
Appendix 2 (as submitted by the authors): Statistical analysis 

Conditional logistic regression on the relationship between temporomandibular disorder 

(TMD) and gastroesophageal reflux disease (GERD) 

Primary analyses were conducted with missing data imputed by multiple imputation. Five 

datasets with replacement data were generated using logistic regressions with the variables 

except for the one being imputed being utilized as predictors. These datasets were pooled to 

produce the final results for the analysis. Multivariable analyses were adjusted for demographic 

characteristics including age (continuous variable), sex (man, woman), body mass index 

(continuous variable), residence (rural, urban), marital background (never married, 

married/divorced/widowed), years of schooling (> 12 years, ≤ 12 years), alcohol intake 

(none/moderate, heavy), smoking background (never/former, current), tea intake 

(none/monthly, weekly or more) and coffee intake (none/monthly, weekly or more). Teeth 

clenching/grinding during sleep and teeth clenching/grinding during waking hours were also 

included as potential confounders in regression analyses. We performed conditional logistic 

regression to estimate odds ratio and 95% confidence interval for TMD related to GERD. To 

further evaluate the association between TMD and GERD with different durations, conditional 

logistic regression was performed again with GERD with different durations being regarded as 

categorical variable: without GERD, GERD with a duration ≤ 5 years, GERD with a duration > 

5 years. 

Mediation analysis on the association between GERD and TMD 

Mediation analysis was used to test hypothesis that an antecedent variable X exerts its 

effects on a resultant variable Y. Mediation analysis may be conducted even if causality cannot 

be established because of the limitations of study design and data collection.1 The simple 

mediation model, the foundation of mediation models, is shown in Appendix Figure 2.1.1 
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Appendix Figure 2.1. A conceptual diagram indicating a simple mediation model 

As shown in Appendix Figure 2.1, the antecedent variable X is hypothesized to be affecting 

a resultant variable Y via a single mediator variable M. In this model, X can affect Y via two 

pathways. The first pathway, called the direct effect of X on Y, proceeds from X to Y without 

the effect of M. The second pathway is the indirect effect of X on Y via M. The total effect is 

the summation of the indirect and direct effects.1 

Primary mediation analysis was conducted with complete cases. The mediation 

proportions of somatization, anxiety, depression and undermined sleep on the association 

between GERD and TMD were identified by mediation analyses using the PROCESS 

Procedure, with 5,000 bias-corrected bootstrap samples for confidence intervals.2 A 95% 

confidence interval that does not contain zero supports a potential mediator.2 Four mediation 

paths were examined using PROCESS Model 4: 1) GERD → somatization → TMD, 2) GERD 

→ anxiety → TMD, 3) GERD → depression → TMD, and 4) GERD → undermined sleep →

TMD. For each mediation model with TMD as the dependent factor and GERD as the

independent factor, the following variables were incorporated as covariates: age (continuous

variable), sex (man, woman), body mass index (BMI, continuous variable), residence (rural,

urban), marital background (never married, married/divorced/widowed), years of schooling (>

12 years, ≤ 12 years), alcohol intake (none/moderate, heavy), smoking background

(never/former, current), tea intake (none/monthly, weekly or more), coffee intake

(none/monthly, weekly or more), teeth clenching/grinding during sleep (no, yes), and teeth

clenching/grinding during waking hours (no, yes). To examine the mediation proportions of

somatization, anxiety, depression and undermined sleep, the scores of the questionnaires were



analyzed as continuous parameters. Take somatization for example, the scores of the 15-item 

Patient Health Questionnaire (PHQ-15) were analyzed as continuous parameters. Detailed 

settings of the PROCESS interface are shown in the following screenshot. 
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In the sensitivity analyses, missing data (25 values of BMI) were imputed by mean value 

imputation. Similar results were yielded compared to the primary analyses: somatization, 

anxiety and undermined sleep mediated 14%, 11% and 10% of the association between TMD 

and GERD, respectively; depression was not a mediator of the association. Details are shown 

in the following table. 

Table. Sensitivity analyses with missing data imputed by mean value imputation: mediation 

analysis† of the association between GERD and TMD. 

Mediator 
Indirect effect 

(95% CI) 
Direct effect 

(95% CI) 
Coefficient 
(95% CI) 

Somatization 0.128 (0.071-0.199) 
0.798 (0.452-1.143) 

P < 0.001 
0.058 (0.044-0.072) 

P < 0.001 

Anxiety 0.100 (0.053-0.164) 
0.817 (0.473-1.161) 

P < 0.001 
0.051 (0.030-0.072) 

P < 0.001 

Depression 0.034 (-0.004-0.083) 
0.871 (0.528-1.214) 

P < 0.001 
0.014 (-0.003-0.031) 

P = 0.1 

Undermined sleep 0.090 (0.047-0.148) 
0.821 (0.477-1.165) 

P < 0.001 
0.047 (0.025-0.069) 

P < 0.001 

Note: CI = confidence interval, GERD = gastroesophageal reflux disease, TMD = 
temporomandibular disorder. 

*Values in these columns are numbers (percentages) of subjects.
†Adjusted for age, sex, residence, body mass index, education, marital status, smoking status,
alcohol consumption, tea consumption, coffee consumption, teeth clenching/grinding during
sleep and teeth clenching/grinding during waking hours.
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