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Abstract

The US prevalence of nonalcoholic fatty liver disease (NAFLD) is 30.6% and increasing. NAFLD shares some risk factors with periodontitis
and dental caries. We explored the association between NAFLD and several oral conditions among US adults, using data from the
cross-sectional, nationally representative National Health and Nutrition Examination Survey (NHANES), 1988 to 1994. NAFLD was
assessed with ultrasonography (USON), the screening gold standard not available in the more recent NHANES, and the noninvasive
Fibrosis Score (FS), Fatty Liver Index (FLI), and US Fatty Liver Index (US-FLI) as other screening alternatives. There were 5,421 eligible
dentate adults aged 2| to 74 y with complete relevant data, with transferrin levels <50%, without hepatitis B or C, who were not heavy
drinkers. Multivariable models were developed to examine the independent effects of moderate-severe periodontitis, untreated dental
caries, caries experience, and tooth loss (<20 teeth) on NAFLD while controlling for clinical, biological, and sociodemographic factors.
Weighted estimates for odds ratios (ORs) and 95% Cls were calculated with logistic regression. Between 17% and 24% of adults had
NAFLD depending on the classification criteria. In adjusted models, as compared with those with better oral health, adults with <20
teeth were more likely to have NAFLD depending on the measure (USON: OR = 1.50, 95% Cl = I.1] to 2.02; FS: OR = 4.36, 95%
Cl = 3.47 to 5.49; FLI: OR = 1.99, 95% Cl = 1.52 to 2.59; US-FLI: OR = 2.32, 95% Cl = 1.79 to 3.01). People with moderate-severe
periodontitis were more likely to have NAFLD (USON: OR = 1.54, 95% Cl = 1.06 to 2.24; FS: OR = 3.10, 95% CI = 2.3| to 4.17; FLI:
OR = 1.61, 95% CI = 1.13 to 2.28; US-FLI: OR = 2.21, 95% CIl = .64 to 2.98). People with any untreated caries were more likely to
have NAFLD (USON: OR = 1.51, 95% Cl = 1.20 to 1.90; FLI: OR = 1.80, 95% CI = 1.33 to 2.44). NAFLD was associated with tooth loss,
periodontitis, and, for some NAFLD measures, untreated dental caries but not overall caries experience after controlling for several key
sociodemographic and behavioral factors. Results suggest that further evaluation is needed to better understand this health—oral health
interrelationship and potential opportunities for medical-dental integration.
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Introduction etal. 2016). A study with a murine model showed that injecting
) ) ) ) ) mice with a Streptococcus mutans strain, a causative factor in
Nonalcoholic fatty liver disease (NAFLD) is the excessive dental caries, and feeding them a high-fat diet could induce or

lipid a.ccumulation ‘in the liver not due to excess alcohol con- expedite liver fibrosis and NASH (Naka et al. 2014; Naka et al.
sumption. NAFLD is the most common chronic liver disease in 2018)

the United States; adult prevalence from 2011 to 2012 was esti-
mated to be 30.6% and increasing (Ruhl and Everhart 2015).
About 24% of the population worldwide is potentially affected
(Younossi et al. 2016). The prevalence is higher among those

Several hypotheses link NAFLD and periodontitis, through
periodontal pathogens, inflammatory mediators, and oxidative
stress (Han et al. 2016). Porphyromonas gingivalis was found
in higher frequencies in patients with NAFLD than in non-

with type 2 diabetes, obesity, and hyperlipidemia (Younossi NAFLD controls (Yoneda et al. 2012). In the population-based
et al. 2016; Le et al. 2017). People with NAFLD can progress

to nonalcoholic steatohepatitis (NASH) and NASH-related
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Figure I. Number of individuals meeting eligibility criteria for analytic sample. NHANES Ill, National Health and Nutrition Examination Survey (1988

to 1994).

cohort Study of Health in Pomerania, NAFLD incidence
increased in participants with prior elevated periodontal clini-
cal attachment loss (Akinkugbe et al. 2017). Other investiga-
tors found a significant relationship between liver steatosis and
periodontitis, especially among people with advanced rather
than mild liver disease (Alazawi et al. 2017).

NAFLD and NASH are diagnosed in several ways. A liver
biopsy is the most definitive, but it is invasive and costly, can
have complications, and is not used for screening purposes.
Ultrasonography (USON) has become the standard noninva-
sive diagnostic method, but this imaging technique is not fea-
sible or available for most population-based field studies.
Other approaches have been developed through a combination
of demographic and clinical and/or laboratory variables, such
as liver enzymes, to construct an algorithm for low-cost screen-
ing purposes.

We had 2 aims for this secondary data analysis: first, to
explore the association between NAFLD and the prevalence of
periodontitis, dental caries, and permanent tooth loss among a
nationally representative sample of US adults, controlling for
selected potential confounders; second, to determine if the
same NAFLD associations with oral health status with USON
are found with other noninvasive screening methods of catego-
rizing NAFLD.

Methods
Study Population

Data from the cross-sectional National Health and Nutrition
Examination Survey, 1988 to 1994 (NHANES III), were ana-
lyzed because USON information is only available for these

years. In our study, we included dentate persons aged 21 to 74y
with USON rated as “confident” or “absolute” based on
NHANES 1II criteria (Centers for Disease Control and
Prevention 2011). Participants were excluded if they had an
incomplete dental examination, had not been fasting (required
for some laboratory measurements), or had other etiologies for
liver disease (e.g., classified with “significant alcohol con-
sumption” [Chalasani et al. 2012], or had hepatitis B/C).
People who had transferrin >50% were not part of the study
sample, because excessive iron from hereditary hemochroma-
tosis can lead to liver dysfunction and fibrosis (Cheng et al.
2009). See Figure 1 for selection details. Survey participants
provided written informed consent, and additional details
regarding NHANES III are located elsewhere (Centers for
Disease Control and Prevention 2017b).

Sociodemographic Variables

Demographic characteristics, such as age, sex, education, race/
ethnicity, and marital status, were obtained from the NHANES
IIT household interview. Categorizations of these variables are
shown in Table 1.

Poverty status categories were determined by comparing
the ratio of family income with the US Department of Health
and Human Services’ federal poverty guidelines (Dye et al.
2017).

Clinical and Behavioral Variables

Based on the average of 3 measures, hypertension was diag-
nosed if systolic blood pressure was >130 mm Hg or diastolic
blood pressure was >85 mm Hg. A person was considered



Oral Diseases Associated with NAFLD in the US 1221

Table I. Distribution of Demographic, Behavioral, Clinical, and Oral Health Characteristics in Analytic Sample: NHANES Il (1988 to 1994).

% (SE) or Mean + SE

All USON Positive FS > —1.455 FLI > 30 US-FLI > 30
(N =5,421) (n=1,030, 17%) (n= 1,337, 24%) (n= 1,089, 24%) (n =794, 22%)
Demographic characteristics
Age, y
21 to 39 56.56 (1.25) 12.44 (1.20) 6.67 (0.75) 17.85 (1.44) 12.89 (1.44)
40 to 59 31.68 (1.13) 21.93 (1.80) 36.16 (1.49) 30.30 (2.26) 29.08 (2.07)
60 to 74 11.76 (0.75) 23.84 (2.20) 72.98 (2.29) 32.18 (1.85) 39.66 (2.73)
Sex
Female 52.14 (0.99) 20.56 (1.72) 22.49 (1.17) 2941 (2.11) 28.38 (1.78)
Male 47.86 (0.99) 13.32 (1.04) 25.68 (1.37) 18.11 (1.03) 16.52 (1.54)
Race/ethnicity
Non-Hispanic White 75.41 (1.36) 16.44 (1.12) 25.08 (1.02) 23.39 (1.63) 21.28 (1.66)
Non-Hispanic Black 11.19 (0.75) 12.17 (1.24) 26.86 (1.90) 26.40 (1.44) 13.59 (1.25)
Mexican American 6.17 (0.56) 24.63 (2.25) 15.10 (1.16) 28.02 (1.59) 41.60 (2.77)
Other race® 7.23 (1.01) 20.86 (4.22) 18.12 (3.02) 18.21 (2.78) 26.64 (4.74)
Education
Less than high school 18.54 (1.19) 21.48 (2.11) 30.99 (2.03) 31.19 (1.70) 30.34 (2.14)
High school/GED or equivalent 34.26 (0.96) 17.75 (1.69) 26.37 (1.85) 25.02 (1.99) 26.19 (2.03)
More than high school 47.2 (1.36) 14.25 (1.43) 19.82 (1.34) 19.52 (1.43) 16.09 (1.63)
Marital status: married 64.88 (1.09) 19.18 (1.31) 25.89 (1.10) 26.06 (1.74) 24.61 (1.68)
Poverty status, FPG
<100% 11.31 (0.86) 16.41 (1.88) 22.69 (2.30) 26.43 (2.50) 23.49 (2.55)
100% to 199% 20.13 (1.24) 17.69 (2.14) 24.45 (2.43) 26.62 (1.94) 26.72 (2.36)
>200% 68.56 (1.50) 16.80 (1.25) 23.88 (1.25) 22.31 (1.78) 20.38 (2.01)
Behavioral and clinical characteristics
Hypertension 27.45 (1.13) 27.50 (2.22) 44.29 (2.30) 41.93 (1.94) 38.33 (2.19)
Diagnosed diabetes 15.86 (0.85) 34.96 (2.63) 73.72 (2.09) 50.54 (3.22) 62.09 3.11)
Abnormal HDL 40.11 (1.41) 24.30 (1.96) 29.57 (1.73) 40.09 (2.37) 36.13 (2.62)
Elevated triglycerides 25.39 (1.32) 34.19 (2.32) 33.08 (2.43) 56.52 (2.89) 49.47 (2.96)
Elevated fasting glucose 24.10 (0.98) 30.66 (2.32) 58.18 (1.90) 43.65 (2.90) 49.63 (2.85)
Elevated AST 3.72 (0.48) 42.19 (4.66) 27.02 (3.63) 48.81 (3.45) 50.78 (4.96)
Elevated ALT 5.18 (0.56) 46.05 (4.65) 17.82 (3.07) 50.92 (4.81) 65.82 (6.04)
AST/ALT 1.40 + 0.03 1.13+0.03 1.62 + 0.06 1.12+0.03 1.07 + 0.03
Platelet count 268.70 £ 2.70 267.78 £ 5.90 232.79 £ 2.74 266.63 + 3.24 262 +3.86
Serum albumin, g/dL 4.19 £ 0.02 4.18 £0.03 4.02 £ 0.02 4.10 £ 0.02 4.09 £ 0.02
Smoker
Current 26.49 (1.03) 15.45 (1.84) 18.64 (1.84) 23.52 (2.25) 18.25 (2.33)
Former 23.48 (0.81) 21.86 (2.06) 34.53 (1.44) 3241 (3.23) 35.46 (3.14)
Never 50.03 (1.18) 15.11 (1.04) 22.09 (1.57) 19.35 (1.20) 17.02 (1.24)
BMI
<25 45.37 (1.21) 6.83 (0.85) 13.14 (1.53) 0.42 (0.09) 2.47 (0.53)
>25 to <30 33.43 (0.90) 16.21 (1.29) 25.87 (1.70) 19.27 (1.63) 21.46 (2.05)
>30 21.21 (1.03) 39.00 (2.55) 43.93 (2.91) 78.21 (2.05) 63.83 (2.69)
Central obesity” 32.51 (1.06) 32.54 (1.95) 43.70 (2.08) 57.54 (2.04) 49.34 (2.34)
Oral health characteristics
Caries experience 94.54 (0.62) 16.87 (1.08) 24.45 (0.89) 23.37 (1.40) 22.07 (1.50)
Untreated dental caries 27.38 (1.24) 20.45 (1.52) 27.42 (2.05) 32.90 (2.25) 28.32 (2.29)
DMFT 11.96 £0.18 13.21 £0.39 16.01 £0.26 13.24 £ 0.31 14.32 £ 0.36
DFT 8.75+0.18 8.62 +0.30 9.61 +0.29 838+ 0.21 8.85 +0.27
DMFS 36.96 + 0.75 43.86 + 1.86 57.41 + 1.34 4469 £ 1.6 50.30 + 1.78
DFS 21.48 +0.58 2188+ 1.16 26.76 + 0.94 21.38 +0.69 24.08 + 1.12
DS 1.66 +0.11 2.18+0.31 1.74+0.18 2.34+0.26 2.01 £0.24
DS/DFS 13.03 (0.79) 14.77 (1.61) 13.49 (1.45) 18.34 (1.32) 16.20 (1.31)
No. of permanent teeth 2436 +0.11 22.96 + 0.31 21.30+0.34 22.77 + 032 2222 +0.28
<20 permanent teeth 12.85 (0.66) 26.06 (2.68) 54.41 (2.41) 39.75 (3.28) 41.08 (3.21)
Gingival recession, mm 0.21 +£0.01 0.33 +0.04 0.46 + 0.03 0.31 £0.04 0.37 +£0.03
Pocket depth, mm 1.45 + 0.02 1.54 +0.03 1.49 + 0.03 1.52+0.03 1.51 +£0.03
Loss of attachment, mm 1.00 + 0.03 1.23 +0.07 1.51 +0.05 1.24 + 0.06 1.35+0.06
Periodontal disease 12.26 (1.01) 25.08 (2.39) 38.63 (2.62) 37.28 (2.77) 34.42 (3.01)
Moderate or severe periodontitis 8.82 (0.52) 27.32 (4.29) 45.88 (2.92) 36.42 (3.99) 39.85 (3.13)

ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; DFS, decayed and filled surfaces; DFT, decayed and filled teeth;
DMFS, decayed, missing and filled surfaces; DMFT, decayed, missing and filled teeth; DS, decayed surfaces; FLI, Fatty Liver Index; FPG, federal poverty
guideline; FS, Fibrosis Score; GED, General Education Diploma; HDL, high-density lipoprotein; NHANES, National Health and Nutrition Examination
Survey; US-FLI, US Fatty Liver Index; USON, ultrasonography.

Column % in “All” column; row % in others.

*Including multiracial.

®Waist circumference.
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diabetic if diagnosed as diabetic, if she or he was taking insulin
or medication for diabetes, if the fasting plasma glucose was
>126 mg/dL, or if the nonfasting plasma glucose (first or sec-
ond venipuncture) was >200 mg/dL. Abnormal HDL (high-
density lipoprotein) cholesterol was <40 mg/dL for men or <50
mg/dL for women. Serum triglycerides level was considered
elevated if >150 mg/dL. AST (aspartate aminotransferase) >37
U/L for men or >31 U/L for women was treated as elevated
AST; similarly, ALT (alanine aminotransferase) >40 U/L for
men or >31 U/L for women was considered elevated. Cigarette
smoking was categorized as current, never, and former. Body
mass index (BMI; kg/m?) was grouped into 3 categories: nor-
mal, overweight, and obese (Centers for Disease Control and
Prevention 2017a), and central obesity was defined as waist
circumference >102 cm for men and >88 cm for women.

NAFLD Definitions

NAFLD was assessed with 4 criteria: USON and 3 algorithms
with noninvasive measures (Appendix Table 1).

The gold standard was based on the USON examination.
NAFLD was deemed present if the hepatic steatosis assess-
ment was moderate-severe. The technical and clinical methods
are documented elsewhere (Westat Inc. 1988).

The Fibrosis Score (FS; Angulo et al. 2007) was calculated
with an algorithm that includes 6 variables (age, BMI, hyper-
glycemia as a measure of diabetes, platelet count, the liver
enzymes AST/ALT ratio, and albumin). A value < —1.455 is
considered the absence of significant fibrosis and >0.676 the
presence of significant fibrosis. The cut point > —1.455 was
used in this analysis to categorize intermediate and advanced
fibrosis. The FS is designed to detect advanced fibrosis and has
an indeterminate area between cut points.

The Fatty Liver Index (FLI) was developed in Italy as a
simple way to use routine clinical and laboratory measures to
identify patients at greater risk for fatty liver for further evalu-
ation and lifestyle counseling (Bedogni et al. 2006). The algo-
rithm uses 4 variables: BMI, waist circumference, triglycerides,
and gamma-glutamyl-transferase. The FLI varies between 0
and 100, and the cut point of <30 is used to rule out fatty liver and
>60 to rule it in (Bedogni et al. 2006). We used the <30 cut
point in this analysis.

The US Fatty Liver Index (US-FLI; Ruhl and Everhart
2015) was developed for better prediction than the FLI in a
multiethnic population such as the United States. It incorpo-
rates race/ethnicity and age, which are not included in the FLI,
and a different set of biomarkers. A score >30 is considered
NAFLD for the US-FLI.

Oral Health Variables

Dental caries experience was defined as >1 decayed or filled
permanent tooth surfaces and untreated dental caries as having
any decayed permanent tooth surfaces. Permanent tooth loss
experience, excluding third molars, was categorized as <20
teeth versus >20 teeth, as this number of teeth has been

considered necessary for a functional occlusion (Gotfredsen
and Walls 2007). The prevalence of moderate periodontitis was
defined as >2 teeth with loss of attachment >4 mm at inter-
proximal sites or >2 teeth with pocket depth >5 mm at inter-
proximal sites. Severe periodontitis was defined as >2 teeth
with loss of attachment >6 mm at interproximal sites and >1
teeth with pocket depth >5 mm at interproximal sites. For this
study, moderate and severe were combined. Details of the den-
tal caries and periodontal measurements can be found else-
where (Drury et al. 1996; Page and Eke 2007).

Statistical Analysis

Descriptive analyses were conducted to calculate estimates
and standard errors with Taylor series linearization. Indicator
variables were used for coding hypertension, diabetes, and
other elevated markers; most laboratory measures were ana-
lyzed as continuous variables. Unadjusted and adjusted multi-
variable logistic regression models were developed to examine
the relationship among oral health variables (moderate-severe
periodontitis, untreated caries, caries experience, and tooth
loss) while controlling for sociodemographic factors, with the
NAFLD condition as the outcome. Odds ratios (ORs) and 95%
ClIs were calculated with logistic regression.

Our modeling approach began with developing unadjusted
models, followed by including all the covariates in multivari-
able models (full models). Last, we used a backward selection
procedure to produce final models containing only significant
covariates (P < 0.05) associated with the 4 NAFLD measures.
Receiver operating characteristic (ROC) curves were calcu-
lated to the 3 NAFLD algorithms to the USON findings. The
ROC curve graphs the true-positive (sensitivity) and false-
positive (1 — specificity) rates on the y- and x-axes, respectively,
with area under the curve calculated. All the analyses were
conducted in SAS 9.4 software with the Survey Procedures
(SAS Institute Inc.) and STATA 15.1 (StataCorp) incorporating
survey design and sample weight variables as appropriate.

Results

Population Characteristics

The characteristics of the population studied (N = 5,421) are
shown in Table 1. Just over half (57%) were 21 to 39 y old,
32%, 40 to 59 y; and 12%, 60 to 74 y. About half (52%) were
women. The majority (75%) were non-Hispanic White; 11%,
non-Hispanic Black; 6%, Mexican American; and 7%, “other.”
The majority (81%) had at least a high school education. Sixty-
eight percent were >200% of federal poverty guidelines. About
a fourth of the population was diagnosed with hypertension,
elevated triglycerides, and elevated fasting glucose and was a
current smoker. Among participants, 16% had diabetes, 21%
were considered obese; and 33% had excessive waist
circumference.

Twenty-seven percent had untreated dental caries, and 13%
had <20 permanent teeth. The mean numbers of permanent
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Figure 2. Odds ratios and 95% Cls for variables in final logistic regression models for tooth loss, periodontitis, and untreated dental caries with the
use of different nonalcoholic fatty liver disease measures. FLI, Fatty Liver Index; FS, Fibrosis Score; GED, General Education Diploma; HS, high school;

US-FLI, US Fatty Liver Index; USON, ultrasonography.

teeth and decayed and filled teeth were 24.36 and 8.75, respec-
tively. The prevalence of moderate or severe periodontal dis-
ease was 9%. The USON prevalence of NAFLD was 17% but
was higher when assessed by the algorithms, ranging from
22% (US-FLI) to 24% (FLI and FS).

Relationships between NAFLD
and Each Oral Health Measure

Figure 2 shows the ORs and 95% Cls for the oral health mea-
sures and covariates in the final regression models for the
NAFLD assessments, graphed as forest plots. The significant
ORs for the models are summarized in Table 2. In the United
States, NAFLD as determined by USON was associated with
untreated dental caries (OR = 1.51, 95% CI = 1.20 to 1.90),
moderate or severe periodontitis (OR = 1.54, 95% CI = 1.06 to
2.24), and having <20 teeth (OR =1.50, 95% CI =1.11 to 2.02)
but not overall caries experience. The findings were similar per
the FLI, with slightly higher ORs and wider CIs. When NAFLD
was determined with the US-FLI and FS, there were significant
relationships with moderate or severe periodontitis (OR =2.21,

95% CI=1.64 t0 2.98, and OR =3.10, 95% CI =2.31 to 4.17,
respectively) and with <20 teeth present (OR =2.32, 95% CI =
1.79 to 3.01, and OR = 4.36, 95% CI = 3.47 to 5.49, respec-
tively) but not with dental caries (caries experience or untreated
caries).

Relationships between Demographic Covariates
and NAFLD Measures

The Appendix Tables show the progression from unadjusted
models to full models, including all covariates and then
removal of insignificant covariates to produce the final mod-
els. For USON (Appendix Table 2), smoking was associated
with NAFLD in 4 of 5 unadjusted models, but the association
disappeared in those full model groups, remaining insignifi-
cant in final models. Being non-Hispanic Black was also asso-
ciated with NAFLD but in the opposite direction as smoking.
Both followed similar patterns: significant in unadjusted mod-
els, not significant in multivariate models. Generally, being
older, male, Mexican American, and unmarried was associated
with NAFLD (USON) in unadjusted models and remained
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Table 2. NAFLD Final Models and Oral Health Indicators.

Oral Health Status

<20 Permanent Teeth

Prevalence of Moderate or Severe
Periodontitis

Prevalence of Untreated Caries (=1 DS)

NAFLD Assessments OR LCI UcCl OR LCI ucCl OR LCI UCI
USON 1.50 .11 2.02 1.54 1.06 2.24 1.51 1.20 1.90
FS 4.36 347 5.49 3.10 231 4.17 — — —
FLI 1.99 1.52 2.59 1.61 .13 2.28 1.80 1.33 2.44
US-FLI 2.32 1.79 3.01 221 1.64 2.98 — — —

Dashes (—) indicate not statistically significant at P < 0.05.

DS, decayed surfaces; FLI, Fatty Liver Index; FS, Fibrosis Score; LCI, lower 95% ClI; NAFLD, nonalcoholic fatty liver disease; OR, odds ratio; UCI, upper

95% CI; US-FLI, US Fatty Liver Index; USON, ultrasonography.

Table 3. ROC Analysis Comparing Ultrasonography Assessment with Other NAFLD Assessments.

Correctly
Criteria AUROC SE 95% Cl Sensitivity, %  Specificity, %  Classified, % PPV, % NPV, %
FS 0.57 0.0l 0.56 to 0.59 39.18 76.12 69.12 27.75 84.25
FLI 0.69 0.01 0.68 to 0.72 59.68 79.81 75.94 41.32 89.26
US-FLI 0.72 0.0l 0.71 to 0.75 64.31 81.55 78.18 45.84 90.39

AUROC, area under the receiver operating characteristic; FLI, Fatty Liver Index; FS, Fibrosis Score; NAFLD, nonalcoholic fatty liver disease; NPV,
negative predictive value; PPV, positive predictive value; ROC, receiver operating characteristic; US-FLI, US Fatty Liver Index.

significant in the final multivariate models for all 4 groups. For
3 algorithm-derived NAFLD screening tools, low education,
unmarried status, and smoking remained significant in the final
models; however, being Mexican American remained signifi-
cant in the final FS model, whereas being male remained asso-
ciated with NAFLD in the FLI and US-FLI final models.

Relationship among NAFLD Measures

ROC curves are shown in the Appendix Figure. The area under
the ROC curve (Table 3) was least for the FS (0.57), greater for
the FLI (0.69), and greatest for the US-FLI (0.72). The FLI and
US-FLI areas under the curve were significantly different from
that of the FS. Thus, if USON is not available, the US-FLI
provides the best NAFLD diagnostic estimate of these 3 other
noninvasive assessments in the US population.

Discussion

We found significant associations between moderate-severe
periodontitis and tooth loss with all 4 NAFLD assessments,
though only 2 assessments were associated with untreated den-
tal caries. More important, the best performing of the 3 screen-
ing alternatives to USON, the US-FLI, was unable to show an
association with untreated dental caries. This raises an impor-
tant question for public health researchers: the selection of the
screening tool and how that may affect any potential predictive
explanatory variables being assessed—in this case, oral health
variables. Our findings suggest that choosing the best screen-
ing assessment (US-FLI) would result in an inability to explore
a potential relationship between NAFLD and dental caries,

when we know that an association exists with the standard
USON. Choosing a slightly less predictive screening assess-
ment (e.g., FLI) would enhance the researcher’s ability to
ascertain an association between NAFLD and dental caries.
There may be more misclassification with the algorithmic
screening tools than with ultrasound, as more variability is
introduced with each risk marker.

The analytic sample was limited to those 21 to 74 y old with
complete data for key explanatory variables. The greatest num-
ber of people were excluded because an USON assessment
was not available. A comparison of this age group in the ana-
lytic sample with those excluded indicated no substantial dif-
ferences by sex, but the mean age of the analytic sample was
older, and there were some differences by race/ethnicity, with
more non-Hispanic Blacks and Mexican Americans in the sam-
ple. The US-FLI is the only NAFLD assessment that includes
race/ethnicity in the algorithm. This factor may explain the bet-
ter fit of this measure.

In a systematic review, there was a significant association
between NAFLD and clinical microbial periodontal parame-
ters in 11 of 12 studies (Alakhali et al. 2018). Qiao and col-
leagues (2018) found a positive association between NAFLD
and self-reported categories of tooth loss in males but not
females. In our study, there was a greater odds of tooth loss
positively associated with NAFLD in men than women with 3
of the 4 NAFLD measures.

Other investigators have noted the higher fatty liver preva-
lence among men as compared with women and among
Mexican Americans as compared with non-Hispanic Whites,
with a lower prevalence among non-Hispanic Blacks as com-
pared with non-Hispanic Whites in the United States (Ruhl and
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Everhart 2015). However, the prevalence among Hispanics
varies with country of origin (Fleischman et al. 2014). Risk can
also vary by disease severity—for example, male sex and
Mexican American ethnicity have been identified as risk fac-
tors for NAFLD but not advanced fibrosis (Le et al. 2017).

Although USON is a well-accepted technique, the sensitiv-
ity and specificity can vary depending on the operator, the
presence of obesity, and the extent of steatosis (Ballestri et al.
2017). Because USON is limited in its ability to detect inflam-
mation (Li et al. 2018), there are newer diagnostic imaging
tests available, such as transient elastography, magnetic reso-
nance elastography, resonance-based fat quantitative tech-
niques, and ultrasound elastography, though each has
limitations, including cost and clinical availability (Li et al.
2018; Younossi et al. 2018). Comparisons of diagnostic perfor-
mance of some of the different noninvasive NAFLD methods
have been made (Shah et al. 2009; McPherson et al. 2010;
Aykut et al. 2014; Cui et al. 2015) with results varying depend-
ing on the stage of the disease process (Aykut et al. 2014).
Another panel of biomarkers, the Fibrosis-4 score (Sterling
et al. 2006), had better areas under the ROC as compared with
other noninvasive fibrosis panels but was not significantly dif-
ferent from the FS (Shah et al. 2009). More important, the non-
invasive tests generally have a higher negative predictive value
than positive predictive value and are better at screening to
exclude people with advanced fibrosis among those with
NAFLD (McPherson et al. 2010). Since effective therapeutic
treatment is lacking, general screening for people without
other NAFLD risk factors, such as type 2 diabetes or metabolic
syndrome, is not recommended (Chalasani et al. 2012;
European Association for the Study of the Liver et al. 2016).

The associations found have implications for health care, as
oral conditions may be part of the constellation of either risk
factors or consequences of NAFLD, or both. Many people do
not know if they have NAFLD. As dentists gain access to med-
ical records with the demographic and laboratory information
needed for input into algorithmic NAFLD screening tools, they
will have the potential means to evaluate NAFLD risk factors
and refer patients for medical assessment as necessary.
Conversely, our findings suggest that primary care providers
whose patients have NAFLD may want to advise them to see
their dentist and hygienist because of NAFLD associations
with poor oral health status.

Strengths and Limitations

Our study has several strengths. NHANES III is a large,
nationally representative study. People are selected randomly,
not on the basis of any preexisting disease or condition, from
a variety of geographic areas. Many clinical and biological
variables were available, including NAFLD and clinically
determined oral health measures, a rare combination. The den-
tal caries data are high quality, since the examination is com-
prehensive, and dental examiners are trained and calibrated.
There was masking in the sense that no examiners knew who
had NAFLD.

The gold standard used was USON; thus, “fibrosis” was not
confirmed by liver biopsy. We used 3 widely reported assess-
ment algorithms for NAFLD, which are noninvasive screening
tools with differing diagnostic utility. We explored how using
these screening tools would affect associations between
NAFLD and oral conditions when imaging or other more
expensive methods were not available for epidemiologic stud-
ies, and we found some differences regarding caries. We used
older data since USON measurements were not obtained in the
more recent NHANES.

Children and adults aged >75 y did not receive USON,
which limits the generalizability of our analysis with respect to
our youngest and oldest populations. The oral conditions stud-
ied and NAFLD prevalence all increase with age (Dye et al.
2007; Chalasani et al. 2012). NHANES III used only a partial
mouth design for periodontal assessments. We know that this
substantially underestimates the prevalence of periodontal dis-
ease (Eke et al. 2010). Although NAFLD and oral diseases
share common risk factors, it was not the primary aim of this
study to tease out specific predictors or pathways to better
explain causality or directionality. Variables known to be asso-
ciated with periodontal disease, such as diabetes, were included
in >1 algorithms and thus could not be used as independent
variables. Many potential explanatory factors were not
included, such as cariogenic or periodontal pathogens or sugar
consumption, because information was not available, limited,
or not useful.

Conclusion

In this study based on a large, representative US population,
NAFLD was significantly associated with tooth loss, moderate
to severe periodontitis, and, for some NAFLD measures,
untreated caries, after adjusting for several key sociodemo-
graphic factors. The US-FLI provided information in greater
agreement with the USON measure than the FS or FLI. Our
findings emphasize the importance of understanding the con-
nections between diseases in the oral cavity and other organ
systems.

Given that NAFLD prevalence is increasing, studies with
contemporary data are needed to better understand its relation-
ship to oral health. Results suggest another oral-systemic link
and potential opportunities for medical-dental integration.
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