.nih.gov/pubmed/24720906
https://doi.org/10.1371/journal.pone.0056483
http://www.ncbi.nlm.nih.gov/pubmed/23437142
https://doi.org/10.1111/j.1532-5415.2012.04115.x
http://www.ncbi.nlm.nih.gov/pubmed/22905696
https://doi.org/10.1177/0022034514537828
https://doi.org/10.1177/0022034514537828
http://www.ncbi.nlm.nih.gov/pubmed/24947899
https://doi.org/10.1097/00041433-200202000-00002
http://www.ncbi.nlm.nih.gov/pubmed/11790957
https://doi.org/10.1017/erm.2013.8
http://www.ncbi.nlm.nih.gov/pubmed/23915822
https://doi.org/10.1038/nature05485
https://doi.org/10.1038/nature05485
http://www.ncbi.nlm.nih.gov/pubmed/17167474
http://www.ncbi.nlm.nih.gov/pubmed/20831852
https://doi.org/10.1093/gerona/59.3.m242
http://www.ncbi.nlm.nih.gov/pubmed/15031308
https://doi.org/10.1093/gerona/glp148
http://www.ncbi.nlm.nih.gov/pubmed/19812256
https://doi.org/10.1016/B978-0-12-385940-2.00004-8
https://doi.org/10.1016/B978-0-12-385940-2.00004-8
http://www.ncbi.nlm.nih.gov/pubmed/21621068
https://doi.org/10.1111/jcpe.12077
http://www.ncbi.nlm.nih.gov/pubmed/23627322
https://doi.org/10.1371/journal.pone.0236010


57. Benguigui C, Bongard V, Ruidavets JB, Chamontin B, Sixou M, Ferrieres J, et al. Metabolic syndrome,

insulin resistance, and periodontitis: a cross-sectional study in a middle-aged French population. J Clin

Periodontol. 2010; 37(7):601–8. https://doi.org/10.1111/j.1600-051X.2010.01571.x PMID: 20492076.

58. Demmer RT, Jacobs DR Jr., Desvarieux M. Periodontal disease and incident type 2 diabetes: results

from the First National Health and Nutrition Examination Survey and its epidemiologic follow-up study.

Diabetes Care. 2008; 31(7):1373–9. https://doi.org/10.2337/dc08-0026 PMID: 18390797; PubMed

Central PMCID: PMC2453650.

59. Li Q, Yin W, Cai M, Liu Y, Hou H, Shen Q, et al. NO-1886 suppresses diet-induced insulin resistance

and cholesterol accumulation through STAT5-dependent upregulation of IGF1 and CYP7A1. J Endocri-

nol. 2010; 204(1):47–56. https://doi.org/10.1677/JOE-09-0278 PMID: 19815588.

60. Giovannini S, Marzetti E, Borst SE, Leeuwenburgh C. Modulation of GH/IGF-1 axis: potential strategies

to counteract sarcopenia in older adults. Mechanisms of ageing and development. 2008; 129(10):593–

601. Epub 2008/09/03. https://doi.org/10.1016/j.mad.2008.08.001 PMID: 18762207; PubMed Central

PMCID: PMC5992490.

61. Maggio M, Lauretani F, Ceda GP. Sex hormones and sarcopenia in older persons. Curr Opin Clin Nutr

Metab Care. 2013; 16(1):3–13. https://doi.org/10.1097/MCO.0b013e32835b6044 PMID: 23222704.

62. Maggio M, Basaria S, Ceda GP, Ble A, Ling SM, Bandinelli S, et al. The relationship between testoster-

one and molecular markers of inflammation in older men. J Endocrinol Invest. 2005; 28(11 Suppl Pro-

ceedings):116–9. PMID: 16760639.

63. Maggio M, Lauretani F, De Vita F, Basaria S, Lippi G, Butto V, et al. Multiple hormonal dysregulation as

determinant of low physical performance and mobility in older persons. Curr Pharm Des. 2014; 20

(19):3119–48. https://doi.org/10.2174/13816128113196660062 PMID: 24050169; PubMed Central

PMCID: PMC5155505.

PLOS ONE tooth loss and handgrip strength

PLOS ONE | https://doi.org/10.1371/journal.pone.0236010 July 10, 2020 14 / 14

https://doi.org/10.1111/j.1600-051X.2010.01571.x
http://www.ncbi.nlm.nih.gov/pubmed/20492076
https://doi.org/10.2337/dc08-0026
http://www.ncbi.nlm.nih.gov/pubmed/18390797
https://doi.org/10.1677/JOE-09-0278
http://www.ncbi.nlm.nih.gov/pubmed/19815588
https://doi.org/10.1016/j.mad.2008.08.001
http://www.ncbi.nlm.nih.gov/pubmed/18762207
https://doi.org/10.1097/MCO.0b013e32835b6044
http://www.ncbi.nlm.nih.gov/pubmed/23222704
http://www.ncbi.nlm.nih.gov/pubmed/16760639
https://doi.org/10.2174/13816128113196660062
http://www.ncbi.nlm.nih.gov/pubmed/24050169
https://doi.org/10.1371/journal.pone.0236010

