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Abstract

Background—The authors clarified the causal mechanisms underlying the high prevalence of 

dental disease encountered in people who habitually use methamphetamine (meth).

Methods—Using a stratified sampling approach, the authors conducted comprehensive oral 

examinations and psychosocial assessments for 571 study participants who used meth. Three 

calibrated dentists, who used National Health and Nutrition Examination Survey (NHANES) 

protocols, characterized the study participants’ dental disease. The authors also collected data 

related to study participants’ history of meth use and other attributes linked to dental disease.

Results—Study participants who used meth manifested higher rates of xerostomia and caries 

experience compared with NHANES control participants. Participants who used meth had a higher 

level of daily consumption of sugary beverages compared with NHANES control participants. 

Smoking meth did not increase caries experience over other modes of intake. Dental hygiene was a 

significant determinant of dental health outcomes.

Conclusions—Mode of intake and frequency of meth use have a minimal impact on dental 

health outcomes. Behaviors, such as sugary beverage consumption and poor oral hygiene, better 

explain dental health outcomes.

Practical Implications—Having a better understanding of the causal mechanisms of “meth 

mouth” sets the stage for clinicians to provide more personalized interventions and management of 

dental disease in people who use meth.
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The emergence of methamphetamine (meth) as a commonly used recreational drug has 

brought greater scrutiny to its health effects.1 A dominant thread of the clinical and media 

narratives of meth’s negative health consequences has been the description of the rampant 

dental disease often observed in people who use meth habitually—a condition colloquially 

referred to as “meth mouth.” Beginning in the early 2000s, results of a growing number of 

case reports, case-series, and small cohort studies began to portray the meth mouth 

condition, frequently using extreme, graphic examples to depict the dental aftermath of meth 

use. The alarming dental imagery became a recurring theme in the media coverage of the 

meth problem,2 and it was incorporated readily into national antidrug campaigns. For 

example, the nationally recognized “Faces of Meth” project3 used longitudinal snapshots 

chronicling facial wasting and dental deterioration to emphasize and dramatize the negative 

aspects of meth use.4 Yet, the largely anecdotal nature of the dental reports and the general 

lack of an empirical basis for the claims prompted several researchers5,6 to question the 

scientific soundness of the meth mouth condition.

To furnish a scientific basis for the dental disease patterns reported, our group carried out 

systematic, case-control studies involving a broad range of people who used meth.7,8 We 

clarified the differential rates and patterns of dental disease in people who used meth by 

means of comparing them with demographically similar control participants selected from 

participants in the National Health and Nutrition Examination Survey (NHANES).9 A 

logical next step was to examine the various explanations of the mechanisms of the meth 

mouth condition.

One proposed mechanism for the increased dental disease is a combination of meth-induced 

dry mouth (xerostomia) and the frequent sipping of high-sugar soft drinks to relieve the 

sensation of dry mouth.10,11 An alternate explanation, known as the “contaminant theory,” is 

that corrosive contaminants in smoked meth cause acid erosion of the enamel12 and 

accelerate dental caries.13 Using a NHANES cohort as a control group, we posed the 

following questions:

▬ Do people who use meth have higher rates of xerostomia and caries experience 

compared with demographically similar control participants?

▬ Do people who use meth tend to consume more sugary drinks than 

demographically similar control participants?

▬ Does smoking meth produce greater rates of caries and xerostomia than snorting 

or injecting meth?

▬ Are oral health behaviors important dental disease determinants among people 

who use meth?
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METHODS

We and our colleagues9 have previously described the details of the overall study design and 

settings. In brief, we recruited a broad community sample of 571 people from Los Angeles 

County in California who used meth over a 2-year period. To accomplish this, we used a 

stratified sampling protocol that balanced the study participants across meth use patterns. 

Meth use pattern categories included mild (fewer than 10 days of use in the last 30 days), 

moderate (10 to 15 days of use in the last 30 days), and heavy use (16 to 20 days of use in 

the last 30 days). The primary study sites were dental clinics associated with 2 large 

community health centers: the AIDS Project Los Angeles center, which primarily serves a 

sociodemographically diverse group of people with human immunodeficiency virus (HIV) 

and AIDS, and the Mission Community Hospital in Panorama City, CA, in the San Fernando 

Valley, which caters to a large, underserved migrant population. Approximately 69% of the 

study participants were recruited from the AIDS Project Los Angeles clinic and the 

remainder from Mission Community Hospital. We screened potential study participants and 

admitted them to participate in the study if we determined that they were at least 18 years 

old, spoke English or Spanish, had described themselves as someone who used meth (as 

determined by their responses to an extensive 10-year drug history questionnaire) and had 

used meth in the past 30 days, and were able to undergo a detailed dental examination and 

psychosocial assessments. We obtained written informed consent using procedures approved 

by the University of California, Los Angeles (UCLA) Institutional Review Board, and they 

obtained a certificate of confidentiality from the National Institute on Drug Abuse, National 

Institutes of Health, to protect participants’ privacy.

Data collection

For this study, 3 experienced dentists, who were trained and calibrated by the national trainer 

and reference examiner (Bruce Dye) for NHANES, conducted standardized intraoral 

examinations. An ongoing quality assurance program ensured procedural adherence and the 

maintenance of high interexaminer and intraexaminer concordances of caries assessments.14 

To maximize comparability with national data sets, we chose to use assessments for dental 

caries status that adhered to NHANES examination protocols.15,16 We recorded the presence 

and absence of study participants’ teeth and assessed their dental caries at the surface level 

using Radike criteria17; we determined that we would assess evidence of dental caries 

visually, by means of using a dental explorer, for each tooth surface. Participants also 

completed a set of interviewer-facilitated questionnaires covering various behavioral issues, 

substance use, medications, and dietary attributes linked to the development of dental 

disease (Appendix, available online at the end of this article).

We assessed the subjective perception of dry mouth by means of using a 4-question 

inventory described by Fox and colleagues.18 Two of the questions were intended to probe 

participants’ difficulties with swallowing by means of inquiring about behaviors related to 

relieving or avoiding oral dryness, 1 item related to the feeling of dryness during eating, and 

the last item related to the amount of saliva. On the basis of the participant’s “yes” or “no” 

responses, we assigned each participant to the following groups: no xerostomia (0 positive 

responses), mild xerostomia (1 positive response), moderate xerostomia (2 positive 
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response), or severe xerostomia (3 or more positive responses). We also collected 

information related to which dry mouth–inducing medications the participants had taken, 

including antidepressants, anti-cholinergics, diuretics, and antihypertensives.19 We assessed 

the impact of the dental disease and dry mouth on the participants’ oral health–related 

quality of life by means of using their responses to select items from the Oral Health Impact 

Profile.20

We evaluated dietary intake, particularly the consumption of sugary drinks, using 2 standard 

dietary assessment methods: the Food Frequency Questionnaire21 and the 24-hour dietary 

recall.22 In addition to determining the participants’ preferred mode of meth use (for 

example, smoking, snorting, injecting, or ingesting), we elicited a detailed history of their 

substance use and behaviors using the UCLA Natural History Interview.23 Finally, we 

verified the reliability of the drug use reports by carrying out random urine drug tests in a 

subset of the participants. We collected all data directly on a laptop computer using 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 the completeness of the data.

Statistical methods

We carried out statistical analyses using SAS, Version 9 (SAS Institute), and publicly 

available R software.

Main variables—The main outcome variables were the total numbers of decayed, missing, 

and filled surfaces (DMFS) and decayed, missing, and filled teeth (DMFT). For our analyses 

with caries experience as the outcome variable, we used DMFT for comparisons between 

NHANES control participants and participants who used meth, and we used DMFS for all 

other analyses. We analyzed the number of permanent teeth present (excluding the third 

molars) as a continuous variable (1–28). We determined the extent of untreated dental caries 

by calculating the number of decayed surfaces (DS). We also calculated a subcategory of the 

decayed component (Dx) to indicate the severity of the decay (whether only coronal 

fragments or residual root tips remained). The main exposure variable was meth use. Meth 

use patterns included average months of use annually, average frequency of use exceeding 

15 days a month, trajectory of use, method of use, changes in method of use, age at which 

the person first tried meth, and patterns of meth use over the past 30 days. Control variables 

included age, education, sex, race and ethnicity, smoking status, HIV status, and use of 

xerogenic medications. Other variables of interest were severity of xerostomia, frequency of 

toothbrushing, frequency of dental visits, and average daily consumption of sugary 

beverages (soda, diet soda, coffee, and other sweetened beverages).

We used descriptive summaries to characterize the meth user population. To better 

understand the difference in prevalence of xerostomia, we implemented direct proportions 

tests to compare our population who used meth with the control participants from the 

NHANES 2001 cohort. We performed a propensity score analysis on the sample of 

participants who used meth and the NHANES control participants using a logistic regression 

on age, sex, dry mouth status, and race and ethnicity, yielding a sample matched for sex, dry 

mouth status, race and ethnicity, and age group calipers of 5 years. We used this analysis to 
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mitigate bias attributable to case-mix differences in the distributions of these covariates in 

the respective samples.24,25 On this matched sample, we conducted a multiple linear 

regression—controlling for age, race and ethnicity, dry mouth status, and sex—to assess the 

effect of meth use on DMFT.

To gain insight into the effect of xerostomia on the DMFS measure within the population 

that used meth, we conducted a multiple linear regression controlling for the following 

demographic, clinical, and exposure characteristics: age, education, sugary drink intake, sex, 

race and ethnicity, frequency of dental visits, frequency of toothbrushing, age at which the 

person first tried meth, smoking status, HIV status, years of meth use (smoking, snorting, 

injecting, and other), trajectory of use, number of changes in method of use, average months 

of meth use per year, use of meth more frequently than weekend use only, frequency of meth 

use in last 30 days, and medication (side effect of dry mouth).

For a more granular perspective, we stratified analyses according to xerostomia level, with 

descriptive statistics calculated separately within these groups. We used χ2 tests of 

independence to compare the concentration of certain behaviors and attributes within the 

different xerostomia groupings. In particular, we examined the method of meth use and 

average daily consumption of sugary beverages. We conducted a multiple linear regression

—controlling for the same demographic, clinical, and exposure characteristics as before—in 

each xerostomia level to better understand what behaviors were associated with higher levels 

of DMFS according to the reported severity of xerostomia. To inspect the impact of sugary 

drinks on the DMFS measure, we conducted a multiple linear regression—controlling for 

the same demographic, clinical, and exposure variables—with cutoffs for levels of sugary 

beverage consumption.

To examine the effect of method of meth intake on xerostomia, we performed a logistic 

regression—controlling for the same demographic, clinical, and exposure characteristics in 

the previously mentioned multiple linear regression—to determine whether certain methods 

of meth use increased the odds of reporting xerostomia. We performed a similar analysis 

using a multiple linear regression to inspect the relationship between smoking meth on the 

DMFS measure compared with other methods of administering meth. To be comprehensive, 

we conducted 3 separate analyses—for those who smoked meth exclusively, for those who 

smoked meth for at least 1 year, and for those who smoked meth for 10 or more years—to 

assess the impact of smoking meth on the DMFS measure relative to the other methods of 

use (injection, snorting, and other).

RESULTS

Participant characteristics

Most of our study sample (n ¼ 571) were men (n ¼ 460 [80.7%]), African-American and 

Hispanic (n = 241 [42.3%] and n = 178 [31.2%], respectively), older than 30 years (mean 

[standard deviation {SD}] age, 44.5 [9.6] years), and most participants had completed high 

school (n = 401 [70.4%]) (Table 1). A significant subset of the study participants (n = 147 

[25.7%]) were HIV positive. Many of the study participants who used meth were current 

cigarette smokers (n = 392 [68.8%]) and took xerogenic medications (n = 192 [33.7%]). On 
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the basis of the results of participants’ self-reported histories, 64% of the participants used 

meth frequently (reported using 15 or more days a month on average; data not shown) and, 

on average, had used meth for at least 10 of the preceding months (mean [SD], 10.1 [2.1]). 

The average age (SD) of meth use initiation was 28.5 (10.5) years, and smoking was the 

most common mode of meth use, with 53% reporting smoking as their exclusive mode (data 

not shown). Figure 1 captures the efficiency26 of the propensity score matching between the 

sample of study participants who used meth (n = 569) and the corresponding NHANES 

control participants (n = 596).

Meth use, caries experience, and xerostomia

In contrast with the proportion of matched NHANES control participants (Table 2) with dry 

mouth symptoms (n = 632 [7.2%]), xerostomia was significantly more prevalent in the study 

participants (n = 374 [65.7%]; P < .0001). Most study participants reported mild (n = 157 

[27.6%]) or moderate (n = 129 [22.7%]) xerostomia, whereas fewer participants evidenced 

more marked symptoms (n = 88 [15.5%]). Compared with the propensity score–matched 

control participants, study participants who used meth had 2.5 more teeth experiencing a 

caries event (95% confidence interval [CI], 1.66 to 3.39; P < .001). Although dry mouth 

status was a significant contributor to the severity of the dental caries (as measured by the 

number of DMFS), the prevalence of dental caries (as measured by the number of DMFT) 

did not differ significantly between the xerostomia severity levels. The xerostomia severity 

groups were similar in all sociodemographic and behavioral (dietary and dental) terms. 

Toothbrushing frequency contributed significantly to the severity of dental caries in each 

xerostomia severity group. The level of education and use of xerostomic medications (Table 

3) varied significantly between xerostomia severity groups (P < .001). Study participants 

who had higher levels of xerostomia had fewer years of education and reported a higher 

level of medication use. In addition, years of meth use for each intake mode (by smoking, 

snorting, injecting, and other) were not significantly different between xerostomia groups 

nor were the frequency of sugary beverage consumption (data not shown).

Meth use and sugary drinks

Compared with control participants from the NHANES cohort who averaged 0.3 sugary 

drinks a day (Table 2), study participants who used meth consumed an average of 3.5 sugary 

drinks a day (Table 1). Even after adjusting for outliers, the median consumption of 2.7 

sugary drinks a day in the study participants was significantly higher than the NHANES 

cohort (P < .001). On further analysis, we noted that consumption of at least 2 sugary 

beverages a day, compared with more infrequent consumption, had a significant impact on 

the caries experience (95% CI, 3.75 to 15.24; P < .001). More exaggerated comparisons 

(increased thresholds for volume of sugary beverages consumed daily) yielded little 

difference in expected caries experience.

Mode of meth use and dental caries rates and xerostomia

The logistic regression, controlling for age, race and ethnicity, dry mouth status, and sex, did 

not indicate any differences in participants’ likelihood of reporting symptoms of xerostomia 

among the different modes or patterns of meth use. Smoking meth did not significantly 

increase the odds of having xerostomia over the other modes of use (snorting, injecting, or 
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other). This finding was true even for study participants who reported smoking meth 

exclusively or for extended periods (10 or more years). We found similar results in the 

overall multiple linear regression, which indicated a lack of significance between the 

methods of use and caries experience. We again found similar results for more exaggerated 

method of use indicators, which included smoking meth exclusively or for extended periods 

(10 or more years). In addition, the only difference in level of DMFS between methods of 

meth use was the “other” category, which increased the expected number of DMFS. These 

results differed from previous analyses, owing to the new definitions for meth use types and 

the covariates for which the overall multiple linear regression controlled.9 In addition, we 

investigated using DMFT so that comparisons with NHANES control participants were 

possible, and we found that study participants 35 years or younger averaged 6.9 DMFT, 

those who were 36 to 54 years averaged 8.03 DMFT, and 55 years or older averaged 17.01 

DMFT, regardless of the method or the reported frequency of meth use (Figure 2). Levels of 

DMFT were all significantly different between age groups (P < .0001). However, as seen in 

Table 4, the number of years of meth use increased with participants’ age and were 

significantly different between the 35-years-or-younger and the 36-to-54-years groups for 

overall years of use as well as smoking, injecting, and snorting meth individually (P < .

0001). However, there was no statistical difference when comparing years of use between 

the 36-to-54-years and 55-years-or-older groups. There was a significant, but weak, 

correlation between the number of years smoked and the cumulative caries index, DMFT (r 
= 0.099; 95% CI, 0.018 to 0.18; P = .02).

Oral hygiene and dental disease

Most of the participants went to the dentist once every 2 or more years (n = 352) and 

brushed their teeth 1 to 3 times a day (n = 492). Among the study participants who did not 

have HIV, 50.8% (n = 215) went to the dentist fewer than once every 2 years. Among the 

study participants who were HIV positive, we noted that they had similar percentages of 

going to the dentist more than once per year (n = 39 [26.5%]), once per year (n = 45 

[30.6%]), and fewer than once every 2 years (n = 41 [27.9%]), respectively. Oral health 

behaviors consistently contributed to overall dental health outcomes throughout the analysis. 

We noted that frequent toothbrushing was associated with an expected decrease of 47.3 

surfaces experiencing a caries event (95% CI, 32.7 to 61.9; P < .001; data not shown). This 

protective effect was the largest, in magnitude, of any effect in the regression analysis. In 

addition, frequency of toothbrushing remained significant in all previous analyses reported 

(data not shown).

DISCUSSION

Researchers have attributed the rampant dental caries found in people who habitually used 

meth to a combination of factors, including xerostomia, frequent sipping of sugary soft 

drinks to relieve dry mouth symptoms, the corrosive effects of meth contaminants, and poor 

oral hygiene.12 The results of our study, which involved a large, community sample of 

people who used meth, provided the following clarifying insights:
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▬ study participants who used meth had higher rates of xerostomia symptoms and 

caries experience (DMFT) compared with control participants from the general 

population;

▬ study participants who used meth consumed more sugary drinks daily than 

control participants from the general population, and even low levels of 

consumption increase the rate of dental caries;

▬ smoking meth did not appear to produce greater rates of caries or xerostomia 

than in study participants who used another method to use meth;

▬ oral health behaviors are important determinants of dental disease in study 

participants who used meth.

Meth use and xerostomia

Researchers have reported that xerostomia is a prominent side effect of meth use and have 

attributed it to a vasoconstriction of the salivary gland vasculature and a resultant reduction 

in salivary flow.27,28 Investigators presented evidence of widespread xerostomia in a study of 

119 participants who used multiple types of drugs but who primarily used meth and ecstasy; 

95% of participants experienced xerostomia symptoms.29 Although our study involved 

participants and control participants who represented a wider age range than these studies, 

our study results confirmed that most study participants who used meth experienced dry 

mouth symptoms. Whereas fewer than 1 in 10 study participants in the control NHANES 

group evidenced xerostomia, nearly 7 of 10 of our study participants who used meth 

reported dry mouth symptoms. Interestingly, the severity of the xerostomia in our study 

participants was not influenced by the mode or the frequency of meth use, indicating that the 

intensity of meth use is not linked to its xerostomic side effects. Not surprisingly, the 

individual use of xerostomic medications was associated consistently with dry mouth 

symptoms.

It should be noted that the higher prevalence of xerostomia is not unique to people who use 

meth; rather, it affects all other people who use illicit drugs. The investigators of a cross-

sectional study of 58 young adults who used injection drugs found a high prevalence, but no 

statistical difference, in the occurrence of xerostomia between those who used meth and 

those who used heroin.30 These findings suggest that poor oral hygiene behaviors and low 

quality of living (including a poor diet) in people who use substances are more important 

determinants of xerostomia than the type of illicit drug used. The xerostomia encountered in 

people who used meth is associated invariably with higher caries rates,12 and the results of 

our study substantiated that observation. Although the use of illicit drugs can induce hypo-

salivation through different mechanisms, a discussion of the xerostomic effects and 

associated lower quality of life31 should be an important part of the intervention program for 

people who use meth.

Meth use and sugary beverages

If the surfactant action of saliva is absent or diminished, then speaking, swallowing, and 

eating can become difficult and result in a person consuming more liquids to mitigate the dry 

mouth symptoms.32 Researchers have reported that people who have an addiction to meth 
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crave the caffeine and sweetness of drinks like Mountain Dew and consume large amounts 

of carbonated sugary drinks to quench their thirst.23 Morio and colleagues11 found that, in 

their pilot study (reported in 2008), 94% of people who used meth (n = 18 people who used 

meth, n = 18 control participants) stated that they frequently consumed sugary soda 

compared with 56% of people who did not use meth. In 2016, Murphy and colleagues33 

investigated the beverage consumption patterns in our cohort and described that the people 

who used meth consumed, on average, 35.3 sodas per month. The number of days of meth 

use over the past 30 days was significantly associated with soda consumption. On further 

analysis, we found that whereas the people who used meth consumed substantially more 

sugary beverages than comparable NHANES control participants, the rates of consumption 

were uniform across the levels of xerostomia among the study participants who used meth. 

Our findings indicate that people who use meth, as a whole and regardless of xerostomia 

severity, drink large volumes of sugary beverages daily. Furthermore, we noted a significant 

difference in the level of caries experience between those who consumed 1 or more sugary 

beverages daily and those who did not. Increasing soda consumption did not 

correspondingly increase the caries experience. Our finding suggests that sugary beverages 

are detrimental to oral health outcomes in people who use meth and that the threshold for 

affecting the caries experience is quite low. That said, dental disease does not increase 

substantially with more exposure to sugary beverages. Simply stated, in the presence of poor 

oral hygiene, people who use meth are susceptible to developing severe dental caries by 

imbibing just 1 or 2 sugary beverages a day.

Smoking meth and dental disease

In attempting to explain the higher rates of and caries experience found in people who use 

meth, some investigators have postulated that smoking meth creates an acidic environment 

in the mouth and contributes to dental caries.12 Others have claimed that the harsh chemicals 

used in the preparation of meth end up corroding the teeth, especially when a person smokes 

meth.28 In contrast, Shaner and colleagues10 stated that the “contaminant theory” may be an 

erroneous explanation for the heightened caries experience in people who use meth. Our 

data indicate that, contrary to popular perception, smoking meth does not produce greater 

rates of caries and xerostomia than snorting or injecting meth. Even those who had smoked 

meth to an extreme extent (study participants who had smoked meth exclusively for over a 

year, and those who smoked meth frequently for 10 or more years) did not have a significant 

difference in the caries experience of people who injected, snorted, or administered meth by 

other means. Furthermore, we found no association between smoking meth and the severity 

of xerostomia precipitated by meth’s direct effects on the oral mucosa. Thus, our finding 

does not substantiate the notion of a special association between smoking meth and 

xerostomia, owing to meth’s direct effects on the oral cavity.

Oral health behaviors in people who use meth

Investigators have suggested that oral health behaviors play a key role in the dental caries 

observed in people who use meth.12 In particular, sugary soda consumption, poor diet, and 

infrequent toothbrushing and dental visits have been hypothesized frequently and observed 

as potential behaviors that can lead to the rampant caries associated with meth mouth.10,11,28 

Our results found all of these oral health behaviors to be significant contributors to the 
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observed caries experience, with toothbrushing frequency having the largest protective 

effect. However, coupled with studies whose results reported no statistical difference in the 

prevalence of dental disease between people who used meth and people who used heroin,
31,32 the frequency of significance of the oral health behaviors throughout the analysis, and 

the significant difference in level of dental caries between people who use meth and who are 

36 to 54 years and people who use meth and who are 55 years or older, despite having a lack 

of statistical significance in difference of total years of meth use (Table 4), it is likely that 

oral health behaviors are the primary contributor to the dental caries associated with meth 

mouth.

Limitations

Our study results necessarily have certain limitations. Although NHANES is a population-

based survey, we were working with observational data. Because NHANES is a national 

sample, any remaining differences between the Los Angeles–based source of meth sample 

and the broader, geographic frame for NHANES could account for differences in oral health 

outcomes, as could other uncontrolled factors such as HIV-positive status, which might be 

considerably higher in the meth sample than in a national population-based survey. In 

addition, interpreting a between-group difference from propensity score analysis as a causal 

effect rests on the assumption of strongly ignorable treatment assignments, which would 

imply that group assignment depends only on variables controlled in the analysis. However, 

given the magnitude of the effects distinguishing people who use meth from the population-

based NHANES sample, we do not believe that plausible alternative models would have led 

to very different conclusions.

CONCLUSIONS

The “meth mouth” phenomenon has captured the national narrative concerning the affect of 

meth use on dental health outcomes and has led to a common belief that meth use is 

associated with a unique and rapid pattern of dental caries. However, many theories related 

to the reason for this are based on anecdotal evidence and theories about chemical 

properties. Our results, derived from a convenience sample of 571 community-based people 

who used meth in the Los Angeles area, substantiate some of these claims but question the 

merits of others. Our study results did not reveal any evidence to substantiate the narrative 

that the meth mouth phenomenon is triggered by the direct chemical effects of meth on the 

oral cavity. Rather, regular consumption of at least 1 sugary beverage a day and poor dental 

care over a prolonged period seem to be associated with the so-called “meth mouth” state. 

The elevated rates of xerostomia found in people who use meth also may contribute. The 

lack of proper oral health behaviors over a long period more likely lead to the observed 

dental health outcomes of people who use meth. Such oral health behaviors could be 

enhanced through targeted behavioral interventions and may offer a cost-effective way of 

minimizing the dental consequences. A better understanding of the mechanisms of meth 

mouth provides the dental community with a more informed basis for managing dental 

disease in people who use meth.
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Figure 1. 
Propensity score matching.
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Figure 2. 
Decayed, missing, and filled teeth by age. DMFT: Decayed, missing, and filled teeth. Meth: 

Methamphetamine. NHANES: National Health and Nutrition Examination Survey.
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TABLE 1

Sociodemographics and methamphetamine use patterns.

VARIABLE HIV* POSITIVE (N = 147) HIV NEGATIVE (N = 424) TOTAL (N = 571)

Age (Y), Mean (SD†) 45.7 (7.9) 44.1 (10.1) 44.5 (9.6)

Education, No. (%)

Less than high school 43 (29.3) 126 (29.8) 169 (29.6)

High school 58 (39.5) 143 (33.8) 201 (35.3)

More than high school 46 (31.3) 154 (36.4) 200 (35.1)

Sex, No. (%)

Male 140 (95.2) 320 (75.6) 460 (80.7)

Female 7 (4.8) 103 (24.3) 110 (19.3)

Race and Ethnicity, No. (%)

Hispanic 55 (37.4) 123 (29.1) 178 (31.2)

Black 57 (38.8) 184 (43.5) 241 (42.3)

White 20 (13.6) 89 (21.0) 109 (19.1)

Asian or other 15 (10.2) 27 (6.4) 42 (7.4)

Number of Sugary Drinks per Day, Mean (SD) 3.9 (3.4) 3.3 (3.1) 3.5 (3.2)

Methamphetamine Use, Mean (SD)

Age first tried 30.1 (10.1) 27.9 (10.6) 28.5 (10.5)

Years of smoking 5.6 (6.55) 6.2 (6.9) 6.1 (6.85)

Years of injecting 1.2 (3.1) 1.2 (4.4) 1.2 (4.1)

Years of snorting 2.4 (5.6) 2.6 (5.7) 2.5 (5.7)

Years of other 0.2 (2.4) 0.4 (2.7) 0.3 (2.6)

Average mo of use annually 9.9 (2.2) 10.2 (2.04) 10.1 (2.1)

Times used in last 30 d 9.8 (7.6) 10.7 (7.4) 10.5 (7.4)

Frequency of Dental Visits, No. (%)

More than once per year 39 (26.5) 34 (8.0) 73 (12.8)

Once per year 45 (30.6) 100 (23.6) 145 (25.4)

Once every 2 years 22 (14.9) 74 (17.5) 96 (16.8)

Less than once every 2 years 41 (27.9) 215 (50.8) 256 (44.9)

Frequency of Toothbrushing, No. (%)

Does not brush teeth 3 (2.0) 14 (3.3) 17 (3.0)

Less than once per day 17 (11.6) 37 (8.7) 54 (9.5)

Between 1 to 3 times per day 127 (86.4) 365 (86.3) 492 (86.3)

Other 0(0) 7(1.7) 7(1.2)

Cigarette Smoking Status, No. (%)

Never smoked 35 (23.8) 89 (21.0) 124 (21.7)

Former smoker 20 (13.6) 34 (8.0) 54 (9.5)

Current smoker 92 (62.6) 300 (70.9) 392 (68.8)
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VARIABLE HIV* POSITIVE (N = 147) HIV NEGATIVE (N = 424) TOTAL (N = 571)

Trajectory of Methamphetamine Use, No. (%)

Increasing 22 (14.9) 90 (21.3) 112 (19.6)

Decreasing 37 (25.2) 106 (25.1) 144 (25.2)

Maintaining 88 (59.9) 227 (53.7) 315 (55.2)

Changes in Methamphetamine Use Method, No. (%)

One method of use only 118 (80.3) 319 (75.4) 437 (76.5)

One change 18 (12.2) 61 (14.4) 79 (13.8)

Two changes 6 (4.1) 26 (6.1) 33 (5.8)

Three changes 5 (3.4) 17 (4.0) 22 (3.9)

Xerostomic Medication, No. (%)

Yes 69 (46.9) 123 (29.1) 192 (33.7)

No 78 (53.1) 300 (70.9) 378 (66.3)

Dry Mouth Severity, No. (%)‡

0 40 (27.2) 155 (36.7) 195 (34.3)

1 42 (28.6) 115 (27.3) 157 (27.6)

2 37 (25.2) 92 (21.8) 129 (22.7)

3 28 (19.0) 60 (14.2) 88 (15.5)

Caries Data, Mean (SD)

Number of decayed, missing, and filled surfaces 49.2 (34.2) 43.7 (33.9) 45.2 (34.1)

Number of decayed, missing, and filled teeth 14.3 (7.2) 12.8 (7.6) 13.2 (7.5)

Number of decayed surfaces 5.9 (11.8) 6.2 (11.8) 6.2 (12.1)

Number of permanent teeth 23.7 (5.5) 23.7 (5.7) 23.7 (5.7)

*
HIV: Human immunodeficiency virus.

†
SD: Standard deviation.

‡
0, no xerostomia (0 positive responses); 1, mild xerostomia (1 positive response); 2 moderate xerostomia (2 positive response); 3 severe 

xerostomia (3 or more positive responses).
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TABLE 2

NHANES* covariates.

VARIABLE NHANES (N = 8,917)

Age (Y), Mean (SD†) 45.1 (15.9)

Sex, No. (%)

Male 5,047 (56.6)

Female 3,870 (43.4)

Race and Ethnicity, No. (%)

Hispanic 2,624 (29.4)

Black 2,192 (24.6)

White 3,752 (42.1)

Asian or other 349 (3.9)

Number of Sugary Drinks per Day, Mean (SD) 0.34 (0.4)

Dry Mouth Severity, No. (%)‡

0 8,285 (92.9)

1 492 (5.5)

2 108 (1.2)

3 32 (0.3)

Caries Data, Mean (SD)

Number of decayed, missing, and filled teeth 9.5 (7.9)

Number of permanent teeth 24.6 (7.2)

*
NHANES: National Health and Nutrition Examination Survey.

†
SD: Standard deviation.

‡
0, no xerostomia (0 positive responses); 1, mild xerostomia (1 positive response); 2 moderate xerostomia (2 positive response); 3 severe 

xerostomia (3 or more positive responses).

J Am Dent Assoc. Author manuscript; available in PMC 2018 August 20.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Clague et al. Page 19

TA
B

L
E

 3

X
er

os
to

m
ia

 v
er

su
s 

ed
uc

at
io

n 
an

d 
m

ed
ic

at
io

n.

D
R

Y
 M

O
U

T
H

 S
E

V
E

R
IT

Y
 L

E
V

E
L

*
E

D
U

C
A

T
IO

N
 L

E
V

E
L

X
E

R
O

ST
O

M
IC

 M
E

D
IC

A
T

IO
N

 U
SE

L
es

s 
T

ha
n 

H
ig

h 
Sc

ho
ol

, N
o.

H
ig

h 
Sc

ho
ol

, N
o.

M
or

e 
T

ha
n 

H
ig

h 
Sc

ho
ol

, N
o.

N
o

Y
es

0
44

65
86

15
2

43

1
43

63
51

10
3

54

2
53

34
42

70
59

3
29

38
21

52
36

* 0,
 n

o 
xe

ro
st

om
ia

 (
0 

po
si

tiv
e 

re
sp

on
se

s)
; 1

, m
ild

 x
er

os
to

m
ia

 (
1 

po
si

tiv
e 

re
sp

on
se

);
 2

 m
od

er
at

e 
xe

ro
st

om
ia

 (
2 

po
si

tiv
e 

re
sp

on
se

);
 3

 s
ev

er
e 

xe
ro

st
om

ia
 (

3 
or

 m
or

e 
po

si
tiv

e 
re

sp
on

se
s)

.

J Am Dent Assoc. Author manuscript; available in PMC 2018 August 20.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Clague et al. Page 20

TABLE 4

Years of methamphetamine use by age.

AGE MEAN (SD*) TRIMMED MEAN (MOST EXTREME 10% 
REMOVED)

MAXIMUM†

35 Y or Younger (n = 110) 5.78 (4.10) 5.3 18.0

Years of smoking methamphetamine 3.69 (3.86) 3.1 17.0

Years of injecting methamphetamine 0.64 (2.02) 0.1 11.5

Years of snorting methamphetamine 1.35 (2.90) 0.6 17.0

Years of other method of using methamphetamine 0.10 (0.70) 0 6.7

36 to 54 Y (n = 410) 10.88 (7.90) 10.0 38.5

Years of smoking methamphetamine 6.51 (6.95) 5.4 33.0

Years of injecting methamphetamine 1.23 (4.20) 0.1 33.3

Years of snorting methamphetamine 2.80 (6.10) 1.2 38.5

Years of other method of using methamphetamine 0.30 (2.53) 0 29.5

55 Y or Older (n = 53) 12.79 (10.40) 11.6 46.8

Years of smoking methamphetamine 7.35 (8.90) 5.9 30.0

Years of injecting methamphetamine 1.90 (5.97) 0.3 38.7

Years of snorting methamphetamine 2.80 (6.40) 1.1 25.0

Years of other method of using methamphetamine 0.80 (4.40) 0 31.0

*
SD: Standard deviation.

†
Maximum value in sample.
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