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Context: Current guidelines recommend close monitoring of electrolytes in transgender patients using
spironolactone given the risk of hyperkalemia from mineralocorticoid antagonism. In patients taking
spironolactone for other conditions, the rate of hyperkalemia is low, and the utility of frequent mon-
itoring has been questioned.

Objective: We hypothesized that the rate of hyperkalemia in gender-diverse adolescents taking
spironolactone is low and, when present, clinically insignificant.

Design and Outcomes: A retrospective chart review of adolescents seen in a specialty gender clinic
at a tertiary care pediatric hospital over 10 years identified patients prescribed spironolactone for
gender transition. Study outcomes were the incidence of hyperkalemia, defined as serum potassium
concentration .5.0 mmol/L, and the relationship between potassium levels and spironolactone dose
and duration.

Results: Records were reviewed for 85 subjects with a mean6 SD age of 16.66 1.7 years. There were a
total of 269 potassium measurements (80 prior to spironolactone initiation and 189 during spi-
ronolactone treatment). Six potassium measurements in five subjects were .5.0 mmol/L, indicating a
rate of hyperkalemia of 2.2%. None of the subjects had symptoms of hyperkalemia, and all elevated
measurements were normal when repeated. Only one subject discontinued spironolactone after an
elevated potassium measurement. There was no relationship between hyperkalemia and spi-
ronolactone dose. Potassium measurements decreased with increasing treatment duration.

Conclusions: Hyperkalemia in patients taking spironolactone for gender transition is rare and when
present is transient and asymptomatic. In the absence of other medical comorbidities, routine elec-
trolyte monitoring in this population may be unnecessary.
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Medical treatment of gender-diverse adolescents includes GnRH analogs to suppress pu-
berty, gender-affirming sex steroids, and adjunctive medications to suppress the unwanted
effects of endogenous hormones. Spironolactone is an aldosterone antagonist routinely used
for its antiandrogenic properties in the treatment of transgender female patients [1]. Spe-
cifically, spironolactone is thought to promote feminization via inhibition of testosterone
synthesis by decreasing the activity of 17a-hydroxylase in the testes, competition at androgen
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receptors, and direct stimulation of the estrogen receptor [2, 3]. Spironolactone may be
superior to other antiandrogen treatments, such as finasteride and cyproterone acetate, in
treating hirsutism [4]. Because of its effectiveness in reducing unwanted male-pattern hair
growth and its relatively low cost, spironolactone is a frequently used medication in medical
gender transition.

Because of its mineralocorticoid antagonist activity, there is a concern that spironolactone
may decrease renal potassium excretion and lead to hyperkalemia. Increased use of spi-
ronolactone in adults with heart failure has been linked to an increased incidence of
hyperkalemia [5]. However, in healthy male volunteers, spironolactone did not cause a
change in serum potassium [6]. In a large study of patients taking spironolactone for acne,
only 13 (0.72%) of 1802 potassium measurements were .5.0 mmol/L. Six of the elevated
potassium measurements were normal when remeasured. The remainder of the elevated
measurements did not lead to repeat testing. There were no cases of symptomatic hyper-
kalemia [7, 8].

Multiple studies of transfeminine transgender adolescents and adults have noted no cases
of hyperkalemia in otherwise healthy individuals taking spironolactone [9–11]. However,
current guidelines recommend serial electrolyte monitoring for transgender patients on this
medication [12, 13]. We hypothesized that the prevalence of hyperkalemia in gender-diverse
adolescents taking spironolactone is low and that clinically significant hyperkalemia is rare.

1. Materials and Methods

A. Subjects and Protocol

We performed a retrospective chart review of gender-diverse youth of any age seen in the
Gender Management Service Program at Boston Children’s Hospital from 2007 to 2017.
Patients who were prescribed spironolactone for the purposes of gender transition were
included in the analysis. Hyperkalemia was defined as a serum potassium concentration
.5.0 mmol/L.

The study protocol was approved by the Institutional Review Board of Boston
Children’s Hospital.

B. Statistical Analysis

Descriptive statistics were used to summarize patient demographics and clinical charac-
teristics. Frequencies (%) were reported for categorical variables, andmean values6 SDwere
reported for continuous variables. Generalized estimating equations for a binary outcome
with the log link function and exchangeable working correlation structurewere used to assess
the association between dose of spironolactone and risk of hyperkalemia. All analyses were
performed using SAS 9.4. A P value ,0.05 was considered statistically significant

2. Results

A. Study Cohort

Ninety gender-diverse adolescents were prescribed spironolactone during the study period
(Table 1). Two patients were prescribed spironolactone for indications other than gender
transition and were excluded. Three patients were excluded because there were no potassium
measurements recorded after spironolactone was initiated. The 85 subjects included in the
analysis had a total of 269 potassium measurements. Of these, 80 measurements were
performed before the initiation of spironolactone, and 189 measurements were performed
during spironolactone treatment (Fig. 1). Most subjects (n 5 70; 82%) had potassium
measured before starting spironolactone. Thirty-six subjects (42%) had at least one potas-
siummeasurement within the first 3months of spironolactone therapy, and 48 subjects (56%)
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had a measurement within the first 6 months. Potassium measurements were available for
up to 7 years of spironolactone therapy. Doses of spironolactone ranged from 25 to 400 mg/d,
with a mean 6 SD daily dose of 105 6 85 mg/d. The majority of subjects (n 5 73; 86%) were
using spironolactone as an adjunct to estrogen. Subjects had a mean 6 SD of 3.2 6 1.9
potassium measurements (Table 1).

B. Incidence of Hyperkalemia

Eight potassiummeasurements in six subjects exceeded 5.0 mmol/L. Hemolysis was noted in
two measurements in the same subject, including one measurement performed prior to

Table 1. Characteristics of Subjects

Variable
All Subjects
(n 5 85)

Subjects Without
Hyperkalemia

(n 5 79)

Subjects With
Hyperkalemia

(n 5 6)

Age at spironolactone start, mean (SD), y 16.6 (1.7) 16.7 (1.7) 16.0 (1.4)
Female gender identity, n (%) 82 (96) 76 (96) 6 (100)
Nonbinary gender identity, n (%) 3 (4) 3 (4) 0 (0)
Race
White, n (%) 59 (69) 54 (68) 5 (83)
Black or African American, n (%) 2 (2) 2 (3) 0 (0)
Asian, n (%) 2 (2) 2 (3) 0 (0)
Other, n (%) 8 (9) 8 (10) 0 (0)
Unknown, n (%) 14 (16) 13 (16) 1 (17)
Hispanic or Latino, n (%) 5 (6) 5 (6) 0 (0)

Using GnRH analog, n (%) 19 (22) 18 (23) 1 (17)
Using estrogen, n (%) 73 (86) 68 (86) 5 (83)
Number of potassium measurements per subject,

median (range)
3 (1–10) 3 (1–10) 4.5 (1–8)

Baseline potassium measurement available, n (%) 70 (82) 65 (82) 5 (83)
Serum potassium, mean (SD), mmol/L 4.25 (0.4) 4.20 (0.3) 4.65 (0.5)
Spironolactone dose, mean (SD), mg/d 105 (42) 105 (42) 108 (49)

Figure 1. Flowchart of subject selection and potassium measurements. Five subjects were
excluded from the analysis because they were prescribed spironolactone for indications other
than gender transition or did not have sufficient follow-up measurements. Of the 85 subjects
included in the analysis, 70 (82%) had a baseline potassium measurement.
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spironolactone initiation. (Fig. 2). When these measurements were excluded, the rate of
hyperkalemia was 2.2%. There were no cases of hyperkalemia in the baseline measurements.
All cases of hyperkalemia occurred early in the treatment course (,6 months after starting
spironolactone). There were no potassium measurements .6.0 mmol/L.

C. Features of Subjects With Hyperkalemia

Five subjects had potassiummeasurements.5.0 mmol/L in the absence of hemolysis (Fig. 2);
all had normal baseline potassium concentrations. None of the subjects with hyperkalemia
had symptoms of hyperkalemia. One subject had a potassium measurement .5.0 mmol/L
2 weeks after initiation of 50 mg/d of spironolactone. Spironolactone was continued, and the
potassium measurement was normal when repeated 2 weeks later. This subject’s potassium
was again elevated 3 months after spironolactone initiation and was normal 2 weeks later.

In two additional subjects, hyperkalemia was observed at 1 and 6 months after spi-
ronolactone initiation. Spironolactone was continued, and all repeat measurements were in
the normal range.

One subject had an elevated potassium measurement 1 month after starting spi-
ronolactone. All subsequent potassium measurements were normal. This subject had a
history of eosinophilic esophagitis and received gastrostomy-tube feeds overnight in addition
to a proton pump inhibitor.

Spironolactone was discontinued in one subject who had hyperkalemia 5 months
after spironolactone initiation. It was restarted after a repeat potassium measurement
2 weeks later was normal. All subsequent potassium measurements were normal in
this subject.

D. Presence of Medical Comorbidities

In our study cohort there were eight subjects with medical comorbidities, which included
asthma (three subjects), migraine headaches, narcolepsy, eosinophilic esophagitis, macro-
phage activation syndrome, hypertension, and chronic congestive heart failure secondary to
hypoplastic left heart syndrome. The subject with underlying hypertension did not have
hyperkalemia. The subject with congestive heart failure was started on a low dose of spi-
ronolactone (25 mg/d) and did not have any episodes of hyperkalemia despite concurrent use
of an angiotension-converting enzyme inhibitor.

Figure 2. Outcomes of cases of elevated potassium measurements. Eight potassium
measurements in six subjects were .5.0 mmol/L. Two samples in the same subject were
noted to be hemolyzed. In only one case was spironolactone discontinued. All potassium
measurements in all cases were normal when repeated.
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E. Predictors of Hyperkalemia

The most common starting spironolactone dose was 100 mg/d. Larger doses of spironolactone
were not associated with a higher risk of hyperkalemia (Table 2). One subject had normal
potassium measurements while taking 400 mg of spironolactone daily. There was no sig-
nificant correlation between the dose of spironolactone and serum potassium concentration
overall (Fig. 3). There was a significant trend toward lower serum potassium concentration
with increasing duration of spironolactone treatment (Fig. 4). When the elevated potassium
measurements, which all occurred early in the treatment course, were excluded, the cor-
relation between treatment duration and potassium concentration was no longer significant.

Table 2. Association Between Dose of Spironolactone and Hyperkalemia

Dose of
Spironolactone

Number of Potassium Measurements
>5.0 mmol/L/Total Number of
Potassium Measurements (%)

Relative Risk
(95% CI) P Value

,100 mg/d 2/17 (11.8) 1.0
100–200 mg/d 2/74 (2.7) 0.23 (0.03–1.52) 0.13
.200 mg/d 3/98 (3.1) 0.26 (0.05–1.44) 0.12

Baseline potassiummeasurements were excluded. A spironolactone dose of 100 mg/d was the most common starting
dose. A dose of spironolactone ,100 mg/dL was designated as the reference. There was no increased risk of
hyperkalemia with higher spironolactone dose categories.

Figure 3. Serum potassium concentration is not correlated with spironolactone dose. The
solid black line indicates regression line. The shaded area indicates the 95% confidence
intervals for the expected mean. Dashed lines indicate the 95% confidence interval for the
individual predicted value.
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3. Discussion

Similar to other studies of otherwise healthy patients taking spironolactone for its anti-
androgenic effects, we identified a low rate of hyperkalemia (2.2%) in our population of
gender-diverse adolescents. Although this is higher than the rate of hyperkalemia reported in
other healthy populations taking spironolactone, the cases of hyperkalemia we identified
were likewise transient and not clinically significant [8].

Hyperkalemia is an important side effect in patients receiving spironolactone for heart
failure. These patients are frequently also prescribedmedications that affect renal potassium
handling, such as angiotension-converting enzyme inhibitors [5]. In a large study of patients
with congestive heart failure taking spironolactone, the risk of hyperkalemia increased with
increasing doses of spironolactone from 13.5% in patients taking 25 mg/d to 41.4% in those
taking 50 mg/d [14]. We did not find an increased risk of hyperkalemia with increasing doses
of spironolactone despite routine use of larger doses (up to 400 mg/d) compared with those
used in treating patients with congestive heart failure. It is the clinical context in which
spironolactone is used, not the dose alone, that predicts risk of hyperkalemia.

All cases of hyperkalemia we identified occurred within the first 6 months of starting
treatment. We monitored patients taking spironolactone for up to 7 years but did not identify
additional cases of hyperkalemia. This observation suggests that if there is no evidence of
hyperkalemia in the early treatment period, there is no increased risk with duration of
spironolactone exposure.

Indeed, we noted a downward trend in serum potassium concentrations over the duration
of spironolactone use. Although this association between potassium measurements and
treatment duration may have been caused by the resolution of hyperkalemia in affected

Figure 4. Correlation between duration of spironolactone treatment and serum potassium
concentration. Baseline measurements and two measurements that were the result of a
hemolyzed sample were excluded. Black circles indicate serum potassium concentrations
.5.0 mmol/L. Dashed lines indicate 95% CI of potassium concentration normal range. There
is a significant trend toward lower serum potassium concentration with longer duration of
treatment. When the potassium measurements .5.0 mmol/L were excluded, there was no
correlation between serum potassium concentration and duration of spironolactone exposure.
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subjects, it also raises the possibility that there is renal accommodation to mineralocorticoid
antagonism that leads to a slightly lower potassium set point and thus a lower risk for
hyperkalemia over time. Renal accommodation may also explain why we did not see an effect
of higher spironolactone doses on serum potassium concentrations and why all cases of
hyperkalemia were early, transient, and self-resolved.

Beyond increasing the financial and time burden for patients, laboratory monitoring, if
unneeded, may further increase barriers to gender-affirming care for an already vulnerable
population [15]. Requiring frequent laboratory monitoring not only increases the complexity
of caring for patients who desire gender transition butmay also suggest that spironolactone, a
commonly used gender-affirming medication, is risky and has concerning side effects.

The generalizability of this study is limited by the relatively small sample size and the use
of only one study site. Its retrospective nature introduces potential selection bias; for ex-
ample, clinicians may have avoided spironolactone use in patients with premorbid conditions
or prior hyperkalemia. Further studies with a larger sample size are needed to confirm
our findings.

We have shown that the risk of hyperkalemia in an otherwise healthy population taking
spironolactone is low and that the risk of clinically important hyperkalemia is even lower.
Additionally, when hyperkalemia occurs, it does so early in the treatment course and
irrespective of spironolactone dose. We propose that close potassium monitoring beyond the
first 6 months of therapy should be reserved for patients with medical comorbidities or for
those who are taking medications that may impair renal potassium handling.
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