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Asthma, long-term asthma control medication and tooth wear in American
adolescents and young adults

Udeshman Goswami, BDS, MSc, Saoirse O’Toole, BDS, PhD, and Eduardo Bernab�e, BDS, MSc, PhD

Faculty of Dentistry, Oral & Craniofacial Sciences, King’s College London, London, UK

ABSTRACT
Objective: This study explored the associations of asthma and long-term asthma control
medication with tooth wear among American adolescents and young adults.
Methods: Data from 2186 participants of the National Health and Nutrition Examination
Survey (NHANES) were used. Asthma and prescribed long-term medication were collected
through questionnaires. The number of surfaces with tooth wear was determined during
clinical examinations. Associations were tested in Hurdle regression models adjusting for
confounders.
Results: The prevalence of tooth wear was 58%, with an average of 6.1 (SD: 4.0) surfaces
affected among those with the condition. The prevalence of asthma was 10.3%, with 2.9%
of participants using long-term medication for asthma control. In the adjusted regression
model, asthma was not associated with tooth wear. However, long-term control medication
was associated with greater odds of having tooth wear (odds ratio: 3.33; 95%CI: 1.24-8.97),
but it was not associated with the number of surfaces with tooth wear among those with
the condition (rate ratio: 1.01; 95% CI: 0.58-1.75).
Conclusion: This cross-sectional analysis of national data shows that taking long-term
asthma medication was positively associated with having tooth wear.
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Introduction

The evidence on the association between asthma and
tooth wear is still controversial (1,2). Earlier hospital-
based studies (3–6) and small community-based sur-
veys (7,8) reported a positive association between
asthma and tooth wear. However, most studies were
descriptive and did not control for confounders
(3–6,8). The strongest evidence to date comes from a
2-year longitudinal study among 12-year-olds in
England. That study showed that asthma was not
associated with either prevalence or incidence of tooth
wear (9). However, the authors only presented
descriptive results (i.e.no control for confounders was
attempted) and did not explore the role of asthma
medication in tooth wear.

There are two potential mechanisms by which
asthma could be associated with erosive tooth wear.
One possible explanation is the bidirectional associ-
ation between asthma and gastro-esophageal reflux
disease (GERD) (10,11). GERD may cause asthma
through the micro-aspiration of gastric content that

damages the lining of airways, making them more
reactive to irritants (12,13). In addition, acid stimuli
in the distal esophagus might lead to bronchial symp-
toms via vagally mediated reflexes owing to the simi-
lar embryological origin and neural innervation of the
esophagus and bronchial tree (13,14). On the other
hand, asthma and asthma medication can also trigger
GERD. Lung hyperinflation and increased work of
breathing seen in asthmatic individuals increase the
pressure gradient between thorax and abdomen and
cause the gastroesophageal sphincter to become lax or
herniate, thus fostering acid reflux (15). Long-acting
beta-agonists and methylxanthine bronchodilators
(such as theophylline) relax smooth muscles, including
the gastroesophageal sphincter (15,16).

A second potential mechanism is the use of long-
term asthma control medications. Many inhalers
result in a drop in intraoral pH immediately upon use
(17). Dry powder inhalers are more acidic than
metered dose inhalers, with potential to cause greater
drops in salivary and plaque pH (18,19). As frequency
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of acid challenges is a known risk factor in dietary
tooth wear progression (17), this would increase sus-
ceptibility to acid challenges. Finally, long-acting beta-
agonists can affect the amount and quality of saliva
(20,21). Reduced salivary flow or quality induced by
asthma medication could affect the proteins and
chemical composition in the salivary pellicle which
has been shown to have a role in protection against
erosive tooth wear (22). In addition, those with
reduced salivary flow may increase consumption of
drinks to compensate (7). Most beverages apart from
water and milk are low in pH and acidic (23). The
present study will advance the area on two fronts.
First, it will use a large national sample to test our
hypotheses. Second, it will provide a stringent control
for known risk factors for tooth wear, such as GERD
and soft drinks, which, as described above, are associ-
ated with both asthma medication and tooth wear.
Therefore, this study explored the associations of
asthma and long-term asthma control medication
with tooth wear among Americans. We focused on
adolescents and young adults because asthma is more
common in these age groups (24,25).

Methods

Study population

This study used data from the National Health and
Nutrition Survey (NHANES) 2003-2004, a national
survey conducted by the Center for Disease Control
and Prevention (CDC) to represent the civilian, non-
institutionalized population residing in the 50 United
States and the District of Columbia (26). The
NHANES 2003-2004 is the latest national US survey
that collected information on tooth wear, as part of a
comprehensive oral examination. As such, it provided
an opportunity to test our hypotheses using national
data. Participants were selected via stratified multi-
stage probability sampling. The following groups were
oversampled for the survey: Mexican Americans,
Non-Hispanics Blacks, adolescents (12-19 years old)
and senior adults (60 years or older) (26). Data were
collected though home interviews, clinical examina-
tions and self-administered questionnaires. Of the
2937 participants aged 13-29 years, 2676 were clinic-
ally examined for tooth wear. Of them, 490 were
excluded due to missing data on asthma (n¼ 5) and
covariates (soft drinks ¼ 284, income ¼ 159, dental
insurance ¼ 126, GERD medication¼ 5). Therefore,
the study sample consisted of 2186 participants.

Selected variables

The outcome variable was the number of surfaces
with tooth wear. A modified version of the Tooth
Wear Index (TWI) was used (27). The buccal, lingual
and incisal surfaces of the 12 anterior teeth (36 surfa-
ces) and occlusal surfaces of all first molars (4 surfa-
ces) were visually examined and graded. The
threshold to define tooth wear for this analysis was
the loss of enamel just exposing dentin (i.e. codes 1, 2
and 3 in the TWI). Tooth wear examinations were
carried out by two trained and calibrated examiners.
The inter-reliability agreement was 87.7% and Kappa
was 0.80 (26).

The exposures were asthma and long-term asthma
control medication. Asthma was determined with two
questions (“has a doctor or health professional ever
told you that you have asthma?” and “do you still
have asthma?”). Participants with affirmative
responses to both questions were regarded as asth-
matic. Participants also reported any long-term medi-
cations for asthma control prescribed in the past
month. Answers were confirmed against the medica-
tion container (if available). The following long-term
asthma control medications were included: inhaled
corticosteroids, long-acting beta-agonists and leuko-
triene modifiers. No prescriptions for methylxanthines
were found in the study sample. Long-term asthma
medications were identified using the drug codes and
names in the supplemental file.

Demographic characteristics (sex, age and race/eth-
nicity), socioeconomic status (education and poverty
income ratio), GERD and behaviors (soft drink intake
and dental insurance) were included as potential con-
founders of the association between asthma and tooth
wear. Dental insurance was based on two questions
(“are you covered by health insurance or some kind
of health plan?” and “does the insurance cover any
part of dental care?”). Participants with positive
responses to both questions were considered as
insured. Daily intake of carbonated soft drinks was
derived from two 24-h diet recalls undertaken by
trained interviewers. The first was done in person
after the clinical examination and the second was
done over the phone 3 to 10 days later. The food
codes used to identify soft drinks are shown in the
supplemental file. The variable represents the average
number of drinks consumed over the two days (28).
GERD was not measured in NHANES. However, anti-
reflux medication was used as a proxy for GERD,
which was determined from two complementary sour-
ces. Participants reported if they had taken any ant-
acid medication (including those prescribed by a
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health professional and those that do not require a
prescription) in the past month. Prescribed drugs
were confirmed against the medication container (if
available). The codes to identify prescribed medica-
tions are in the supplemental file. GERD medication
was classified as none, over the counter only and pre-
scribed (29).

Statistical analysis

All analyses were carried out with Stata 15 (Stata
Corp, College Station TX, USA). Analyses accounted
for the survey design and were weighted to produce
nationally representative estimates. We first compared
participants in the study sample with those excluded
due to missing values on relevant variables to assess
the impact of missing data. The Chi-squared test
was used to compare categorical variables and
Student’s t-test to compare numerical variables (age
and soft drinks intake).

The associations of asthma and long-term medica-
tion with tooth wear were examined in Hurdle regres-
sion models (28,29). The Hurdle model was preferred
because data were over-dispersed (variance higher
than the mean) and had a large proportion of zero

values (30,31). The Hurdle model yielded two sets of
estimates. The first set was derived from a logistic
regression model for the probability of having tooth
wear (non-zero values) in the full sample. The second
set was derived from a negative binomial regression
model for the mean number of surfaces with tooth
wear among those with the condition (truncated
count). Negative binomial regression was preferred
over Poisson regression because it yielded better good-
ness-of-fit statistics (lower Akaike and Bayesian infor-
mation criteria values). The logistic portion of the
Hurdle model was reported using odds ratios (ORs),
which measured the probability of having tooth wear.
The negative binomial portion of the Hurdle model
was reported using rate ratios (RRs), which measured
the relative difference in number of surfaces affected
between the two groups being compared, but only
among those with tooth wear. The modeling strategy
was to include all theoretically relevant variables,
regardless of their statistical significance, in the regres-
sion model. The estimates for the associations of
asthma and long-term medication with tooth wear
were adjusted for sex, age, race/ethnicity, education,
poverty income ratio, dental insurance, intake of soft
drinks and GERD medication. The interactions of

Table 1. Comparison of characteristics between participants in the study sample and participants excluded
because of missing data.
Explanatory variables Excluded (n¼ 490) Study sample (n¼ 2186) p value

Sex, na % 0.160
Men 110 59.5 1061 50.1
Women 97 40.5 1125 49.9

Age in years, Mean± SD 21.1 ± 3.6 20.6 ± 4.9 0.467
Race and ethnicity, na % 0.738
Non- Hispanic White 75 69.7 735 64.6
Non- Hispanic Black 67 11.9 673 14.0
Hispanic 58 13.9 692 15.5
Mixed/Others 7 4.6 86 5.9

Education, na % 0.009
Less than high school 115 24.5 1467 44.8
High school 41 30.5 280 18.6
More than high school 51 45.0 439 36.6

Poverty income ratio, na % 0.151
�100% 40 39 670 20.6
101-200% 19 26.2 582 24.2
201-300% 8 5.9 327 17.5
301-400% 10 16.3 220 13
�401% 5 12.6 387 24.7

Dental insurance 0.118
Uninsured 48 53.9 776 39.6
Insured 58 46.1 1410 60.4

GERD medication 0.629
None 186 89.8 2009 88.4
Over the counter only 15 9.6 151 10.2
Prescribed 3 0.6 26 1.4

Asthma diagnosis 0.201
No 187 94.0 1954 89.7
Yes 15 6.0 232 10.3

Daily intake of soft drinks, Mean± SD 1.2þ 0.8 1.1 ± 0.9 0.600
Surfaces with tooth wear, Mean± SD 3.9 ± 4.1 3.6 ± 4.5 0.649
aCounts are unweighted.
SD: standard deviation; GERD: gastroesophageal reflux disease.
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asthma and long-term medication with GERD medi-
cation was tested by adding it as a product term to
the regression model.

Results

Data from 2186 adolescents (13-19 years old) and
young adults (20-29 years old) were analyzed. No dif-
ferences between participants in the study sample and
those excluded because of missing values on the varia-
bles chosen for analysis were found, except for educa-
tion (Table 1). There were fewer participants with
high school education or above in the study sample
than in those excluded. The prevalence of tooth wear
was 58% (n¼ 1068), with an average of 6.1 (SD: 4.0)
surfaces affected among those with the condition.
Furthermore, 10.3% (n¼ 232) of participants had
asthma and 2.9% (n¼ 61) of participants reported tak-
ing long-term medication. More specifically, 2.4%
(n¼ 48), 1.3% (n¼ 25) and 0.5% (n¼ 21) took inhaled

corticosteroids, leukotrienes and long-acting beta ago-
nists, respectively.

Table 2 compared the proportion of asthmatic par-
ticipants and of those taking long-term asthma control
medication according to socio-demographic character-
istics. The proportion of asthmatic participants was
significantly higher (13.2% versus 6.0%) among those
with than without dental insurance. Furthermore, the
proportion of participants under long-term asthma
control medication was significantly higher in those
taking prescribed GERD medication than in those not
taking it (26.9% versus 2.6%).

In the Hurdle regression model (Table 3), asthma
was not associated with tooth wear. On the other
hand, taking long-term asthma control medication
was associated with greater odds of having tooth wear
(OR: 3.33; 95% CI: 1.24–8.97), but taking medication

Table 2. Proportion of participants with asthma and long-
term medication according to their sociodemographic charac-
teristics (n¼ 2186).

Asthma Asthma medication

na % p valuec na % p valuec

Sex 0.116 0.639
Men 100 8.2 31 2.5
Women 132 12.5 30 3.3

Age groupsb 0.181 0.134
13-14 years 55 9.9 20 2.7
15-19 years 122 11.6 33 5.4
20-24 years 28 6.5 5 1.8
25-29 years 27 13.6 3 1.5

Race/ethnicity 0.264 0.304
Non-Hispanic White 70 9.8 27 3.5
Non-Hispanic Black 88 12.3 18 1.3
Hispanic 64 7.5 14 2.5
Mixed/Others 10 18.4 2 1.3

Education 0.939 0.320
Less than high school 168 10.7 50 4.1
High school 23 9.9 4 2.0
More than high school 41 10.1 7 1.8

Poverty income ratio 0.692 0.764
�100% 78 12.2 18 3.1
101-200% 50 11.4 12 2.3
201-300% 36 11.5 7 2.0
301-400% 26 9.0 6 2.7
�401% 42 7.6 18 4.0

Dental insurance 0.005 0.173
Uninsured 59 6.0 8 1.5
Insured 173 13.2 53 3.8

Daily intake of soft drinksb 0.639 0.945
None 55 8.1 12 2.9
1 drink/day 106 10.5 30 3.1
2þ drinks/day 71 11.3 19 2.7

GERD medication 0.317 <0.001
None 207 10.7 53 2.6
Over the counter only 21 7.8 4 2.5
Prescribed 4 2.9 4 26.9

aCounts are unweighted.
bCategories chosen for presentation purposes only.
cChi-squared test used for comparisons.

Table 3. Regression model for the associations of asthma,
asthma medication and number of surfaces with tooth wear
among American adolescents and young adults (n¼ 2186).

Explanatory variables

Logit portion NB portion

ORa [95% CI] RRa [ 95% CI]

Sex
Men 1.00 [Reference] 1.00 [Reference]
Women 0.53 [0.38-0.73]�� 0.79 [0.70-0.90]��

Age, in years 1.10 [1.05-1.14]��� 1.04 [1.03-1.06]���
Race/ethnicity
Non-Hispanic White 1.00 [Reference] 1.00 [Reference]
Non-Hispanic Black 0.59 [0.29-1.21] 0.85 [0.68-1.06]
Hispanic 1.29 [0.73-2.25] 1.00 [0.76-1.30]
Mixed/Others 1.39 [0.64-3.01] 1.15 [0.91-1.46]

Education
Less than high school 1.00 [Reference] 1.00 [Reference]
High school 1.10 [0.65-1.87] 1.06 [0.82-1.36]
More than high school 1.04 [0.59-1.83] 0.95 [0.72-1.26]

Poverty income ratio
�100% 1.00 [Reference] 1.00 [Reference]
101-200% 1.23 [0.73-2.05] 1.05 [0.75-1.47]
201-300% 1.47 [0.71-3.02] 0.99 [0.78-1.27]
301-400% 1.13 [0.51-2.52] 0.84 [0.63-1.11]
�401% 1.25 [0.71-2.22] 0.84 [0.70-1.00]�

Dental insurance
Uninsured 1.00 [Reference] 1.00 [Reference]
Insured 0.78 [0.56-1.08] 1.00 [0.90-1.11]

GERD medication
None 1.00 [Reference] 1.00 [Reference]
Over the counter only 0.96 [0.44-2.10] 1.05 [0.86-1.30]
Prescribed 1.12 [0.49-2.55] 1.02 [0.56-1.86]

Daily intake of soft drinks 1.05 [0.83-1.34] 1.05 [0.98-1.13]
Asthma diagnosis
No 1.00 [Reference] 1.00 [Reference]
Yes 0.66 [0.43-1.26] 1.23 [0.97-1.57]

Long-term asthma medication
None 1.00 [Reference] 1.00 [Reference]
Any medication 3.33 [1.24-8.97]� 1.01 [0.58-1.75]

aHurdle regression model was used. Odds ratios (OR) were reported for
the logit portion and rate ratios (RR) for the negative binomial (NB) por-
tion. ORs represent the probability of having tooth wear in a given
group compared to the reference group (in the full sample). RRs repre-
sent how much higher/lower the mean number of surfaces with tooth
wear is in one group than in the reference group (among those with
tooth wear only).�p< 0.05; ��p< 0.01; ���p< 0.001.

4 U. GOSWAMI ET AL.



was not associated with the number of surfaces with
tooth wear among those with the condition (RR: 1.01;
95% CI: 0.58–1.75). The interactions of asthma and
long-term asthma medication with GERD medication
were not significant.

Discussion

The present findings highlight the role of long-term
medication for asthma control in tooth wear among
adolescents and young adults. On one hand, asthma
diagnosis was not associated with tooth wear. On the
other hand, the use of long-term medication for
asthma control was positively associated with the
prevalence of tooth wear, but not with its severity
(surfaces affected) among those already affected with
tooth wear. The magnitude of this effect was such
that individuals taking control medication were over
three times more likely to have tooth wear than those
not taking such medication.

These findings suggest that taking long-term
asthma control medication might underlie the associ-
ation between asthma and tooth wear. The fact that
asthma medication was associated with the presence
of tooth wear (prevalence) but not with the number
of surfaces affected (severity) could reflect the stepwise
approach to asthma management (32,33). The
approach starts with a pre-set dose of drugs that is
gradually adjusted till the minimum effective dose is
found (i.e.the lowest treatment that controls both
symptoms and exacerbations) (32). Unfortunately, no
information on how long participants were exposed to
medication was available in NHANES. Furthermore,
the number of participants taking specific medications
for asthma control was small to run analyses stratified
by type of medication. Two of the three medications
(long-acting beta-agonists and inhaled corticosteroids)
included in our analysis have been associated with
reductions in salivary flow rate and protein concentra-
tion (20,21), which might subsequently limit any pre-
ventive effect of saliva and the salivary pellicle on
tooth wear. The third medication, leukotriene modi-
fiers (including montelukast and zafirlukast among
these participants), has not been previously connected
with changes in dentition or saliva (34). They block
some inflammatory responses mediated by leuko-
trienes, such as bronchoconstriction, heightened
microvascular permeability and increased mucus
secretion (33,35). Like with long-acting beta-agonists,
it is possible that by relaxing smooth muscles they
affect the tone of the lower esophageal sphinc-
ter (12–14).

Our finding of a non-significant association
between asthma and tooth wear agrees with that of a
previous longitudinal study (9), despite our adjust-
ment for confounders. Confounding control is
important because the factors that make an individual
susceptible to tooth wear are likely to be multifactorial
and may be increased in those taking asthma control
medication. A two-way relationship between asthma
and GERD has been reported in the literature
(12–16). We found more participants under long-term
asthma medication among those with prescribed
medication for GERD than among those without such
medication. However, no interaction between the two
factors was identified, probably due to the few partici-
pants taking both medications simultaneously. Also,
residual confounding could have occurred when using
a proxy for GERD, which did not fully capture all
GERD diagnoses (especially for participants with
GERD but not taking medication). GERD can be
asymptomatic, underdiagnosed and refluxate may not
extend into the extra-esophageal space to warrant
medication (12).

The present findings have implications for practice
and future research. Dental professionals should be
aware of a possible association between asthma medi-
cation and tooth wear and should look for evidence of
tooth wear among asthmatic patients under long-term
control medications. Further research should advance
on the specific medications associated with tooth wear
and potential mechanisms. Methylxanthines were not
reported by participants in our study sample but are
worth exploring. Like long-acting beta-agonists and
leukotriene modifiers, they are suggested as a link
between asthma and GERD by relaxing smooth
muscles tone, including the gastroesophageal sphincter
(12–14). Additional information on long-term asthma
control medication should include the route of drug
delivery (liquid, inhaler, nebulizer), frequency of drug
administration and duration of treatment, which are
important factors for tissue damages, especially in case
of treatment of chronic conditions. Longitudinal stud-
ies measuring changes in asthma, medications and
outcome as well as with a stringent control for con-
founders (GERD diagnosis) would be beneficial.

The use of data from a large population-based sam-
ple and the assessment of both asthma and asthma
medication were the strengths of this study. However,
some study limitations must be addressed. First, the
data was cross-sectional. Although hypothesis driven,
the identified associations should be interpreted as
descriptive only as a clear temporal sequence between
exposure and outcome cannot be established with
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cross-sectional data. Second, some participants were
excluded due to missing data on the variables chosen
for analysis. Participants in the study sample were less
educated than those excluded. Thus, some caution
should be exerted when extrapolation the findings to
the study population. Third, tooth wear was assessed
on a subset of tooth surfaces only, which could be
considered less accurate than a full-mouth examin-
ation. However, there is evidence that partial-mouth
assessments are as valid as full-mouth assessments to
replicate known associations with tooth wear (36). In
addition, buccal surfaces of upper incisors and occlu-
sal surfaces of lower first molars are those most com-
monly affected by tooth wear (36,37). Fourth, even
though we adjusted for multiple confounders, they
were all based on self-reports which might be prone
to measurement error and introduce residual
confounding.

In conclusion, this cross-sectional analysis of a
large nationally representative sample of American
adolescents and young adults found evidence that
long-term asthma control medication was associated
with greater odds of having tooth wear.
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Supplemental Table 1. List of drug codes to identify long-term asthma medications

Drug group Generic drug name Drug code

Inhaled
corticosteroids

Fluticasone d01296
Fluticasone Nasal d04283
Fluticasone Topical d04284
Azelastine; Fluticasone Nasal d07868
Flunisolide d00761
Flunisolide nasal d04279
Budesonide d04276
Budesonide Nasal d03640
Ciclesonide d05465
Ciclesonide Nasal d05899
Beclomethasone d00760
Beclomethasone Nasal d04275
Mometasone d05262
Mometasone Nasal d04223
Mometasone Topical d01300

Leukotriene
modifiers

Montelukast d04289
Zafirlukast d04053

Long-acting beta
agonists

Salmeterol d03759
Formoterol d04572
Arformoterol d05893

Combination
inhalers

Fluticasone; Salmeterol d04611
Budesonide; Formoterol d04795
Formoterol; Mometasone d07660
Fluticasone; Vilanterol d08100

Methylxanthines
Guaiffensin; Pseudoephidrine; Theophylline h00017
Guaiffensin; Theophylline d03273



Supplemental Table 2. List of food codes to identify carbonated soft drinks

Food code Food item
92410110 Fruit flavors
92410110 Clearly Canadian
92410110 Mistic Sparkling Water Beverage with Fruit Flavor and Natural Spring Water
92410110 Penafiel, apple and sangria flavors
92410250 Diet Mistic Sparkling Water Beverage w/ Fruit Flavor & Natural Spring Water
92410310 Coca Cola
92410310 Coke
92410310 Pepsi
92410310 RC Cola
92410315 Coca-Cola C2
92410315 Pepsi Edge
92410320 Diet Coke
92410320 Diet Pepsi
92410330 Jolt Cola
92410330 Josta
92410340 Caffeine free Coke
92410340 Caffeine free Pepsi
92410340 Crystal Pepsi Clear Cola
92410350 Caffeine free Diet Coke
92410350 Caffeine free Diet Pepsi
92410350 Diet Crystal Pepsi Clear Cola
92410350 Diet Rite Cola
92410360 Dr. Pepper
92410360 Mr. Pibb
92410370 Diet Dr. Pepper
92410390 Caffeine free Dr. Pepper
92410400 Caffeine free Diet Dr. Pepper
92410410 Almond Smash
92410510 Orange
92410510 Lemon
92410510 Lime
92410510 Cherry
92410510 Grape
92410510 Strawberry
92410510 Tom Collins mixer
92410510 7-Up
92410510 Sprite
92410510 Minute Maid Orange Soda
92410510 Slice
92410510 Mandarin Orange Slice
92410510 Lemon Slice
92410510 Caffeine free Mountain Dew
92410510 7-Up, NS as to caffeine
92410510 Squirt
92410510 Orange Crush



92410510 Citra
92410510 Sierra Mist
92410520 Diet Minute Maid Orange Soda
92410520 Diet Slice
92410520 Diet Mandarin Orange Slice
92410520 Diet Lemon Slice
92410520 Diet Sprite
92410520 Diet 7-Up
92410520 Fresca
92410520 Diet 7-Up, NS as to caffeine
92410520 Diet Cherry 7-UP
92410520 Sierra Mist Free
92410550 Mellow Yellow
92410550 Mountain Dew
92410550 Big Red
92410550 7-Up Gold
92410550 Pepsi Tropical Chill
92410550 Sunkist Orange
92410550 Mountain Dew, NS as to caffeine
92410550 Ruby Red Squirt
92410550 Surge
92410560 Diet Mountain Dew
92410560 Diet 7-Up Gold
92410560 Diet Sunkist
92410620 Diet
92410720 Diet
92410820 Canfield's Diet Chocolate Fudge Soda
92411510 Cherry cola
92411510 Cherry Coke
92411610 Diet
92411610 Diet Cherry Coke
92417010 Ale-8
92433000 Combinations of citrus and noncitrus
92433000 Mistic Spring Water 'n Juice tropical supreme flavor
92433000 Mistic Spring Water 'n Juice black cherry flavor
92433000 Mistic Spring Water 'n Juice peach vanilla flavor
92433000 Mistic Spring Water 'n Juice wild berry juice flavor
92433000 Mistic Spring Water 'n Juice raspberry-boysenberry flavor
92433000 Mango passion flavor
92433000 Mystic Spring Water 'n Juice, NS as to Flavor



Supplemental Table 3. List of drug codes to identify prescribed GERD medications

Drug group Generic drug name Drug code
Antacids Unspecified c00088

H2 receptor blocker

Famotidine d00141
Nizatidine d00322
Ranitidine d00021
Cimetidine d00140
Ranitidine Bismuth Citrate d04042

Proton pump inhibitors

Lansoprazole d03828
Omeprazole d00325
Esomeprazole d04749
Pantoprazole d04514
Rabeprazole d04448
Dexlansoprazole d07395
Amoxicilin; Clarithromycin; Lansoprazole d04272
Rabeprazole d04448
Ariprazole d04825
Lansoprazole; Naproxen d04913
Amoxicillin; Clarithromycin; Omeprazole d05399
Omeprazole; Sodium Bicarbonate d05770
Dexlansoprazole d07395
Esomeprazole; Naproxen d07631
Famotidine; Ibuprofen d07764

Strengthen sphincter Baclofen d00967
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