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Abstract: Using 2003–2018 National Ambulatory Medical Care Survey data for office-based visits
and 2003–2018 National Hospital Ambulatory Medical Care Survey data for emergency department
(ED) visits, we conducted cross-sectional analyses to examine cough medication (CM) use trends in
the United States (US) ambulatory care settings. We included adult (≥18 years) patient visits with
respiratory-infection-related or non-infection-related cough as reason-for-visit or diagnosis without
malignant cancer or benign respiratory tumor diagnoses. Using multivariable logistic regressions, we
examined opioid antitussive, benzonatate, dextromethorphan-containing antitussive, and gabapenti-
noid use trends. From 2003–2005 to 2015–2018, opioid antitussive use decreased in office-based
visits (8.8% to 6.4%, Ptrend = 0.03) but remained stable in ED visits (6.3% to 5.9%, Ptrend = 0.99). In
both settings, hydrocodone-containing antitussive use declined over 50%. Benzonatate use more
than tripled (office-based:1.6% to 4.8%; ED:1.5% to 8.0%; both Ptrend < 0.001). Dextromethorphan-
containing antitussive use increased in ED visits (1.8% to 2.6%, Ptrend = 0.003) but stayed unchanged in
office-based visits (3.8% to 2.7%; Ptrend = 0.60). Gabapentinoid use doubled in office-based visits (1.1%
in 2006–2008 to 2.4% in 2015–2018, Ptrend < 0.001) but was negligible in ED visits. In US office-based
and ED ambulatory care settings, hydrocodone-containing antitussive use substantially declined from
2003 to 2018, while benzonatate use more than tripled, and dextromethorphan-containing antitussive
and gabapentinoid use remained low (<3%).

Keywords: cough; antitussive; opioid antitussive; benzonatate; dextromethorphan; gabapentinoid;
ambulatory care visits; emergency department; NAMCS; NHAMCS

1. Introduction

Cough is one of the most frequently reported reasons for seeking medical attention in
the United States (US) [1,2]. Cough can be caused or triggered by a variety of respiratory
or non-respiratory disorders and/or environmental irritants (e.g., air pollution, cigarette
smoke) [3]. The 2006 American College of Chest Physicians (ACCP) clinical practice
guidelines classify cough based on its duration into acute (<3 weeks), subacute (3–8 weeks),
or chronic (>8 weeks) cough [4]. An empiric integrative approach is recommended to
the diagnosis and management of cough based on the duration of the cough, primarily
focusing on the exploration of potential causes [4,5]. For chronic cough, unexplained
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chronic cough (UCC) refers to when chronic cough remains unexplained without a clear
etiology despite extensive clinical evaluation for common and uncommon causes, and
refractory chronic cough (RCC) refers to when chronic cough remains persistent after
receiving appropriate diagnostic work-up and guideline-based cough management for
underlying conditions (e.g., asthma, upper airway cough syndrome, gastroesophageal
reflux disease, or nonasthmatic eosinophilic bronchitis) [6–8].

Medications commonly used as cough suppressants include opioid antitussives, with
or without antihistamines, nasal decongestants, or expectorants [9,10]. The evidence
supporting the widespread use of opioid antitussives for all types of coughs is limited
and has inconsistent findings [11]. The 2006 ACCP clinical practice guidelines for cough
management recommends codeine-containing antitussives for chronic bronchitis based on
fair-quality evidence [4]. However, the quality of evidence is low for the use of codeine-
containing antitussives for patients with subacute postinfectious cough unresponsive
to other treatments, and for the use of pholcodine-, hydrocodone-, dihydrocodeine-, or
morphine-containing antitussives for lung cancer-related cough [4,12]. Furthermore, opioid
antitussives have been shown to be ineffective in suppressing acute cough associated
with upper respiratory tract infections (URTIs) [13,14] and currently there is no guideline
recommendation for using opioid antitussives for RCC/UCC [6]. This inconsistent evidence
on treatment effects of opioid antitussives for different types of cough could be attributed
to different pathophysiologic mechanisms of cough initiation and suppression between
acute and chronic cough [15]. More recently, emerging evidence indicates that cough
hypersensitivity syndrome may be involved in various cough-related conditions, including
RCC/UCC, although cough hypersensitivity syndrome might not be directly measurable
in claims or electronic health records (EHR) structured data [16]. Gabapentinoids may
suppress cough hypersensitivity syndrome [17,18], and thus gabapentin is suggested by
the 2016 CHEST guidelines as a potential treatment for UCC when risks and benefits of
gabapentin therapy were carefully evaluated at initiation and reassessed at 6 months before
continuing gabapentin [6]. However, gabapentinoid use for RCC/UCC is off-label and
not approved by US Food and Drug Administration. Potential abuse and overdose risk of
gabapentinoids have also raised safety concerns for its wide off-label use [19–23].

In the midst of the US opioid crisis, numerous policies have been implemented to
reduce potentially unsafe opioid prescribing in the past decade [24]. However, codeine- or
hydrocodone-containing antitussives are typically excluded from studies in the published
literature under the assumptions of their low morphine milligram equivalence doses, short-
term use, and low risk of addiction and overdose. Meanwhile, widespread off-label use of
gabapentinoids has raised safety concerns regarding their potential abuse and overdose
risks. Little is known about the patterns of cough medication (CM) use over time in light of
these factors.

In this study, we aimed to examine the trends in CM use, as well as patient, visit, and
practice characteristics in the use of opioid antitussives, benzonatate, dextromethorphan-
containing antitussives, and gabapentinoids among cough-related visits in US office-based
ambulatory care settings and emergency departments (EDs) using nationally representative
data. We hypothesized that the use of opioid antitussives has decreased due to multiple
opioid prescribing restrictions, while non-opioid CM use has increased.

2. Materials and Methods
2.1. Study Design and Data Sources

We conducted repeated annual cross-sectional analyses to (1) quantify the annual
proportion of cough-related visits among all eligible adult visits, (2) estimate the annual
proportion of visits reporting CM use among cough-related visits, and (3) examine the
trends in those annual proportions over time. For these analyses, we used the publicly
available National Ambulatory Medical Care Survey (NAMCS) data from 2003 to 2018
(excluding 2017 due to data unavailability) and the ED component of the National Hospital
Ambulatory Medical Care Survey (NHAMCS) data from 2003 to 2018. The NAMCS and
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NHAMCS data are nationally representative samples of US office-based and hospital-
based ambulatory care settings, respectively [25]. NAMCS applies a three-stage probability
sampling design consisting of primary sampling units, physician practices, and patient
visits. A sample of physicians from the American Medical Association and American
Osteopathic Association master files are asked to report patient visits during a randomly
selected one-week period within a year. The NAMCS sample selection criteria exclude
physicians in anesthesiology, pathology, and radiology specialties. NAMCS collects in-
formation including patients’ sociodemographics, diagnoses, medication use, prescriber
specialties, and type of insurance coverage. The medication data include both prescription
and over-the-counter drugs administered, ordered, continued, or supplied during each
visit. Similar to NAMCS, NHAMCS uses a three-stage probability sampling design to ran-
domly select a representative sample of ED visits over a 4-week period in non-institutional,
general, and short-stay hospitals (excluding federal hospitals) in the US [26]. NHAMCS
collects similar information as NAMCS. NAMCS and NHAMCS are publicly available
de-identified data; thus, the University of Florida Institutional Review Board deemed its
human subjects exempt from review.

2.2. Study Cohort

For inclusion criteria in our primary analysis, we restricted to adult (≥18 years) visits
with any cough-related reason for visit or diagnosis (hereafter cough-related visits) using
the first three reason-for-visit codes or diagnosis codes (identified by the International
Classification of Diseases, Ninth Revision, Clinical Modification [ICD-9-CM]/ICD-10-CM
codes) (Table S1). The ICD-9/10-CM code for cough is found in the signs and symptoms
section of the ICD-9/10-CM official guidelines for coding and reporting. The guidance
for coding this section is to not code signs and symptoms of a disease process as addi-
tional diagnoses [27,28]. Thus, we included visits with respiratory conditions commonly
accompanied by cough (i.e., URTIs, chronic upper respiratory tract diseases, influenza,
bronchitis, pneumonia) and did not restrict to visits with cough-specific codes. NAMCS
and NHAMCS collected up to three reason-for-visit codes and diagnosis codes prior to
2014 and up to five reason-for-visit codes and diagnosis codes after 2014 for each visit. To
ensure findings are comparable across years, our primary analysis was restricted to the first
three reason-for-visit codes and diagnosis codes, which align with previously published
NAMCS/NHAMCS studies (See relevant sensitivity analyses in Section 2.6) [29]. For our
exclusion criteria, we excluded visits with any malignant cancer diagnoses or any benign
respiratory tumors because cough caused by these conditions and their related treatments
(e.g., chest radiation) may be different from general cough conditions. In addition, cancer
patients are more likely to be prescribed opioids for pain than non-cancer patients. Opioid
analgesic medications also have cough suppression effects, which in turn might make can-
cer patients less likely to be prescribed additional opioid antitussives. We did not exclude
any approved indications of gabapentinoids, since most of the gabapentinoid use (>96%)
was off-label in ambulatory care settings based on a prior NAMCS study [29]. Eligible
cough-related visits served as the final analytical sample and denominator for estimating
the annual proportion of visits reporting CM use among cough-related visits for each year.

The overall visit characteristics of NAMCS and NHAMCS data applying the above
inclusion and exclusion criteria in 2003–2018 were as follow: age younger than 65 years
(NAMCS: 67.2% vs. NHAMCS: 80.1%), female (61.2% vs. 57.1%), White (84.6% vs. 73.5%),
having <2 chronic conditions (37.3%% vs. 26.6%), and residing in Northeastern region
(19.7% vs. 18.3%), Midwest region (20.4% vs. 23.1%), Southern region (37.9% vs. 38.7%),
and West region (22.1% vs. 19.9%).

2.3. Medications

Among cough-related visits, we identified the visits with the following CMs pre-
scribed, supplied, administered, or continued: (1) opioid-containing combinations subclas-
sified as codeine, dihydrocodeine, and hydrocodone or codeine monotherapy (hereafter
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opioid antitussives); (2) benzonatate; (3) dextromethorphan-containing antitussives; and
(4) gabapentinoids (i.e., gabapentin and pregabalin). Opioid-containing combinations and
dextromethorphan-containing antitussives may include an expectorant (e.g., guaifenesin),
an H1 antihistamine (e.g., brompheniramine, chlorpheniramine), or a decongestant (e.g.,
phenylephrine, pseudoephedrine). We ascertained medications of interest using the Mul-
tum Lexicon Plus® System (Table S2). As a reference to national trends in overall opioid
use, we included a comparison group of visits that reported the use of opioid analgesics
(i.e., codeine, hydrocodone, dihydrocodeine, morphine, oxycodone, hydromorphone, and
oxymorphone classified as ‘060: narcotic analgesics’ or ‘191: narcotic analgesic combi-
nation’) (Table S2). Data collection for the number of medications prescribed, supplied,
administered, or continued varied across years (i.e., up to 8 medications prior to 2011,
10 medications in NAMCS/12 medications in NHAMCS in 2012–2013, and 30 medications
after 2014). Consistent with prior published literature, our primary analysis was restricted
to the first eight medication codes listed to ensure the findings were comparable across
years [29].

2.4. Patient, Visit, and Practice Characteristics

For both NAMCS and NHAMCS analyses, we extracted patient characteristics in-
cluding age at ambulatory care visit (18–64 years or ≥65 years), sex (female or male), and
race (White or non-White). Visit characteristics included: payment source (governmental
insurance including Medicare and Medicaid, commercial insurance, or others) and number
of chronic conditions (<2 or ≥2). The value for the number of chronic conditions variable
was calculated based on the presence of a particular set of chronic conditions included
in the NAMCS/NHAMCS survey questionnaires. The practice location characteristics
included geographic region (Northeast, Midwest, South, or West) and metropolitan status
(metropolitan or non-metropolitan). To characterize the visits included in this study, we
included the most common three reasons-for-visit and three diagnoses for both NAMCS
and NHAMCS. NAMCS data provided additional patient, visit, and practice characteristics
that were included in this analysis: smoking status (current or non-concurrent smokers),
the chronicity of the principal reason for visit (chronic conditions [routine or flare-up] or
others), and prescriber specialty. NAMCS stratifies prescriber specialties into 15 categories:
general and family practice, internal medicine, pediatrics, general surgery, obstetrics and
gynecology, orthopedic surgery, cardiovascular diseases, dermatology, urology, psychiatry,
neurology, ophthalmology, otolaryngology, oncology, and others. We categorized special-
ties into primary care providers (including general/family practice and internal medicine)
and others based on the distribution of the data in our analysis.

2.5. Statistical Analysis

We first quantified the proportion of cough-related visits among all eligible adult
visits. Next, we estimated the annual proportion of visits reporting the use of CMs among
cough-related visits using complex survey design procedures (i.e., SURVEYFREQ and
SURVEYLOGISTIC) in SAS version 9.4 (SAS Institute Inc., Cary, NC, USA). Sampling
weights from NAMCS/NHAMCS were applied to obtain national weighted-estimates.
Two-sided p-values less than 0.05 were considered statistically significant. The National
Center for Health Statistics (NCHS) recommends excluding the results from analyses for
unweighted count values less than 30 or when the relative standard error is greater than
30% due to the unreliability of these estimates [30]. The results from the trend analyses
of gabapentinoid use in NHAMCS (except in all eligible adult visits) and the associated
patient, visit, and practice characteristics were, thus, not presented in this study. To obtain
reliable estimates, we aggregated annual data into five consecutive time periods. Notably,
the last grouping in NAMCS for 2015–2018 did not include information for 2017 as data
are not available. We compared the characteristic differences between five medication
groups (i.e., opioid antitussives, benzonatate, dextromethorphan-containing antitussives,
gabapentinoids, and opioid analgesics) using absolute standardized differences (ASD),
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where an absolute ASD > 0.1 indicates a significant difference [31]. We used multivariable
logistic regression to test the significance of trends in (1) the number of cough-related visits
among all eligible adult visits, and (2) the number of opioid antitussives, benzonatate,
dextromethorphan-containing antitussives, gabapentinoids, and opioid analgesics used
among cough-related visits over time. We adjusted for age, sex, race, and payment source
in both NAMCS and NHAMCS analyses.

2.6. Secondary and Sensitivity Analyses

We conducted two secondary analyses using different definitions of denominators for
CM trend analyses to provide a context for our primary analysis since there is no definitive
standard for identifying cough-related visits: (1) cough-specific visits identified using a
reason-for-visit code of 1440.0 or diagnosis of cough (ICD-9-CM code: 786.2; ICD-10-CM
code: R05), and (2) all eligible adult visits. Our primary trend analysis only used the first
three reason-for-visit codes and diagnosis codes, and the first eight medication codes listed.
This approach may underestimate the number of cough-related visits and medication use in
the later years of our study period. Thus, to ensure the robustness of our findings, we also
conducted sensitivity analyses including: (1) all available medication codes listed, (2) all
available reason-for-visit codes and diagnosis codes listed, and (3) all available medication
codes, reason-for-visit codes, and diagnosis codes listed for each patient visit during the
study period.

3. Results
3.1. NAMCS Analysis: 2003–2018
3.1.1. Patient, Visit, and Practice Characteristics

Table 1 shows the patient, visit, and practice characteristics for different medication
groups of interest among cough-related office-based visits from 2003 to 2018. Among a
weighted-estimate of 11.1 billion adult office-based ambulatory visits from 2003 to 2018,
we identified 819.9 million (7.4%) cough-related visits. Among cough-related office-based
visits from 2003 to 2018, the overall prevalence of medication use was 7.7% for opioid
antitussives, 2.5% for benzonatate, 3.6% for dextromethorphan-containing antitussives,
1.6% for gabapentinoids, and 5.0% for opioid analgesics. The majority of the cough-
related office-based visits with opioid antitussives were from patients who were younger
than 65 years (76.5%), female (64.8%), White (81.0%), non-current smokers (81.5%), and
having <2 chronic conditions (60.3%). Overall, the characteristics of cough-related office-
based visits with benzonatate or dextromethorphan-containing antitussives were similar
to visits involving opioid antitussives. Contrastingly, cough-related office-based visits
with gabapentinoids were more likely from patients aged ≥65 years (41.2%), having a
chronic condition as a principal reason-for-visit (37.8%), and having ≥2 chronic conditions
(64.8%). The most common payment source for cough-related office-based visits with
opioid antitussives was commercial insurance (62.7%), followed by governmental insurance
(27.7%), whereas 53.2% of cough-related office-based visits with gabapentinoids were paid
by governmental insurance. The most common two diagnoses (other than a cough-specific
diagnosis) associated with antitussive use were bronchitis and acute URTI. Over 75% of
cough-related office-based visits with antitussives were seen by primary care physicians. In
general, over 40% of these medication uses were observed in the Southern region of the US
(opioid antitussives: 44.6%; benzonatate: 53.8%; dextromethorphan-containing antitussives:
42.0%; gabapentinoids: 43.1%). Specifically, 62.6% of cough-related office-based visits with
hydrocodone-containing antitussive use and 27.1% of cough-related office-based visits with
codeine-containing antitussive use were observed in the US Southern region (Table S3).
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Table 1. Patient, visit, and practice characteristics of adult cough-related office-based visits by medication type: 2003–2018 NAMCS (weighted-estimate of
819.9 million).

Characteristics

Opioid Antitussives Benzonatate Dextromethorphan a Gabapentinoids Opioid Analgesics

Mean ASD b63.3 Million (7.7%) 20.9 Million (2.5%) 29.7 Million (3.6%) 13.3 Million (1.6%) 41.1 Million (5.0%)

Weighted % Weighted % Weighted % Weighted % Weighted %

Patient Characteristics

Age ≥ 65 years 23.5 25.7 21.5 41.2 24.7 0.21
Female 64.8 71.3 62.6 62.9 61.6 0.09
Race 0.10

White 81.0 84.1 78.9 87.5 83.1
Non-White 19.0 15.9 21.1 12.5 16.9

Smoking status c 0.16
Current 15.3 12.9 14.8 19.7 24.6
Non-current 81.5 83.0 81.3 78.0 72.0

Visit Characteristics

Payment source d 0.33
Governmental 27.7 30.4 31.7 53.2 44.6
Commercial 62.7 60.1 54.9 37.3 45.5
Others 7.5 6.3 11.4 5.0 7.7

Chronicity of principal
reason-for-visit e 12.9 15.5 12.0 37.8 34.1 0.37

≥2 Chronic conditions f 39.7 41.1 30.7 64.8 45.5 0.29
Top 3 major reasons-for-visit

Cough
65.1

Cough
64.0

Cough
55.3

Cough
38.3

Cough
39.8

Nasal congestion
21.4

Nasal congestion
18.3

Throat symptom
26.0

Nasal congestion
12.5

Throat symptom
14.5

Throat symptom
19.0

Throat symptom
16.7

Nasal congestion
22.9

Throat symptom
11.1

Nasal congestion
10.7

Top 3 major diagnoses
Bronchitis

39.1
Acute URTI

39.8
Acute URTI

53.4
Bronchitis

22.6
Acute URTI

30.8
Acute URTI

36.8
Cough

30.0
Bronchitis

27.0
Acute URTI

21.9
Bronchitis

25.8
Cough

15.8
Bronchitis

26.1
Cough

14.9
Chronic URTD

17.7
Chronic URTD

16.4
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Table 1. Cont.

Characteristics

Opioid Antitussives Benzonatate Dextromethorphan a Gabapentinoids Opioid Analgesics

Mean ASD b63.3 million (7.7%) 20.9 million (2.5%) 29.7 million (3.6%) 13.3 million (1.6%) 41.1 million (5.0%)

Weighted % Weighted % Weighted % Weighted % Weighted %

Practice characteristics

Prescriber specialty 0.37
Primary care 88.7 89.0 88.6 76.7 80.1
Others 11.3 11.0 11.4 23.3 19.9

Geographic region g 0.22
Northeast 12.4 11.1 21.7 12.4 10.9
Midwest 19.5 16.2 14.4 22.4 20.9
South 44.6 53.8 42.0 43.1 41.4
West 23.5 19.0 21.8 22.1 26.9

Metropolitan area 86.7 90.9 88.5 76.4 83.6 0.14

Abbreviations: NAMCS: National Ambulatory Medical Care Survey; ASD: absolute standardized difference; URTI: upper respiratory tract infections; URTD: upper respiratory tract
diseases. a Dextromethorphan indicates dextromethorphan-containing antitussives. b ASD > 0.1 was considered as having non-negligible differences. Represented the mean ASD
across the 10 ASDs from all possible two-pairs group comparisons (e.g., opioid antitussives vs. benzonatate). c The percentage of missingness for smoking status among cough-related
office-based visits involving five medication groups were ≤5.4% from 2003 to 2018. Non-concurrent smoker includes never smoker, former smoker, and unknown. d The percentage of
missingness for payment source among cough-related office-based visits involving five medication groups were ≤2.5% from 2003 to 2018. Others include all other types of insurance,
uninsured, and unknown. e The percentage of missingness for chronicity of major reason-for-visit among cough-related office-based visits involving five medication groups were ≤1.3%
from 2003 to 2018. f The number of chronic conditions was available in NAMCS since 2005. The percentage of missingness for the variable of ≥2 chronic conditions among cough-related
office-based visits involving five medication groups were ≤1.7% from 2005 to 2018. g The region was unavailable in NAMCS in 2018.
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3.1.2. Trends in Cough-Related Office-Based Visits and Medication Use

In Figure 1, cough-related office-based visits declined by 29.3% over time from 8.5% in
2003–2005 to 6.0% in 2015–2018 (Ptrend < 0.001). As shown in Figure 2, among cough-related
office-based visits, there were significant increasing trends in benzonatate use (from 1.6%
in 2003–2005 to 4.8% in 2015–2018, Ptrend < 0.001), and gabapentinoid use (from 1.1% in
2006–2008 to 2.4% in 2015–2018, Ptrend < 0.001), while opioid antitussive use decreased (from
8.8% in 2003–2005 to 6.4% in 2015–2018, Ptrend = 0.03) and dextromethorphan-containing
antitussive use remained stable (from 3.8% in 2003–2005 to 2.7% in 2015–2018, Ptrend = 0.60).
Opioid analgesic use increased from 2003–2005 to 2012–2014 and then decreased (3.5% in
2003–2005, 6.9% in 2012–2014, and 4.6% in 2015–2018, Ptrend < 0.001). The decreasing trend
in opioid antitussive use was largely driven by the reduced prevalence of hydrocodone-
containing antitussive use from 5.2% in 2003–2005 to 3.3% in 2012–2014, Ptrend < 0.001)
(Figure S1).
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Figure 1. Trends in prevalence of adult cough-related visits among all adult visits in US ambulatory
care settings: 2003–2018 NAMCS and 2003–2018 NHAMCS data. Abbreviations: NAMCS: National
Ambulatory Medical Care Survey; NHAMCS: National Hospital Ambulatory Medical Care Survey;
ED: Emergency Department. a Ptrend were adjusted for age, sex, race, and payment source. b The
weighted-estimate of the denominator (i.e., all adult visits) for each time period in NAMCS is
2.2 billion, 2.2 billion, 2.3 billion, 2.2 billion, 2.2 billion for 2003–2005, 2006–2008, 2009–2011, 2012–2014,
and 2015–2018, respectively. The weighted-estimate of the denominator (i.e., all adult visits) for each
time period in NHAMCS is 252.9 million, 277.0 million, 308.1 million, 312.7 million, and 421.5 million
for 2003–2005, 2006–2008, 2009–2011, 2012–2014, and 2015–2018, respectively.
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Figure 2. Trends in medication use among adult cough-related visits in office-based ambulatory care
setting: 2003–2018 NAMCS. Abbreviations: NAMCS: National Ambulatory Medical Care Survey;
NCHS: National Center for Health Statistics. a Ptrend were adjusted for age, sex, race, and payment
source. b Dextromethorphan indicates dextromethorphan-containing antitussives. c The weighted-
estimate for gabapentinoid in 2003–2005 is unreliable based on NCHS’s recommendation. d The
weighted-estimate of the denominator (i.e., adult cough-related office-based visits) for each time
period in NAMCS is 183.7 million, 171.9 million, 179.7 million, 152.8 million, and 131.8 million for
2003–2005, 2006–2008, 2009–2011, 2012–2014, and 2015–2018, respectively.

3.2. NHAMCS Analysis: 2003–2018
3.2.1. Patient, Visit, and Practice Characteristics

Table 2 shows the patient, visit, and practice characteristics for different medication
groups of interest among cough-related ED visits from 2003 to 2018. Among a weighted-
estimate of 1.6 billion adult ED visits from 2003 to 2018, we identified 155.5 million (9.9%)
cough-related ED visits. Among cough-related ED visits from 2003 to 2018, the overall
prevalence of medication use was 6.2% for opioid antitussives, 4.8% for benzonatate, 1.9%
for dextromethorphan-containing antitussives, and 14.6% for opioid analgesics. The major-
ity of the cough-related ED visits with antitussives (i.e., opioid antitussives, benzonatate,
dextromethorphan-containing antitussives) were from patients who were younger than
65 years (range: 89.2–89.5%), female (range: 62.1–65.8%), and having <2 chronic condi-
tions (72.2–75.1%). The most common payment source for cough-related ED visits with
antitussives was governmental insurance (range: 37.8–40.7%), followed by commercial
insurance (26.6–31.9%). The most common two diagnoses (other than a cough-specific
diagnosis) associated with antitussive use were bronchitis and acute URTI. Over 75% of
cough-related ED visits with antitussives were from metropolitan areas. Specifically, 66.1%
of cough-related ED visits with hydrocodone-containing antitussive use and 41.5% of
cough-related ED visits with codeine-containing antitussive use were observed in the US
Southern region (Table S4). The results from the stratification analysis of gabapentinoids in
NHAMCS were not presented in this study due to the small number of unweighted visits.
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Table 2. Patient, visit, and practice characteristics of adult cough-related ED visits by medication
type: 2003–2018 NHAMCS (weighted-estimate of 155.5 million).

Characteristics

Opioid
Antitussives Benzonatate Dextromethorphan

a Opioid Analgesics
Mean
ASD b9.7 Million (6.2%) 7.5 Million (4.8%) 2.9 Million (1.9%) 22.7 Million (14.6%)

Weighted% Weighted% Weighted% Weighted%

Patient Characteristics

Age ≥ 65 years 10.6 10.8 10.5 15.4 0.07
Female 63.2 65.8 62.1 63.0 0.03
Race 0.13

White 71.3 68.0 59.1 72.7
Non-White 28.7 32.0 40.9 27.3

Visit Characteristics

Payment source c 0.10
Governmental 37.8 40.2 40.7 46.1
Commercial 31.9 31.5 26.6 27.8
Others 28.6 27.7 31.5 24.5

≥2 Chronic
Conditions d 24.9 26.5 27.8 31.9 0.08

Top 3 major
reasons-for-visit

Cough
66.5

Cough
68.3

Cough
61.0

Cough
35.3

Throat symptoms
17.8

Throat symptoms
18.1

Throat symptoms
21.3

Throat symptoms
16.8

Fever
15.9

Nasal congestion
17.7

Nasal congestion
20.7

Shortness of breath
15.0

Top 3 major
diagnoses

Bronchitis
44.6

Bronchitis
40.9

Acute URTI
37.0

Acute URTI
28.4

Acute URTI
28.8

Acute URTI
33.3

Bronchitis
34.5

Bronchitis
24.7

Cough
14.4

Cough
23.1

Cough
16.3

Pneumonia
18.6

Practice Characteristics

Geographic region 0.21
Northeast 12.8 16.0 9.5 10.0
Midwest 20.0 23.0 19.8 22.6
South 51.3 47.8 54.3 42.2
West 15.9 13.2 16.4 25.2

Metropolitan area e 77.8 83.2 78.2 86.2 0.13

Abbreviations: NHAMCS: National Hospital Ambulatory Medical Care Survey; ASD: absolute standardized
difference; URTI: upper respiratory tract infections. a Dextromethorphan indicates dextromethorphan-containing
antitussives. b ASD > 0.1 was considered as having non-negligible differences. Represented the mean ASD
across the six ASDs from all possible two-pairs group comparisons (e.g., opioid antitussives vs. benzonatate).
c The percentage of missingness for payment source among cough-related ED visits involving four medication
groups were ≤1.7% from 2003 to 2018. Others include all other types of insurance, uninsured, and unknown. d

The number of chronic conditions was available since 2012. The percentage of missingness for the variable of
≥2 chronic conditions among cough-related ED visits involving four medication groups were ≤1.1% from 2012 to
2018. e The metropolitan area was unavailable in NHAMCS in 2012.

3.2.2. Trends in Cough-Related ED Visits and Medication Use

Cough-related ED visits remained unchanged (from 10.0% in 2003–2005 to 10.4% in
2015–2018, Ptrend = 0.10) (Figure 1). Among cough-related ED visits from 2003 to 2018, the
overall prevalence of medication use was 6.2% for opioid antitussives, 4.8% for benzonatate,
1.9% for dextromethorphan-containing antitussives, 0.3% for gabapentinoids, and 14.6%
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for opioid analgesics. As shown in Figure 3, among cough-related ED visits, there were sig-
nificant increasing trends in benzonatate use (from 1.5% in 2003–2005 to 8.0% in 2015–2018,
Ptrend < 0.001), while opioid antitussive use stayed stable (from 6.3% in 2003–2005 to 5.9%
in 2015–2018, Ptrend = 0.99). A decreasing trend in hydrocodone-containing antitussive
use (from 3.8% in 2003–2005 to 1.8% in 2015–2018, Ptrend = 0.004) was offset by an increas-
ing trend in codeine-containing antitussive use (2.6% in 2003–2005 to 4.1% in 2015–2018,
Ptrend = 0.008, Figure S2). Opioid analgesic use reached a peak in 2009 through 2011 and
then decreased over time (13.1% in 2003–2005, 18.4% in 2009–2011, and 11.0% in 2015–2018,
Ptrend < 0.001). The results from the trend analysis of gabapentinoids in NHAMCS were not
presented in this study due to the small number of unweighted visits across the years.
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NHAMCSa. Abbreviations: NHAMCS: National Hospital Ambulatory Medical Care Survey; ED:
Emergency Department; NCHS: National Center for Health Statistics. a The trend for gabapentinoids
is not included because it had an unweighted count value of less than 30 in each time period, which is
unreliable based on NCHS’s recommendation. b Ptrend were adjusted for age, sex, race, and payment
source. c Dextromethorphan indicates dextromethorphan-containing antitussives. d The weighted-
estimate of the denominator (i.e., adult cough-related ED visits) for each time period in NHAMCS
is 25.2 million, 25.8 million, 30.1 million, 30.7 million, and 43.7 million for 2003–2005, 2006–2008,
2009–2011, 2012–2014, and 2015–2018, respectively.

3.3. Secondary and Sensitivity Analyses

Cough-specific office-based visits decreased from 3.6% in 2003–2005 to 2.7% in
2015–2018 (Ptrend = 0.01), while cough-specific ED visits increased from 3.7% in 2003–2005
to 5.5% in 2015–2018 (Ptrend < 0.001) (Figure S3). The trends in the prevalence of medication
use among cough-specific visits are consistent with those among cough-related visits in the
primary analysis, with an overall high prevalence due to the deflation in the denominators
(Figures S4 and S5). The prevalence of antitussive use (opioid antitussives, benzonatate,
dextromethorphan-containing antitussives) among all adult visits was <1% in both settings
due to the inflation in the denominators (Figures S6 and S7). Sensitivity analyses using
different numbers of medication and/or reason-for-visit and diagnosis variables yielded
similar findings to those reported in the primary NAMCS and NHAMCS analyses (data
not shown).
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4. Discussion

Using nationally representative office-based ambulatory care (NAMCS) and ED
(NHAMCS) visit data, our study yielded three important findings. First, there was a
decreasing trend in cough-related visits in office-based ambulatory care settings, while
cough-related visits in ED settings stayed stable. Second, the prevalence of antitussive use
among cough-related visits over time was generally low (<9%), regardless of being either
an office-based or ED setting. Notably, cough-related visits with hydrocodone-containing
antitussives (with a higher risk of overdose and addiction compared to codeine) declined
whereas cough-related visits with benzonatate increased substantially from 2003–2005
to 2015–2018 in both settings. Furthermore, we found similarities in patient, visit, and
practice characteristics between the cough-related visits with reported use of opioid anti-
tussives, benzonatate, and dextromethorphan-containing antitussives. Finally, our findings
indicated room for improvement in opioid antitussive use based on the gap between the
available evidence and clinical practice, such as opioid antitussive use for URTI-related
visits that are not supported by evidence. We also identified regional variations in opioid
antitussive use among cough-related visits that require further investigation to understand
the reasons.

The decreasing trend in cough-related office-based visits in our study may be partially
explained by improvement in patient awareness and perceptions about appropriate an-
tibiotic use for URTIs and their self-management of URTIs, most of which do not require
office visits nor the use of antibiotics or other prescriptions [32]. However, the decrease in
cough-related office-based visits did not affect the cough-related ED visits, which accounted
for approximately 10% of overall adult ED visits during the study period. A study of 2016
data using Healthcare Cost and Utilization Project’s (HCUP) National Emergency Depart-
ment Sample (NEDS) data, found that the second most common reason for ED visits was
URTIs [33]. Although the NHAMCS data do not include urgent care centers, the decrease
in cough-related office-based visits may be attributable to an increasing trend in urgent
care use. A recent study reported a 32.5% increase in urgent care visits with respiratory
conditions from 2008 to 2015 [34].

Although the prevalence of antitussive use among cough-related visits over time
was generally low (<9%) in ambulatory care settings, opioid antitussives were the most
commonly prescribed type of cough-suppressing medication in office-based ambulatory
care settings across our study period. It is likely that the decreasing trend in cough-related
visits with hydrocodone-containing antitussives was influenced by numerous opioid-
related policies implemented in recent years to prevent unsafe opioid prescription use and
an increase in clinicians’ awareness of opioid-related adverse outcomes. It appears that
the decreasing trend in hydrocodone-containing antitussive use was offset by an increase
in codeine-containing antitussive use in ED settings, while a decrease in hydrocodone-
containing antitussive use did not impact codeine-containing antitussive use in office-based
ambulatory care settings. Rather, hydrocodone-containing antitussives appear to have been
largely substituted with benzonatate in office-based ambulatory care settings.

The changes in antitussive prescribing patterns that we found reflect the characteristics
of the patients visiting in each setting. The severity and urgency of cases seen in ED
settings may still require the substitution of opioid antitussives (i.e., codeine-containing
antitussives) for hydrocodone-containing antitussives. Furthermore, these changes were
consistent with the observed trends in general opioids prescribed at ED discharge in
the US, which indicated a decrease in the use of opioids with stronger potency (e.g.,
acetaminophen-hydrocodone) and an increase in the use of opioids with weaker potency
(e.g., acetaminophen-codeine) from 2010 to 2017 [35]. Another potential explanation could
be that the 2006 ACCP guidelines explicitly recommend codeine-containing antitussives
for short-term symptomatic relief in postinfectious and chronic bronchitis-related cough [4].
Given that the Centers of Disease Control and Prevention (CDC) guidelines for opioid
prescribing were released towards the end of our study period, and there is extensive



J. Clin. Med. 2022, 11, 3671 13 of 16

evidence showing overall national decreases in opioid prescribing in the US, the decreasing
trend observed in this study is not likely to be reversed in data from more recent years.

Indeed, benzonatate and gabapentinoid use steeply increased in our samples. Ben-
zonatate use nearly tripled among cough-related visits in office-based ambulatory care
settings and more than quintupled among cough-related visits in ED settings from 2003
to 2018. In addition, gabapentinoid use more than doubled among cough-related visits in
office-based ambulatory care settings from 2006 to 2018. The magnitude of the increase
(i.e., doubled) in gabapentinoid use observed in our study was smaller than the four-fold
increase reported in a prior study focusing on general adult ambulatory visits from 2003
to 2016 using NAMCS data [29]. Recent case reports [36,37], case series [38–40], chart
reviews [41,42], and randomized controlled trials (RCTs) [17,18] reported gabapentinoids
as a potential pharmacological option for UCC [43]. In 2016, the CHEST guidelines for UCC
management suggested gabapentin could be considered for UCC with careful benefit-risk
assessment by a cough specialist at initiation and its continuation when the positive benefit-
risk balance remains at 6 months [6]. Given a low prevalence of UCC among populations
with cough [44], and a high prevalence of gabapentinoid use (3.9% in 2015) in the general
population [29,45], it is hard to conclude that the observed increasing trend in gabapenti-
noid use among cough-related visits in our data is ascribed to their use for treating UCC.
Further studies are warranted to estimate prescribing prevalence of gabapentinoids and
to evaluate the risk-benefit assessment of gabapentinoid use among patients with UCC,
especially its use after the publication of the CHEST guidelines in 2016 [6].

We identified several substantial gaps or discrepancies in opioid antitussive use for
cough between the available evidence and clinical practice. Nearly one-third of cough-
related visits with opioid antitussive prescriptions had a diagnosis of acute respiratory tract
infections, which do not warrant opioid antitussive use due to a lack of efficacy reported in
prior RCTs [13,14]. In a double-blind RCT conducted by Eccles et al., there was no difference
in the reduction of cough frequency and severity between codeine and placebo groups [13].
Similar results were reported in Freestone et al.’s study using three different measures of
cough [14]. Given a lack of clinical evidence and potential adverse outcomes, the risks may
outweigh the benefits of opioid antitussive use for suppressing URTI-associated cough. Fur-
thermore, more than 60% of cough-related visits with hydrocodone-containing antitussive
use were concentrated in the US Southern region. Hydrocodone-containing antitussives
were more commonly used opioid antitussives than codeine-containing antitussives in the
South as opposed to other US regions. This indicates that regional variations in opioid
antitussive prescribing may exist. Additional research is needed to examine the reasons
(e.g., patient or physician prescribing preferences) for these regional variations in opioid
antitussive use.

Even though this is the first study to our knowledge examining trends in CM use in
US ambulatory care settings using nationally representative data over several years, there
are several limitations to acknowledge when interpreting the findings. First, NAMCS/
NHAMCS are visit-level data that do not allow longitudinal patient follow-up to identify
the type of cough (i.e., acute, subacute, and chronic), and they do not contain informa-
tion on cough severity or medication dose and duration of use. Second, we used the
limited number of ICD-9/10-CM diagnosis codes and reason-for-visit codes available in
NAMCS/NHAMCS to identify cough-related visits. Given that cough can be consid-
ered a mild ailment when multiple chronic comorbidities are present, this may underesti-
mate the number of cough-related visits. Finally, although NAMCS/NHAMCS capture
over-the-counter dextromethorphan-containing antitussive use as well as prescription
dextromethorphan-containing antitussives, there is a potential underestimation of over-the-
counter drug use, since it merely relies on patients’ reports to a physician at the visits. Given
that over 97% of gabapentinoid use was off-label [29], the upward trend in gabapentinoid
use among cough-related visits in office-based ambulatory care settings may not necessarily
reflect its use for cough-related conditions.
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5. Conclusions

Among cough-related visits in the US ambulatory care settings from 2003 to 2018,
cough-related visits with antitussive (i.e., opioid antitussives, benzonatate, dextromethor-
phan) use were generally low (<9%), regardless of being in office-based or ED settings.
Hydrocodone-containing antitussive use decreased by over 50%, while benzonatate use
increased in conjunction with the initiation of stricter policies and regulations regarding
opioid prescribing. Moreover, the decreasing trend in hydrocodone-containing antitussive
use was offset by an increase in codeine-containing antitussive use among cough-related
ED visits. There were significant regional variations in CM use, particularly over 60% of
cough-related visits with hydrocodone-containing antitussive use were concentrated in the
US Southern region. This study suggests that further examination of the use of these drugs
in each subtype of cough or cough-related condition is still warranted to assess the effects
of these changing trends.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/jcm11133671/s1, Table S1: Reason-for-visit and ICD-9-CM/ICD-10-CM codes to identify cough-
related visits, Table S2: Multum Lexicon Plus® generic codes used to identify opioid antitussives,
benzonatate, dextromethorphan-containing antitussives, gabapentinoids, and opioid analgesics in
NAMCS/NHAMCS, Table S3: Patient, visit, and practice characteristics of visits hydrocodone- and
codeine-containing antitussive use: 2003–2018 NAMCS (weighted-estimate of 819.9 million), Table S4:
Patient, visit, and practice characteristics of visits hydrocodone- and codeine-containing antitussive
use: 2003–2018 NHAMCS (weighted-estimate of 155.5 million), Figure S1: Trends in hydrocodone-
and codeine-containing antitussive use among cough-related visits in office-based ambulatory care
setting: 2003–2018 NAMCS, Figure S2: Trends in hydrocodone- and codeine-containing antitussive
use among cough-related visits in ED setting: 2003–2018 NHAMCS, Figure S3: Trends in prevalence of
adult cough-specific visits among all adult visits in US ambulatory care settings: 2003–2018 NAMCS
and 2003–2018 NHAMCS data, Figure S4: Trends in medication use among cough-specific visits
in office-based ambulatory care setting: 2003–2018 NAMCS, Figure S5: Trends in medication use
among cough-specific visits in ED setting: 2003–2018 NHAMCS, Figure S6: Trends in medication use
among all adult visits in office-based ambulatory care setting: 2003–2018 NAMCS, Figure S7: Trends
in medication use among all adult visits in ED setting: 2003–2018 NHAMCS.

Author Contributions: All authors have contributed substantially to the work reported: concep-
tualization, J.M.H.-C., X.K., J.S., H.D., M.R.S. and W.-H.L.-C.; methodology, S.Y., J.M.H.-C., X.K.,
J.S., H.D., M.R.S. and W.-H.L.-C.; software, S.Y., L.Z., C.-Y.C. and W.-H.L.-C.; validation, M.R.S. and
D.L.W.; formal analysis, S.Y., L.Z., C.-Y.C. and W.-H.L.-C.; investigation, S.Y., J.M.H.-C., D.L.W. and
W.-H.L.-C.; resources, S.Y. and W.-H.L.-C.; data curation, S.Y. and W.-H.L.-C.; writing—original draft
preparation, S.Y., D.L.W. and W.-H.L.-C.; writing—review and editing, S.Y., J.M.H.-C., X.K., J.S.,
H.D., M.R.S., L.Z., C.-Y.C., D.L.W. and W.-H.L.-C.; visualization, S.Y., X.K., J.S., H.D., L.Z., C.-Y.C.
and W.-H.L.-C.; supervision, W.-H.L.-C.; project administration, W.-H.L.-C.; funding acquisition,
W.-H.L.-C. All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by Merck Sharp & Dohme LLC, a subsidiary of Merck & Co.,
Inc., Rahway, NJ, USA, grant number C2116 (NIS008067). The article processing charge was funded
by Merck Sharp & Dohme LLC, a subsidiary of Merck & Co., Inc., Rahway, NJ, USA.

Institutional Review Board Statement: Ethical review and approval were waived for this study due
to the use of de-identified data.

Informed Consent Statement: Not applicable.

Data Availability Statement: The data presented in this study are openly available from the National
Center for Health Statistics at https://www.cdc.gov/nchs/ahcd/datasets_documentation_related.
htm (accessed on 22 June 2022).

Conflicts of Interest: Xuehua Ke, Jonathan Schelfhout, and Helen Ding are employees of Merck
Sharp & Dohme LLC, a subsidiary of Merck & Co., Inc., Rahway, NJ, USA and own stock in Merck
& Co., Inc., Rahway, NJ, USA. Mandel R. Sher has received consulting fees from Merck & Co., Inc.
for this study, research funding from Bayer, NeRRe, Bellus, and Shionogi unrelated to this study,
and consulting fees from Bayer, Bellus, Merck, NeRRe, Nocion, Shionogi and Soundable Health

https://www.mdpi.com/article/10.3390/jcm11133671/s1
https://www.mdpi.com/article/10.3390/jcm11133671/s1
https://www.cdc.gov/nchs/ahcd/datasets_documentation_related.htm
https://www.cdc.gov/nchs/ahcd/datasets_documentation_related.htm


J. Clin. Med. 2022, 11, 3671 15 of 16

unrelated to this study. Wei-Hsuan Lo-Ciganic has received research funding from Bristol Myers
Squibb unrelated to this study. Lili Zhou’s contributions to this manuscript were made while at the
University of Arizona College of Pharmacy. Lili Zhou is currently employed by BeiGene USA, Inc.
BeiGene did not fund or have any involvement in this study or publication.

References
1. Center for Disease Control and Prevention. National Center for Health Statistics. National Ambulatory Medical Care Survey:

2018 National Summary Tables. Available online: https://www.cdc.gov/nchs/data/ahcd/namcs_summary/2018-namcs-web-
tables-508.pdf (accessed on 22 June 2022).

2. Center for Disease Control and Prevention. National Center for Health Statistics. National Hospital Ambulatory Medical Care
Survey: 2018 Emergency Department Summary Tables. Available online: https://www.cdc.gov/nchs/data/nhamcs/web_
tables/2018-ed-web-tables-508.pdf (accessed on 22 June 2022).

3. Song, W.J.; Chang, Y.S.; Faruqi, S.; Kim, J.Y.; Kang, M.G.; Kim, S.; Jo, E.J.; Kim, M.H.; Plevkova, J.; Park, H.W.; et al. The global
epidemiology of chronic cough in adults: A systematic review and meta-analysis. Eur. Respir. J. 2015, 45, 1479–1481. [CrossRef]
[PubMed]

4. Irwin, R.S.; Baumann, M.H.; Bolser, D.C.; Boulet, L.P.; Braman, S.S.; Brightling, C.E.; Brown, K.K.; Canning, B.J.; Chang, A.B.;
Dicpinigaitis, P.V.; et al. Diagnosis and management of cough executive summary: ACCP evidence-based clinical practice
guidelines. Chest 2006, 129, 1S–23S. [CrossRef] [PubMed]

5. Irwin, R.S.; French, C.L.; Chang, A.B.; Altman, K.W.; Panel, C.E.C. Classification of Cough as a Symptom in Adults and
Management Algorithms: CHEST Guideline and Expert Panel Report. Chest 2018, 153, 196–209. [CrossRef]

6. Gibson, P.; Wang, G.; McGarvey, L.; Vertigan, A.E.; Altman, K.W.; Birring, S.S.; Panel, C.E.C. Treatment of Unexplained Chronic
Cough: CHEST Guideline and Expert Panel Report. Chest 2016, 149, 27–44. [CrossRef] [PubMed]

7. Pratter, M.R. Overview of common causes of chronic cough: ACCP evidence-based clinical practice guidelines. Chest 2006, 129,
59S–62S. [CrossRef] [PubMed]

8. McGarvey, L.; Gibson, P.G. What Is Chronic Cough? Terminology. J. Allergy Clin. Immunol. Pract. 2019, 7, 1711–1714. [CrossRef]
[PubMed]

9. Weinberger, M.; Hendeles, L. Nonprescription medications for respiratory symptoms: Facts and marketing fictions. Allergy
Asthma Proc. 2018, 39, 169–176. [CrossRef] [PubMed]

10. The Medical Letter. Drugs for cough. Med. Lett. Drugs Ther. 2018, 60, 206–208.
11. Eddy, N.B. Codeine and its alternates for pain and cough relief. Ann. Intern. Med. 1969, 71, 1209–1212. [CrossRef] [PubMed]
12. Molassiotis, A.; Smith, J.A.; Mazzone, P.; Blackhall, F.; Irwin, R.S.; Panel, C.E.C. Symptomatic Treatment of Cough Among Adult

Patients with Lung Cancer: CHEST Guideline and Expert Panel Report. Chest 2017, 151, 861–874. [CrossRef] [PubMed]
13. Eccles, R.; Morris, S.; Jawad, M. Lack of effect of codeine in the treatment of cough associated with acute upper respiratory tract

infection. J. Clin. Pharm. Ther. 1992, 17, 175–180. [CrossRef]
14. Freestone, C.; Eccles, R. Assessment of the antitussive efficacy of codeine in cough associated with common cold. J. Pharm.

Pharmacol. 1997, 49, 1045–1049. [CrossRef] [PubMed]
15. Eccles, R. Codeine, cough and upper respiratory infection. Pulm. Pharmacol. 1996, 9, 293–297. [CrossRef] [PubMed]
16. Morice, A.H. The cough hypersensitivity syndrome: A novel paradigm for understanding cough. Lung 2010, 188 (Suppl. S1),

87–90. [CrossRef] [PubMed]
17. Ryan, N.M.; Birring, S.S.; Gibson, P.G. Gabapentin for refractory chronic cough: A randomised, double-blind, placebo-controlled

trial. Lancet 2012, 380, 1583–1589. [CrossRef]
18. Vertigan, A.E.; Kapela, S.L.; Ryan, N.M.; Birring, S.S.; McElduff, P.; Gibson, P.G. Pregabalin and Speech Pathology Combination

Therapy for Refractory Chronic Cough: A Randomized Controlled Trial. Chest 2016, 149, 639–648. [CrossRef]
19. Radley, D.C.; Finkelstein, S.N.; Stafford, R.S. Off-label prescribing among office-based physicians. Arch. Intern. Med. 2006, 166,

1021–1026. [CrossRef] [PubMed]
20. Smith, R.V.; Lofwall, M.R.; Havens, J.R. Abuse and diversion of gabapentin among nonmedical prescription opioid users in

Appalachian Kentucky. Am. J. Psychiatry 2015, 172, 487–488. [CrossRef] [PubMed]
21. Smith, R.V.; Havens, J.R.; Walsh, S.L. Gabapentin misuse, abuse and diversion: A systematic review. Addiction 2016, 111, 1160–1174.

[CrossRef] [PubMed]
22. Buttram, M.E.; Kurtz, S.P.; Dart, R.C.; Margolin, Z.R. Law enforcement-derived data on gabapentin diversion and misuse,

2002-2015: Diversion rates and qualitative research findings. Pharmacoepidemiol. Drug Saf. 2017, 26, 1083–1086. [CrossRef]
[PubMed]

23. Bonnet, U.; Scherbaum, N. How addictive are gabapentin and pregabalin? A systematic review. Eur. Neuropsychopharmacol. 2017,
27, 1185–1215. [CrossRef] [PubMed]

24. Meara, E.; Horwitz, J.R.; Powell, W.; McClelland, L.; Zhou, W.; O’Malley, A.J.; Morden, N.E. State Legal Restrictions and
Prescription-Opioid Use among Disabled Adults. N. Engl. J. Med. 2016, 375, 44–53. [CrossRef] [PubMed]

25. Center for Disease Control and Prevention. National Center for Health Statistics. About the Ambulatory Health Care Surveys.
2019. Available online: https://www.cdc.gov/nchs/ahcd/about_ahcd.htm (accessed on 18 October 2021).

https://www.cdc.gov/nchs/data/ahcd/namcs_summary/2018-namcs-web-tables-508.pdf
https://www.cdc.gov/nchs/data/ahcd/namcs_summary/2018-namcs-web-tables-508.pdf
https://www.cdc.gov/nchs/data/nhamcs/web_tables/2018-ed-web-tables-508.pdf
https://www.cdc.gov/nchs/data/nhamcs/web_tables/2018-ed-web-tables-508.pdf
http://doi.org/10.1183/09031936.00218714
http://www.ncbi.nlm.nih.gov/pubmed/25657027
http://doi.org/10.1378/chest.129.1_suppl.1S
http://www.ncbi.nlm.nih.gov/pubmed/16428686
http://doi.org/10.1016/j.chest.2017.10.016
http://doi.org/10.1378/chest.15-1496
http://www.ncbi.nlm.nih.gov/pubmed/26426314
http://doi.org/10.1378/chest.129.1_suppl.59S
http://www.ncbi.nlm.nih.gov/pubmed/16428693
http://doi.org/10.1016/j.jaip.2019.04.012
http://www.ncbi.nlm.nih.gov/pubmed/31002958
http://doi.org/10.2500/aap.2018.39.4117
http://www.ncbi.nlm.nih.gov/pubmed/29669663
http://doi.org/10.7326/0003-4819-71-6-1209
http://www.ncbi.nlm.nih.gov/pubmed/5361414
http://doi.org/10.1016/j.chest.2016.12.028
http://www.ncbi.nlm.nih.gov/pubmed/28108179
http://doi.org/10.1111/j.1365-2710.1992.tb01289.x
http://doi.org/10.1111/j.2042-7158.1997.tb06039.x
http://www.ncbi.nlm.nih.gov/pubmed/9364418
http://doi.org/10.1006/pulp.1996.0038
http://www.ncbi.nlm.nih.gov/pubmed/9232666
http://doi.org/10.1007/s00408-009-9185-z
http://www.ncbi.nlm.nih.gov/pubmed/19809853
http://doi.org/10.1016/S0140-6736(12)60776-4
http://doi.org/10.1378/chest.15-1271
http://doi.org/10.1001/archinte.166.9.1021
http://www.ncbi.nlm.nih.gov/pubmed/16682577
http://doi.org/10.1176/appi.ajp.2014.14101272
http://www.ncbi.nlm.nih.gov/pubmed/25930135
http://doi.org/10.1111/add.13324
http://www.ncbi.nlm.nih.gov/pubmed/27265421
http://doi.org/10.1002/pds.4230
http://www.ncbi.nlm.nih.gov/pubmed/28493425
http://doi.org/10.1016/j.euroneuro.2017.08.430
http://www.ncbi.nlm.nih.gov/pubmed/28988943
http://doi.org/10.1056/NEJMsa1514387
http://www.ncbi.nlm.nih.gov/pubmed/27332619
https://www.cdc.gov/nchs/ahcd/about_ahcd.htm


J. Clin. Med. 2022, 11, 3671 16 of 16

26. Center for Disease Control and Prevention. National Center for Health Statistics. Scope and Sample Design. 2015. Available
online: https://www.cdc.gov/nchs/ahcd/ahcd_scope.htm (accessed on 18 October 2021).

27. National Center for Health Statistics (NCHS) and the Centers for Medicare and Medicaid Services (CMS). ICD-9-CM Official
Guidelines for Coding and Reporting, Effective October 1, 2011. Available online: https://www.cdc.gov/nchs/data/icd/icd9
cm_guidelines_2011.pdf (accessed on 11 February 2021).

28. National Center for Health Statistics (NCHS) and the Centers for Medicare and Medicaid Services (CMS). ICD-10-CM Official
Guidelines for Coding and Reporting, FY 2021—Updated January 1, 2021. Available online: https://www.cms.gov/files/
document/2021-coding-guidelines-updated-12162020.pdf (accessed on 11 February 2021).

29. Zhou, L.; Bhattacharjee, S.; Kwoh, C.K.; Tighe, P.J.; Malone, D.C.; Slack, M.; Wilson, D.L.; Brown, J.D.; Lo-Ciganic, W.H. Trends,
Patient and Prescriber Characteristics in Gabapentinoid Use in a Sample of United States Ambulatory Care Visits from 2003 to
2016. J. Clin. Med. 2019, 9, 83. [CrossRef] [PubMed]

30. Center for Disease Control and Prevention. National Center for Health Statistics. Reliability of Estimates. 2015. Available online:
https://www.cdc.gov/nchs/ahcd/ahcd_estimation_reliability.htm (accessed on 18 October 2021).

31. Austin, P.C. An Introduction to Propensity Score Methods for Reducing the Effects of Confounding in Observational Studies.
Multivariate Behav. Res. 2011, 46, 399–424. [CrossRef] [PubMed]

32. O’Connor, R.; O’Doherty, J.; O’Regan, A.; Dunne, C. Antibiotic use for acute respiratory tract infections (ARTI) in primary care;
what factors affect prescribing and why is it important? A narrative review. Ir. J. Med. Sci. 2018, 187, 969–986. [CrossRef]

33. Lane, B.H.; Mallow, P.J.; Hooker, M.B.; Hooker, E. Trends in United States emergency department visits and associated charges
from 2010 to 2016. Am. J. Emerg. Med. 2020, 38, 1576–1581. [CrossRef] [PubMed]

34. Poon, S.J.; Schuur, J.D.; Mehrotra, A. Trends in Visits to Acute Care Venues for Treatment of Low-Acuity Conditions in the United
States From 2008 to 2015. JAMA Intern. Med. 2018, 178, 1342–1349. [CrossRef] [PubMed]

35. Rui, P.; Santo, L.; Ashman, J.J. Trends in Opioids Prescribed at Discharge from Emergency Departments Among Adults: United
States, 2006–2017. Natl. Health Stat. Rep. 2020, 135, 1–12.

36. Ryan, N.M.; Gibson, P.G.; Birring, S.S. Arnold’s nerve cough reflex: Evidence for chronic cough as a sensory vagal neuropathy. J.
Thorac. Dis. 2014, 6, S748–S752. [CrossRef]

37. Li, J.; Ye, L. Effect of pregabalin for the treatment of chronic refractory cough: A case report. Medicine 2019, 98, e15916. [CrossRef]
38. Bastian, Z.J.; Bastian, R.W. The use of neuralgia medications to treat sensory neuropathic cough: Our experience in a retrospective

cohort of thirty-two patients. PeerJ 2015, 3, e816. [CrossRef] [PubMed]
39. Lee, J.K.; Mintz, S. Chronic cough as a sign of laryngeal sensory neuropathy: Diagnosis and treatment. Ann. Otol. Rhinol. Laryngol.

2006, 115, 871. [CrossRef] [PubMed]
40. Mintz, S.; Lee, J.K. Gabapentin in the treatment of intractable idiopathic chronic cough: Case reports. Am. J. Med. 2006, 119,

e13–e15. [CrossRef] [PubMed]
41. Van de Kerkhove, C.; Goeminne, P.C.; Van Bleyenbergh, P.; Dupont, L.J. A cohort description and analysis of the effect of

gabapentin on idiopathic cough. Cough 2012, 8, 9. [CrossRef]
42. Halum, S.L.; Sycamore, D.L.; McRae, B.R. A new treatment option for laryngeal sensory neuropathy. Laryngoscope 2009, 119,

1844–1847. [CrossRef]
43. Chung, K.F.; McGarvey, L.; Mazzone, S. Chronic cough and cough hypersensitivity syndrome. Lancet. Respir. Med. 2016, 4,

934–935. [CrossRef]
44. Dicpinigaitis, P. Understanding the foundations of chronic cough. Am. J. Manag. Care 2020, 26, S232–S238. [CrossRef]
45. Johansen, M.E. Gabapentinoid Use in the United States 2002 Through 2015. JAMA Intern. Med. 2018, 178, 292–294. [CrossRef]

https://www.cdc.gov/nchs/ahcd/ahcd_scope.htm
https://www.cdc.gov/nchs/data/icd/icd9cm_guidelines_2011.pdf
https://www.cdc.gov/nchs/data/icd/icd9cm_guidelines_2011.pdf
https://www.cms.gov/files/document/2021-coding-guidelines-updated-12162020.pdf
https://www.cms.gov/files/document/2021-coding-guidelines-updated-12162020.pdf
http://doi.org/10.3390/jcm9010083
http://www.ncbi.nlm.nih.gov/pubmed/31905718
https://www.cdc.gov/nchs/ahcd/ahcd_estimation_reliability.htm
http://doi.org/10.1080/00273171.2011.568786
http://www.ncbi.nlm.nih.gov/pubmed/21818162
http://doi.org/10.1007/s11845-018-1774-5
http://doi.org/10.1016/j.ajem.2019.158423
http://www.ncbi.nlm.nih.gov/pubmed/31519380
http://doi.org/10.1001/jamainternmed.2018.3205
http://www.ncbi.nlm.nih.gov/pubmed/30193357
http://doi.org/10.3978/j.issn.2072-1439.2014.04.22
http://doi.org/10.1097/MD.0000000000015916
http://doi.org/10.7717/peerj.816
http://www.ncbi.nlm.nih.gov/pubmed/25780768
http://doi.org/10.1177/000348940611501113
http://www.ncbi.nlm.nih.gov/pubmed/17165672
http://doi.org/10.1016/j.amjmed.2005.10.046
http://www.ncbi.nlm.nih.gov/pubmed/16651037
http://doi.org/10.1186/1745-9974-8-9
http://doi.org/10.1002/lary.20553
http://doi.org/10.1016/S2213-2600(16)30373-3
http://doi.org/10.37765/ajmc.2020.88514
http://doi.org/10.1001/jamainternmed.2017.7856

	Introduction 
	Materials and Methods 
	Study Design and Data Sources 
	Study Cohort 
	Medications 
	Patient, Visit, and Practice Characteristics 
	Statistical Analysis 
	Secondary and Sensitivity Analyses 

	Results 
	NAMCS Analysis: 2003–2018 
	Patient, Visit, and Practice Characteristics 
	Trends in Cough-Related Office-Based Visits and Medication Use 

	NHAMCS Analysis: 2003–2018 
	Patient, Visit, and Practice Characteristics 
	Trends in Cough-Related ED Visits and Medication Use 

	Secondary and Sensitivity Analyses 

	Discussion 
	Conclusions 
	References

