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Abstract We report a case of hypertension, hypokalemia,

and amenorrhea accompanying an adrenocortical carci-

noma. A 27-year-old woman was admitted to our hospital

because of a left adrenal incidentaloma. She presented with

hypertension, hypokalemia, and amenorrhea; her plasma

renin activity was low, but her plasma aldosterone concen-

tration was normal, as were cortisol and androgens. By

contrast, her serum concentrations of deoxycorticosterone

(DOC), 18-hydroxydeoxycorticosterone, and progesterone

were high, and her urinary steroid profile showed ele-

vated secretion of 17-deoxysteroids and 11-deoxysteroids

(progesterone, DOC, 11-dehydrocorticosterone, and 11-de-

oxycortisol), and 3b-hydroxy 5-en steroids (pregnenolone,

17-hydroxypregnenolone, and DHEA). Decreased ratios of

metabolites of (1) 17-OHpregnenolone to pregnenolone and

17-OHprogesterone to progesterone, (2) corticosterone to

DOC and cortisol to 11-deoxycortisol, and (3) progesterone

to pregnenolone, 17-OHprogesterone to 17-OHpregneno-

lone and androstenedione to DHEA suggested the

impairment of 17a-hydroxylase, 11b-hydroxylase, and

3b-HSD activities, respectively. After the tumor was

removed, levels of all adrenal steroids were normalized.

Based on the Weiss criteria, the tumor was diagnosed as an

adrenocortical carcinoma, and immunohistochemical anal-

ysis of steroidogenic enzymes revealed disorganized

steroidogenesis in the tumor tissue. With adrenocortical

carcinomas, heterogeneity of individual steroid producing

enzymes within tumor cells can lead to hypersecretion of

various steroid intermediates, even when steroid end prod-

ucts are within the normal range.
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Introduction

The adrenal cortex produces a variety of steroid hormones,

including glucocorticoids, mineralocorticoids, and andro-

gens (Fig. 1). Approximately half of adrenocortical tumors

are nonfunctioning, while the others secrete cortisol or

aldosterone [1]. In addition, excess androgens are often

reported in cases of adrenocortical carcinoma and hyper-

secretion of steroid intermediates, which is rare in

adrenocortical adenomas, is sometimes reported in adre-

nocortical carcinoma cases. We encountered a patient with

hypertension, hypokalemia, and amenorrhea accompanying

an adrenal tumor that was producing steroid intermediates

such as pregnenolone, progesterone, and deoxycorticoster-

one (DOC), among others. The first case of adrenocortical

carcinoma producing mineralocorticoid intermediates (e.g.,

DOC or corticosterone) was reported in 1968 [2]. Despite

the patient’s normal aldosterone in that case, corticosterone

was hypersecreted, and hypertension and hypokalemia were
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observed. The first case of a DOC-producing adrenocortical

carcinoma was reported in 1974 [3], and a benign DOC-

producing adrenocortical adenoma was reported in 1976

[4]. Overall, however, the total number of the report of

adrenal tumor producing mineralocorticoid intermediates

was not so large even now. Progesterone producing adrenal

tumors are even rarer [5, 6]. Only two cases with proges-

terone producing adrenal tumors have been reported, and

both presented with amenorrhea. This may in part reflect the

fact that hypersecretion of steroid intermediates can often

be overlooked, as these steroid intermediates are generally

not measured in daily clinical practice. In our patient, ste-

roid end products, including biologically active steroids,

were within normal ranges, despite the elevated steroid

intermediates. We therefore endeavored to account for this

abnormal steroidogenesis by examining the urinary steroid

profile and performing an immunohistochemical analysis of

the steroidogenic enzymes in the resected adrenocortical

tumor tissue.

Materials and methods

Steroid hormones in plasma were measured by SRL Co.,

Ltd. (Tokyo, Japan). The 2- and 8-mg dexamethasone

suppression test was performed using the classical Liddle

method. A detailed description of urinary steroid profile

analysis is available in our earlier publication [7]. Briefly,

0.2–5 ml of urine was subjected to methyloxime-trimeth-

ylsilyl derivatization after enzymatic hydrolysis and organic

solvent extraction. The derivative was subjected to gas

chromatography/mass spectrometry-selected ion monitor-

ing (GC/MS-SIM) analysis, and each steroid was identified

based on its retention time and the ratio of its two charac-

teristic mass ions, and quantified using stigmasterol as an

internal standard (mg/g creatinine). The steroid contents of

the tumor tissue were measured by Teikoku Hormone

Medical Co., Ltd. (Kawasaki, Japan) using LC-MS/MS

analysis. Immunohistochemical analyses of steroidogenic

enzymes were performed as previously described [8, 9].
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Fig. 1 Steroid metabolism map. 1 pregnenolone, 2 pregnenediol, 3
16-hydroxypregnenolone, 4 3,16,20-pregnenetriol, 5 21-hydroxy-

pregnenolone, 6 progesterone, 7 pregnanediol, 8 deoxycorticosterone

(DOC), 9 tetrahydro-11-deoxycorticosterone, 10 corticosterone, 11
5b-tetrahydrocorticosterone, 12 5a-tetrahydrocorticosterone, 13
20b-dihydrocorticosterone, 14 6b-hydroxycorticosterone, 15 11-de-

hydrocorticosterone, 16 5b-tetrahydro-11-dehydrocorticosterone, 17
5a-tetrahydro-11-dehydrocorticosterone, 18 18-hydroxycorticosterone,

19 18-hydroxy-tetrahydro-11-dehydrocorticosterone, 20 aldosterone,

21 tetrahydroaldosterone, 22 17-hydroxypregnenolone, 23 3,17,20-

pregnenetriol, 24 5,16-androstadiene, 25 15,17-dihydroxypregneno-

lone, 26 17-hydroxyprogesterone, 27 5b-17-hydroxypregnanolone, 28
5a-17-hydroxypregnanolone, 29 20b-pregnanetriol, 30 5b-20a-preg-

nanetriol, 31 5a-20a-pregnanetriol, 32 15,17-dihydroxypregnanolone,

33 21deoxycortisol, 34 11-hydroxy-17-hydroxypregnanolone, 35

pregnanetetrol, 36 21-deoxycortisone, 37 11-oxo-17-hydroxypreg-

nanolone, 38 pregnanetriolone, 39 deoxycortisol, 40 5b-tetrahydro-

11-deoxycortisol, 41 5a-tetrahydro-11-deoxycortisol, 42 cortisol,

43 6b-hydroxycortisol, 44 5b-tetrahydrocortisol, 45 5a-tetrahydrocor-

tisol, 46 20a-cortol, 47 20b-cortol, 48 20a-dihydrocortisol, 49
20b-dihydrocortisol, 50 cortisone, 51 5b-tetrahydrocortisone, 52
5a-tetrahydrocortisone, 53 20a-cortolone, 54 20b-cortolone, 55 5a-

20b-cortolone, 56 20a-dihydrocortisone, 57 20b-dihydrocortisone, 58
18-hydroxycortisol, 59 DHEA, 60 androstenediol, 61 16a-hydroxy-

DHEA, 62 16b-hydroxy-DHEA, 63 16-oxo-androstenediol, 64 andr-

ostenetriol, 65 androstenedione, 66 androsterone, 67 etiocholanolone,

68 11-hydroxyandrostenedion, 69 11b-hydroxyandrosterone, 70 11b-

hydroxyetiocholanolone, 71 11-oxoandrostenedione, 72 11-oxoandros-

terone, 73 11-oxoetiocholanolone, 74 estrone, 75 estradiol, 76 estriol
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Case report

A 27-year-old woman came to a hospital in April 2007

complaining of epigastric pain. Ultrasonography revealed a

large tumor in her left adrenal region, and she was admitted

to our hospital for further examination. She had been suf-

fering from amenorrhea during the previous 2 years,

though her menarche had been normal at 13 years of age.

She was married but had no children. There was no family

history of hypertension or endocrine tumors, and she had

no past history. On physical examination, her height was

158.4 cm, body weight 45.4 kg, and body temperature

36.4�C. She denied having a recent weight change. Her

blood pressure was 148/87 mmHg without postural change,

and her pulse rate was 74 beats/min. Her lungs and heart

were normal. The adrenal tumor was palpable under the

left hypochondrium, and there were no clinical signs of

virilization or hypercortisolism. Arterial blood gas analysis

was nearly normal. An X-ray film of her chest was normal,

and her ECG showed normal sinus rhythm but a U-wave.

The patient’s laboratory results are summarized in

Table 1. Serum potassium was 2.3 mEq/l, and plasma

renin activity (PRA) was low (0.1 ng/ml/h), but plasma

aldosterone was in the normal range (66 pg/ml). Plasma

ACTH and serum cortisol were normal, and their diurnal

rhythm was nearly normal (Table 2). The serum DOC level

was markedly elevated and not suppressed by administra-

tion of 2- or 8-mg of dexamethasone (Table 3). Serum

Table 1 Plasma biochemistry at 8:00 am before and after removal of the tumor

Before After Plasma hormone Before After

Electrolyte ACTH 25 53 pg/ml (7–56)

Serum LH 4.3 15.0 lU/ml (*1)

Na 143 140 mEq/l (136–144) FSH 2.7 4.2 lU/ml (*2)

K 2.3 4.4 mEq/l (3.6–4.8) PRL 9.1 21.8 ng/ml (6.12–30.54)

Cl 101 106 mEq/l (99–109) Cortisol 10.4 12.6 lg/dl (5–15)

Urinary PRA 0.1 0.8 ng/ml/h (0.2–2.7)

Na 104.6 94.5 mEq/day Aldosterone 66 63 pg/ml (30–159)

K 35.7 24 mEq/day DOC 8.04 0.09 ng/ml (0.03–0.33)

Cl 117.3 94.5 mEq/day Corticosterone 5.88 – ng/ml (0.21–8.43)

Renal function 18-OH DOC 0.13 0.06 ng/ml (0.01–0.07)

BUN 8 15 mg/dl (8–22) Progesterone 3.53 0.52 ng/ml (*3)

Creatinine 0.5 0.9 mg/dl (0.4–0.8) 17-OH prog 3.0 0.8 ng/ml (0.2–2.8)

Urinary hormone Pregnenolone 5.04 0.31 ng/ml (0.2–1.5)

17-OHCS 4.8 5.1 mg/day (2.4–11.8) Estradiol 34.2 32.0 pg/ml (*4)

17-KS 6.9 6.1 mg/day (2.2–7.3) DHEA-S 80 95 ng/ml (73–322)

Adrenaline 2.1 4.0 lg/day (3.4–26.9) Testosterone 48.0 30.1 ng/dl (9.12–111)

Noradrenaline 48.0 235.4 lg/day (48.6–168.4) Adrenaline 9 14 pg/ml (\100)

Dopamine 808.5 2181 lg/day (365.0–961.5) Noradrenaline 125 117 pg/ml (100–450)

Metanephrine 0.03 0.05 mg/day (0.04–0.19) Dopamine 5 9 pg/ml (\20)

Normetanephrine 0.10 0.14 mg/day (0.09–0.33)

Follicular phase Ovulation Luteal phase Menopause

*1 1.76–10.24 2.19–88.33 1.13–14.22 5.72–64.31

*2 3.01–14.72 3.21–16.60 1.47–8.49 \157.79

*3 \0.92 \2.36 1.28–29.6 \0.44

*4 20–350 50–550 45–300 \21

Values in parentheses indicate normal range

BUN blood urea nitrogen, 17-OHCS 17-hydroxycorticosteroids, 17-KS 17-ketosteroids, ACTH adrenocorticotropic hormone, LH Lutenizing

hormone, FSH follicle stimulating hormone, PRL prolactin, PRA plasma renin activity, DOC 11-deoxycorticosterone, 18-OH DOC 18-hy-

droxydeoxycorticosterone, 17-OH prog 17-hydroxyprogesterone, DHEA-S dehydroepiandrosterone sulfate

Table 2 Diurnal rhythm of ACTH and cortisol

8:00 12:00 16:00 20:00 23:00

ACTH (pg/ml) 36 24 16 9 8

Cortisol (lg/dl) 12.7 7.6 4.9 3.7 3.3

Endocr (2009) 35:25–33 27



18-hydroxydeoxycorticosterone (18-OH-DOC) was also

high, though serum corticosterone (B) was within the

normal range. Serum pregnenolone, progesterone, and 17-

OH progesterone were also high, but testosterone and de-

hydro-epi-androsterone-sulfate (DHEA-S) were in the

normal range. Serum and urinary concentrations of cate-

cholamines and their metabolites were all normal

(Table 1).

We also performed a complete analysis of the patient’s

urinary steroid metabolites (Fig. 1 and Table 4). Her urinary

steroid profile showed elevated secretion of 17-deoxysteroids

or 11-deoxysteroids (progesterone, DOC, 11-dehydrocorti-

costerone (data not shown), and 11-deoxycortisol), as well as

3b-hydroxy 5-en steroids (pregnenolone, 17-OHpregneno-

lone, and DHEA). Moreover, these metabolites were not

suppressed by administration of dexamethasone (Table 4).

Computed tomography revealed a heterogeneous tumor

in the left adrenal region (12 cm), which was pushing down

on the left kidney (Fig. 2a, b). Magnetic resonance imaging

(MRI) also revealed a heterogeneous tumor, which was of

partially high density on T2 emphasizing phase images

(data not shown). F-fluorodeoxyglucose positron emission

tomography showed strong accumulation in the left adrenal

mass, but no abnormal accumulation in other organs

(Fig. 2c).

After a diagnosis of an adrenal tumor producing DOC

and progesterone, the tumor was resected through a pos-

terolateral skin incision. The tumor was 17 9 11 9 7.8 cm

in size and weighed 480 g; the cut surface was yellowish

brown in color and solid.

Based on the Weiss criteria, the resected tumor was

diagnosed as an adrenocortical carcinoma. Nuclear grade

was III, mitotic rate was [5 per 50 HPF, atypical mitosis

was absent, character of cytoplasm was unclear, architec-

ture of tumor was diffuse, necrosis was present, invasion of

capsule was present, invasion of sinusoidal structure was

present, and invasion of venous structure was absent. More

than 10% of the cells were MiB 1 (Ki67)-positive (data not

shown).

Table 5 shows the steroid contents in the tumor tissue.

In comparison with the concentration in serum, the con-

tents of pregnenolone, progesterone, and DOC in the tumor

tissue were extremely high. This result suggests this tumor

had produced these steroids.

Analysis for steroidogenic enzymes demonstrated that

P450SCC immunoreactivity was diffusely positive in car-

cinoma cells (Fig. 3a). P450c17 immunoreactivity was not

detected in the great majority of carcinoma cells (Fig. 3b).

3b-Hydroxysteroid dehydrogenase (3b-HSD) immunore-

activity was very sparsely detected (Fig. 3c). P450c21

immunoreactivity was sporadically detected (Fig. 3d).

P450c11 immunoreactivity was detected in some tumor

cells (data not shown).

Postoperatively, the patient’s blood pressure dropped to

about 100/60 mmHg, and her serum potassium level nor-

malized without medication. Menorrhea occurred 3 months

after the tumor resection. The postoperative endocrinolog-

ical findings are shown in Table 1. Serum concentrations of

DOC and progesterone returned to normal after the opera-

tion (Table 1), as did urinary levels of steroid metabolites

(Table 4).

Discussion

We report here a patient with hypertension, hypokalemia,

and amenorrhea accompanying an adrenal tumor. Because

hypokalemia and low plasma renin activity were observed,

despite normal plasma aldosterone levels, we presumed

that the left adrenal tumor was producing mineralocorticoid

intermediates such as DOC or corticosterone. Hypokalemia

is most often caused by increased potassium elimination

from the kidney or intestine, by insufficient oral uptake or

by intracellular uptake of potassium. Our patient had taken

Table 3 Dexamethasone suppression test (Liddle method)

Base data 2 mg day 1 2 mg day 2 8 mg day 1 8 mg day 2 Normal range

Serum

ACTH (pg/ml) 25 \5 \5 \5 \5 7–56

Cortisol (lg/dl) 10.4 3.6 4.0 3.8 4.3 5–15

DOC (ng/ml) 8.04 6.97 6.72 6.52 5.77 0.03–0.33

18-OH DOC (ng/ml) 0.13 0.17 0.18 0.19 0.16 0.01–0.07

Progesterone (ng/ml) 3.53 3.99 3.86 4.13 4.79 \0.92

Pregnenolone (ng/ml) 5.04 4.63 4.63 4.26 5.88 0.2–1.5

Urine

17-OHCS (mg/day) 4.8 5.3 5.0 5.9 7.0 2.2–7.3

17-KS (mg/day) 6.9 5.9 4.2 3.9 3.8 2.4–11.0

Free cortisol (lg/day) 23.1 26.7 8.9 9.2 18.1 11.2–80.3

28 Endocr (2009) 35:25–33



no drug, had been eating a normal diet, and had no diar-

rhea. On the other hand, her urinary elimination of

potassium was more than 35 mEq/day despite her low

serum potassium (2.3 mEq/l), and her TTKG was 7.27.

This patient’s hypokalemia thus appeared to have been the

result of renal potassium loss. Moreover, our finding that

the patient’s serum and urinary potassium normalized after

resection of her tumor eliminated the possibility that a

kidney disease such as renal tubular acidosis was the cause,

further confirming that the hypokalemia was caused by the

adrenal tumor. On the other hand, the serum and urinary

levels of several adrenal steroid intermediates were ele-

vated in this patient. The adrenal mineralocorticoids that

can cause renal potassium loss are aldosterone, cortisol,

corticosterone, and DOC. In this patient, basal serum

aldosterone, cortisol, and corticosterone were nearly in the

normal range, but DOC was extraordinarily high. Her 18-

OH DOC was also slightly higher than normal, but 18-OH

DOC has no effect on urinary potassium excretion, though

it does stimulate hydrogen ion excretion [10]. The high

serum DOC level normalized after the tumor was resected,

along with the serum potassium level. In addition, the DOC

content in the resected tumor tissue was high in comparison

to the concentration in serum. The mineralocorticoid

activity of DOC is about one twentieth that of aldosterone.

This patient’s serum DOC concentration was 8.04 ng/ml,

which corresponds to the activity of about 400 pg/ml

aldosterone, which is consistent with her serum and urinary

potassium levels. Therefore, we diagnosed hypersecretion

of DOC from an adrenal tumor as the major cause of our

patient’s hypokalemia.

In addition to her hypokalemia, this patient also exhib-

ited amenorrhea that was cured after removal of her tumor.

Amenorrhea with an adrenal tumor is most often related to

hypersecretion of androgens. In this case, however, bio-

logically active androgens were not elevated. We therefore

speculated that the hypersecretion of progesterone and

related hormones was the cause of the patient’s amenor-

rhea. A connection between amenorrhea and progesterone

has been reported in congenital adrenal hyperplasia char-

acterized by 21-hydroxylase or 17-hydroxylase deficiency

[11, 12]. Amenorrhea in patients with congenital adrenal

hyperplasia is attributable in part to high progestogenic

steroid levels exerting a ‘‘mini-pill (progestin contracep-

tive)’’ effect on the endometrium [13]. Progestin

contraceptives are known to dose-dependently suppress

FSH levels and reduce both the number and amplitude of

LH pulses [14]. However, the minimal dose of progester-

one needed to cause menstrual cycling to cease is not well

established. In this case, FSH and LH were not completely

suppressed, but their levels were below or near the lower

limit of the normal range. This might be compatible with

the patient’s serum progesterone level, which wasT
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continuously higher than the normal range for the follicular

phase, but not markedly so. Her urinary pregnanediol,

which is the metabolite of progesterone, was 11.46 (mg/g

creatinine) and higher than the normal range for the Luteal

phase (min 1.2 to max 6.9 mg/g creatinine, n = 26). This

suggests continuous high production of progesterone. We

measured FSH and LH only once prior to the patient’s

surgery, but repeated measurements would have been

better for determination of her LH level. Another possible

explanation for the secondary amenorrhea in this patient is

hypothalamic amenorrhea caused by the carcinoma.

However, as the general condition of this patient was good

and no weight loss was observed, we suggest it is unlikely

that hypothalamic amenorrhea contributed significantly to

her amenorrhea.

We also examined the ACTH dependency of this

hypersecretion of steroid intermediates and found that the

secretion was not suppressed during the dexamethasone

suppression test (Table 3). This finding is consistent with

earlier reports indicating that plasma DOC levels are under

the control of ACTH in benign DOC-producing tumors, but

not in malignant tumors [3, 4, 15–17]. Dexamethasone

suppresses adrenal steroidogenesis by suppressing ACTH

secretion from the pituitary gland. ACTH is known to

regulate quantitatively the steroidogenesis at the first step,

the conversion of cholesterol to pregnenolone, which is the

enzymatically rate-limiting step [18]. Chronic regulation is

principally at the level of transcription of the gene for

cholesterol side-chain cleavage P-450 (P450SCC). Acute

regulation is mediated by steroidogenic acute regulatory

protein, which facilitates the rapid influx of cholesterol into

mitochondria, where P450SCC resides [18]. Our result

suggests that this regulatory system would be disordered in

this adrenocortical carcinoma cells.

Pregnenolone, progesterone, and DOC were also not

suppressed in the dexamethasone suppression test, but

cortisol was suppressed (Table 3). This suggests that

Fig. 2 a Contrast enhanced

computed tomography, coronal
image. b Contrast enhanced

computed tomography,

horizontal image.

c F-fluorodeoxyglucose positron

emission tomography

Table 5 Steroid contents in tumor tissue

Pregnenolone (ng/g) 1533.1

Progesterone (ng/g) 830.0

17OH pregnenolone (ng/g) 42.5

17OH progesterone (ng/g) 78.1

DOC (ng/g) 141.7

Cortisol (ng/g) 563.3

Aldosterone (pg/g) 83.5

DHEA (ng/g) 97.8
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pregnenolone, progesterone, and DOC were autonomously

secreted from our patient’s adrenal tumor, whereas cortisol

was secreted from the normal adrenal gland (Fig. 1). The

reason why not cortisol but pregnenolone, progesterone,

and DOC were secreted from the tumor would be the

deficiency of P450c17 and P450c11 in the tumor cells. It has

been reported that levels of the transcriptional factor SF-1

are low, while those of nuclear receptor DAX-1 are high, in

DOC-producing adrenal tumors [19]. As a consequence,

expression of the steroidogenic enzyme P450c17 is weak

[19]. Cytochrome P450c17 catalyzes both 17a-hydroxyl-

ation and 17,20-lyase conversion of 21-carbon steroids to

19-carbon precursors of sex steroids [20]. In the absence of

P450c17, steroidogenic cells produce C21 17-deoxysteroids

[18]. It also has been suggested that expression of steroi-

dogenic enzymes plays a key causative role in the

Fig. 3 Immunohistochemical

analysis of steroidogenic

enzymes. a–d The

adrenocortical carcinoma, e–h a

normal adrenal gland in another

patient (right: zona

gromerulosa). a, e P450SCC.

b, f P450c17. c, g
3b-hydroxysteroid

dehydrogenase (3b-HSD).

d, h P450c21
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pathophysiology stemming from steroid-producing adrenal

tumors [21, 22].

In the present case, the ratios of 17a-hydroxysteroids to

17-deoxysteroids (17OHpregnenolone/pregnenolone and

17OHP/progesterone), 11b-hydroxysteroids to 11-deoxys-

teroids (corticosterone/DOC and cortisol/11-deoxycortisol),

D4 steroids to 3b-hydroxy 5en steroids (progesterone/

pregnenolone and androstenedione/DHEA) were decreased,

and the ratios of 21-hydroxysteroids to 21-deoxysteroids

(DOC to progesterone and 11-deoxycortisol to 17OHP)

increased, compared with control females. The abnormality

of these metabolite ratios suggests impairment of 17a-

hydroxylase, 11b-hydroxylase and 3b-HSD activities, and

enhanced 21-hydroxylase activity in the tumor tissue (Fig. 1

and Table 6). On immunohistochemical analysis of the

steroidogenic enzymes, P450SCC immunoreactivity was

highly detected in the great majority of carcinoma cells,

while P450c17 and 3b-HSD immunoreactivity was little

detected. P450c21 and P450c11 immunoreactivity was

detected in some of the carcinoma cells. These results are

compatible with that of the analysis of urinary steroids.

Our analyses also revealed heterogeneity of the steroi-

dogenesis in this adrenocortical carcinoma, which was

accompanied by a corresponding heterogeneity in the

expression of steroidogenic enzymes termed ‘‘disorganized

steroidogenesis’’ in an earlier report on adrenocortical

carcinomas [8]. In adrenocortical carcinomas, disordered

expression of steroidogenic enzymes within tumor tissues

can lead to hypersecretion of various steroid intermediates.

Notably, however, this can often be overlooked because

these intermediates are generally not measured in routine

clinical practice. Thus, the presence of an adrenal tumor

that produces steroid intermediates should not be over-

looked in the differential diagnosis of hypokalemia or

amenorrhea.
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