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Abstract

Background: Topiramate, which is increasingly being used to treat alcohol use disorder (AUD),
is commonly associated with reduced serum bicarbonate concentrations. However, estimates of
the prevalence and magnitude of this effect are from small samples and do not address whether
topiramate’s effects on acid-base balance differ in the presence of an AUD or by topiramate
dosage.

Methods: Veterans Health Administration electronic health record (EHR) data was used to
identify patients with a minimum of 180 days of topiramate prescription for any indication and a
propensity score matched control group. We differentiated patients into two subgroups based on
the presence of a diagnosis of AUD in the EHR. Baseline alcohol consumption was determined
using Alcohol Use Disorders ldentification Test—Consumption (AUDIT-C) scores in the EHR.
Analysis also included a three-level measure representing mean daily dosage. The topiramate-
associated changes in serum bicarbonate concentration were estimated in difference-in-
differences linear regression models. A serum bicarbonate concentration <17 mEg/L was
considered to represent possible clinically significant metabolic acidosis.

Results: The cohort comprised 4,287 topiramate-treated patients and 5,992 propensity score
matched controls with a mean follow-up period of 417 days. The mean topiramate-associated
reductions in mean serum bicarbonate concentration were <2 mEq/L in the low (<= 88.75),
medium (>88.75 and <=141.70), and high (> 141.70) mg/d dosage tertiles, irrespective of AUD
history. Concentrations <17 mEq/L occurred in 1.1% of topiramate-treated patients and 0.3% of
controls and were not associated with alcohol consumption or an AUD diagnosis.

Conclusions: The excess prevalence of metabolic acidosis associated with topiramate
treatment does not differ with dosage, alcohol consumption, or the presence of an AUD.
Baseline and periodic serum bicarbonate concentration measurements are recommended

during topiramate therapy. Patients prescribed topiramate should be educated about the



symptoms of metabolic acidosis and urged to report their occurrence promptly to a healthcare

provider.

Key Words: Topiramate, Metabolic Acidosis, Bicarbonate, Alcohol Treatment, Adverse Event



Introduction

Topiramate, a sulfamate-substituted monosaccharide that is structurally related to
fructose, has multiple neurotransmitter- and enzyme-mediated effects. It was originally
approved in 1996 by the Food and Drug Administration for the treatment of epilepsy." In 2004,
the drug was approved for the prophylaxis of migraine headache? and in 2012, it was approved
in combination with phentermine for weight loss.® Across these multiple indications, from 2014-
2019, there were over 8 million topiramate prescriptions filled annually in the United States.*

Efforts to expand topiramate’s clinical utility have included studies in a range of
psychiatric disorders, including bipolar disorder and substance use disorders. Although its off-
label use to treat psychiatric disorders is controversial®®, topiramate is considered an evidence-
based treatment for moderate-to-severe alcohol use disorder (AUD).>"!

Topiramate blocks voltage-activated sodium and calcium channels, potentiates GABA
activity at non-benzodiazepine GABAAx receptors, and attenuates glutamate activity at
AMPA/kainate receptors.’>'3 In renal tissue, topiramate inhibits carbonic anhydrase (CA) II, 1V,
and XIll, three CA isoforms that promote bicarbonate reabsorption in the proximal tubule and
hydrogen excretion in the distal tubule.’ As a result, some topiramate-treated patients develop
a mixed renal tubular acidosis with hyperchloremia.'s16

Case reports of topiramate-induced acid-base disturbance first emerged in 1999,":'® and
topiramate prescribing information was revised in 2003 to include severe metabolic acidosis as
a potential rare adverse event.'® More frequently, topiramate use leads to mild decrements in
serum bicarbonate levels that are of unclear clinical significance. A retrospective cohort study of
54 topiramate-treated patients in an outpatient neurology clinic showed a mean maximal
reduction in serum bicarbonate concentration of 5.1 mEqg/L (95% CI 3.7 to 6.5) during
treatment.?° In a retrospective case series study of 350 veterans, those prescribed topiramate
had a statistically significant decrease of 2.7 mEq/L in serum bicarbonate concentration during

the first year of therapy, with one patient having a bicarbonate concentration of <17 mEq/L



without clinical effects.?! The mean (standard deviation [SD]) serum bicarbonate nadir
concentration during treatment in this series was 25.3 (3.1) mEq/L.

Although topiramate is widely prescribed and commonly associated with reduced
bicarbonate levels, the extent to which its effects on acid-base balance are clinically relevant is
unclear, particularly at higher dosages or in susceptible subgroups. The recommended daily
dosage of topiramate for treating epilepsy is 200-400 mg, 100 mg for migraine prophylaxis, and
46 mg (combined with 7.5 mg/day of phentermine) for weight loss.'®?? As a treatment for AUD,
topiramate has been studied at a dosage of 75-300 mg/day.'?232% Several small studies in
adults showed no significant correlation of topiramate dosage with serum bicarbonate
level.?':2627 Jovanovic et al®® reported an inverse relationship between topiramate treatment
duration and serum bicarbonate concentration, with frequent occurrence of low serum
bicarbonate concentration during treatment extending beyond 5 years. However, another study
showed no association between treatment duration and serum bicarbonate concentration.?’

Topiramate’s effects on acid-base balance could compound those associated with AUD.
In acute care settings, severe alcohol intoxication and alcohol withdrawal states are associated
with respiratory acidosis, alcoholic ketoacidosis, dehydration, and electrolyte disturbances.3%3*
Furthermore, alcohol-related liver disease, an entity that encompasses the damage states of
fatty liver, hepatitis, and cirrhosis, can increase the risk of metabolic acidosis.*® Also, protein-
calorie malnutrition and deficiencies of micronutrients (e.g., folate, thiamine, and magnesium)
are more common in patients with severe AUD®*-%°and can adversely affect acid-base
balance*®42, as can the metabolic effects of alcohol on cellular redox potential.*3-4°

Johnson et al?® reported that among 371 subjects with alcohol dependence randomized
to receive topiramate or placebo, the mean plasma bicarbonate concentration was lower for the
topiramate-treated group than the control group at the end of treatment (mean difference: 2.50
mEq/L [95% CI, 1.89-3.11 mEqg/L), with no effect on plasma pH and no cases of metabolic

acidosis that required medical intervention. These results are consistent with multiple other



clinical trials of topiramate for treating AUD,?#?8-3! in which there were no serious adverse
events related to metabolic acidosis.

Given the range of topiramate dosages across therapeutic indications and the potential
for metabolic derangements associated with heavy alcohol consumption to exacerbate the
metabolic acidosis induced by topiramate, we compared the effects of topiramate on serum
bicarbonate concentration at different dosage levels and in patients differentiated by the
presence of an AUD diagnosis. To conduct the study analyses, we used electronic health record
(EHR) data from the largest integrated healthcare system in the United States.

Materials and Methods
Study Population

We accessed EHR data, including patient demographics, diagnoses, laboratory test
results, and pharmacy dispensing records from the Department of Veterans Affairs (VA)
Corporate Data Warehouse through the VA Informatics and Computing Infrastructure.*® For this
analysis, we included patients who had received a topiramate prescription that was filled at an
outpatient Veterans Health Administration (VHA) pharmacy and propensity score matched
controls with no history of topiramate treatment. We identified all patients who received
topiramate for at least 180 days, with coverage of at least 144 of those days and no gap longer
than 30 days, for any indication between January 1, 2009 and October 1, 2015. We limited
patients to those attending the VHA clinics that most frequently generated topiramate
prescriptions, including primary care, neurology, psychiatry, women’s health, substance use
disorder treatment, pain medicine, endocrinology, and physical medicine and rehabilitation.
Potential controls included all patients who attended one of the relevant clinics on a randomly
selected date in each calendar year but never received topiramate. We chose index dates that
enabled us to follow topiramate-treated patients and controls over similar calendar time. The
index date was defined as the first fill date for topiramate-treated patients and the random clinic

visit date for controls. We used a 12-month washout period to identify new episodes of



topiramate treatment. Therefore, patients who received topiramate at any point were eligible for
inclusion only after a one-year period without topiramate treatment.
Propensity Score Matching

To reduce the risk of confounding by indication, we generated propensity scores, which
were used to adjust for the conditional probability of being prescribed topiramate given a set of
covariates associated with the receipt of topiramate.*” Propensity score matching balances the
treatment and control groups on factors potentially involved in treatment selection, similar to
treatment allocation in a randomized controlled trial.*® Propensity scores were estimated
separately for patients with and without a history of AUD.

Variables used in the propensity score multivariable logistic regression models
(Supplemental Table S1) were selected a priori based on clinical knowledge*® and included age,
race, smoking status, body mass index (BMI), hospitalization frequency during the year prior to
the index date, history of various medical and mental health conditions, and history of various
substance use disorders. To address historical trends in topiramate use, we included the index
year and a site prescribing pattern variable, defined as the proportion of patients who initiated
topiramate stratified by site and year. We also included variables that captured attendance at
various medical, surgical, and mental health clinics and the total number of clinic visits prior to
the index date. Lastly, variables denoting outpatient treatment with opioid, muscle relaxant, anti-
depressant, and nonsteroidal anti-inflammatory medications were included in the model. All
main effect variables were tested for two-way interaction, and significant two-way interaction
terms (p<.05) were included in the final propensity score model. The model C-statistic was
0.846 for patients with a history of AUD and 0.886 for patients with no history AUD, indicating
adequate discrimination in both models.*°

After propensity score generation, we conducted the propensity score matching within
pre-specified subgroups of patients based on index year and baseline scores on the Alcohol

Use Disorders Identification Test—Consumption (AUDIT-C) measure.®' Each exposed patient



was matched to up to five unexposed patients with index dates in the same calendar year, using
a greedy matching algorithm.®? After propensity score matching, patients without pre-treatment
and post-treatment serum bicarbonate results were excluded from the cohort. Also, currently
prescribed medications associated with metabolic acidosis®*-5* were exclusionary (Supplemental
Table S2). Finally, we aggregated the strata to create the full matched cohort.%®
Measures and Follow-up

We differentiated patients with a history of AUD from those without such a history based
on the occurrence at any time prior to baseline of one inpatient or two outpatient codes for
alcohol dependence (303.x) or alcohol abuse (305.00-305.03) using the International
Classification of Disease, Ninth revision, Clinical Modification. A current AUD status was given
when the history of AUD was within one year prior to the index date. Baseline alcohol
consumption was determined using the most recent AUDIT-C score recorded in the EHR during
the year prior to the index date. The AUDIT-C is a three-item questionnaire used to detect
hazardous drinking and screen for alcohol use disorders by querying the quantity and frequency
of alcohol consumption.®® Systematic annual screening with the AUDIT-C has been
implemented within VHA outpatient clinics since 2004.5¢

We determined serum bicarbonate concentrations using uncorrected venous serum total
carbon dioxide (tCO2) concentrations. As bicarbonate comprises approximately 95% of tCO»
and there is no direct laboratory method for measuring bicarbonate concentration, the serum
bicarbonate concentrations reported in this study are tCO2 concentration results from lab auto-
analyzers.®” The pretreatment serum bicarbonate concentration was defined as the most recent
measurement within the year prior to the index date. The post-treatment serum bicarbonate
concentration was defined as the average of all serum bicarbonate measurements between 30
days after the index date and 7 days after the end of topiramate treatment. The minimum serum
bicarbonate concentration during this post-treatment period was used to identify patients with a

threshold of <17 mEg/L to define a markedly low concentration.®



We followed all patients from their index date for a maximum of two years or until their
last VHA visit or death. Additionally, topiramate-treated patients were censored at 30 days after
the end of their last topiramate prescription. To ensure equal follow-up time within matched sets,
controls were censored at the total follow-up time of their matched topiramate-treated patient.
Statistical Analyses

All statistical analyses were performed separately for patients with and without a history
of AUD. We used multivariable difference-in-difference (DiD) linear regression models®-*° to
estimate the differential change in serum bicarbonate concentrations from pretreatment to post-
treatment between the topiramate-treated and control groups. We performed subgroup analyses
by average daily topiramate dosage during follow-up. The topiramate dosages were categorized
into low, medium, and high tertiles (<= 88.75, >88.75 and <=141.70, and > 141.70 mg/d,
respectively). As there may have been residual confounding not addressed by propensity score
matching, models were adjusted for age, the total number of non-topiramate prescriptions
during follow-up, and any characteristic that differed between the treatment and control groups.
Differing characteristics were identified based on a phi coefficient > 0.05 for categorical
variables and SMD > 0.1 for continuous variables.

Finally, we compared the odds of markedly low serum bicarbonate concentration
between the topiramate-treated and control groups using y-square analysis. We applied the
Breslow-Day test for homogeneity to determine whether the odds ratios differed based on a
history of AUD prior to the index date or baseline AUDIT-C category.

All statistical analyses were performed using SAS Enterprise Guide version 8.2 (SAS

Institute Inc., Cary, NC, USA).



Results

As shown in in Supplemental Figure 1, the initial sample comprised 1,044,029 patients,
including 38,366 topiramate-treated patients and 1,005,663 potential controls. Propensity score
matching yielded 22,332 patients with a history of AUD and 77,478 patients without a history of
AUD. The application of exclusion criteria (i.e., absence of a baseline or follow-up bicarbonate
concentration result, receipt of an exclusionary medication, or control matched to an excluded
topiratment-treated patient) led to the exclusion of 19,951 patients with a history of AUD and
69,580 patients without a history of AUD. The propensity score matched cohort characteristics
were similar before and after exclusions, except for a lower mean number of past-year
dermatology clinic visits in the cohort after exclusions (SMD=0.57) among patients without a
history of AUD (Supplemental Table S3). The treatment and control groups in the propensity
score matched cohort were well balanced (SMD < 0.10), except for a higher number of past-
year neurology clinic visits in the treatment groups (history of AUD: SMD=0.12 pre-exclusions
vs. 0.16 post-exclusions; no history of AUD: SMD=0.14 pre-exclusions vs. 0.12 post-exclusions)
(Supplemental Tables S4 and S5).

The final matched sample was predominantly male (74.8%), with a mean (SD) age of
49.2 (13.4) years, and 23.2% had a history of an AUD diagnosis, of whom 57.4% had a current
AUD diagnosis (Table 1). Among individuals without a history of AUD a larger proportion of men
than women received topiramate treatment (p=0.02). However, the phi coefficient for sex did not
meet the threshold for inclusion as a characteristic that differed between the topiramate-treated
and control groups (phi=0.02). Topiramate-treated patients had a significantly lower mean
baseline [SD] serum bicarbonate concentration than controls (26.49 [2.96] vs. 27.19 [2.81]
mEq/L; p<.001). On subgroup analysis, this difference was present irrespective of AUD history,
AUDIT-C score, or topiramate dosage subgroups (Table 2).

(Tables 1 and 2 Here)



Figure 1 shows the mean absolute changes in serum bicarbonate concentrations among
topiramate-treated patients and controls by AUD history. Among topiramate-treated patients, the
mean (SD) serum bicarbonate concentration decreased from 26.61 (3.07) mEq/L to 24.73 (2.79)
mEqg/L among those with a history of AUD and from 26.45 (2.94) to 24.89 (2.74) mEg/L among
those with no history of AUD. Among controls, the mean (SD) serum bicarbonate concentration
decreased from 27.02 (2.91) to 26.83 (2.62) mEg/L among those with a history of AUD and from
27.25 (2.78) to 27.14 (2.53) mEq/L among those with no history of AUD. In the DiD analyses,
topiramate treatment was associated with a reduction in mean serum bicarbonate concentration
of 1.69 mEqg/L (95% Cl,1.46-1.91) among patients with a history of AUD and 1.45 mEq/L (95%
Cl, 1.33-1.56) among those with no history of AUD.

Topiramate-treated patients received a mean (SD) topiramate dosage of 129 (87) mg/d
for a mean (SD) duration of 417 (189) days. Figures 2 and 3 show the mean absolute changes
in serum bicarbonate concentrations among topiramate-treated patients and controls by
topiramate mean daily dosage level. Among patients with a history of AUD, the topiramate-
associated reduction in serum bicarbonate concentration was 1.03 mEq/L (Cl, 0.60-1.46) at a
low dosage, 1.92 mEq/L (Cl, 1.54-2.30) at a medium dosage, and 1.96 mEq/L (Cl, 1.60-2.32) at
a high dosage (Table 3). Among patients without a history of AUD, the reduction was 1.14
mEq/L (Cl, 0.93-1.35) at a low dosage,1.64 mEq/L (Cl, 1.44-1.84) at a medium dosage, and
1.55 mEq/L (Cl, 1.34-1.75) at a high dosage (Table 3).

(Figures 1-3 and Table 3 Here)

Serum bicarbonate concentration decreased to less than 17 mEq/L during the follow-up
period in 1.1% of topiramate-treated patients and 0.32% of control patients (OR=3.56, 95%ClI,
2.09-6.06; P<.001). We found no association of AUD history or baseline AUDIT-C score

category with the occurrence of a markedly low bicarbonate concentration.
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Discussion

The study results substantiate the low-grade reductions in serum bicarbonate
concentration that are frequently seen in patients on topiramate therapy and the potential for
sporadic cases of severe metabolic acidosis. There were no clinically significant differences in
topiramate-associated serum bicarbonate concentration changes as a function of an AUD
diagnosis. These results are particularly important because AUD is highly prevalent in the
United States, with a 12-month prevalence of 13.9% and a lifetime prevalence of 29.1% among
adults.®® AUD commonly co-occurs among individuals with epilepsy®'*2, an indication for
topiramate treatment. Moreover, topiramate is increasingly used off-label and recommended as
a first-line pharmacotherapy for AUD without comorbid seizure or migraine disorders.%

The topiramate-associated serum bicarbonate concentration changes were calculated
using the mean serum bicarbonate concentration for each patient during a specified period after
topiramate initiation. As expected, we found a less pronounced effect on serum bicarbonate
concentration than previous studies that reported maximal reductions during topiramate
treatment. In all subgroups included in the DiD analyses, the mean post-exposure bicarbonate
concentrations were well above the lower limit of the reference range for serum bicarbonate
concentration. Nevertheless, even low-grade metabolic acidosis can have deleterious health
consequences, including osteopenia®-%®, sarcopenia®®, and progression of chronic kidney
disease®.

Pretreatment and periodic serum bicarbonate concentration measurements are
recommended during topiramate therapy.'® Patients prescribed topiramate should be educated
about the symptoms of metabolic acidosis and urged to report their occurrence promptly to a
healthcare provider. Topiramate treatment for longer than 12 months has been associated with
osteopenia®. Clinicians should consider individualized strategies to prevent and detect bone
loss in patients on long-term treatment with topiramate, as with other antiepileptic medications

that reduce bone density.?® Also, a reassessment of topiramate dosage and treatment duration
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may be indicated for patients who experience changes in health status or medication regimen
that could increase the risk of metabolic acidosis.
Limitations

The use of retrospective EHR data presents several limitations. Although propensity
score matching is used in non-experimental settings to reduce sample selection bias, it does not
preclude the existence of unrecognized confounders as is also the case with randomization in a
prospective clinical trial. In this study, there was a particularly high proportion of exclusions in
the sample after propensity score matching. Nonetheless, the balance achieved by propensity
score matching was retained after the additional exclusions.

The serum bicarbonate concentrations were measured on an outpatient basis as part of
metabolic test panels ordered during diverse clinical contexts, such as routine interval, urgent
care, and emergency department visits. Therefore, there may have been unrecognized
differences between the treatment and control groups related to the medical status of the
patients when the laboratory specimens were obtained. Additionally, the bicarbonate
concentration measurements during the follow-up period did not occur at prespecified time
points. Further, the study data did not include blood gas panel results, which would have
provided information about the extent to which cases of metabolic acidosis were associated with
respiratory compensation. Finally, although the inclusion of data on adherence to dosage would
augment the findings reported here, unfortunately, information on adherence was not available
in our data, as is the case in many health data systems.

Contribution

This is the largest systematic assessment of the effects of topiramate treatment on
serum bicarbonate concentrations and the first to investigate whether AUD, alcohol
consumption levels, and topiramate dosage are risk factors for topiramate-induced metabolic
acidosis. The study provides useful information to topiramate prescribers regarding the low

likelihood that the medication will cause severe metabolic acidosis, either in patients with AUD
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or those without such a diagnosis, expanding the normative data available for serum

bicarbonate concentrations among topiramate-treated patients.
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Figure Legends

Figure 1. Serum Bicarbonate Concentration in Patients by Baseline Alcohol Use Disorder Status

Figure 2. Serum Bicarbonate Concentration in Patients with a History of Alcohol Use Disorder

by Topiramate Dosage

Figure 3. Serum Bicarbonate Concentration in Patients with no History of Alcohol Use Disorder

by Topiramate Dosage
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Table 1. Baseline Patient Demographic and Clinical Characteristics®®

History of AUD

No History of AUD

Topiramate Control Topiramate Control
(n=988) (n=1393) P Value (n=3299) (n=4599) P Value
Age, mean (SD), y 50.2 (11.4) | 49.5(12.0) 15 49.4 (13.4) | 48.7 (14.2) .04
Sex
Female 153 (15.5) | 194 (13.9) 29 894 (27.1) | 1354 (29.4) .02
Male 835 (84.5) | 1199 (86.1) 2405 (72.9) | 3245 (70.6)
Race

White 775 (78.4) | 1083 (77.8) 62 2642 (80.1) | 3728 (81.1) 13

Black or African American 189 (19.1) 272 (19.5) 559 (16.9) 704 (15.3)

American Indian/Alaskan Native 7 (0.7) 8 (0.6) 28 (0.9) 50 (1.1)

Asian 2(0.2) 6 (0.4) 13 (0.4) 34 (0.7)

Native Hawaiian or Other Pacific Islander 5(0.5) 14 (1.0) 24 (0.7) 37 (0.8)

Mixed 10 (1.0) 10 (0.7) 33 (1.0) 46 (1.0)
Pretreatment HCOs, mean (SD) 26.61 (3.07) | 27.02 (2.91) <.001 26.45 (2.93) | 27.25(2.78) <.001
Pretreatment AUDIT-C score, mean (SD) 2.9(3.8) 3.0 (3.9) .59 1.0(1.7) 1.1(1.7) .04
BMI, mean (SD) 29.7 (6.0) 29.4 (5.9) 15 31.1(6.3) 30.7 (6.4) .005
No. of medical diagnoses, mean (SD)° 0.9(1.1) 0.9 (1.0) .76 0.8 (1.1) 0.8 (1.0) .35
No. of psychiatric diagnoses, mean (SD)¢ 20(1.1) 2.0(1.0) .39 1.2(1.1) 1.2(1.1) 72
No. of substance abuse diagnoses, mean (SD)® 0.5 (0.6) 0.5 (0.6) .90 0.3 (0.5) 0.3 (0.5) .95
Current smoker (past year) 699 (70.8) 965 (69.3) 44 1365 (41.4) | 1887 (41.0) .76
Opioid pharmacotherapyf 282 (28.5) 410 (29.4) .64 819 (24.8) | 1201 (26.1) .20

Abbreviations: AUD, alcohol use disorder; BMI, body mass index (calculated as weight in kilograms divided by height in meters squared);

HCOs, serum bicarbonate concentration.

a. Data are reported as a number (percentage) of patients unless otherwise specified.

b. Propensity score matched patients in final analytic sample.
c. Medical diagnoses (i.e., pain, cardiovascular, and other) are listed in Table S3 in the Supplement.
d. Psychiatric diagnoses are listed in Table S3 in the Supplement.
e. Substance abuse diagnoses are listed in Table S3 in the Supplement.
f. Prescribed opioid medication dispensed as an outpatient.

Table 2. Baseline Serum Bicarbonate Concentration by Clinical Subgroup




Topiramate (n=4287)

Control (n=5992)

Clinical Subgroup No. (%) Serum HCO3 No. (%) Serum HCO3 | P Value
(SD), mEq/L (SD), mEq/L
History of AUD 988 (23.0) 26.61 (3.07) 1393 (23.2) | 27.02 (2.91) <.001
Current AUD diagnosis 588 (13.7) 26.63 (3.10) 778 (13.0) 26.90 (2.87) 10
Past AUD diagnosis 400 (9.3) 26.60 (3.04) 615 (10.3) 27.18 (2.95) .002
AUDIT-C score
0 447 (10.4) 26.68 (3.11) 608 (10.1) 26.98 (2.99) A2
1-3 225 (5.2) 26.80 (2.99) 337 (5.6) 27.11 (2.78) .20
4-7 156 (3.6) 26.46 (3.04) 211 (3.5) 26.92 (2.96) 15
8+ 160 (3.7) 26.30 (3.13) 237 (4.0) 27.10 (2.83) .008
Topiramate dosage
Low (<=88.75 mg/d) 278 (6.5) 26.74 (2.81) 371 (6.2) 27.27 (2.83) .02
Medium (>88.75 & <=141.70 mg/d) 332 (7.7) 27.00 (3.05) 486 (8.1) 27.02 (2.99) .94
High (>141.70 mg/d) 378 (8.8) 26.17 (3.22) 536 (8.9) 26.86 (2.87) <.001
No history of AUD 3299 (77.0) 26.45 (2.93) 4599 (76.8) | 27.25(2.78) <.001
AUDIT-C score
0 1762 (41.1) 26.53 (3.06) 2320 (38.7) | 27.29(2.92) <.001
1-3 1278 (29.8) 26.38 (2.80) 1909 (31.9) | 27.21(2.62) <.001
4+ 259 (6.0) 26.24 (2.71) 370 (6.2) 27.20 (2.71) <.001
Topiramate dosage
Low (<=88.75 mg/d) 1072 (25.0) 26.59 (2.78) 1452 (24.2) | 27.21 (2.81) <.001
Medium (>88.75 & <=141.70 mg/d) | 1122 (26.2) 26.65 (2.92) 1652 (27.6) | 27.19 (2.82) <.001
High (>141.7 mg/d) 1105 (25.8) 26.11 (3.07) 1495 (24.9) | 27.35(2.71) <.001

Abbreviations: AUD, alcohol use disorder; HCO3, serum bicarbonate concentration.
Sl conversion factor: bicarbonate, 1:1 conversion to millimoles per liter.

Table 3. Difference-in-Difference Estimates of Serum Bicarbonate Concentration Changes
by AUD History and Topiramate Dosage®
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History of AUD No History of AUD

Topiramate Dosage® Estimate (95% CI)¢ | PValue | Estimate (95% CI)c | P Value
Low (<=88.75 mg/d)

A HCOs3 (Topiramate) -1.45(-1.7710-1.13) | <.001 -1.24 (-1.4010 -1.08) | <.001

A HCOs3 (Control) -0.42 (-0.70 to -0.14) .003 -0.10 (-0.23 to 0.04) 15

Difference-in-differences -1.03 (-1.46 t0 -0.60) <.001 -1.14 (-1.35 10 -0.93) <.001
Medium (>88.75 & <=141.70 mg/d)

A HCOs3 (Topiramate) -2.12 (-2.4210-1.83) | <.001 -1.75(-1.90t0 -1.59) | <.001

A HCOs (Control) -0.21 (-0.45 to0 -0.04) .10 -0.10 (-0.23 to0 0.02) A1

Difference-in-differences -1.92 (-2.30 to -1.54) <.001 -1.64 (-1.84 to -1.44) <.001
High dosage (>141.70 mg/d)

A HCOs3 (Topiramate) -2.00 (-2.27t0-1.72) | <.001 -1.67 (-1.83t0-1.52) | <.001

A HCOs (Control) -0.03 (-0.27 to 0.20) a7 -0.13 (-0.26 to 0.00) .06

Difference-in-differences -1.96 (-2.32 to -1.60) <.001 -1.55 (-1.75 10 -1.34) <.001

Abbreviations: AUD, alcohol use disorder; HCOs, serum bicarbonate concentration.
S| conversion factor: bicarbonate, 1:1 conversion to millimoles per liter
a. Unadjusted and adjusted models did not differ for any of the estimates.
b. Average daily dosages were calculated from pharmacy fill records.
c. Unit of measure for the serum bicarbonate concentration estimates is mEq/L.
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