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Background: Data on the effects of excess aldosterone on glucose metabolism are inconsistent. This study compared the changes in
glucose metabolism in patients with primary aldosteronism (PA) after adrenalectomy or treatment with a mineralocorticoid receptor
antagonist (MRA).
Methods: Overall, 241 patients were enrolled; 153 underwent adrenalectomy and 88 received an MRA. Fasting glucose, homeostatic model assessment of insulin resistance (HOMA-IR), and homeostatic model assessment of β-cell function (HOMA-β) were compared between the treatment groups after 1 year. Plasma aldosterone concentration (PAC) and factors determining HOMA-IR and
PAC were evaluated.
Results: No baseline differences were observed between the groups. Fasting insulin, HOMA-IR, and HOMA-β increased in both
groups and there were no significant differences in fasting glucose following treatment. Multiple regression analysis showed associations between PAC and HOMA-IR (β=0.172, P=0.017) after treatment. Treatment with spironolactone was the only risk factor associated with PAC >30 ng/dL (odds ratio, 5.2; 95% confidence interval [CI], 2.7 to 10; P<0.001) and conferred a 2.48-fold risk of
insulin resistance after 1 year compared with surgery (95% CI, 1.3 to 4.8; P=0.007).
Conclusion: Spironolactone treatment might increase insulin resistance in patients with PA. This strengthened the current recommendation that adrenalectomy is the preferred strategy for patient with positive lateralization test. Achieving a post-treatment PAC of
<30 ng/dL for improved insulin sensitivity may be appropriate.
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INTRODUCTION
The relationship between abnormal glucose metabolism and
primary aldosteronism (PA) has been explored in previous studies. More than 50 years ago, Conn [1] observed an increased incidence of impaired glucose tolerance in patients with PA. Conn
[1] originally implicated hypokalemia and impaired insulin secretion in the pathogenesis of hyperaldosteronism-induced type
2 diabetes mellitus; however, treatment for hypokalemia only
partially corrected the insulin secretory defect.
Several studies and organizations have found an unprecedented increase in the prevalence of diabetes worldwide; the estimated number of adults with diabetes has increased to over 380
million in 2011 to 2012 [2]. The Expert Committee on the Diagnosis and Classification of Diabetes Mellitus has always considered PA to be the endocrine cause of diabetes [3]. In addition to
the effects of aldosterone itself, an epidemiologic study demonstrated that glucose intolerance is common among patients with
hypertension [4]. However, Fallo et al. [5] demonstrated that
patients with PA had a significantly higher prevalence of metabolic syndrome (as defined by the Adult Treatment Panel III criteria) than those with essential hypertension. In fact, serum aldosterone levels were independently associated with the development of the metabolic syndrome in the general population included in the Framingham Offspring Study [6].
Reports suggest that pancreatic cell function is impaired in
patients with PA, in addition to insulin sensitivity [7]. Data on
changes in glucose metabolism after specific treatments for PA
are inconsistent, and there is no consensus regarding the most
suitable treatment choice for PA in terms of glucose metabolism. Furthermore, the most appropriate method of glucose metabolism evaluation after PA treatment remains to be determined. In this study, we sought to investigate the change in insulin resistance after specific treatment in patients with PA.
Apart from reinterpreting the influence of insulin resistance by
aldosterone, our aim was to determine the most efficient treatment to obtain improved glucose metabolism in patients with
PA, and evaluate glucose metabolism after treatment.

METHODS
Ethical consideration
The work was conducted in accordance with the Declaration of
Helsinki, the Human Tissue Act and was approved by our Institutional Ethical Committee (National Taiwan University Hospital:
200611031R). All patients provided written informed consent.
Copyright © 2020 Korean Endocrine Society

Study population
The study population included patients referred to the Taiwan
Primary Aldosteronism Investigation (TAIPAI) study group,
which comprised two medical centers, three affiliated hospitals,
and two regional hospitals in different cities of Taiwan. Individuals diagnosed with PA between 2013 and 2017 were enrolled.
The diagnosis of PA was confirmed by the saline-loading and
captopril tests, with subsequent subtype identification. All interfering antihypertensive medications were discontinued for at
least 21 days before the confirmatory tests and adrenal venous
sampling procedures were conducted. Doxazosin and/or diltiazem were administered to control exceedingly high blood pressure, as appropriate [8]. Among patients with hypertension,
confirmation of the PA diagnosis and subtype studies, including
adrenal venous sampling and 131I-iodocholesterol scintigraphy
with single-photon emission computed tomography imaging,
was performed according to the standard protocol of the TAIPAI
study and the aldosteronism consensus of Taiwan [8].
Patients diagnosed with diabetes mellitus according to the
American Diabetes Association criteria [9], renal insufficiency
(estimated glomerular filtration rate <30 mL/min/1.73 m2),
Cushing syndrome, autonomous cortisol secretion, and patients
lost to follow-up were excluded. As an indicator of hypercortisolism, autonomous cortisol secretion was defined as a 24-hour
urine free-cortisol in excess of thrice the upper normal limit,
random serum cortisol >25 µg/dL, or cortisol levels >1.8 µg/
dL following the 1 mg-dexamethasone-suppression-test [10].
Adrenalectomy was performed by experienced surgeons, using
the lateral trans-peritoneal laparoscopic approach. Patients who
did not meet surgical standards or who were unwilling to undergo operation received mineralocorticoid receptor antagonist
(MRA): spironolactone. Data on the body mass index (BMI),
systolic blood pressure (SBP) and diastolic blood pressure, serum potassium, serum creatinine, plasma aldosterone concentration (PAC), plasma renin activity (PRA), fasting glucose, fasting insulin, homeostatic model assessment of insulin resistance
(HOMA-IR), and homeostatic model assessment of β-cell function (HOMA-β) were obtained at baseline and at 1 year after
treatment. We scheduled follow-up appointments according to
each patient’s preferences to minimize the ratio of loss to follow-up. Study design, exclusion criteria, and allocation of patients are presented in Fig. 1.
Laboratory measurements and calculation of indices
Plasma aldosterone was measured by method of radioimmunoassay using a commercial kit (Cisbio, Codolet, France). The

www.e-enm.org

839

Lin YF, et al.

Primary aldosteronism diagnosed
between 2013 and 2017 (n=550)
Excluded (n=309)
1. Diabetes mellitus (diagnosed according to the
criteria of the American Disbetes Association)
(n=228)
2. Renal insufficiency estimated as glomerular
filtration rate <30 mL/min/1.73 m2
(n=31)
3. Cushing syndrome (n=2)
4. 24-hour urine free cortisol >3×UNL or
random serum cortisol >25 µg/dL (n=8)
5. Lost to follow-up (n=40)
Patients included (n=241)

Aldosterone-producing
adenoma treated with
adrenalectomy
(n=153)

Idiopathic
hyperaldosteronism/aldosterone-producing
adenoma and received spironolactone
(n=88)

Fig. 1. Flow chart of study design, exclusion criteria, and allocation
of patients. UNL, upper normal limit.

lowest detectable concentration of aldosterone was 7 pg/mL and
the normal range of aldosterone was 97 to 626 pg/mL (9.7 to
62.6 ng/dL) in the upright position. PRA was identified as the
generation of angiotensin I by in vitro analysis using a commercially available radioimmunoassay kit (Beckman Coulter, Immunotech, Prague, Czech Republic). The normal range of PRA
was 0.7 to 3.3 ng mL/hr in the upright position.
The following indices were utilized in this study: HOMA-IR
(fasting plasma glucose×fasting insulin)/405, HOMA-β (360×
fasting insulin/ [fasting plasma glucose–63] %); the unit of mass
of glucose was mg/dL. According to a population-based prospective cohort study with a high negative predictive value of
92.6% [11], the optimal HOMA-IR cutoff for insulin resistance
was at 2.0.
Statistical analysis
The data are presented as mean±standard deviation or as median (interquartile range) percentile. The independent t test was
used to describe the baseline differences between the two treatment groups; the paired t test was used to compare clinical parameters before and after treatment. In all statistical analyses,
the statistical significance level was set at P<0.05. Logistic regression analysis was performed to identify determinants of
HOMA-IR at baseline and after treatment. To determine the significant different variables, we put those which were considered
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as predictors in previous studies or those having P value(s) lower than 0.1 in the univariate logistic regression analysis, into
multivariate logistic regression analysis. The SPSS Statistics
version 22.0 software package (IBM Corp., Armonk, NY, USA)
was used for all analyses. To evaluate the effects of aldosterone
in individual patients and predict the outcomes, a generalized
additive model (with spline), incorporating the subject-specific
(longitudinal) random effects, was plotted after adjusting for
other clinical parameters, including age, sex, serum potassium,
serum creatinine, and SBP. This approach permitted adjustments for possible nonlinear effects of continuous variables; the
value at which the log odd equaled zero was considered the optimal cutoff point [12].

RESULTS
Baseline demographic and clinical characteristics of study
participants
A total of 241 patients with PA (mean age, 50.6 years; sex, men
46.5%, women 53.5%) were eligible for the final analysis.
Among them, 153 and 88 underwent adrenalectomy and received spironolactone, respectively. As shown in Table 1, there
were no differences in glucose metabolism between the two
groups at baseline (fasting glucose: P=0.106; fasting insulin:
P=0.653; HOMA-IR: P=0.849; HOMA-β: P=0.231). Patients
who underwent adrenalectomy were younger than those who
received spironolactone (P=0.028). In patients who underwent
adrenalectomy, the baseline serum potassium and PAC levels
were lower (P<0.001) and higher (P=0.004), respectively.
Changes in clinical characteristics of study participants
following treatment
No changes in fasting glucose levels were observed at 1 year after treatment in both groups. Fasting insulin, HOMA-IR, and
HOMA-β levels increased in both groups after treatment. The
above four variables were similar between the two groups. PAC
was the only variable that differed significantly (P<0.001); its
level increased following treatment with spironolactone, but decreased after adrenalectomy (Table 2).
Hypertension and hypokalemia improved significantly after
both treatments, while the serum creatinine levels increased in
both groups (P<0.001). The BMI increased in patients who underwent adrenalectomy (P=0.032), but not in those who received spironolactone (P=0.327).

Copyright © 2020 Korean Endocrine Society
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Table 1. Comparison of Demographic and Clinical Characteristics of Study Participants before Targeted Therapies
Characteristic

Adrenalectomy (n=153)

Spironolactone (n=88)

P value

49.4±10.9

52.6±12.5

0.045a

Age, yr
Sex, male/female

66/87

42/46

BMI, kg/m2

24.86 (22.5–27.11)

SBP, mm Hg

152 (139–167)

148 (136–161)

0.175

DBP, mm Hg

90 (83–100)

89 (82–98)

0.714

Serum potassium, mEq/L

3.5 (3.1–4)

3.8 (3.6–4.03)

0.000a

Serum creatinine, mg/dL

0.8 (0.7–1)

0.8 (0.7–1)

0.534

PAC, ng/dL
PRA, ng/mL/hr
ARR
Plasma glucose, mg/dL

24.88 (23.02–27.42)

0.915

48.14 (34.34–76.23)

43.5 (31.7–54.82)

0.001a

0.19 (0.07–0.51)

0.45 (0.14–0.78)

0.215

105.74 (44–291.84)

0.006a

94 (87–102)

0.110

252.96 (75.32–782.86)
92 (85–100)

Insulin, µU/mL

6.42 (3–12)

8.19 (4.66–11.15)

0.469

HOMA-IR

1.51 (0.67–2.74)

1.81 (1.03–2.93)

0.559

HOMA-β

0.83 (0.43–1.51)

0.87 (0.5–1.3)

0.151

Values are expressed as mean±standard deviation or median (interquartile range). 			
BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; PAC, plasma aldosterone concentration; PRA, plasma renin activation; ARR, aldosterone renin ratio; HOMA-IR, homeostasis model assessment-insulin resistance; HOMA-β, homeostasis model assessment of β-cell
function.			
a
Statistically significant (P<0.05) (note: to convert potassium from mmol/L to mEq/L, multiply by 1; PAC from ng/dL to nmol/L, multiply by 0.02774;
PRA from ng/mL/hr to ng/L/sec, multiply by 0.2778).			

The relation between PAC and HOMA-IR after treatment
Multiple regression analysis demonstrated that post-treatment
PAC was independently correlated with HOMA-IR at 1 year after treatment (β=0.172, P=0.017) (Table 3). The PAC after treatment was plotted against the log odds of increased HOMA-IR,
using a cutoff value of PAC=30 ng/dL (log [PAC=30 ng/dL]=
1.47) (Fig. 2). Treatment with spironolactone was the only risk
factor associated with PAC >30 ng/dL, with an odds ratio of 5.2
(P<0.001) (Table 4).
As shown in Table 2, 62.5% of patients who received spironolactone had HOMA-IR values >2, whereas 47% of patients
who underwent surgery had HOMA-IR values >2 (significant
difference, P=0.023). As demonstrated in Table 4, treatment
with spironolactone conferred a 2.48-fold risk of insulin resistance after 1 year compared with surgery (P=0.007).

DISCUSSION
In this study, post-treatment PAC correlated positively with insulin resistance, independent of the BMI. The positive correlation
between PAC and insulin resistance among patients with PA is
consistent with previous findings, which suggested a significantly higher prevalence of metabolic syndrome in PA [5]. MoreCopyright © 2020 Korean Endocrine Society

over, we found that post-treatment PAC levels of <30 ng/mL
were more common after adrenalectomy than after treatment
with spironolactone, and were associated with improved insulin
sensitivity at 1-year follow-up.
Glucose homeostasis involves a fine balance between tissue
sensitivity to insulin and insulin secretion [13]. Analyses of prospective data from Pima Indians indicated that insulin resistance
and insulin secretory dysfunction are independent predictors of
deteriorating glucose tolerance [14]. Therefore, our discussion
cut in from these two aspects.
The impact of adrenalectomy
The findings of our study are similar to those of a clinical retrospective study from Japan, which demonstrated an increase in
insulin resistance in patients with aldosterone-producing adenomas, 1 year after adrenalectomy [15]. The insulinogenic index
and HOMA-IR significantly increased after surgery [15].
The increase in insulin resistance may have resulted from the
increase of BMI after adrenalectomy, which negated the metabolic benefit (P=0.032) (Table 2); the post-treatment BMI was
found to have a significant association with increased HOMAIR (P<0.001) (Table 3).
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Table 2. Serial Time Change in the Clinical Characteristics of Study Participants before and after Targeted Therapy
Adrenalectomy (n=153)

Spironolactone (n=88)
Baseline

Follow-up

P valueb

Follow-up data
P valuec

24.88
(23.02–27.42)

25.03
(22.75–27.46)

0.327

0.411

<0.001d

148
(136–161)

137
(127–151)

<0.001d

0.393

84
(78–90)

<0.001d

89
(82–98)

84
(79–92)

<0.001d

0.542

3.5
(3.1–4)

4.3
(4.1–4.5)

<0.001d

3.8
(3.6–4.03)

4.2
(4–4.5)

<0.001d

0.089

0.8
(0.7–1)

0.9
(0.8–1.2)

<0.001d

0.8
(0.7–1)

0.9
(0.8–1.01)

<0.001d

0.123

48.14
(34.34–76.23)

28.6
(19.9–40.11)

<0.001d

43.5
(31.7–54.82)

54.3
(38.5–77.22)

0.004d

<0.001d

0.19
(0.07–0.51)

1.5
(0.59–3.66)

0.002d

0.45
(0.14–0.78)

1.61
(0.49–3.98)

<0.001d

0.676

252.96
(75.32–782.86)

18.95
(9–45.85)

<0.001d

105.74
(44–291.84)

35.79
(13.89–115.12)

0.022d

0.529

92
(85–100)

93
(86–99)

0.053

94
(87–102)

94
(88–1000)

0.785

0.926

6.42
(3–12)

9.06
(4.58–15.4)

0.003d

8.19
(4.66–11.15)

9.58
(5.27–15.63)

0.005d

0.811

HOMA-IR

1.51
(0.67–2.74)

2.17
(1.12–3.56)

0.007d

1.81
(1.03–2.93)

2.08
(1.19–3.84)

0.006d

0.610

HOMA-β

0.83
(0.43–1.51)

1.07
(0.6–1.8)

0.030d

0.87
(0.5–1.3)

1.14
(0.58–1.64)

0.011d

0.870

63
(41.2)

70
(47)

0.346

40
(45.5)

55
(62.5)

0.228

0.023d

Characteristic

Baseline

Follow-up

BMI, kg/m2

24.86
(22.5–27.11)

25.1
(22.89–27.66)

SBP, mm Hg

152
(139–167)

136
(126–148)

DBP, mm Hg

90
(83–100)

Serum potassium, mEq/L
Serum creatinine, mg/dL
PAC, ng/dL
PRA, ng/mL/hr
ARR
Plasma glucose, mg/dL
Insulin, µU/mL

HOMA-IR >2.0 after treatment

P value

a

0.032d

Values are expressed as median (interquartile range) or number (%).							
BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; PAC, plasma aldosterone concentration; PRA, plasma renin activation; ARR, aldosterone renin ratio; HOMA-IR, homeostasis model assessment of insulin resistance; HOMA-β, homeostasis model assessment of β-cell
function. 							
a
The comparison between the clinical characteristics before and after adrenalectomy; bThe comparison between the clinical characteristics before and after spironolactone; cThe comparison between the clinical characteristics after adrenalectomy and spironolactone; dStatistically significant (P<0.05) (note:
to convert potassium from mmol/L to mEq/L, multiply by 1; PAC from ng/dL to nmol/L, multiply by 0.02774; PRA from ng/mL/hr to ng/L/sec, multiply
by 0.2778).

The impact of spironolactone
As depicted in Table 2, PAC significantly increased after spironolactone treatment. A compensatory increase in PAC is common after treatment with MRA [16]; this impairs the coupling
of glucose sensing or stimulus-response with subsequent insulin
secretion [14]. In an in vitro study, the MRAs spironolactone,
eplerenone, and RU-28318 did not prevent the inhibition of insulin secretion by aldosterone, suggesting that its impact on insulin secretion was mediated via a mineralocorticoid receptorindependent mechanism. This may be related to the non-genomic effects of aldosterone that are not blocked by MRAs [14,17].
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We found that patients administered with spironolactone were
2.45 and 5 times more likely to develop insulin resistance and
have post-treatment PAC levels of >30 ng/dL after treatment,
respectively, than those undergoing surgery. Moreover, posttreatment PAC levels were positively correlated with HOMAIR (Table 3, Fig. 2). This finding concurs with that of previous
studies [18], which found that HOMA-IR independently correlated with plasma aldosterone.
Additionally, owing to its non-genomic action, aldosterone
increases collagen synthesis or fibrosis to a certain extent in patients with PA; this damages insulin-producing or insulin-sensiCopyright © 2020 Korean Endocrine Society
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Table 3. Multiple Regression Analysis of Variables Determining
Homeostasis Model Assessment of Insulin Resistance after
Treatment
Variable

β

Age, yr
SBP, mm Hg
BMI after treatment, kg/m

2

Post-treatment HOMA-IR >2

0.736

Treatment methods
(MRA vs. adrenalectomy)

0.160

0.008a

0.382

<0.001a
0.522

Serum potassium after treatment, mEq/L

0.420
0.172

The amplitude of the change of PAC after
treatment (percentage)

Treatment methods
(MRA vs. adrenalectomy)

0.017a
0.408

Log (HOMA-IR after treatment)

0.4
0.2
0
x=1.47

-0.4
1.0

1.2

1.4

1.6

1.8

2.0

2.2

Log aldosterone after treatment (ng/dL)

Fig. 2. Association between the aldosterone levels and homeostasis
model assessment of insulin resistance (HOMA-IR). Generalized
additive model showing a positive nonlinear relationship between
log (HOMA-IR after treatment) against log (aldosterone after treatment) after adjusting for age, sex, serum potassium, serum creatinine, and systolic blood pressure. Log (plasma aldosterone concentration=30 [μg/L])=1.47 was an independent factor predicting increased HOMA-IR after treatment.

tive tissues, resulting in clinical alterations in insulin release or
sensitivity [19].
The effect of treatment on glucose metabolism in PA
An epidemiologic study has shown that glucose intolerance is
common among patients with hypertension [4]. In a random
population sample comprising more than 2,000 individuals, a
Copyright © 2020 Korean Endocrine Society

Odds ratio

95% CI

P value

2.482

1.285–4.793

0.007a

5.225

2.728–10.005 <0.001a

Post-treatment PAC >30 ng/dL

Values are expressed as standardized regression coefficients (β) and P
value. 		
SBP, systolic blood pressure; BMI, body mass index; PAC, plasma aldosterone concentration. 		
a
Statistically significant (P<0.05) (note: to convert potassium from
mmol/L to mEq/L, multiply by 1; PAC from ng/dL to nmol/L, multiply
by 0.02774; PRA from ng/mL/hr to ng/L/sec, multiply by 0.2778).

-0.2

Variable

P value

Serum creatinine after treatment, mg/dL
Log (PAC after treatment)

Table 4. Correlation of Treatment Modalities with PAC and
HOMA-IR

PAC, plasma aldosterone concentration; HOMA-IR, homeostasis model
assessment of insulin resistance; CI, confidence interval; MRA, mineralocorticoid receptor antagonist. 			
a
Statistically significant (P<0.05) (note: to convert potassium from
mmol/L to mEq/L, multiply by 1; PAC from ng/dL to nmol/L, multiply
by 0.02774; PRA from ng/mL/hr to ng/L/sex, multiply by 0.2778).

highly significant (P<0.001) association was observed between
hypertension and glucose intolerance, independent of the potentially confounding effects of age, sex, obesity, and anti-hypertensive medications. The rate ratios for hypertension were 1.48
(range, 1.18 to 1.87) in abnormal glucose tolerance and 2.26
(range, 1.69 to 2.84) in diabetes compared with normal tolerance
[20]. Hypertension is an insulin-resistant condition, and it has
been associated with an increased incidence of diabetes [21,22].
A case-control study from Germany found a higher prevalence
of diabetes mellitus in patients with PA than in those with hypertension [23]. In theory, glucose metabolism should improve with
the control of hypertension in individuals with PA.
A previous study revealed a reduction in the incidence of
new-onset diabetes mellitus in patients with PA who had undergone adrenalectomy; in contrast, patients treated with MRAs
had an increased risk after a mean of 5.2 years of follow-up
[24]. The post-treatment duration of follow-up in the present
study was 1 year; this may not have been sufficient to detect
significant differences in fasting glucose resulting from the
treatments. However, disparities were observed in insulin resistance between the two specific treatments.
A German group has found that more than 70% of patients
with PA have autonomous cortisol secretion [25]. These patients
had higher 2-hour glucose levels during the oral glucose tolerance test and a higher prevalence of type 2 diabetes mellitus than
the control group. In theory, adrenalectomy could radically solve
the adverse impact of cortisol, whereas MRA could not. Moreover, similar to our findings, this study group found a favorable
impact of adrenalectomy on glucose metabolism [24]. Based on
the body of evidence presented, we infer that in the long-term,
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adrenalectomy improves insulin sensitivity relative to the aldosterone levels in patients with PA. Our study contributes to the
accumulating evidence suggesting that adrenalectomy may reduce the subsequent risk of new-onset diabetes mellitus.
According to the Primary Aldosteronism Surgical Outcome
study, which is an international project to develop consensus
criteria for outcomes and follow-up of adrenalectomy for unilateral PA, complete and partial biochemical success is defined by
PAC levels of <5 and 5–10 ng/dL, respectively from a saline
loading test [26]. We inferred that the post-treatment PAC levels
of <30 ng/dL (Fig. 2) were associated with improved insulin
sensitivity irrespective of adrenalectomy or spironolactone.
However, further studies focused on achieving a post-treatment
PAC of <30 ng/dL are needed.
Limitations of the study
This study has certain limitations. First, β-cell function and insulin resistance were evaluated using HOMA-β and HOMA-IR,
respectively, instead of the gold standards, namely, the hyperglycemic and euglycemic clamps [27]. HOMA-IR may underestimate insulin resistance in patients with PA. However, the estimates of insulin resistance obtained by HOMA are correlated
with that obtained using the euglycemic clamp [28]. Second, the
post-treatment follow-up period was only 1 year, which may
have been inadequate for detecting a statistically significant difference in fasting glucose levels and HOMA- IR between the
two treatment procedures. However, the proportion of HOMAIR >2 after treatment was greater in those receiving spironolactone than among those who underwent adrenalectomy.
To our knowledge, the present study used the largest sample
size among those that investigated changes in glucose metabolism after treatment for PA. Post-treatment PAC positively correlated with insulin resistance, independent of the BMI. Although HOMA-IR or fasting glucose were not significantly different between the two groups, treatment with spironolactone
was a risk factor for high PAC compared to surgery, and predicted insulin resistance at follow-up after 1 year. This strengthened the current recommendation that adrenalectomy is the preferred strategy for patient with positive lateralization test. Further studies focused on achieving a post-treatment PAC of <30
ng/dL for improved insulin sensitivity, are warranted.
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