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Abstract

drospirenone and spironolactone

Background: Drospirenone/ethinyl-estradiol is an oral contraceptive (OC) that possesses unique
antimineralocorticoid activity. It is conjectured that drospirenone, taken alone or concomitantly with
spironolactone, may be associated with an increased risk of hyperkalemia.

Methods: A retrospective cohort study was conducted evaluating women between 18-46 years of age in the
Lifelink™ Health Plan Claims Database. The study was restricted to new users of OCs between 1997-2009. Cox
proportional hazards models were used to estimate the time to first occurrence of hyperkalemia diagnosis. The
main analysis compared OCs containing drospirenone with OCs containing levonorgestrel, a second generation OC
not known to impact potassium homeostasis. Logistic regression evaluated concomitant prescribing of

Results: The cohort included 1,148,183 women, averaging 28.8 years of age and 280 days of OC therapy. 2325
cases of hyperkalemia were identified. The adjusted hazard ratio (HR) for hyperkalemia with drospirenone
compared to levonorgestrel was 1.10 (95%Cl 0.95-1.26). There was an increased risk of hyperkalemia with
norethindrone HR 1.15 (95%Cl: 1.00-1.33) and norgestimate HR 1.27 (95%Cl: 1.11-1.46). Other OCs were
unassociated with hyperkalemia. The odds of receiving spironolactone while taking drospirenone were 2.66 (95%Cl
2.53-2.80) times higher than the odds of receiving spironolactone and levonorgestrel. Only 6.5% of patients taking
drospirenone and spironolactone had a serum potassium assay within 180 days of starting concomitant therapy.

Conclusions: A clinically significant signal for hyperkalemia with drospirenone was not demonstrated in the
current study. Despite the bolded warning for hyperkalemia with joint drospirenone and spironolactone
administration, physicians are actually using them together preferentially, and are not following the recommended
potassium monitoring requirements in the package insert.

Background

Drospirenone is a novel synthetic progestin approved in
combination with ethinyl estradiol as an oral contraceptive
(OC) [1]. Marketed as Yasmin® and Yaz®, drospirenone is
one of the most popular oral contraceptives in the United
States [2]. Drospirenone is a fourth generation OC and it
possesses antimineralocorticoid effects not present in pre-
vious generations of OCs. Its antimineralocorticoid
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potency is approximately eight times greater than spirono-
lactone [3], thus a 3 mg tablet of drospirenone has a simi-
lar effect to 20-25 mg of spironolactone [4]. This activity
enhances sodium, chloride, and water excretion, while
reducing the excretion of potassium, ammonium, and
phosphate [5]. The similarity in chemical structure
between drospirenone and spironolactone and the known
association between spironolactone and hyperkalemia
both strengthen the plausibility that clinically significant
hyperkalemia might result from drospirenone use.

In May of 2001, when drospirenone/ethinyl estradiol
(Yasmin®) was first approved, the package insert
included a bolded warning for hyperkalemia, stating that
“Yasmin should not be used in patients with conditions
that predispose to hyperkalemia” [1]. The warning also
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instructs physicians to monitor potassium levels during
the first cycle of treatment in patients taking concomitant
medications known to cause hyperkalemia. Clinical evi-
dence however has not shown a strong association
between drospirenone and hyperkalemia [6-13]. Several
studies have evaluated for hyperkalemia in postmenopau-
sal women with hypertension or diabetes who use dros-
pirenone to treat vasomotor spasms. These studies found
no association between drospirenone and hyperkalemia
in women with hypertension [6,7] or type 2 diabetes mel-
litus [8]; however, all three studies were twelve or fewer
weeks in duration. Larger trials designed to evaluate the
safety and efficacy of drospirenone either do not evaluate
hyperkalemia or are not powered to detect it [9-12]. Only
one large study, mandated by the FDA at approval, has
been performed evaluating drospirenone for hyperkale-
mia in younger women, and it found no association
between drospirenone and hyperkalemia [13].

Hyperkalemia is a potentially serious condition that
may be associated with numerous pathophysiological
conditions. Clinically significant hyperkalemia reduces
membrane excitability and disturbs the acid-base bal-
ance, manifesting as weakness, flaccid paralysis, hypo-
ventilation, and metabolic acidosis. Hyperkalemia can
also result in cardiac toxicity with electrocardiographic
changes, which in severe cases may lead to the terminal
events of ventricular fibrillation or asystole [5].

The primary objective of the current study is to inves-
tigate the association between drospirenone and the
diagnosis of hyperkalemia in a large unselected popula-
tion. A secondary objective is to evaluate the impact of
the package insert on medical prescribing as assessed by
an examination of the 1) concomitant use of drospire-
none and spironolactone and 2) respect for the stated
potassium monitoring requirements.

Methods

Data Source

The IMS Lifelink™ Health Plan Claims Database con-
tains paid claims data from over 102 managed care
plans in the United States. The database contains fully
adjudicated medical and pharmacy claims for over 68
million patients, including inpatient and outpatient diag-
noses and procedures (International Classification of
Diseases, 9" Revision, Clinical Modification format) in
addition to retail and mail order prescription records.
The data is representative of US residents with private
health insurance in terms of geography, age, and gender.
The Lifelink™ database is subject to quality checks to
ensure data quality and to minimize error rates [14].

Cohort description
A retrospective cohort was developed, evaluating women
in the Lifelink™ Claims database between January 1%,
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1997 and December 31, 2009. All women between 18-
46 years of age with the first prescription for an OC
containing ethinyl estradiol (0.35 ug or less) and one of
the following progestins were included in the cohort:
desogestrel, drospirenone, ethynodiol diacetate, levonor-
gestrel, norethindrone acetate, norethindrone, norgesti-
mate, and norgestrel. All patients who met these
inclusion criteria were analyzed in the utilization portion
of the study.

For the hyperkalemia analysis, in order to include only
new users, patients were excluded if they did not have
at least 180 days of enrollment history prior to their
first claim for an OC. Patients were also excluded if
they had a prior diagnosis of hyperkalemia. Censoring
was performed if a patient switched to another OC dur-
ing the study period, on the final day of OC possession
(determined from the final prescription date and day
supply), before a gap in OC possession of 30 or more
days, at the event of hyperkalemia, and at the end of the
study period, December 31%, 2009. Evaluation of hyper-
kalemia was performed using a diagnostic ICD-9 code
(276.7).

Statistical analysis

OCs and hyperkalemia

Cox proportional hazard models were used to estimate
the time to first occurrence of hyperkalemia. The pri-
mary analysis used a new user design and compared
OCs containing drospirenone with OCs containing levo-
norgestrel. Levonorgestrel was chosen a priori as a
reference based on its high utilization, lack of associa-
tion with hyperkalemia, and use as a reference in pre-
vious OC comparative-safety studies [15-21]. All
estimates were adjusted by age, calendar time, chronic
kidney disease, diabetes mellitus, hypertension, inflam-
matory bowel disease, obesity [22], polycystic ovary syn-
drome, premenstrual tension syndrome (premenstrual
syndrome and premenstrual dysphoric disorder), smok-
ing status, and concomitant medications known to
cause hyperkalemia. The following medications were
adjusted for: angiotensin-converting enzyme inhibitors
(ACE)/angiotensin receptor blockers (ARB), non-steroi-
dal anti-inflammatory drugs (NSAID), spironolactone,
and other medications (cyclosporine, diuretics, heparin,
penicillin G, tacrolimus, and trimethoprim).

Utilization

Concomitant utilization of drospirenone and spironolac-
tone was analyzed during the entire study period. Logis-
tic regression was used to form odds ratios (OR)
comparing the odds for receiving concomitant spirono-
lactone and drospirenone therapy against the odds of
receiving concomitant spironolactone and levonorgestrel
therapy. ORs were also formed calculating the odds of
receiving spironolactone while on other progestin-
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containing OCs compared to levonorgestrel. To evaluate
compliance with potassium monitoring for patients tak-
ing concomitant drospirenone and spironolactone, the
percentage of patients who had a blood serum potas-
sium assay (CPT-4 84132) during the first 180 days of
concomitant therapy was calculated.

This study was approved by the University of Florida
IRB. All calculations were performed in SAS software
version 9.2.

Results

OCs and hyperkalemia

The cohort included 1,148,183 women exposed to a pro-
gestin-based OC and 880,014 person-years of follow-up
time. Patients in the study averaged 28.8 years of age and
had a mean follow up time of 280 days. There were 2325
cases of hyperkalemia, representing 0.20% of the popula-
tion. Baseline characteristics are shown in Table 1.

The adjusted hazard ratio (HR) for a recorded diagno-
sis of hyperkalemia while exposed to drospirenone com-
pared to levonorgestrel was 1.10 (95% CI 0.95-1.26).
Other OCs were unassociated with hyperkalemia: deso-
gestrel HR 1.00 (95%CI: 0.85-1.17), ethynodiol diacetate
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HR 0.71 (95%CI: 0.49-1.02), norethindrone acetate HR
1.08 (95%CI: 0.91-1.29), norgestrel HR 1.00 (95%CI:
0.76-1.33), although there was an unexpected signal
with norethindrone HR 1.15 (95%CI: 1.00-1.33) and nor-
gestimate HR 1.27 (95%CI: 1.11-1.46) (Table 2). Addi-
tionally, the analysis found no interaction between
drospirenone and spironolactone for hyperkalemia in
the regression model (HR 1.08, 95%CI: 0.78-1.49). Other
interactions with drospirenone in the regression model
were as follows: ACEI/ARB HR 0.78 (95%CI 0.55-1.10)
and NSAID HR 1.09 (95%CI 0.80-1.48).

Utilization

The utilization study evaluated all 2,925,407 patients
that met the initial study inclusion criteria. 18,869
patients in this population were taking both spironolac-
tone and an OC. The odds of receiving spironolactone
while on drospirenone were 2.66 (95%CI 2.53-2.80)
times higher than the odds of receiving spironolactone
while on levonorgestrel. The ORs for receiving spirono-
lactone while on other progestin-based OCs compared
to levonorgestrel are as follows: desogestrel 1.46 (95%CI
1.38-1.55), ethynodiol diacetate 2.85 (95%CI 2.62-3.11),

Table 1 Characteristics of women included in the study cohort by type of progestin oral contraceptive used

(n = 1,148,183)

Desogestrel Drospirenone Ethynodiol

Levonorgestrel Norethindrone

Norethindrone Norgestimate Norgestrel

Diacetate Acetate
Number of patients 139,871 224,408 17,295 180,720 93,818 234,105 228,276 29,690
Age 287 29.0 288 29.0 305 29.7 269 29.7
Mean follow up 327 272 327 304 240 230 307 249
(days)
Number of cases 267 488 33 349 200 433 499 56
Covariates (%)
CKD 0.15 0.09 0.08 0.09 0.12 0.15 0.08 0.19
Diabetes 4.10 4.10 441 393 413 412 337 543
Hypertension 834 847 853 862 9.78 8.89 6.55 10.82
IBD* 0.94 1.03 1.22 1.00 1.03 0.85 0.75 098
Obesity 11.59 12.53 1244 11.22 10.75 10.08 9.50 13.60
pCcos O 447 578 5.00 211 2.80 2381 221 348
PTS (PMS/ 363 553 3.04 301 3.26 1.95 1.69 273
PMDD) *
Smoking 6.62 5.94 848 7.36 643 649 6.97 9.00
ACEI/ARB § 0.50 047 0.56 0.60 0.75 067 042 0.80
NSAIDS ¢ 567 4.84 579 556 513 590 4.77 6.09
Spironolactone 043 0.74 0.84 0.28 032 0.19 0.32 029
Other 046 0.36 0.56 046 037 035 0.27 044

Medications 3

*Inflammatory bowel disease
1 CKD = Chronic Kidney Disease
[ PCOS = Polycystic Ovary Syndrome

$ PTS (PMS/PMDD) = premenstrual tension syndrome (premenstrual syndrome and premenstrual dysphoric disorder)
§ ACE/ARB = angiotensin-converting enzyme inhibitors/angiotensin receptor blockers

¢ NSAID = non-steroidal anti-inflammatory drugs

3 Other medications = diuretics, heparin, cyclosporine, tacrolimus, trimethoprim, and penicillin G
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Table 2 Risk for hyperkalemia* with use of commonly
used oral contraceptives

Crude HR (95% ClI)

Adjusted HRt (95%ClI)

Levonorgestrel 0 (reference) 1.0

Desogestrel 0.93 (0.79-1.09) 1.00 (0.85-1.17)
Drospirenone 1.26 (1.10-1.44) 1.10 (0.95-1.26)
Ethynodiol diacetate 0.96 (0.67-1.38) 0.71 (0.49-1.02)
Norethindrone acetate 1 (1.18-1.68) 1.08 (0.91-1.29)
Norethindrone 127 (1.11-147) 1.15 (1.00-1.33)
Norgestimate 3 (0.98-1.29) 127 (1.11-1.46)
Norgestrel 3 (0.85-149) 1.00 (0.76-1.33)

*Hyperkalemia determined from a diagnostic ICD-9 code (276.7)

1 Adjusted by age, calendar time, chronic kidney disease, diabetes mellitus,
hypertension, inflammatory bowel disease, obesity, polycystic ovary syndrome,
premenstrual tension syndrome (premenstrual syndrome and premenstrual
dysphoric disorder), smoking status, angiotensin-converting enzyme
inhibitors/angiotensin receptor blockers, non-steroidal anti-inflammatory
drugs, spironolactone, and other medications known to cause hyperkalemia
(cyclosporine, diuretics, heparin, penicillin G, tacrolimus, and trimethoprim).

norethindrone acetate 1.01 (95%CI 0.93-1.08), norethin-
drone 0.78 (95%CI 0.74-0.83), norgestimate 1.34 (95%CI
1.27-1.41), and norgestrel 0.98 (95%CI 0.89-1.08). The
Yasmin® and Yaz® package inserts recommend potas-
sium monitoring within the first treatment cycle for
patient taking other medications known to cause hyper-
kalemia. Of the 5,752 patients who took drospirenone
and spironolactone concomitantly, only 376 (6.5%)
patients underwent a serum potassium assay within 180
days of starting concomitant therapy.

Discussion

The current study did not find a substantial and mean-
ingful association between drospirenone use and hyper-
kalemia compared to patients taking levonorgestrel. It is
interesting to note that norethindrone and norgestimate
are both associated with a higher risk for hyperkalemia
compared to levonorgestrel. These however were not a
priori hypotheses and may be chance findings due to
multiple testing. These results must also be taken into
context with the low absolute risk for hyperkalemia in
OC users. The increased HR for norethindrone of 1.16
results in a number need to harm (NNH) of 3086
patients, while the HR for norgestimate of 1.27 results
in a NNH of 1829 patients.

The null association between drospirenone and hyper-
kalemia is concordant with the results from previous
studies [13,23]. To our knowledge, only one prior cohort
study has been conducted with the primary aim to eval-
uate drospirenone and hyperkalemia [13]. This study
had 67,287 OC users, identified 378 cases of hyperkale-
mia, and found a RR comparing drospirenone to other
OCs of 0.9 (95%CI 0.7-1.1). Our study population has
approximately seventeen times the OC user population
of this prior analysis, allowing greater detection for
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hyperkalemia and providing increased statistical preci-
sion. Another study identified 102 cases of drug-asso-
ciated hyperkalemia and did not attribute any cases to
use of drospirenone [23]. In our study, the comparison
among OC users in our analysis minimizes the risk of
confounding by indication, and the new user design
eliminates the survivor effect that long term OC users
are tolerant to the therapy and healthier than short
term users. The totality of the evidence suggests that
hyperkalemia while on drospirenone is not of clinical
importance.

Utilization

We found that drospirenone users are 2.66 times more
likely to receive spironolactone compared with levonor-
gestrel users. An OR of this magnitude suggests that
physicians are not avoiding the concomitant use of dros-
pirenone and spironolactone, but prescribing them
together. This is a particularly interesting finding
because drospirenone is the only OC with a bolded
warning for hyperkalemia. These medications have no
overlap in labeled indications; however, drospirenone
does have an indication for acne vulgaris, while spirono-
lactone has an off-label use for its treatment. Another
likely explanation in the recent literature is that drospir-
enone and spironolactone are both seen as beneficial for
treatment of weight gain and bloating experienced by
patients with postmenstrual dysphoric disorder and in
reducing hirsutism and acne in patients with polycystic
ovarian syndrome (PCOS) [24-28].

It was recently reported that, among 11,019 drospire-
none users, 17.6% of patients are taking another medica-
tion known to induce hyperkalemia [29]. In this study,
spironolactone accounted for 11.1% of this concomitant
utilization. Our study found that only 6.5% of patients
taking drospirenone and spironolactone underwent
potassium monitoring. This raises concern that few phy-
sicians are following the recommendations for monitor-
ing serum potassium as stated in the package insert.

Although we found a non-significant interaction for
hyperkalemia with concomitant use of drospirenone and
spironolactone, this does not assure the safe combined
use of these two medications. Particularly, patients with
PCOS generally express characteristics of metabolic syn-
drome, are at an increased risk for drug induced liver
injury [30], and warrant careful monitoring.

Limitations

The use of ICD-9-CM codes for the detection of hyper-
kalemia provides a high specificity for diagnosed cases
because this diagnosis is made from an assay of serum
potassium. This measurement however lacks sensitivity
due to a lack of potassium testing in the general popula-
tion. Inadequacies in documenting ICD-9-CM codes
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could also lead to underreporting of hyperkalemia. To
determine if this was likely to be problematic, we inter-
rogated the Lifelink™ database to investigate control
drugs with known associations to hyperkalemia. Amilor-
ide, a potassium-sparing diuretic, spironolactone, an
aldosterone antagonist, and all ACE inhibitors were
selected as positive controls. The Lifelink™ database
was able to replicate three known positive associations:
amiloride HR 7.94 (95%CI 1.96-32.08), spironolactone
HR 3.46 (95%CI 2.97-4.02), and ACE inhibitors HR 1.90
(95%CI 1.70-2.11). Negative controls selected were lora-
tadine, a non-drowsy antihistamine, topical hydrocorti-
sone, and all statins. All negative associations were
replicated: loratadine HR 0.84 (95%CI 0.60-1.20), topical
hydrocortisone HR 1.37 (95%CI 0.92-2.05), and statins
HR 1.06 (95%CI 0.92-1.22). A positive association was
not found between NSAIDS and hyperkalemia (HR 0.93
(95%CI 0.81-1.06)). The above positive and negative
controls are reassuring for the ability of this claims data-
base to detect clinically relevant hyperkalemia and to
find a null result when no association is known.

The bolded warning for drospirenone and hyperkale-
mia also has the potential to introduce a measurement
bias. This warning makes potassium monitoring in the
drospirenone group more likely, inducing a bias away
from the null. This anti-conservative bias provides addi-
tional confidence in our null result. If channeling bias is
present in our study population, steering patients at
high risk for hyperkalemia away from drospirenone
would provide a bias toward the null. Another interpre-
tation of the study results is that, based on the regula-
tory framework, current clinical practice is sufficient to
mitigate the risk of hyperkalemia in this population.

Due to the nature of a claims database, residual con-
founding is always present. Alcohol consumption, ethni-
city, and diet are all potential unadjusted confounders in
our study. Two covariates in the analysis, smoking and
obesity, are reported only to justify treatment (such as
bariatric surgery or smoking cessation therapy) and are
not completely controlled.

Future implications

Although a clinically significant increase in the diagno-
sis of hyperkalemia was not found in our analysis, a
subclinical increase in serum potassium in this popula-
tion cannot be ruled out. Increased utilization of spiro-
nolactone in patients taking drospirenone and poor
compliance with the requirement for potassium moni-
toring in the package insert suggests a lack of attention
to the possibility of hyperkalemia. Spironolactone how-
ever has a strong association with hyperkalemia, and,
for patients taking both spironolactone and drospire-
none, it is concerning that so few physicians follow the
package insert monitoring recommendations. This
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suggests that package inserts may not be an effective
mechanism for the communication of drug safety
information. If an increase in hyperkalemia had been
found in patients taking drospirenone, this current
monitoring practice may not have been sufficient to
detect it.

Conclusions

In a large cohort of young women, drospirenone did not
cause a clinically significant increase in risk for hyperka-
lemia when compared with other progestin-containing
OCs. It is however concerning that, despite the bolded
warning for hyperkalemia, drospirenone and spironolac-
tone are used together preferentially. This likely demon-
strates a channeling of patients with premenstrual
dysphoric disorder and polycystic ovary syndrome to
use of drospirenone. Furthermore, physicians are not
following the monitoring requirements for serum potas-
sium assays in the package insert for patients taking
these two medications.

Author detail

STB and SRP work at the Center for Drug Evaluation
and Research in the Food and Drug Administration.
JMB is a professor of medicine and epidemiology at
McGill University; ME is an assistant professor of medi-
cine in the Pharmaceutical Outcomes Programme at the
University of British Columbia; and JACD is an assistant
professor of Pharmaceutical Outcomes & Policy at the
University of Florida. XL is a graduate student in the
department of Pharmaceutical Outcomes & Policy at the
University of Florida.

Acknowledgements

This study was supported by an unrestricted operating grant, funded in part
by the McGill University Health Center, Fonds de la Recherche en Santé du
Québec, and the Ministere de la Santé et des Services Sociaux. The sources
of funding had no role in the collection, analysis, and interpretation of data;
in the writing of the manuscript; and in the decision to submit the
manuscript for publication. Publication of this article was funded in part by
the University of Florida Open-Access Publishing Fund.

Author details

'Department of Health and Human Services/Food and Drug Administration/
Center for Drug Evaluation and Research (CDER)/Office of Management/
CDER Academic Collaboration Program, Bldg 22, 10903 New Hampshire
Avenue, Silver Spring, MD USA 20993. 2Universi‘[y of Florida, College of
Pharmacy, Pharmaceutical Outcomes & Policy, 101 S. Newell Drive (HPNP),
PO Box 100496, Gainesville FL, USA 32611. *University of British Columbia,
Pharmaceutical Outcomes Programme, 709-828 West 10t Avenue,
Vancouver, British Columbia, Canada V5Z1M9. “McGill University, Royal
Victoria Hospital, 687 Pine Street West, Montreal, Quebec H3A 1A1, Canada.

Authors’ contributions

JMB, JACD, and ME acquired data for this analysis. All authors contributed to
the study design. The statistical analysis was completed by STB and JACD,
and all authors contributed to the interpretation of the data. STB wrote the
draft manuscript and all authors contributed to critical revision of the
manuscript for important intellectual content. JACD is the study guarantor.
All authors read and approved the final manuscript for publication.



Bird et al. BMIC Clinical Pharmacology 2011, 11:23
http://www.biomedcentral.com/1472-6904/11/23

Competing interests

This manuscript represents the opinions of the authors and not those of the
Food and Drug Administration. JMB is a physician scientist who receives
peer review financial support from le Fonds de la Recherche en Santé du
Québec. The authors have no other competing interests.

Received: 3 October 2011 Accepted: 30 December 2011
Published: 30 December 2011

References

1.

Yasmin [package insert], Wayne NJ: Bayer Healthcare Pharmaceuticals, Inc;
2010.

The World Health Organization: Cardiovascular disease and steroid
hormone contraception. Technical Report Series 877 Geneva: The
Organization; 1998.

Muhn P, Fuhrmann U, Fritzemeier KH, Krattenmacher R, Schillinger E:
Drospirenone: a novel progestogen with antimineralocorticoid and
antiandrogenic activity. Ann N Y Acad Sci 1995, 761:311-335.

Heinemann LA, Dinger J: Safety of a new oral contraceptive containing
drospirenone. Drug Saf 2004, 27(13):1001-1018.

Disorders of the adrenal cortex. In Harrison’s principles of internal
medicine.. 18 edition. Edited by: Longo DL, Kasper DL, Jameson JL, Fauci AS,
Hauser SL, Loscalzo J. New York: McGraw-Hill; 2011..

White WB, Pitt B, Preston RA, Hanes V: Antihypertensive effects of
drospirenone with 17(3-estradiol, a novel hormone treatment in
postmenopausal women with stage 1 hypertension. Circulation 2005,
112(13):1979-1984.

White WB, Hanes V, Chauhan V, Pitt B: Effects of a new hormone therapy,
drospirenone and 17-B-estradiol, in postmenopausal women with
hypertension. Hypertension 2006, 48(2):246-253.

Preston RA, White WB, Pitt B, Bakris G, Norris PM, Hanes V: Effects of
drospirenone/17-f estradiol on blood pressure and potassium balance
in hypertensive postmenopausal women. Am J Hypertens 2005,
18(6):797-804.

Parsey KS, Pong A: An open-label, multicenter study to evaluate yasmin,
a low-dose combination oral contraceptive containing drospirenone, a
new progestogen. Contraception 2000, 61(2):105-111.

Freeman EQ, Kroll R, Rapkin A, Pearlstein T, Brown C, Parsey K, Zhang P,
Patel H, Foegh M: Evaluation of a unique oral contraceptive in the
treatment of premenstrual dysphoric disorder. J Womens Health Gend
Based Med 2001, 10(6):561-569.

Ludicke F, Johannisson E, Helmerhorst FM, Campana A, Foidart J,
Heithecker R: Effect of a combined oral contraceptive containing 3 mg of
drospirenone and 30 pg of ethinyl estradiol on the human
endometrium. Fertil Steril 2001, 76(1):102-107.

Gaspard U, Endrikat J, Desager JP, Buicu C, Gerlinger C, Heithecker R: A
randomized study on the influence of oral contraceptives containing
ethinylestradiol combine with drospirenone or desogestrel on lipid and
lipoprotein metabolism over a period of 13 cycles. Contraception 2004,
69(4):271-278.

Loughlin J, Seeger JD, Eng PM, Foegh M, Clifford CR, Cutone J, Walker AM:
Risk of hyperkalemia in women taking ethinylestradiol/drospirenone and
other oral contraceptives. Contraception 2008, 78(5):377-383.

IMS Health: LifeLink health plan claims database: overview and study
design issues. [http://uams.edu/cctr/hsrcore/
Lifelink_Health_Plan_Claims_Data_Designlssues_wcost_April2010%5B1%5D.
pdfl.

Dinger JC, Heinemann LAJ, Kiihl-Habich D: The safety of a drospirenone-
containing oral contraceptive: final results from the European active
surveillance study on oral contraceptives based on 142,475 women-
years of observation. Contraception 2007, 75(5):344-354.

World Health Organization Collaborative Study of Cardiovascular Disease
and Steroid Hormone Contraception: Effect of different progestagens in
low oestrogen oral contraceptives on venous thromboembolic disease.
Lancet 1995, 346(8990):1582-1588.

Jick H, Jick SS, Gurewich V, Myers MW, Vasilakis C: Risk of idiopathic
cardiovascular death and nonfatal venous thromboembolism in women
using oral contraceptives with differing progestagen components. Lancet
1995, 346(8990):1589-1593.

Bloemankamp KW, Rosendaal FR, Helmerhorst FM, Biller HR,
Vandenbroucke JP: Enhancement by factor V leiden mutation of risk of

20.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Page 6 of 6

deep-vein thrombosis associated with oral contraceptives containing a
third-generation progestagen. Lancet 1995, 346(8990):1593-1596.

Jick H, Kaye JA, Vasilakis-Scaramozza C, Jick SS: Risk of venous
thromboembolism among users of third generation oral contraceptives
compared with users of oral contraceptives with levonorgestrel before
and after 1995: cohort and case-control analysis. B/ 2000,
321(7270):1190-1195.

Jick SS, Kaye JA, Russmann S, Jick H: Risk of nonfatal venous
thromboembolism with oral contraceptives containing norgestimate or
desogestrel compared with oral contraceptives containing
levonorgestrel. Contraception 2006, 73(6):566-570.

Kemmeren JM, Algra A, Grobbee DE: Third generation oral contraceptives
and risk of venous thrombosis: meta-analysis. BMJ 2001,
323(7305):131-134.

Gillessen S, Templeton A, Marra G, Kuo YF, Valtrta E, Shahinian VB: Risk of
colorectal cancer in men on long-term androgen deprivation therapy for
prostate cancer. J Natl Cancer Inst 2010, 102(23):1760-1770.

Noize P, Bagheri H, Durrieu G, Haramburo F, Moore N, Giraud P, Galinier M,
Pourrat J, Montastruc JL: Life-threatening drug-associated hyperkalemia: a
retrospective study from laboratory signals. Pharmacoepidemiol and Drug
Saf .

Jarvis Cl, Lynch AM, Morin AK: Management strategies for premenstrual
syndrome/premenstrual dysphoric disorder. Ann Pharmacother 2008,
42(7):967-978.

De Berardis D, Serroni N, Salerno RM, Ferro FM: Treatment of premenstrual
dysphoric disorder (PMDD) with a novel formulation of drospirenone
and ethinyl estradiol. Ther Clin Risk Manag 2007, 3(4):585-590.

Freeman EW, Kroll R, Rapkin A, Pearlstein T, Brown C, Parsey K, Zhang P,
Patel H, Foegh M: Evaluation of a unique oral contraceptive in the
treatment of premenstrual dysphoric disorder. J Womens Health Gend
Based Med 2001, 10(6):561-569.

Wang M, Hammarback S, Lindhe BA, Backstrom T: Treatment of
premenstrual syndrome by spironolactone: a double-blind, placebo-
controlled study. Acta Obstet Gynecol Scand 1995, 74(10):803-808.

Saha L, Kaur S, Saha PK: Pharmacotherapy of polycystic ovary syndrome-
an update. Fundam Clin Pharmacol .

McAdams M, Staffa JA, Dal Pan GJ: The concomitant prescribing of ethinyl
estradiol/drospirenone and potentially interacting drugs. Contraception
2007, 76(4):278-281.

Tarantino G, Conca P, Basile V, Gentile A, Capone D, Polichetti G, Leo E: A
prospective study of acute drug-induced liver injury in patients suffering
from non-alcoholic fatty liver disease. Hepatol Res 2007, 37(6):410-415.

Pre-publication history
The pre-publication history for this paper can be accessed here:
http://www.biomedcentral.com/1472-6904/11/23/prepub

doi:10.1186/1472-6904-11-23

Cite this article as: Bird et al: The association between drospirenone
and hyperkalemia: a comparative-safety study. BMC Clinical
Pharmacology 2011 11:23.

Submit your next manuscript to BioMed Central
and take full advantage of:

e Convenient online submission

e Thorough peer review

¢ No space constraints or color figure charges

¢ Immediate publication on acceptance

¢ Inclusion in PubMed, CAS, Scopus and Google Scholar

¢ Research which is freely available for redistribution

Submit your manuscript at
www.biomedcentral.com/submit

( BiolMed Central



http://www.ncbi.nlm.nih.gov/pubmed/7625729?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7625729?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15471507?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15471507?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16186434?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16186434?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16186434?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16801478?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16801478?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16801478?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15925739?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15925739?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15925739?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10802275?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10802275?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10802275?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11559453?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11559453?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11438327?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11438327?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11438327?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15033400?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15033400?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15033400?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15033400?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18929734?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18929734?dopt=Abstract
http://uams.edu/cctr/hsrcore/Lifelink_Health_Plan_Claims_Data_DesignIssues_wcost_April2010%5B1%5D.pdf
http://uams.edu/cctr/hsrcore/Lifelink_Health_Plan_Claims_Data_DesignIssues_wcost_April2010%5B1%5D.pdf
http://uams.edu/cctr/hsrcore/Lifelink_Health_Plan_Claims_Data_DesignIssues_wcost_April2010%5B1%5D.pdf
http://www.ncbi.nlm.nih.gov/pubmed/17434015?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17434015?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17434015?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17434015?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7500749?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7500749?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7500750?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7500750?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7500750?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7500751?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7500751?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7500751?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11073511?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11073511?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11073511?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11073511?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16730485?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16730485?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16730485?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16730485?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11463678?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11463678?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21068432?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21068432?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21068432?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18559957?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18559957?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18472980?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18472980?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18472980?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11559453?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11559453?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8533564?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8533564?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8533564?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17900437?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17900437?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17539815?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17539815?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17539815?dopt=Abstract
http://www.biomedcentral.com/1472-6904/11/23/prepub

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Data Source
	Cohort description
	Statistical analysis
	OCs and hyperkalemia
	Utilization


	Results
	OCs and hyperkalemia
	Utilization

	Discussion
	Utilization
	Limitations

	Future implications
	Conclusions
	Author detail
	Acknowledgements
	Author details
	Authors' contributions
	Competing interests
	References
	Pre-publication history


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 500
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 500
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


