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IMPORTANCE Although recent studies and guideline recommendations indicate that
potassium level monitoring is of low usefulness for healthy young women being treated for
acne with spironolactone, little is known about whether these recommendations have been
implemented in clinical practice.

OBJECTIVE To evaluate trends in rates of potassium level monitoring among young women
treated for acne with spironolactone and clinician variability in monitoring practices.

DESIGN, SETTING, AND PARTICIPANTS This retrospective cohort study was conducted between
January 1, 2008, and June 30, 2019, using data from the Optum deidentified Clinformatics
Data Mart database. Participants comprised 108 547 healthy female patients aged 12 to 45
years who were treated for acne with spironolactone.

MAIN OUTCOME AND MEASURES The primary outcome was the proportion of women who
received a test for baseline potassium level and the proportion of women whose potassium
levels were monitored in the first 180 days of being treated for acne with spironolactone. For
clinicians who had prescribed at least 5 courses of spironolactone, the percentage of
clinicians who ordered baseline potassium testing or monitoring and the percentage of
clinicians who always monitored potassium were compared between 2008 and 2015 vs
between 2016 and 2018.

RESULTS For 108 547 women included in this cohort study, the mean (SD) age at the start of
treatment was 30.7 (8.6) years, and the mean (SD) course duration was 159 (218) days.
Between 2008 and 2018, the percentage of women whose potassium levels were monitored
within 180 days of starting spironolactone by all clinicians decreased from 41.4% to 38.5%,
with a decrease from 48.9% to 41.0% among dermatologists and from 39.7% to 37.7%
among internists but with an increase from 71.4% to 75.4% among advanced practice
clinicians (ie, nurse practitioners and physician assistants). The proportion of dermatologists
who always monitored potassium decreased from 10.6% between 2008 and 2015 to 4.2%
between 2016 and 2018. There was no significant difference in the proportion of internists
who always monitored potassium from 2008 to 2015 (15.8%) vs from 2016 to 2018 (17.7%).

CONCLUSIONS AND RELEVANCE Despite increasing evidence and guidelines supporting the
elimination of potassium monitoring among healthy young women treated for acne with
spironolactone, the present study findings suggest that potassium monitoring remains
common, with substantial variability in clinician practices. There is a need for future
implementation and dissemination research to understand underlying factors for this
variation and to develop strategies to address this practice gap.
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S pironolactone is an effective treatment of acne in
women, and its use is growing over time.1,2 Although
concerns around risk of hyperkalemia have been raised,

2 large observational studies have mitigated this concern and
have suggested low value in potassium monitoring of healthy
young women being treated for acne with spironolactone.3,4

In addition, no increased risk among patients treated with spi-
ronolactone and drospirenone-containing combined oral con-
traceptives has been identified.5,6 These studies have led to a
change in guidelines and literature redefining standard prac-
tice for laboratory monitoring. Updated guidelines on spirono-
lactone that support eliminating potassium monitoring for
healthy young women being treated for acne were adopted by
popular clinical references, such as UpToDate, and by the
American Academy of Dermatology in 2016.7-9

Despite this evolving landscape, little is known about how
changes in understanding of the value of potassium monitor-
ing in individuals treated with spironolactone have impacted
clinical practice. The purpose of the present study was to iden-
tify temporal trends in potassium monitoring for women
treated with spironolactone and to evaluate clinician variabil-
ity in potassium-monitoring practices.

Methods
This study was a retrospective cohort study of patients in the
Optum deidentified Clinformatics Data Mart database from
January 1, 2008, through June 30, 2019. The Optum Clinfor-
matics Data Mart includes deidentified commercial claims data
for approximately 12 to 14 million individuals annually in the
United States. These data include both medical and pharmacy
claims as well as patient demographic information, such as age
and sex. The patient population available in the Optum Clin-
formatics Data Mart is similar to the demographic characteris-
tics of the United States population with respect to sex, age, and
geographic distribution.10 This study was conducted in adher-
ence with the Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) reporting guideline.11 The
University of Pennsylvania deemed this study to be exempt from
review by the institutional review board and waived the
requirement for obtaining informed consent because the study
involved deidentified data.

Study Population
Inclusion criteria were (1) female sex; (2) aged 12 to 45 years;
(3) at least 1 encounter with an International Classification of
Diseases, Ninth Revision (ICD-9) or International Statistical Clas-
sification of Diseases and Related Health Problems, Tenth Re-
vision (ICD-10) codes for acne; (4) prescription for a course of
spironolactone of at least 30 days in duration that was started
within 30 days of this encounter for acne, with the start date
of the course being defined as the index date; and (5) at least
180 days of continuous enrollment in Optum Clinformatics
Data Mart prior to and after the index date. Prior studies have
validated the use of ICD-9 and ICD-10 codes to identify pa-
tients with acne.12,13 To account for logistical considerations
and nonadherence that could result in delays between pre-

scriptions, prescriptions separated by fewer than 30 days from
the date of the prior prescription plus the number of days of
medication supplied were considered to be part of the same
course of therapy.14-20

The primary outcome was the frequency of testing baseline
potassium levels (defined as potassium testing between the en-
counter for acne and the index date) and the frequency of moni-
toring potassium levels while being treated (defined as testing
orderedwithin180daysofindexdate).Claimsforpotassiumtest-
ing were identified by Logical Observation Identifiers Names and
Codes. In addition, for clinicians who had prescribed at least 5
courses of spironolactone, we evaluated the frequency of base-
linepotassiumtestingandpotassiummonitoringwithin180days
of the index date. To assess whether clinical evidence was asso-
ciatedwithclinicianvariationinpotassium-monitoringpractices,
we compared the frequency of clinicians who always tested base-
line potassium levels and monitored potassium levels during
treatment for their patients between the period before the
Plovanich et al3 study and the updated American Academy of
Dermatology guidelines (2008-2015) with the period after these
recommendations were published (2016-2018).8

In addition, to examine whether potassium monitoring was
associated with treatment management, we evaluated the fre-
quency with which patients had a clinical encounter with an
ICD-9 or ICD-10 code for hyperkalemia (276.7, E875) and how
often spironolactone was discontinued within 30 days of this
encounter.

Statistical Analysis
To evaluate for changes in potassium monitoring over time,
an interrupted time series analysis was conducted using a lin-
ear regression model with an inflection point separating the
periods from 2008 to 2015 vs from 2016 to 2018. Clinician vari-
ability between the periods from 2008 to 2015 vs from 2016
to 2018 were compared using χ2 tests. Subgroup analyses were
performed among dermatologists, internists, and advanced
practice clinicians (ie, nurse practitioners and physician as-
sistants). Clinician specialty was classified using taxonomy
codes associated with the clinical encounter claims. Because
clinician specialty classification data were incomplete, we

Key Points
Question Has the frequency of potassium level monitoring
among healthy young women treated for acne with
spironolactone decreased following recent study findings
suggesting its low usefulness and updated guideline
recommendations for this population?

Findings In this cohort study, the overall proportion of 108 547
women with potassium level monitoring decreased from 41% in
2008 to 38% in 2018, with a greater decrease observed among
women treated by dermatologists (49% to 41%) than by internists
(40% to 38%) but an increase (71% to 75%) among women
treated by advanced practice clinicians (ie, nurse practitioners and
physician assistants).

Meaning This study finds that potassium level monitoring remains
common among young women treated for acne with spironolactone,
suggesting a need for future efforts to address this practice gap.
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conducted a sensitivity analysis in which we excluded courses
prescribed by clinicians with missing specialty classification
data. Multivariable logistic regression was used to evaluate for
a potential association between volume of spironolactone use
and the frequency of clinicians who always tested baseline po-
tassium levels and monitored potassium levels during treat-
ment, controlling for patient age and stratified by clinician spe-

cialty. Statistical analyses were performed in Stata, version 15
(StataCorp LLC). A 2-sided value of P < .05 was considered sta-
tistically significant.

Results
Among 108 547 patients meeting the inclusion criteria, the
mean (SD) age at the start of treatment was 30.7 (8.6) years
(Table). The mean (SD) course duration was 159 (218) days.
Of the spironolactone courses, 50.3% were prescribed by
dermatologists, 23.9% by internists, and 0.6% by advanced
practice clinicians (specialty data were unavailable for 25.3%
of courses). Most advanced practice clinicians (79.7%) were
associated with a dermatology practice classification. The
use of spironolactone increased over time, with 6639
courses started in 2008 (3.0 courses per 100 women with
encounters for acne) compared with 16 895 in 2018 (7.2
courses per 100 women with encounters for acne). In our
cohort, 0.22% of patients had a clinical encounter with a
diagnosis code for hyperkalemia during the course of spi-
ronolactone treatment, and 0.03% discontinued spironolac-
tone within 30 days of a clinical encounter with a diagnosis
code for hyperkalemia.

Between 2008 and 2018, testing for baseline potassium
level decreased from 48.5% to 41.8% among all clinicians, with
a decrease from 42.6% to 40.8% among dermatologists and
from 50.2% to 42.7% among internists. By contrast, testing for
baseline potassium level increased from 21.4% to 24.2% among
advanced practice clinicians (Figure 1).

Potassium level monitoring performed within 180 days of
the first prescription fill for spironolactone decreased from
41.4% to 38.5% among all clinicians, with a decrease among
dermatologists from 48.9% to 41.0% and a decrease among in-
ternists from 39.7% to 37.7%. By contrast, monitoring among
advanced practice clinicians increased from 71.4% to 75.4%
(Figure 2). In the interrupted time series analysis, potassium
level monitoring within 180 days decreased among derma-
tologists by 0.3% per year (95% CI, 0.1%-0.6%), with no sig-
nificant change to the baseline rate of monitoring or slope be-
fore and after 2016. No significant differences were noted
among internists or advanced practice clinicians. Similar find-
ings were observed in our sensitivity analysis excluding those
with missing specialty classification data (eFigures 1 and 2 in
the Supplement).

Table. Demographic Characteristics of Patients

Characteristic

Spironolactone prescriber specialty, %

Overall Dermatologist Internist Advanced practice clinician
Total No. 108 547 54 583 25 935 610

Age, mean (SD), y 30.7 (8.6) 29.4 (8.5) 33.0 (8.2) 29.9 (8.1)

Age group, y

12-19 11.9 14.6 6.4 9.5

20-30 36.8 40.2 30.9 44.2

31-40 35.2 32.6 39.9 33.3

41-45 16.1 12.6 22.8 13.0

Course duration, mean (SD), d 159 (218) 158 (209) 186 (264) 283 (304)

Figure 1. Temporal Trends in Frequency of Testing for Baseline Potassium
Levels Among Young Women Treated for Acne With Spironolactone
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Figure 2. Temporal Trends in Frequency of Monitoring of Potassium
Levels Among Young Women Treated for Acne With Spironolactone
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From 2008 to 2015 among 3093 dermatologists with at least
5 prescriptions for spironolactone, 10.6% always monitored po-
tassium levels within 180 days after starting spironolactone. This
frequency decreased to 4.2% from 2016 to 2018 (eFigure 3 in the
Supplement; P < .001). From 2008 to 2015 among 752 internists
with at least 5 prescriptions for spironolactone, 15.8% always
monitored potassium levels within 180 days after starting spi-
ronolactone. This frequency remained similar (17.7%) from 2016
to2018(eFigure4intheSupplement;P = .37).Between2008and
2015, 55.0% of advanced practice clinicians always monitored
potassium levels compared with 42.9% from 2016 to 2018 (P =
.49;n = 34).Therewassubstantialheterogeneityinthefrequency
of potassium level monitoring among dermatologists and inter-
nists (eFigures 3 and 4 in the Supplement).

After controlling for patient age, each additional 10 total
courses of spironolactone prescribed by a clinician was asso-
ciated with significantly decreased odds of always monitor-
ing potassium levels among all clinicians (odds ratio, 0.65; 95%
CI, 0.53-0.79) and among dermatologists (odds ratio, 0.57; 95%
CI, 0.46-0.71) but not among internists (odds ratio, 0.92; 95%
CI, 0.76-1.13) or advanced practice clinicians (odds ratio, 1.08;
95% CI, 0.49-2.39).

Discussion
A growing body of evidence suggests low value for potassium
level monitoring among healthy young women treated for acne
with spironolactone, and this evidence has been incorpo-
rated into treatment guidelines.3,4,7,8 Nevertheless, the pres-
ent study findings indicated that both baseline and routine
monitoring of potassium levels remained common in 2018
among dermatologists and internists, with more than 40% of
patients having their potassium level assessed at baseline and
with more than 35% of patients having their potassium levels
monitored by all clinicians during the first 6 months of treat-
ment with spironolactone. These findings highlight the well-
documented challenges of implementing new evidence into
clinical practice and the need for future implementation and
dissemination research to address this practice gap.21,22

Among dermatologists, there was a modest decrease in base-
line and ongoing monitoring, both with respect to the overall
frequency of monitoring and with respect to the number of cli-
nicians who always monitored potassium. Unlike dermatolo-
gists, internists did not display a decrease in clinician variabil-
ity, and many internists continued to assess potassium levels
nearly universally for their patients being treated for acne with
spironolactone. Although sample size was limited, advanced
practice clinicians had high use of potassium level monitoring.

There are several potential explanations for these find-
ings. First, it is possible that a portion of dermatologists in-
corporated emerging evidence into their practice.7-9 Because
much of the emerging literature on this topic has been pub-
lished in dermatology journals, the lack of change in practice
patterns among internists and advanced practice clinicians
could reflect decreased awareness of these new data and a need
for targeted educational interventions. However, because there
is not a clear inflection point in the frequency of testing around

2016, when the study by Plovanich et al3 and updated guide-
lines were released, it is also possible that these modest changes
in practice occurred irrespective of the introduction of new
clinical evidence and guidelines to the published literature.8

Another possibility is that increased clinical experience
and comfort prescribing spironolactone has influenced the
frequency of potassium level monitoring. As the use of spi-
ronolactone has grown during the last decade, clinicians
may have become more comfortable with not assessing
potassium levels when prescribing spironolactone. Further-
more, the lower proportion of dermatologists who always
monitored laboratory values compared with internists and
with advanced practice clinicians could reflect faster growth
in the use of spironolactone among dermatologists com-
pared with nondermatologists.1,23 Because few advanced
practice clinicians in the present study prescribed at least 5
courses of spironolactone, their lower comfort and experi-
ence with spironolactone may explain their particularly high
use of potassium level monitoring. Ultimately, understanding
differences between those who have and those who have not
changed their practice could provide valuable insights to
guide future implementation efforts to address the remaining
substantial variation in practice patterns.

We found that encounters associated with a diagnosis code
for hyperkalemia were uncommon among patients being
treated with spironolactone in this cohort. Encounters with a
diagnosis code for hyperkalemia were noted for only 0.22%
of treated patients and were associated with treatment dis-
continuation in only 3 per 10 000. These findings are consis-
tent with a prior study that reported approximately 0.7% of
potassium tests in healthy young women with acne identi-
fied hyperkalemia, whether or not the patient was treated with
spironolactone.3 In addition, the extremely low rate of spi-
ronolactone discontinuation following an encounter with a di-
agnosis code for hyperkalemia observed in our study would
support that these encounters are representative of false-
positive testing rather than representative of a complication
from spironolactone use.

Limitations
This study should be interpreted in the context of its design.
It is possible that some tests for baseline potassium levels may
have been ordered prior to the encounter for acne; thus, our
definition of testing for baseline potassium level may under-
estimate the true incidence of baseline potassium testing. How-
ever, even with this conservative definition, baseline testing
was common. Although it is possible that some of the tests of
potassium levels ordered after starting spironolactone may
have been for other indications, given the study population of
young women being treated for acne, it is most likely that these
tests were ordered in association with spironolactone use, par-
ticularly among patients being treated by dermatologists. Be-
cause claims data do not include laboratory values for pa-
tients whose potassium levels were determined, we cannot
directly evaluate the potassium levels of patients treated with
spironolactone.

In addition, the ideal percentage of patients who should
undergo potassium level monitoring while being treated
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with spironolactone is unknown; nevertheless, given the
low usefulness of testing in healthy young women being
treated for acne, it is likely that the observed high frequency
of testing is not optimal. Although our overall sample size
was large and is a strength of the study, there were few
advanced practice clinicians identified, which limits the
conclusions that can be drawn from subgroup analyses in
this population and may explain some of the variability in
monitoring practices observed among advanced practice
clinicians.

Conclusions

Despite growing evidence and guidelines supporting the elimi-
nation of potassium monitoring among healthy young women
treated for acne with spironolactone, potassium monitoring
remains common, with substantial variability in clinician prac-
tices. There is a need for future implementation and dissemi-
nation research to understand underlying factors for this varia-
tion and to develop strategies to address this practice gap.
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