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Research Reports: Clinical

Introduction
Since its description in the early 21st century (Richards and 
Brofeldt 2000; Shaner 2002), the phenomenon of “meth 
mouth” has captured the public’s imagination and the attention 
of dental and substance abuse specialists. Anchored in clinical 
encounters with methamphetamine (MA) users, a substantial 
body of case reports, case series, and small cohort studies 
describe the rampant dental caries associated with MA use 
(Shaner 2002; Mallatt 2005; Saini et al. 2005; Shaner et al. 
2006; Goodchild et al. 2007; Cretzmeyer et al. 2007; Padilla 
and Ritter 2008). Several reports have utilized the attention-
grabbing imagery of extreme examples to support the “meth 
mouth” moniker: narratives that allow the reader to vicariously 
learn about the phenomenon but that perpetuate an exaggerated 
impression not reflective of the entire range of the condition 
(Diago 2003; Donaldson and Goodchild 2006; Linnemann and 
Wall 2013). The small sample sizes, lack of methodological 
rigor, and the inherent reporting biases all raise questions about 
the reliability, validity, and representativeness of the existing 
meth mouth literature. Because of the weak evidentiary basis, 
some (Shafer 2005; Murakawa 2011) have even questioned the 

depiction of the meth mouth phenomenon, labeling it more an 
exaggerated claim rather than a scientific fact.

The relative lack of scientifically rigorous investigations 
can be attributed, in large part, to the complexities of conduct-
ing clinical studies in substance-using populations. MA users 
are prone to chaotic lifestyles, and much effort is required to 
recruit an adequate sample size within a reasonable timescale 
and budget. Furthermore, longitudinal investigations of oral 
health in MA users require specialized personnel and settings 
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Abstract
Methamphetamine (MA) users are assumed to have a high burden of tooth decay. Less clear is how the distribution and severity of 
dental caries in MA users differ from the general population. Using a covariate-balancing propensity score strategy, we investigated the 
differential effects of MA use on dental caries by comparing the patterns of decayed, missing, and filled teeth in a community sample 
of 571 MA users with a subset of 2,755 demographically similar control individuals selected from a National Health and Nutrition 
Examination Survey (NHANES) cohort. Recruited over a 2-y period with a stratified sampling protocol, the MA users underwent 
comprehensive dental examinations by 3 trained and calibrated dentists using NHANES protocols. Propensity scores were estimated 
with logistic regression based on background characteristics, and a subset of closely matched subjects was stratified into quintiles for 
comparisons. MA users were twice as likely to have untreated caries (odds ratio [OR] = 2.08; 95% confidence interval [95% CI]: 1.55 
to 2.78) and 4 times more likely to have caries experience (OR = 4.06; 95% CI: 2.24 to 7.34) than the control group of NHANES 
participants. Additionally, MA users were twice as likely to have 2 more decayed, missing, or filled teeth (OR = 2.08; 95% CI: 1.29 to 
2.79) than the NHANES participants. The differential involvement of the teeth surfaces in MA users was quite distinctive, with carious 
surface involvement being highest for the maxillary central incisors, followed by maxillary posterior premolars and molars. Users 
injecting MA had significantly higher rates of tooth decay compared with noninjectors (P = 0.04). Although MA users experienced 
decayed and missing dental surfaces more frequently than NHANES participants, NHANES participants had more restored surfaces, 
especially on molars. The high rates and distinctive patterns of dental caries observed could be used 1) to alert dentists to covert MA 
use in their patients and 2) as the basis for comprehensive management strategies.

Keywords: methamphetamine use, high rates, distinctive patterns, propensity score matching, NHANES controls, epidemiology
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as well as resource-intensive tracking strategies. In such popu-
lations, cross-sectional studies offer an appealing alternative: a 
strategy that we have utilized successfully to verify the high 
burden of dental disease in a broad spectrum of MA users 
(Shetty et al. 2010; Shetty et al. 2015). However, left unan-
swered was the following question: How do the patterns and 
rates of dental disease in MA users differ from the general 
population? Inferences from cross-sectional studies are notori-
ously prone to confounding and selection bias arising from 
fundamental differences in baseline characteristics between 
MA users and nonusers. Advances in statistical methodology, 
such as propensity scoring, now offer pathways to address the 
covariate imbalance between the groups and minimize the 
effects of confounding (Rosenbaum and Rubin 1983, 1984).

The primary goal of this study was to use a covariate- 
balancing propensity score strategy (Harrell et al. 2016) to 
examine the differential effects of MA use on dental caries. 
Specifically, we compared the rates and patterns of dental car-
ies in a large group of MA users with a comparable group of 
presumptive nonusers chosen from the National Health and 
Nutrition Examination Survey (NHANES). This large health 
survey examines a nationally representative sample of the U.S. 
population at regular 2-y intervals without being selected on 
any preexisting condition or risk indicator. Using data from 
NHANES participants as a comparison cohort, we addressed 
the following questions: 1) Do MA users have higher rates of 
dental disease (decayed, missing, and filled teeth) compared 
with nonusers? 2) Are different teeth and tooth surfaces 
affected differentially in MA users? We hypothesized that MA 
users would manifest greater rates and different patterns of 
dental disease when compared with demographically similar 
individuals from a nationally representative sample of the U.S. 
population.

Materials and Methods
Details of the study design and settings have been described 
(Shetty et al. 2015). Briefly, a broad community sample of 571 
MA users from Los Angeles County was recruited over a 2-y 
period through a stratified sampling protocol that balanced the 
subjects across substance use patterns (mild, moderate, or 
heavy use). To be eligible, subjects had to be ≥18 y, speak 
English or Spanish, have used MA in the past 30 d, and be able 
to undergo a detailed dental examination and psychosocial 
assessments. Written informed consent was obtained through 
procedures approved by the University of California, Los 
Angeles, Institutional Review Board. An initial target sample 
size of 500 subjects was based on the need to offer substantial 
power for distinguishing MA users from nonusers while pro-
viding sufficient power to relate MA use behaviors to the pat-
terns of dental disease.

Data Collection

Standardized intraoral examinations were conducted by 3 
experienced dentists who were trained, calibrated, and evalu-
ated by the national trainer and reference examiner (B.A.D.) 

for the NHANES studies (Dye et al. 2015). To maximize com-
parability with national data sets, assessments for dental caries 
and periodontal status adhered to NHANES examination pro-
tocols (Dye et al. 2008; Dye et al. 2011). The presence and 
absence of teeth were recorded via NHANES guidelines as 
well. Missing permanent teeth were identified as missing 
because of either dental disease (caries or periodontal disease) 
or other reasons (e.g., trauma). Dental caries were assessed at 
the surface level through Radike criteria (Radike 1972) with 
evidence of dental caries experience visually assessed with a 
dental explorer for each surface of each tooth.

Participants also completed a comprehensive set of interviewer-
facilitated questionnaires covering various psychological and 
dietary attributes, as well as drug use behaviors and medica-
tions, linked to the development of dental disease. Extensive 
information was collected on MA use over the past 30 d, such 
as quantity, frequency, mode, and duration of use. The veracity 
of the drug use self-reports was verified by random urine drug 
tests carried out in a subset of the participants. Data were also 
collected on key sociodemographic and behavioral covariates, 
including age, sex, race/ethnicity, education, smoking history, 
toothbrushing frequency, and consumption of sugary sodas. All 
data were collected directly on a laptop computer with a web-
based data-management system. Built-in logic and data range 
checks allowed real-time data verification to protect against 
invalid data and to ensure data completeness.

Key Variables

The main outcome variables were tooth retention and the preva-
lence of dental caries. The number of permanent teeth present 
(excluding the third molars) was analyzed as a continuous vari-
able (1 to 28) along with a dichotomous summary indicating ≥10 
versus <10 permanent teeth present. Dental caries experience 
(DMFT) was calculated as the number of decayed (D), missing 
(M), and filled (F) teeth (T). As customary in the calculation of 
the DMFT, the number of missing teeth represents teeth lost due 
to dental disease alone. The extent of untreated dental caries was 
determined by the number of decayed surfaces. A subcategory of 
the decayed component was also calculated to indicate the sever-
ity of the decay (i.e., whether only coronal fragments or residual 
root tips remained). The main exposure variable was MA use. 
On the basis of the self-reported drug history and patterns of MA 
use over the past 30 d, participants were classified as either “light” 
MA users (<10 d of use over the past month) or “moderate/heavy” 
MA users (≥10 d of use over the past month).

Statistical Methods

Statistical analyses were carried out with SAS 9 (SAS Institute 
Inc.) and publicly available R software. Descriptive summaries 
were used to summarize the sociodemographics of the MA 
users. To mimic the particular characteristics of a randomized 
controlled trial and create a control group of comparable non-
MA users, we utilized the propensity score framework described 
by Rosenbaum and Rubin (1983, 1984) and implemented by 
Ho et al. (2011). Specifically, using a propensity method 
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described previously (Harrell et al. 2016), we compared the cross-
sectional sample of 552 dentate MA users with a subset of 
2,755 sociodemographically similar control individuals 
selected from the NHANES 1999-2004 cohort. A combination 
of modeling and odds ratios (ORs) was used to stratify the 
sample into 5 propensity score subgroups within which the dis-
tributions of all observed background characteristics were bal-
anced. Within groups, continuously scaled outcomes were 
compared with independent-sample t tests, and categorical out-
comes were investigated with chi-square tests of independence 
and Fisher exact tests. Figure 1 shows the overlap in the pro-
pensity scores of the 2 groups, and Table 1 summarizes the 
distribution of demographic characteristics across each pro-
pensity score subgroup. Regression analysis predicting each 
characteristic with indicators for propensity score subgroup 
and MA use (vs. selection from the NHANES sample) was 
conducted to check for balance of the distributions of charac-
teristics. After controlling for propensity score subgroup, there 
was no significant difference between MA users and NHANES 
subjects for any of the modeled characteristics.

Within-subgroup propensity score comparisons were per-
formed between NHANES and MA subjects. Separate t tests 
and ORs based on logistic regression modeling were computed 
for continuously scaled and dichotomous variables, respec-
tively, within each propensity score subgroup. Additionally, an 
overall mean difference was calculated between NHANES and 
MA groups by summing the weighted subgroup differences by 
the proportion of MA users in that subgroup. Overall ORs  
were calculated for binary outcomes by combining weighted 

estimates of the log ORs for each sub-
group and then exponentiating them.

Results
Of the 571 study participants, 19 were 
completely edentulous, thus leaving 
552 dentate subjects. Participants were 
predominantly male, African American 
and Hispanic (42.2% and 31.2%, 
respectively), and >30 y old (mean ± 
SD: age, 44.4 ± 9.5 y), and most had 
completed high school (years of edu-
cation, 12.5 ± 1.6). Many of the MA 
users were current smokers (68.9%). 
According to the patterns of MA use 
over the past month, over half the par-
ticipants could be classified as moder-
ate/heavy MA users. On average, 
participants reported MA use on 4.5 ± 
8.6 d of the preceding 30 d, and the 
preferred route of MA administration 
was by smoking (64.2%, n = 190). 
Most subjects (75%) self-rated the 
conditions of their teeth and gums as 
fair or poor; nearly 40% indicated that 
they were often self-conscious or 

embarrassed because of the condition of their teeth or 
dentures.

Table 1 summarizes the counts and sociodemographic char-
acteristics of the MA-using subjects and their NHANES con-
trols. Within the propensity score subgroups, MA users 
represented a higher proportion of the subgroups with higher 
propensity scores and only a small fraction of the subgroups 
with lower propensity scores. High propensity scores indicate 
an elevated likelihood of a study participant being in the 
MA-using sample given his or her background characteristics. 
Study participants with higher propensity scores were more 
likely to be male, unmarried, current smokers, and African 
American on the basis of the estimated propensity score model; 
however, there were no significant imbalances on background 
characteristics after initial matching and subsequent subclassi-
fication into 5 propensity score subgroups. Results from 
regression analyses are presented in Table 2. In logistic models 
adjusting for sociodemographic and behavioral risk indicators, 
MA users were found to be roughly twice as likely to have 
untreated caries (OR = 2.04; 95% CI: 1.55 to 2.78) and 4 times 
more likely to have caries experience (OR = 4.06; 95% CI: 
2.24 to 7.34) compared with NHANES participants. Moreover, 
MA users were 40% less likely to have all teeth present than 
the NHANES participants (OR = 0.59; 95% CI: 0.45 to 0.76), 
but there was no significant difference in the likelihood of hav-
ing <10 teeth present. Results from linear regression modeling 
show that MA users had an average of 2 more decayed, miss-
ing, or filled teeth (OR = 2.08; 95% CI: 1.29 to 2.79) than the 
NHANES participants after adjusting for sociodemographic 

Figure 1. Mirrored histogram of propensity score distribution for methamphetamine (MA) and 
National Health and Nutrition Examination Survey (NHANES) subjects.
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and behavioral risk indicators. Additionally, NHANES partici-
pants had an average of 0.68 more teeth present than MA users 
(OR = −0.68; 95% CI: −1.29 to −0.0065). Also, users who 
injected MA had significantly higher rates of dental disease as 
compared with noninjectors (P = 0.04).

Figure 2 displays the distribution of decayed, missing, and 
filled teeth for MA users and matched NHANES participants 
for each tooth. Overall, the teeth of MA users were more likely 
to be decayed, missing, or filled for each tooth when compared 
with NHANES participants. The proportion of untreated dental 
caries is higher for all teeth of MA users than NHANES par-
ticipants. For maxillary anterior teeth (6 to 11), the proportion 
of untreated dental caries in MA users is comparable to the 
combined proportion of untreated and filled teeth for NHANES 
participants. Although the proportion of untreated caries and 
filled teeth is very low in NHANES participants’ lower anterior 

incisors (23 to 26), the proportion of untreated caries in MA 
users’ lower anterior incisors is comparable to the proportion 
of untreated caries in MA users’ upper anterior incisors (7 to 
10). Almost 80% MA users have experienced caries on their 
molars.

Weighted differences in the proportion of decayed, missing, 
and filled surfaces between MA users and NHANES subjects 
are shown in Figure 3. Caries experience (Fig. 3a) shows that 
there are more dental surfaces affected by caries (darker red 
color) for MA users than for NHANES participants. This dif-
ference is most pronounced for the buccal and lingual surfaces 
of teeth 8 and 9, where this difference approaches 20%. Simply 
stated, close to 20% more MA users have decayed, missing, or 
filled dental surfaces at teeth 8 and 9 when compared with 
NHANES participants. Although MA users have more dental 
surfaces affected by caries, for the maxillary teeth in particular, 

Table 1. Proportion of Cases (MA Users)a and Controls (NHANES Participants)b by Sociodemographic Factors Distributed among 5 Propensity 
Score Subgroups.

Subgroup 1 Subgroup 2 Subgroup 3 Subgroup 4 Subgroup 5

Propensity score range 0.001 to 0.027 0.027 to 0.054 0.054 to 0.114 0.114 to 0.268 0.268 to 0.971

 MA NHANES MA NHANES MA NHANES MA NHANES MA NHANES

Sample, n 31 630 29 632 34 628 129 532 328 333
Male 54.8 46.0 37.9 61.6 52.9 61.0 76.0 70.1 92.1 89.2
Female 45.2 54.0 62.1 38.5 47.1 39.0 24.0 29.9 7.9 10.8
Born in the U.S. 74.2 74.2 86.2 86.6 91.2 85.0 76.7 79.5 87.2 83.8
Born in Mexico 5.1 11.9 3.5 5.5 2.9 9.1 15.5 11.5 6.4 8.4
Born outside of U.S. or Mexico 5.1 14.0 5.7 7.9 5.9 5.9 7.8 9.0 6.4 7.8
White 38.7 36.5 24.1 32.1 55.9 41.4 26.4 25.8 9.6 13.8
African American 22.6 17.0 24.1 30.4 29.4 30.6 27.9 33.3 53.1 42.6
Hispanic 32.3 42.2 48.3 33.1 11.8 23.3 42.6 36.3 28.4 38.7
Other race 6.5 4.3 3.5 4.4 2.9 4.8 3.1 4.7 9.2 4.8
High school graduate 77.4 64.0 72.4 66.6 64.7 71.5 54.3 61.7 77.4 66.4
Bachelor’s degree 19.4 6.8 3.5 15.0 8.8 11.3 12.4 8.8 4.0 6.6
Married / cohabiting 71.0 54.4 27.6 34.0 23.5 15.8 0.8 1.7 0 0
Single / divorced / separated 29.0 45.6 72.4 66.0 76.5 84.2 99.2 98.3 100 100
Former smoker 22.6 12.7 17.2 16.9 11.8 12.6 11.6 12.6 6.7 9.6
Current smoker 24.8 31.6 37.9 34.5 61.8 53.7 49.6 57.7 83.2 71.2
Mean age (SE), y 42.4 (1.74) 42.1 (0.65) 38.7 (1.86) 36.6 (0.58) 39.9 (1.7) 36.8 (0.53) 41.0 (0.86) 38.3 (0.58) 46.5 (0.47) 47.3 (0.68)

Values presented in percentages, except where noted.
aData from the study of oral health of methamphetamine (MA) users.
bData from the matched subsample from the National Health and Nutrition Examination Survey (NHANES), 1999 to 2004.

Table 2. Differences between MA Users and NHANES Subjects for Dental Caries and Missing Teeth.

Dichotomous Outcome Log OR (SE) OR (95% CI)

Has all teeth –0.53 (0.13) 0.59 (0.45 to 0.76)
<10 teeth 0.06 (0.24) 1.06 (0.65 to 1.7)
Has untreated cariesa 0.73 (0.15) 2.08 (1.55 to 2.78)
Caries experienceb 1.4 (0.3) 4.06 (2.24 to 7.34)

Continuous Outcome Average Mean Difference (SE) 95% CI

Decayed, missing, or filled teeth, n 2.04 (0.38) 1.29 to 2.79
Teeth present, nc −0.68 (0.31) −1.29 to −0.065
Decayed or filled teeth, n 1.35 (0.27) 0.82 to 1.88

95% CI, 95% confidence interval; MA, methamphetamine; NHANES, National Health and Nutrition Examination Survey; OR, odds ratio.
aUntreated caries is defined as decayed teeth >0.
bCaries experience is defined as decayed, missing, or filled teeth >0.
cOut of 28 teeth, excluding third molars.
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this difference ranges from 5% to 10% (Fig. 3b). MA users 
have more dental surfaces that are missing, and this is most 
noticeable for upper and lower posterior teeth (Fig. 3c). Figure 
3d shows the difference of restored dental surfaces between 
MA users and NHANES participants. MA users have more 
maxillary anterior dental surfaces restored (darker red color) 
than do NHANES participants, whereas NHANES participants 
tend to have more dental surfaces restored in their posterior 
teeth (more blue color) than do MA users.

Discussion
With use of novel statistical methods to achieve covariate bal-
ance in a large sample of MA users and NHANES controls, our 
study established that MA users have distinct patterns and 
much higher rates of dental disease (decayed, missing, and 
filled teeth) when compared with presumptive nonusers. MA 
users were roughly 4 times more likely to have teeth affected 
by dental caries and roughly twice as likely to have untreated 
dental caries when compared with demographically compara-
ble NHANES participants. Furthermore, MA users were more 
likely to have a greater number of missing teeth than their 
matched NHANES controls. These findings conclusively sub-
stantiate our initial findings of quantifiably higher rates of dental 
disease and oral health problems in a cohort of 301 MA-dependent 
subjects who underwent comprehensive physician-conducted 
health assessments (Shetty et al. 2010). Our findings echo and 
reinforce those of Morio and colleagues (2008), who examined 
a group of 18 MA users and determined that they had fewer 

teeth and more dental caries than a corresponding group of 
age- and sex-matched nonusers (average age, 31 ± 6 y). More 
recently, Rommel et al. (2015) studied a sample of 100 chronic 
MA users and 100 matched-pair controls to establish that MA 
users have significantly higher rates of caries (P < 0.001) and 
higher DMFT scores (P < 0.001). Our propensity score and 
quintile stratification approach confirmed these findings while 
minimizing the biases inherent to the simple matching approach 
used by Rommel et al. (2015).

The patterns of tooth surface involvement in the MA users 
were also very distinctive. In addition to having more surfaces 
affected by dental caries, the surface involvement in MA users 
was most pronounced for the maxillary central incisors, fol-
lowed by maxillary posterior premolars and molars. The find-
ing is consistent with reports by Morio et al. (2008) and others 
(Saini et al. 2005; Shaner et al. 2006; Goodchild et al. 2007) 
who reported that MA users tend to manifest greater percent-
ages of anterior teeth, premolars, and molars with gross decay 
versus nonusers. MA users had more restored maxillary ante-
rior teeth than NHANES participants. Whereas MA users 
experienced decayed and missing dental surfaces more fre-
quently than NHANES participants, NHANES participants 
manifested proportionately more restored surfaces, especially 
on molars. Our findings suggest that MA users may choose to 
have their posterior teeth extracted rather than restored. This 
may be a result of the cost of restorative procedures for poste-
rior teeth, especially if caries has significantly compromised 
the coronal integrity of the tooth. Beyond the higher rates of 
tooth loss, 19 MA subjects were completely edentulous—a 

Figure 2. Proportion of decayed, missing, and filled teeth for methamphetamine (MA) users and National Health and Nutrition Examination Survey 
(NHANES) participants.
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noteworthy finding given the relative youth of our MA cohort 
(age, 44.4 ± 9.5 y). Overall, our findings do suggest that the 
prevalence and patterns of dental caries are distinctively differ-
ent in MA users as compared with a sample selected from the 
U.S. general population. In a different setting, utilizing a large 
convenience sample of 308 MA users presenting to substance 
abuse treatment centers in South Africa, Smit and Naidoo 
(2015) found even higher rates of dental caries and tooth loss. 
Although younger (age, 28 ± 6.7 y), 14% of their sample had 
≥10 teeth missing, and 1% were completely edentulous. On 
average, each subject had 5 decayed permanent teeth, and most 
(89.29%) were untreated.

When oral health professionals generally think of how 
“meth mouth” presents, most envision rampant caries, with the 
maxillary anterior teeth most affected. Although the patterns of 
dental decay across the spectrum of MA users are not consis-
tently as extreme as depicted in earlier reports, our findings 
show that extensive caries is more likely in MA users than 
comparable adults drawn from the U.S. population. The dental 
consequences of MA use were more pronounced in injection 
MA users, a finding similar to that of Brown et al. (2012), who 
found that 18% of the MA users in their small cohort of injec-
tion drug users had ≥7 residual roots and the mean number of 
decayed surfaces was 28.8. The reasons for the differential 

2 3 4 5 6 7 8 9 10 11 12 13 14 15

Lingual

Buccal

Buccal

(a)

(b)

(c)

(d)

Buccal

Buccal

Buccal

Buccal

Buccal

Buccal

31 30 29 28 27 26 25 24 23 22 21 20 19 18 -10

0

10

20

Difference in Percent of
MA users - NHANES
with DMF
surfaces

2 3 4 5 6 7 8 9 10 11 12 13 14 15

Lingual

31 30 29 28 27 26 25 24 23 22 21 20 19 18 -10

-5

0

5

10

Difference in Percent of
MA users - NHANES
with Decayed
surfaces

2 3 4 5 6 7 8 9 10 11 12 13 14 15

Lingual

31 30 29 28 27 26 25 24 23 22 21 20 19 18 -5

0

5

10

15

Difference in Percent of
MA users - NHANES
with Missing
surfaces

2 3 4 5 6 7 8 9 10 11 12 13 14 15

Lingual

31 30 29 28 27 26 25 24 23 22 21 20 19 18 -10

-5

0

5

10

Difference in Percent of
MA users - NHANES
with Filled
surfaces

Figure 3. Graphical summary of diseased, missing, and filled tooth surfaces. Polygons for each tooth surface characterize the differences in the 
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impact by mode of MA use are unclear but might be related to 
the level of addiction. Those who use MA are believed to make 
the transition from noninjection MA (smoking or snorting) to 
injection MA as their MA dependence becomes more severe 
(Wood et al. 2008). The subsequent poor diet, increased con-
sumption of sugary sodas, and fewer toothbrushing behaviors 
contribute to the rampant caries seen in MA users in general 
and injection MA users in particular (Smit and Naidoo 2015; 
Murphy et al. 2016).

In addition to our propensity score adjustment methods that 
corrected for observed imbalances between the groups, our 
study benefits from several other strengths—namely, access to 
a large community sample of MA users with a range of MA use 
behaviors, the utilization of an oral health data set from a large 
national study that does not select participants based on any 
preexisting condition or risk factor, and the use of trained den-
tists and a calibrated measurement protocol to catalogue the 
nature and extent of dental disease in the MA users. Despite the 
strengths, some of the limitations merit discussion. First, there 
was a temporal difference due to the use of data from an earlier 
NHANES cohort (i.e., 1999 to 2004). Propensity score models 
provide a basis for adjusting for observed covariates but rely 
on the assumption of strongly ignorable treatment assignment 
(Rosenbaum and Rubin 1983) and leave open the possibility of 
hidden bias due to unobserved characteristics. However, given 
the magnitude of the observed differences between the MA 
users and NHANES subjects, it would require a substantial 
amount of hidden bias to overturn the observed differences in 
our study. Additionally, our screening questions focused on 
establishing MA as the primary drug of abuse in the past 30 d, 
and we did not collect a history of polydrug use. It is conceiv-
able that a history of polydrug use may have contributed to the 
dental disease patterns in some of the subjects.

In summary, we have conclusively established that the use 
of MA is associated with high rates of dental disease and that 
the proportions of decayed, missing, and filled teeth in MA 
users are significantly greater than that encountered in demo-
graphically comparable adults from the general U.S. popula-
tion. MA users have more untreated dental caries and a greater 
number of missing teeth when compared with matched 
NHANES controls. The differential involvement of the teeth 
and teeth surfaces in MA users is quite distinctive, with the 
surface involvement being highest for the maxillary central 
incisors, followed by maxillary posterior premolars and 
molars. The high rates and distinctive patterns of caries could 
be used to alert dentists to covert MA use in their patients, 
which could lead to a more comprehensive management strat-
egy, such as implementing “screening, brief interventions, and 
referral for treatment” strategies (Agerwala and McCance-
Katz 2012) adapted to the dental setting.
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