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Abstract

Three women 40, 67, and 50 years old had ACTH-dependent hy-
percortisolism (ADH), 2/3s with diabetes (DM). Metformin alone, 
or in combination with the PPAR-γ agonist, pioglitazone, normal-
ized UFC in our patients and lowered plasma ACTH. With insulin 
sensitizer (IS) treatment, all patients experienced a decrease in UFC 
from baseline ≥ 90 %. Plasma ACTH also fell from baseline 15-20 
% in all patients. Our findings suggest that ADH may be an expres-
sion of insulin resistance or that insulin resistance exerts a permis-
sive effect on the expression of ADH in some patients. Insulin sen-
sitizers (IS) may be an alternative treatment for some ADH patients.
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Introduction

It’s been reported that about 3% of Type 2 diabetics have CD 
[1]. Many Cushing’s disease (CD) patients have peroxisome 
proliferator activator receptor - gamma (PPAR-γ) in their ad-
enomas. Ambrosi et al [2] reported that some patients with 
CD respond to the insulin sensitizer, rosiglitazone, with a re-

duction in both urinary free cortisol and plasma ACTH. Suri 
and Weiss [3] reported, in a small series, that pioglitazone 
monotherapy was ineffective in ameliorating Cushing’s dis-
ease. These cases we present are the first report of amelio-
ration of ADH with metformin either as monotherapy or in 
combination with pioglitazone. Our findings, if corroborated 
in larger, randomized controlled trials, could explain why the 
reported prevalence of subclinical hypercortisolism (SH) in 
Type 2 diabetics has recently declined and could offer an 
alternative medical treatment for some ADH patients. If ex-
panded to larger studies, our findings may also explain why 
SH is more commonly encountered in in-patient series (in 
whom insulin sensitizers are typically held on hospital ad-
mission) than in ambulatory series in which these agents are 
generally continued. Our findings may also help to explain 
why the preponderance of SH reported in Type 2 diabetics is 
of autonomous adrenal rather than ACTH dependent origin.

 
Case Report

We reviewed the records of three women (aged 40, 50, and 
67 years) from our endocrine clinic who were diagnosed 
with ADH. Our patients had clinical features of type 2 DM, 
as well as facial mooning, plethora, hirsutism, acanthosis, 
hypertension, menstrual irregularity, post-menopausal osteo-
porosis, depression, and abdominal striae. Not every patient 
had all of these features.

ADH was documented in all 3 patients by a combina-
tion of an elevated 24-hour urinary free cortisol (UFC), a 
non-suppressed plasma ACTH, a positive low dose dexa-
methasone suppression test, a normal high dose dexametha-
sone test, and in one case, pituitary imaging consistent with 
adenoma. Plasma ACTH was measured by chemilumines-
ence, urinary free cortisol (UFC) by high performance liq-
uid chromatography (HPLC), and serum cortisol by che-
miluminesence. Adequacy of 24 hour urine collection was 
assessed by creatinine and volume. Pituitary imaging was 
by gadolinium-enhanced MRI. Patient 3 had a prominently 
sized pituitary but no well defined adenoma. Patient 2 had a 
3 mm adenoma as observed on the MRI.

Prior to investigation, differential diagnosis included: 
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1) polycystic ovarian syndrome; 2) post-menopausal ovar-
ian hyperandrogenism (hyperthecosis); 3) non-classical con-
genital adrenal hyperplasia; and 4) glucocorticoid resistance 
syndrome.

Each of the patients gave their informed consent for the 
use of insulin sensitizers (IS), after discussing the potential 
risks and benefits of such treatment as well as alternative 
treatment as well as for the follow-up laboratory determi-
nations and imaging. In the 2 patients who are diabetic, it 
was explained that insulin sensitizers were part of standard 
treatment for Type 2 diabetes, but not for ADH. It was ex-
plained to the second and third patients that the first patient 
had experienced biochemical and clinical improvement with 
insulin sensitizers and we hoped to see if they would realize 
similar benefits.

If treatment was initiated with metformin, it was start-
ed at 500 mg/day and titrated at each visit until both UFC 
and glucose were controlled, a total daily dose of 2,000 mg/
day was reached, or the maximum tolerated daily dose was 
reached. In one patient UFC and glucose control had not 
been achieved, hence, pioglitazone starting at 15 mg/day 
was added. Patient 1 was on metformin 500 mg bid. Patient 
2 was on metformin 1,000 mg bid and pioglitazone 15 mg 
daily. Patient 3 was on metformin 1,000 mg bid. All patients 
tolerated their treatments well.

Baseline clinical characteristics of patients along with 
the on-therapy observations are listed in Table 1. All patients 
initially had elevated UFC levels and elevated or inappro-
priately non-suppressed plasma ACTH. After treatment with 
insulin sensitizers, all patients decreased their UFC levels 
and their Plasma ACTH levels (Fig. 1-3). In patient 1 UFC 
fell from 193.2 to 19.6 μg/day - an 89.9 % decrease. Plasma 
ACTH fell from 47 to 40 pg/mL - a 14.9 % decrease from 
baseline. Patient 2’s UFC fell from 110 to 2.8 μg/day - a 97.5 
% decrease. Her plasma ACTH fell from 35 to 28 pg/mL - a 
20 % decrease. Patient 3’s UFC fell from 376.4 to 7.8 μg/
day - a 97.9 % decrease. Plasma ACTH went from 34 to 27 
pg/mL - a 20.6 % decrease. Also observed in patient 3 was a 
negative low dose dexamethasone suppression test on insu-
lin sensitizers.

No adverse effects on body weight, blood glucose, he-
moglobin A1C, blood pressure, or fluid retention were ob-
served as a result of the IS therapy. None of the patients ex-
perienced symptoms of adrenal insufficiency on treatment, 
despite quite low UFC. On insulin sensitizer treatment our 
patients also experienced amelioration of facial mooning, 
plethora, striae, hirsutism, hypertension, and hyperglycemia.

In general, the on-therapy plasma ACTH and UFC were 
checked on the following clinic visit (2 - 3 months). Ef-
fects of the insulin sensitizers were observable as early as 
2 months after treatment initiation in 1 patient and approxi-
mately 8 - 12 months after treatment initiation in 2 patients. 
As of November, 2012 all 3 patients continue to have normal 
UFC and plasma ACTH levels.
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Discussion
  
Although it has been previously reported that patients with 
CD have PPAR-γ in their adenomas [4], a recent study found 
that the anti-proliferative effect of the glitazones on anterior 
pituitary cells is independent of the PPAR-γ [5]. The exact 
mechanism by which the glitazones may reduce the plasma 
level of ACTH and the UFC is not completely understood. 
It has been proposed that PPAR-γ agonist binding to its nu-
clear receptor inhibits the synthesis and secretion of ACTH 
in the adenoma, however, this does not adequately explain 
why rosiglitazone monotherapy is effective in some patients, 
while pioglitazone monotherapy is not [2, 3]; nor does it ex-
plain why, in patients who do respond to rosiglitazone mono-
therapy, the reduction in UFC is of a greater magnitude than 
the reduction in plasma ACTH. It also does not explain why 
some patients who have PPAR-γ positive adenomas have no 
clinical/biochemical response to rosiglitazone monotherapy. 
PPAR-γ has also been reported to be present in the adrenal 
cortex [6], however, this does not explain the response to 
metformin monotherapy seen in some of our patients or the 
enhanced response to the glitazones seen in others with the 
addition of metformin.

While it is well known that ADH is an important cause of 
insulin resistance, our data suggest that the converse may be 

true in some patients-that insulin resistance may be a cause 
as well as a result of ADH. There appears to be considerable 
cross-talk between insulin and the adrenal cortex. We have 
reported other adrenal disorders which are ameliorated with 
either metformin or glitazones [7-9], including non-classical 
adrenal hyperplasia, drug-induced adrenal hyperandrogen-
ism, primary hyperaldosteronism, and classical 21-hydroxy-
lase deficiency. Insulin resistance has been reported in both 
non-classical and classical 21-hydroxylase deficiency [10-
15]. Non-classical aldosterone synthase deficiency is ame-
liorated by exercise and weight loss which improve insulin 
sensitivity, while non-classical 11-hydroxylase deficiency 
may be ameliorated by Roux-en-y gastric bypass, which is 
also an insulin sensitizing treatment [16].

Possible mechanisms of action for metformin in the 
treatment of ADH may be extrapolated from the observed 
anti-neoplastic, anti-hyperplastic effects of this drug report-
ed by Buzzai et al [17] and reviewed recently by Ben Sahra 
et al [18]. It has been shown that metformin selectively in-
hibits p53-deficient tumor cell growth in isogenic HCT 116 
colon cancer cell line xenografts, an action that is associated 
with activation of AMP-activated protein kinase (AMPK) 
and increased tumor cell apoptosis. Metformin suppressed 
mitochondrial electron transport, which was compensated 
for by an increased rate of anaerobic glycolysis in p53 re-

Figure 1. Effect of insulin sensitizers on UFC (μg/day) and ACTH (pg/mL) patient 1.

Figure 2. Effect on insulin sensitizers on UFC (μg/day) and ACTH (pg/mL) patient 2.
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plete, but not in p53-null tumor cells.
Epidemiologic studies show a decreased cancer inci-

dence in metformin-treated patients. Metformin decreases 
insulin resistance, thereby indirectly reducing serum insu-
lin concentration, which should be beneficial because insu-
lin promotes the growth of many types of cancer cells, both 
directly by binding to the IGF-1 receptor and indirectly by 
decreasing the concentration of IGF-binding protein, thus in-
creasing serum free IGF-1. Metformin activates the AMPK 
pathway, a major sensor of the energy status of cells, which, 
in turn downregulates the mTOR pathway, which has been 
implicated in the control of protein synthesis and cellular 
proliferation and which is activated by mitogen-responsive 
pathways, for example, RAS/ERK and PI3K/AKT. Metfor-
min has also been shown to decrease the cross-talk between 
insulin and the G-protein coupled receptor which serves as 
a receptor for a number of growth factors, including IGF-2, 
EGF-1, and PDGF. Since ADH involves cellular prolifera-
tion, both at the level of the pituitary, resulting in corticotroph 
adenoma or hyperplasia, as well as in the adrenal cortex, re-
sulting in ACTH-dependent hyperplasia, it is plausible that 
metformin may inhibit cellular proliferation at both sites.

Since metformin has its most dramatic effect on p53 null 
tumor cells it is worth noting that 50% of corticotroph adeno-
mas have been reported to harbour p53 mutations [19, 20].

Recently there has been some controversy concerning 
the prevalence of SH in patients with Type 2 DM [21, 22]. 
The older reports tend to report a higher prevalence of SH in 
Type 2 DM cohorts. Terzolo et al astutely point out that ear-
lier series disproportionately screened hospital in-patients-a 
sicker, more stressed population than the routine visit am-
bulatory Type 2 DM patients that they screened. Severely 
stressed patients tend to have more transient disruption of 
the hypothalamic-pituitary-adrenal axis than ambulatory pa-
tients [22]. Unlike the series reported by Mullan et al [21] 
they appropriately excluded patients taking thiazolidinedio-
nes, because, as they noted, this class of drugs suppresses 
the hypothalamic-pituitary-adrenal axis. When patients are 
admitted to the hospital, not only are they sicker and more 

stressed, but because of that fact, oral agents such as met-
formin and thiazolidinediones are usually held and replaced 
with insulin, potentially unmasking SH which was actually 
being treated with the insulin sensitizers. Earlier studies on 
the prevalence of SH in Type 2 DM patients are likely to 
have included a lower percentage of patients on insulin sen-
sitizers, even in ambulatory patients, simply because they 
were not yet in such general use. Terzolo et al also note that 
the preponderance of SH patients in their series and in other 
series are those with autonomous adrenal disease (adenoma 
or nodular hyperplasia), rather than ADH. It is tempting to 
speculate that insulin sensitizer treatment may select out 
those patients with autonomous adrenal disease, while actu-
ally treating and thereby masking, a number of patients with 
ADH, much like antibiotics may select out bacterial strains 
resistant to the antibiotic. Our findings suggest that if screen-
ing for CD is done in the Type 2 DM-pre-diabetic population 
it should be accomplished before initiating treatment with 
insulin sensitizers.

Limitations of this paper include: small patient number, 
absence of male patients, and relatively short period of fol-
low-up. Strengths of this study include: consistent direction 
of response of UFC and plasma ACTH to insulin sensitizer 
therapy.
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