1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
J Atten Disord. Author manuscript; available in PMC 2021 January 01.

-, HHS Public Access
«

Published in final edited form as:
J Atten Disord. 2020 January ; 24(2): 205-214. doi:10.1177/1087054719883008.

Age and Sex-specific Increases in Stimulant Prescribing Rates —
California, 2008-2017

Iraklis Erik Tseregounisl, Susan L. Stewart?, Andrew Crawford3, Brandon D. L. Marshall4,
Magdalena Cerda®, Aaron B. Shev3, Stephen G. Henry®

1Center for Healthcare Policy and Research, University of California, Davis
2Department of Public Health Sciences, University of California, Davis

Violence Prevention Research Program, Department of Emergency Medicine, University of
California, Davis

4Department of Epidemiology, Brown University

5Center for Opioid Epidemiology and Policy, Department of Population Health, New York
University Langone Health

5Department of Internal Medicine, University of California, Davis

Abstract

Objective: To describe trends in prevalent and incident stimulant prescribing between 2008 and
2017 in California.

Method: Statewide trends were estimated by age and sex category for prevalent (any) and
incident (no prescriptions in the preceding two years) stimulant prescribing while adjusting for
area-level covariates.

Results: Prevalent prescribing rates increased by 126%, while incident prescribing increased
23%. Patients aged 25 to 44 years experienced over 200% increases in prevalent prescribing and
34% to 55% increases in incident prescribing. Among patients older than 25, women had
consistently higher prescribing rates than men. ZIP code tabulation areas with the largest minority
populations had the lowest baseline prescribing rates but experienced the greatest annual
prescription rate increases.

Conclusion: Adult stimulant prescribing increased substantially for early working aged adults.
Prescription rates were greater for women than men.

Introduction

Prescription stimulants are the most common treatment for adult attention deficit
hyperactivity disorder (ADHD), which typically manifests in childhood and persists through
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adulthood. Untreated ADHD is linked to significant problems in academic, social, and
family settings (National Institute of Mental Health, 2016), and is among the most common
of all adult mental disorders. A 2006 national survey reported an adult ADHD prevalence of
4.4% (Kessler et al., 2006), and analysis of healthcare utilization data indicates steady
increases in prevalence from 1999-2010 (Oehrlein, Burcu, Safer, & Zito, 2016). Changes to
the diagnostic criteria for ADHD in the DSM-5 also contributed to an increase in ADHD
diagnoses among young adults (Matte et al., 2015).

Prescription stimulants are the mainstay of treatment for ADHD. Most stimulants prescribed
to adults are for ADHD, though they are also prescribed for obesity, narcolepsy, depression,
and cognitive impairment (Olfson, Blanco, Wang, & Greenhill, 2013; Safer, 2016). Analysis
of the 2006—2009 National Ambulatory Medical Care Survey revealed that 67% of all office-
based visits that included a stimulant prescription were associated with an ADHD diagnosis
(Olfson et al., 2013). Thus, increases in ADHD prevalence have been accompanied by
increased stimulant prescribing, from a reported 10 million prescriptions in 1993 to 58
million in 2014 (Safer, 2016). Two recent longitudinal studies show increases in stimulant
prescribing but were limited to analysis of drug weights (Piper et al., 2018) and claims from
a single commercial insurer (Burcu, Zito, Metcalfe, Underwood, & Safer, 2016). No prior
studies have examined trends in first-time stimulant prescriptions.

In this study, we used data from California’s prescription drug monitoring program to
identify annual age- and sex-specific trends in prevalent and incident stimulant prescribing
to adults, adjusting for key demographic factors at the ZIP code tabulation area (ZCTA)
level. Secondary analysis utilized these models to further examine prescribing rates and
longitudinal trends by the aforementioned ZCTA-level demographics, specifically racial
composition (Friedman et al., 2019; Kessler et al., 2005; Oehrlein et al., 2016),
socioeconomic status (SES) (Friedman et al., 2019), and rurality (McDonald & Jalbert,
2013). In addition to helping understand trends in ADHD diagnoses, improved
characterization of increased stimulant prescribing is important due to stimulants’ serious
adverse effects; for example, stimulant-related myocardial infarction and cardiomyopathy
appear to be increasing among adults (Lakhan & Kirchgessner, 2012). Finally, prescribing
trends have implications for stimulant-related misuse, abuse and overdose. Adult emergency
department visits associated with prescription stimulant misuse increased by 156% between
2006 and 2011 (Chen et al., 2016), while overdose deaths involving psychostimulants
increased 33.3% from 2015 to 2016 (Seth, Scholl, Rudd, & Bacon, 2018), with increases
observed across all sex-specific age (Seth et al., 2018) and racial groups (Shiels, Freedman,
Thomas, & Berrington de Gonzalez, 2018). The predominant source of prescription
stimulant misuse is diversion of legally prescribed medications to friends and family
(Cassidy et al., 2015), so identifying populations with the greatest increases in stimulant
prescribing can help to identify populations that are high-priority targets for efforts to
prevent, diagnose and treat stimulant use disorders and to prevent stimulant-related
overdose.
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Methods

Prescription Data

Data on prescribed stimulants and patient information were obtained through California’s
prescription drug monitoring program, the Controlled Substance, Utilization, Review and
Evaluation System (CURES). CURES includes all outpatient Schedule Il through 1V
controlled substance prescriptions dispensed in the state. We identified prescription
stimulants by cross-referencing national drug codes in CURES against widely available
prescription drug compendia. All ambiguous cases were manually reviewed and classified
by a clinical pharmacist with expertise in controlled substances (see Supplementary Table 1
for the list of National Drug Codes utilized for this analysis). Prescription stimulant records
between the years 2008 and 2017, for patients aged 15 years or older, were utilized for this
analysis. Patient information includes patient age, sex, and ZIP code. Patient ZIP codes were
converted to ZCTAs using a U.S. Census relationship file (United States Census Bureau,
2014). Prescription data contained a unique encrypted patient 1D, which allowed us to link
prescriptions to individual patients over time.

Population and Demographic Data

Statewide population estimates by sex and age were taken from the U.S. Census Bureau’s
Population Estimates program (United States Census Bureau Population Estimates Program,
2018). ZCTA population estimates by sex and age were obtained from 5-year American
Community Survey (ACS) data (United States Census Bureau, 2018). These data were used
as point estimates for the mid-year of each ACS 5-year period (e.g., 2012 as the mid-year
from the 2010-2014 ACS dataset). A best-fit line, using an ordinary least squares approach,
was constructed between these estimates, and the resulting parameters used to extrapolate
the population totals for the remaining non-midpoint years (2008, 2016, and 2017). Annual
ZCTA estimates for each age group, by sex, were then multiplied by the ratio of the
statewide population estimate, from the U.S. Census Bureau’s Population Estimates
program, to the sum of all California ZCTA estimates, as derived from ACS data, for the
given year.

Demographics at the ZCTA level included measures of SES, race, and rurality. SES and
racial demographics from the 2013-2017 ACS were used for analyses. An index based on
the Yost criteria was constructed using principle component analysis of rank-transformed
data to estimate SES (Yost, Perkins, Cohen, Morris, & Wright, 2001). The following
variables were used to construct the index: median household income, proportion of
residents unemployed, proportion of households below 150% of the poverty threshold, and
proportion of residents employed in one of the following industries: service, natural
resource, construction, maintenance, production, transportation, or material moving. Median
rent and household value were excluded due to large amounts of missing data. Racial
composition was measured by calculating the proportion of white residents for each ZCTA.
Both SES and proportion-white were categorized into quintiles. ZCTA rural status was
determined from the 2010 Rural Urban Commuting Area Codes (United States Department
of Agriculture, 2016). Codes were condensed into a binary “metropolitan” and “non-
metropolitan” classification for each ZCTA.
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Statistical Analysis

Results

We first examined unadjusted statewide longitudinal prevalent and incident prescribing rates
by age group (15-24, 25-34, 35-44, 45-54, 55-64, =65) and sex. We defined incident
prescriptions as prescriptions to patients with no other stimulant prescriptions in the
preceding two years (730 days). Multivariable analysis utilized Poisson regression models
with robust standard errors to determine age and sex-specific longitudinal trends, while
adjusting for covariates at the ZCTA level. Separate models for prevalent prescriptions, from
2008 to 2017, and incident prescriptions, from 2010 to 2017, were constructed. Counts were
offset by log-transformed ZCTA population totals to allow for estimation of rate ratios (RR)
and 95% confidence intervals (95% CI). Models utilized generalized estimated equations to
account for within-ZCTA repeated measures. Interaction terms between age, year, and sex
were included in the model to estimate the effect of year on prescription rates across sex and
age categories. Adjusted multivariable models were further utilized to examine stimulant
prescribing rates and longitudinal trends by ZCTA-level demographics, such as racial
composition, SES, and rurality. Analysis was conducted in SAS version 9.4 (SAS Institute,
Cary NC); PROC GENMOD was used to perform the adjusted analyses. This study was
approved by the University of California Davis Institutional Review Board and the
California Committee for the Protection of Human Subjects.

Analysis of 26,394,510 stimulants prescribed to 2,629,033 patients in California, of whom
60.0% were female, with an overall mean (SD) age of 38.8 (16.0) years, revealed increases
in both prevalent and incident prescribing rates over time. Between 2008 and 2017, prevalent
stimulant prescribing increased by 125.9% (52.5 to 118.6 per thousand) and the proportion
of the state population prescribed any stimulants increased from 1.36% to 2.41%
(Supplementary Table 2). Incident prescribing increased by 22.8% (7.9 to 9.7 per thousand)
between 2010 and 2017.

Prescription rates increased from 2008 to 2017 for all age and sex categories, with the
greatest increase among patients between 25 and 44 years of age (Figure 1). Among patients
25 to 34 years old, prescriptions increased 267.5% (32.5 to 119.2 per thousand) for males
and 220.0% (62.4 to 199.7 per thousand) for females. Among patients 35 to 44 years old,
prescriptions increased 203.8% (32.6 to 99.1 per thousand) for males and 211.7% (68.2 to
212.5 per thousand) for females.

Increases in incident stimulant prescribing were mostly limited to 25 to 44 year-old male
patients and 25 to 54 year-old female patients (Figure 2). Baseline incident prescribing rates
for males were highest for those aged 15 to 24 years, but increased only 4.7% between 2010
and 2017 (from 11.2 to 11.7 per thousand). Meanwhile, the greatest increases for male
incident prescribing occurred in the 25 to 34 and 35 to 44 age groups at 55.3% (5.9 t0 9.2
per thousand) and 45.5% (4.6 to 6.7 per thousand), respectively. Female patients aged 35 to
44 years had the highest incident prescribing rates in both 2010 (12.8 per thousand) and
2017 (19.1 per thousand). They also experienced the greatest increase in incident prescribing
among all female age groups (49.5%); notable increases in incident prescribing also
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occurred for female patients aged 25 to 34 (34.2%: 14.8 to 19.9 per thousand) and 45 to 54
years (43.0%: 10.3 to 14.7 per thousand).

Results for prevalent prescribing were similar after adjusting for ZCTA-level demographics.
Adjusted overall prescribing still increased for every age and sex category, with the highest
rates of increase for males and females aged 25 to 44 (Table 1). Prescribing rates increased
an average of 15.1% per year (95% CI = [14.7, 15.5]) for males aged 25 to 34, 13.5% per
year (95% CI =[13.2, 13.9]) for males aged 35 to 44 years, 13.2% per year (95% CI = [12.7,
13.7]) for women aged 25 to 34, and 13.7% per year (95% CI =[13.1, 14.3]) for women
aged 35-44.

Similar to unadjusted results, adjusted analysis of incident prescription rates revealed
substantial growth in males aged 25 to 44 years and females aged 25-54 (Table 2). Male
incident prescribing increased annually by 6.1% (95% CI =[5.7, 6.5]), 5.7% (95% CI = [5.3,
6.1]), 2.5% (95% CI = [2.1, 2.9]) for patients aged 25 to 34, 35 to 44, and 45 to 54 years,
respectively. Females experienced annual increases of 4.7% (95% CI =[4.1, 5.3]), 6.6%
(95% CI =[6.0, 7.3]), 6.1% (95% CI = [5.6, 6.6]) for the 25 to 34, 35 to 44, and 45 to 54 age
groups, respectively.

Associations between ZCTA-level racial, SES, and rural characteristics and stimulant
prescribing are presented in Table 3. Prescription rates in non-metropolitan ZCTAs were
lower than those in metropolitan ZCTAs (RR =0.81, 95% CI = [0.74, 0.88]). Higher SES
and higher proportion-white populations were both associated with greater rates of stimulant
prescribing. The quintile with the highest SES had prescribing rates 1.79 (95% CI = [1.64,
1.95]) times the rates of the lowest SES quintile. The effect of race on prescribing rates was
even more pronounced. Prescriptions for patients living in ZCTAs with the highest
proportion-white population were 3.86 (95% CI = [3.38, 4.42]) times as high as rates for
patients living in ZCTAs with the lowest proportion-white. Longitudinal trends showed
greater increases in areas with smaller prescribing rates. Adjusted annual rate increases in
stimulant prescribing were greatest in the lowest proportion-white areas (RR = 1.095, 95%
Cl =[1.087, 1.104]) and least in the highest (RR = 1.046, 95% CI = [1.040, 1.053]); while
also greater in non-metropolitan areas (RR = 1.068, 95% CI = [1.064, 1.072]) relative to
metropolitan areas (RR = 1.030, 95% CI = [1.022, 1.038]). Unlike racial and rural
covariates, rates increased similarly across all SES categories.

Incident prescribing rates were positively associated with both higher SES and higher
proportion-white ZCTAs. The effect of SES was significant only for the highest level
ZCTAs, which had incident prescribing rates 1.20 (95% CI = [1.10, 1.31]) times those
ZCTAs in the lowest SES quintile. ZCTAs with the highest proportion-white had rates 2.81
(95% CI = [2.45, 3.22]) times those ZCTAs with the lowest proportion-white.

Adjusted longitudinal trends, between 2010 and 2017, were comparable to those observed
for prevalent prescriptions. ZCTAs with lower proportion-white had the greatest annual
increases in incident prescribing (RR = 1.042, 95% CI = [1.033, 1.051]) with consistent and
minimal changes across SES groups. Incident prescribing grew (RR = 1.011 per year, 95%
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Cl =[1.006, 1.015]) and decreased (RR = 0.968 per year, 95% CI = [0.958, 0.979]) slightly
in non-metropolitan and metropolitan areas, respectively.

Discussion

Analyses of a decade’s worth of population-based prescribing data, from a large, populous,
and diverse state, found that stimulant prescribing more than doubled overall and increased
for adults in all age groups. Patients aged 25 to 44 years disproportionately contributed to
this increase, as prescribing rates in this age group more than tripled between 2008 and
2017. Prescribing rates were considerably higher for women than for men; however, rates of
increase were generally similar for men and women. In 2008, males aged 15 to 24 had the
highest prescribing rate, but by 2017, prescribing was highest among female patients aged
3510 44.

Our analysis also revealed a 22.8% increase in first-time stimulant patients during the study
period. Again, the greatest increases were among patients between 25 and 44 years of age,
and ranged from 34% to 55%. From 2010 through 2017, incident prescribing rates were
highest for female patients 25 to 34 years of age. To our knowledge, this is the first study to
examine first-time stimulant patients and to report longitudinal trends in incident stimulant
use.

The substantial increases in stimulant use among young to middle-aged adults documented
in this study are likely due in large part to increases in the diagnosis and treatment of adult
ADHD, which has been historically undertreated, despite evidence that the majority of
children with ADHD report symptoms persisting into adulthood (Bernardi et al., 2012;
Biederman, Petty, Evans, Small, & Faraone, 2010; Kessler et al., 2005). Some increases in
prescribing rates may reflect the expanded use of stimulants for other conditions beyond the
treatment of ADHD; a 2016 review reported a growth in stimulant treatment absent an
ADHD diagnosis among non-psychiatrist physicians (Safer, 2016).

Despite increases in prescribing, the proportion of adults receiving prescription stimulants
remains considerably lower than the estimated national prevalence of adult ADHD. A study
of 18 to 44 year olds found an estimated national prevalence of 4.4% (Kessler et al., 2006).
Our results show that in 2017, the proportion of Californians, aged 15 to 44 years old,
prescribed stimulants (3.04%) was 31% lower than this estimate. This discrepancy appears
solely due to male stimulant prescribing. Men (2.35%) were prescribed stimulants at less
than half the reported prevalence of males diagnosed with ADHD nationwide (5.4%); while
women were prescribed at a proportion (3.77%) greater than the reported national
prevalence (3.2%). These differences may indicate an underutilization of stimulant
pharmacotherapy to treat adult male ADHD in California.

Both prevalent and incident prescription rates were consistently higher for women than men
for ages 25 and older. These differences likely reflect women, who were untreated as
children, self-referring for treatment later as adults. Boys with ADHD tend to exhibit greater
levels of disruptive externalizing behavior than girls with ADHD, leading to under-diagnosis
and treatment of ADHD for girls relative to boys (Williamson & Johnston, 2015). Some
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mothers may seek treatment for themselves when they recognize they have symptoms of
inattention similar to those diagnosed in their children. Additionally, women, who were
undiagnosed through childhood, may experience greater difficulty managing symptoms of
ADHD in their adult lives and seek treatment (Castle, Aubert, Verbrugge, Khalid, & Epstein,
2007). Though ADHD remains the primary reason for the prescription of stimulants,
differences may also be partially explained by increases in prescribing absent an ADHD
diagnosis (Olfson et al., 2013). Women may be more likely to receive stimulant therapy for
non-ADHD diagnoses; particularly for the treatment of obesity (Ganguly et al., 2018). These
findings are consistent with previous studies of adult stimulant prescribing (Burcu et al.,
2016; Oehrlein et al., 2016; Olfson et al., 2013); however, our study is the first to examine
these trends in a population-based data set that is not restricted by health system or payer

type.

Rates of stimulant prescribing were higher in metropolitan areas and in areas with more
white residents and higher overall SES. These area-level effects were most pronounced for
race; ZCTAs with the greatest concentration of white residents had nearly four times the
prescribing rates of ZCTAs with the smallest white populations. This result is consistent
with prior studies showing substantially higher prescribing rates among whites relative to
minority patients (Friedman et al., 2019; Kessler et al., 2006; Oehrlein et al., 2016), and
likely reflects racial disparities in treatment and diagnosis of ADHD between these groups
(Coker et al., 2016). The finding that prescribing is associated with population density is
also consistent with the sparse body of literature on population-based stimulant prescribing
trends (McDonald & Jalbert, 2013).

To our knowledge, this is the first study to track area-level trends of stimulant prescribing by
SES, racial, and rural characteristics. We found that ZCTAs with lower proportion-white
populations had greater growth in prescribing despite having lower baseline prescribing
rates. Similarly, non-metropolitan ZCTAs had greater increases in prescribing than
metropolitan ones despite having lower baseline rates of prevalent and incident prescribing.
Trends in prescribing were fairly consistent across all levels of SES. These findings seem to
indicate that racial and geographic disparities in stimulant prescribing may be decreasing
over time, however additional research is needed to further characterize differences in
stimulant prescribing by socioeconomic, racial, and urban-rural characteristics.

This study has limitations. Data are from one state only with a relatively low rate of ADHD
diagnoses (Visser, 2005) and stimulant prescribing (Paulozzi, Strickler, Kreiner, & Koris,
2015; Piper et al., 2018) limiting the generalizability of our findings to other states.
However, prescribing trends in California are likely similar to trends for adults in some other
states; the Centers for Disease Control and Prevention have shown that ADHD diagnosis and
stimulant prescribing trends for children in California do mirror national trends (Centers for
Disease Control, 2019). Prescription drug monitoring programs record prescriptions filled by
pharmacies, including prescriptions that are filled but not picked up by patients. These data
do not capture stimulant consumption and provide no direct information on medication
misuse or diversion. Prescription records also contain no information on diagnosis; however,
the majority of stimulants are prescribed for ADHD (Olfson et al., 2013). Finally, results
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regarding demographics were made at the ZCTA level and therefore should not be
interpreted as evidence of associations at the patient level.

This study analyzed a large database of controlled substance prescriptions in California to
estimate trends in stimulant prescribing among adults. The dramatic increases in stimulant
prescribing among 25-44 year olds during the past decade mirrors documented increases in
ADHD diagnosis during that period (Oehrlein et al., 2016); however, the gap between male
stimulant prescribing and national prevalence estimates of ADHD may indicate
underprescribing and warrants further examination. This growth in prescribing is concerning
in light of recent increases in stimulant misuse and stimulant-related overdose rates (Seth et
al., 2018), particularly among early working age adults (25-44) who have a high rate of
substance use disorder (Vasilenko, Evans-Polce, & Lanza, 2017). Diversion of legitimately
prescribed stimulants is the most common source of misused stimulants (Cassidy et al.,
2015), therefore improved strategies for identifying prescription stimulant misuse among
early working age adults is a particularly important avenue for further study. Finally, the
strong association between prescribing rates and proportion white ZCTA are concerning and
further research is needed to identify the extent to which these area-level associations reflect
under-diagnosis of ADHD among minority patients (versus overprescribing for white
patients) in order to identify strategies for reducing racial/ethnic disparities in this area.
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Figure 1:
Unadjusted prevalent stimulant prescribing rates, per 1,000 California residents, between

2008 and 2017 by age group and sex

Prescription data are from the Controlled Substance, Utilization, Review and Evaluation
System, California’s prescription drug monitoring program. Statewide population totals are
from the United States Census Bureau’s Population Estimates program.
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Figure 2:

Unadjusted incident stimulant prescribing rates, per 1,000 California residents, between
2010 and 2017 by age group and sex
Incident prescriptions are defined as prescriptions to patients with no other stimulant
prescriptions in the preceding two years (730 days). Prescription data are from the
Controlled Substance, Utilization, Review and Evaluation System, California’s prescription
drug monitoring program. Statewide population totals are from the United States Census
Bureau’s Population Estimates program.
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