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Abstract
Objective: Laparoscopic adrenalectomy (LADX) improves 
hypertension in patients with primary aldosteronism (PA). 
However, the antihypertensive impact of LADX appears re-
stricted in older patients with PA. In this study, we evaluated 
the impact of LADX in older patients focusing on the health-
related quality of life (HRQoL). Methods: A total of 156 pa-
tients with PA who underwent LADX in a single institution 
were enrolled in this prospective cohort study. The patients 
were divided into 2 groups, with a boundary of 60 years. The 
HRQoL was evaluated using the Medical Outcomes Study’s 
36-Item Short-Form Health Survey version 2 (SF-36v2) ques-
tionnaire before and after LADX. Demographics, clinical fea-
tures, antihypertensive drugs before and after surgery, and 
perioperative evaluation were recorded. We compared all 
scale scores and summed scores between groups. Multivari-
ate regression models were used to determine the associa-
tions between various covariables and the HRQoL. Results: 

In the older PA patients, most subscales of HRQoL at baseline 
were lower than the national standard values. The antihyper-
tensive drug-free rate by LADX was only 21% in older pa-
tients, compared to 58% in younger patients. However, a sig-
nificant improvement in mental HRQoL was observed after 
LADX (p = 0.002). The much preoperative antihypertensive 
drugs, lower preoperative potassium level, and smaller de-
gree of comorbidities were predictors of improved mental 
HRQoL by LADX on multivariate analyses. Conclusion: The 
older PA patients showed lower mental HRQOL than the na-
tional standard populations. Although antihypertensive ef-
fects were limited for these patients, LADX was beneficial as 
PA treatment via improvement of mental HRQoL.

© 2021 The Author(s)
Published by S. Karger AG, Basel

Introduction

To date, the clinical and biochemical responses to 
laparoscopic adrenalectomy (LADX) have been well-
described, and unilateral LADX results in the cure or 
improvement of hypertension and the correction of hy-
pokalemia (K ≤3.5 mEq/L) in patients with unilateral 
primary aldosteronism (PA) [1]. The current guidelines 
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recommend active screening for and diagnosis of PA in 
those with hypertension, and LADX is recommended 
for PA patients with unilateral lesions as standard care 
[2].

According to our clinical experience, the impact of 
LADX on the cure or improvement of hypertension ap-
pears somewhat restricted in older patients with PA [3]. 
With regard to the effects of LADX on the cure of hyper-
tension, further evaluation of the influence of advanced 
age on patients with PA is needed to clarify whether to 
perform LADX.

Meanwhile, PA is reportedly associated with a higher 
prevalence of anxiety and depression [4, 5]. Some cardio-
vascular factors might also play a role in depression and 
anxiety [6]. Previously, we reported the favorable impacts 
of LADX on the health-related quality of life (HRQoL) 
using the medical Outcomes Study’s Short-Form 36-Item 
Health Survey version 2 (SF-36v2) questionnaire [7–9]. 
HRQoL is generally lower in older individuals because of 
the greater frequencies of diabetes mellitus (DM) and car-
diovascular disease (CVD), as well as the use of a greater 
number of drugs. Thus, the subjective improvement of 
HRQoL needs to be investigated to consider other com-
prehensive treatments for older patients with PA. We hy-
pothesized that PA itself would likely lower the HRQoL, 
particularly in older patients. To advance our previous 
study, this prospective study evaluated the influence of 
PA on HRQoL in older patients as well as the impact of 
LADX on HRQoL.

Materials and Methods

After institutional review board approval (approval no. 09-
156), informed consent was obtained from all patients with PA, 
and we reviewed prospectively collected data on patients. Of the 
165 patients who underwent unilateral LADX for unilateral PA at 
Tohoku University Hospital, Sendai, from January 2011 to De-
cember 2016, the individuals (n = 156, 95%) who responded to the 
questionnaire before and 6 months after LADX were enrolled in 
this study (Fig. 1). The criteria for PA and its subtype differentia-
tion used in this study were based on the Japanese PA guidelines, 
as previously described [10]. In brief, all patients were initially 
screened using the plasma aldosterone/renin ratio, and unilateral 
PA was subsequently confirmed by fludrocortisone suppression 
testing and adrenal venous sampling [3, 10]. The demographic 
data included the duration of hypertension and preoperative co-
morbidities, and the clinical data examined included the pre- and 
postoperative blood pressure, plasma potassium levels, and use of 
antihypertensive drugs. Our LADX procedures have been previ-
ously described in detail [11, 12]. We chose an arbitrary cutoff of 
60 years by quintiles for comparison. We compared all scale scores 
and summed scores of HRQoL between the young patient group 
(<60 years old, n = 100) and the older patient group (≥60 years old, 
n = 56).

SF-36v2 Questionnaire and Data Collection
The demographic data, pre- and postoperative outcomes, and 

HRQoL were examined. HRQoL was assessed using the SF-36v2 
questionnaire at baseline and at 6, 12, 18, and 24 months after 
LADX [8, 9]. The SF-36v2 has been validated in general popula-
tions internationally [13]. Items included in the SF-36v2 can be 
grouped into 8 subscales: physical functioning (PF), social func-
tioning (SF), role limitations due to physical problems, role physi-
cal (RP), role limitations due to emotional problems, role emo-
tional (RE), vitality (VT), bodily pain (BP), general health (GH) 

266 patients underwent laparoscopic 
unilateral adrenalectomy between 
January 2011 and December 2016

Selection of all 165 patients with PA

Enrollment of all 165 patients in this 
study

Selection of 156 patients for analysis in 
this study

Primary aldosteronism (n = 165)
Subclinical cushing/Cushing syndrome 
(n = 60)
Pheochromocytoma (n = 24)
Others (n = 27)

Enrolled if:
Patients consented to inclusion in this study

Selected if:
Patients answered questionnaires on 
HRQOL both before and after LADX

Fig. 1. Patient selection in this study. PA, 
primary aldosteronism; HRQoL, health-
related quality of life; LADX, laparoscopic 
adrenalectomy.
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perceptions, and general mental health (MH). These 8 items can 
be summarized into 2 broad categories: physical summary score 
(PCS), constructed using the results for PF, RP, BP, GH, and VT; 
and mental summary score (MCS), constructed using GH, VT, SF, 
RE, and MH. Each score ranges from 0 (poorest health status) to 
100 (best health status). This study calculated scores normalized to 
Japanese national standard values (norm-based scores) for com-
parison with subscales and summary scores from the general Japa-
nese population. In norm-based scoring, 50 points is a national 
standard value for Japanese individuals at each age. All subscales 
and summary scores were compared with published normative 
values for the Japanese population [13]. Norm-based SF-36v2 
scores for the general Japanese population were calculated from a 
2007 nationwide investigation based on Japanese population sta-
tistics from 2005.

Statistical Analysis
Data were analyzed and compared using JMP for Windows 

version 14.0 (SPSS Inc., Chicago, IL, USA). Data are expressed as 
mean ± SE, unless otherwise specified. Differences between pre- 
and postoperative antihypertensive drugs, biochemical parame-
ters, and SF-36v2 scores were assessed using the Mann-Whitney U 
test. Comparison of SF-36v2 scores between age-groups and pub-
lished norm-based scores (normative values) for Japan were per-
formed using t-tests. Statistical significance was accepted when the 
2-tailed p value was <0.05. On multivariate analysis, logistic regres-
sion modeling was adopted.

Results

Preoperative Clinical Characteristics of Study Patients 
and Antihypertensive Effects of LADX
The preoperative clinical characteristics and antihy-

pertensive effects of LADX are shown in Table 1. The 
median age was 55 (IQR 46–60) years, and the median 
duration of hypertension was 9 (IQR 3–17.25) years. 

The median number of pre- and postoperative antihy-
pertensive drugs was 6.5 (IQR 6–9) and 1 (IQR 1–2) 
years, respectively. When compared between the 2 age-
groups, the median duration of hypertension was short-
er in the young group than in the older group (5.5 vs. 
17.5 years, respectively), and the antihypertensive drug-
free rate (complete cure rate of hypertension) was high-
er in the young patient group than in the older patient 
group (58% vs. 21%, respectively). All 156 patients used 
mineralocorticoid receptor (MR) antagonists before 
surgery, and none of the patients used MR antagonists 
after LADX.

Subscales of SF-36v2 Based on National Standard 
Values in the 2 Age-Groups
Subscales of SF-36v2 at baseline were evaluated in all 

patients by preoperative factors, including sex, DM, his-
tory of CVD, serum potassium level, and duration of hy-
pertension. No significant differences in baseline SF-36v2 
subscale scores were found for comorbidities (DM and 
CVD), preoperative serum potassium level, or duration 
of hypertension (data not shown).

Comparing subscales of SF-36v2 between the 2 age-
groups, in the young patient group, all subscales except 
BP at baseline were lower than the national standard val-
ues (norm-based score). However, SF, RE, MH, and PF 
at 24 months after LADX were higher than the national 
standard values (Fig.  2a). In the older group, PF, RP, 
GH, and RE at baseline were lower than the national 
standard values. Although PF, RF, and RE were still un-
der the national standard values at 24 months after 
LADX, VT, SF, and MH were over the national standard 
values (Fig. 2b).

Table 1. Preoperative clinical characteristics and antihypertensive effect after LADX

(N = 156) <60 yr (n = 100) ≥60 yr (n= 56) p value

Median age, years (IQR) 55 (46, 60) 49 (40, 53) 64 (61, 67) <0.001
Male, n (%) 76 (49) 50 (50) 34/22(60.7) –
Median BMI, kg/m2 25 26 23 0.46
Median duration of hypertension, years (IQR) 9 (0–40) 5 (3, 12) 18 (9.5, −24.5) <0.001
DM, n (%) 25 (16) 20 (20) 12 (21.4) 0.52
CVD, n (%) 8 (5) 6 (6) 10 (17.9) 0.025
Median CCI (range) 1 (0–5) 1 (0–3) 1 (0–5) –
Pre-op hypokalemia, n (%) 54 (34.6) 36 (36) 16 (28.6) 0.68
Median pre-op antihypersensitive, drugs/day (range) 6.5 (0–16) 6.62 (0–14) 8.26 (1–16) 0.042
Median post-op antihypersensitive, drugs/day (range) 1 (0–9) 1.16 (0–7) 1.86 (0–9) 0.078
Patients free from post-op antihypersensitive drugs, n (%) 62 (40) 58 (58) 21 (37.5) <0.001

LADX, laparoscopic adrenalectomy; DM, diabetes mellitus; CVD, cardiovascular disease.
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Improvement in Summary Component Scores of SF-36 
v2 by LADX
As mentioned earlier, in terms of scoring with SF-

36v2, the 8 subscales can be summarized into the 2 com-
ponents of PCS and MCS. Preoperative clinical character-
istics and antihypertensive effects from LADX in these 2 
age-groups are shown in Table 1. PCS at baseline was sig-
nificantly lower in older patients than in young patients 
(p = 0.002). PCS in young patients decreased gradually for 
24 months after LADX, but even so, PCS at 24 months 
after LADX was not significantly lower than that at base-
line (Fig. 3a). However, the reduction in PCS from base-
line was found to be larger in older patients than in young 
patients. PCS in older patients decreased gradually for 24 
months after LADX, and PCS at 18 and 24 months after 
LADX was significantly lower than that at baseline (p = 
0.031 and p = 0.048, respectively). MCS at 12 months after 
LADX was significantly improved compared to that at 
baseline in both age-groups. MCS was higher in older pa-
tients than in young patients at baseline and improved 
gradually for 24 months after LADX in older patients 
(Fig. 3b).

Predictors associated with improvement of MCS at 24 
months after LADX in older patients. On univariate anal-
yses, age (p = 0.048), CCI (p = 0.041), preoperative serum 
potassium level (p = 0.036), and preoperative MCS (p = 
0.002) were significant predictors for improved MCS at 
24 months after LADX in our prospective cohort study 
(Table 2). Sex, BMI, duration of hypertension, history of 
CVD, and the number of antihypertensive drugs before 
and after LADX were not predictors for MCS improve-
ment.

On multivariate analyses, the number of preoperative 
antihypertensive drugs, preoperative potassium level, 
and CCI were independent predictors of MCS improve-
ment after LADX (Table 2), while sex, BMI, duration of 
hypertension, and number of postoperative antihyper-
tensive drugs were not predictors. As supplementary in-
formation, the cure rate of hypertension after LADX was 
not found to significantly influence MCS in either age-
groups.

Discussion/Conclusion

SF-36 scores in patients with PA were found to be low-
er than the national standard value (norm-based score) 
[8, 9]. However, few studies have focused on the HRQoL 
of PA patients, especially older patients treated with 
LADX [1, 14].

In this study, we found that LADX was beneficial to 
older patients with low preoperative MCS, who suffered 
from long-term comorbidities and hypertension. Dete-
rioration of mental HRQoL can be the result of nonspe-
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Physical
functioning

Role physical

Bodily pain

General health

Vitality

Social functioning

Role emotional

Mental health

PF RP BP GH VT SF RE MH
p-value 0.352 0.265 0.68 0.051 0.087 0.797 0.435 0.785
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Physical
functioning

Role physical

Bodily pain

General health

Vitality

Social functioning

Role emotional

Mental health

Baseline 24 months after LADX Norm-base score

PF RP BP GH VT SF RE MH
p-value 0.132 0.225 0.181 0.014 0.047 0.79 0.13 0.024

b

Fig. 2. Subscales of SF-36v2 in the 2 age-groups. The red line shows 
a norm-based score of 50 points for the general population in our 
country. The blue line shows subscales at baseline, and the orange line 
shows subscales at 24 months after LADX in young patients (a) and 
older patients (b). A p value (*) is showed as statistical significance 
between baseline scores of the patients and norm-based score of the 
general population. LADX, laparoscopic adrenalectomy; SF-36v2, 
Short-Form 36-Item Health Survey version 2; PF, physical function-
ing; SF, social functioning; RP, role physical; RE, role emotional; VT, 
vitality; BP, bodily pain; GH, general health; MH, mental health.
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cific symptoms associated with hypertension [15] as well 
as depression and anxiety due to excess aldosterone, es-
pecially in female patients with PA [1]. Although we con-
cluded that normalizing the plasma aldosterone level by 
LADX contributed to the improvement of mental HRQoL 
in older patients, the placebo effect of LADX for improve-
ment of MCS was possible.

Lumachi et al. [16] described that comorbidities and a 
longer duration of hypertension are major factors in pre-
venting the complete cure of hypertension in patients 
with PA after LADX. So that older patients indicated a 
lower cure rate of hypertension, in our results regarding 
HRQoL, DM, CVD, and the cure rate were not important 
factors influencing the improvement of postoperative 

a b

Mental component score of SF-36v2 

*p < 0.05
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*
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54

58

0M 6M 12M 18M 24M

<60y ≥60y

**

Physical component score of SF-36v2 

Baseline 6M 12M 18M 24M
<60y (n = 100) 100 70 66 57 60
60y≤ (n = 56) 56 43 46 45 38

Fig. 3. Changes in summary component scores of SF-36v2 from baseline to 24 months after LADX in the 2 age-
groups. a Physical summary component score. b Mental summary component score. A p value (*) is showed as 
statistical significance of scores at each time compared to scores at 0 month (0 M) of the patients. LADX, lapa-
roscopic adrenalectomy; SF-36v2, Short-Form 36-Item Health Survey version 2; MCS, mental summary score; 
PCS, physical summary score.

Table 2. Uni- and multivariate analyses of preoperative factors on the improvement of the postoperative MCS

Univariate Multivariate

OR 95% CI p value OR 95% CI p value

Age, years 1.1 0.97–0.99 0.048 1.97 0.02–1.68 0.054
Female sex 1.27 0.57–2.84 0.056 1.17 0.57–1.84 0.052
BMI 0.98 0.88–1.1 0.760 0.97 0.3–1.56 0.846
Duration of hypertension, years 1.02 0.98–1.1 0.370 1.10 0.98–1.2 0.113
CVD 2.27 0.36–14.2 0.382 – – –
CCI 0.23 1.05–1.23 0.041 0.78 1.45–1.95 <0.001
Preoperative potassium, <3.5 mEq/L 1.12 1.01–1.12 0.036 1.96 1.08–1.82 0.0015
Preoperative antihypertensive drugs, n 0.1 0.97–1.22 0.103 0.37 1.02–1.78 0.018
Postoperative antihypertensive drugs, n 1.03 0.83–1.28 0.801 1.26 1.23–1.81 0.154
Preoperative MCS 1.92 1.03–1.14 0.002 – – –

MCS, mental summary score; CVD, cardiovascular disease.
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MCS. In this study, preoperative hypokalemia, which is 
associated with muscle weakness, cramps, paresthesia, 
palpitations, constipation, polyuria, and nocturia [15], 
fewer preoperative antihypertensive drugs and lower CCI 
were also found to be predictors for the improvement of 
postoperative MCS by LADX.

MR antagonists have been reported to improve the 
HRQoL in patients with PA [17]. The combination of an-
tihypertensive drugs and MR antagonists improves not 
only blood pressure but also HRQoL in many patients 
[18]. However, the adverse effects of some antihyperten-
sive drugs, including MR antagonists, could exert a nega-
tive influence on the mental HRQoL [19–22]. As we 
know, normalizing plasma aldosterone by LADX could 
make patients free from MR antagonists. Our results re-
vealed that the correction of excessive plasma aldosterone 
by LADX reduced the anxiety of patients with possible 
adverse effects from MR antagonists.

PA is associated with cardiovascular hypertrophy 
and fibrosis, as well as renal damage independent of 
blood pressure levels; these changes can sometimes be 
irreversible, emphasizing the need for prompt treat-
ment [23, 24]. Generally, in most patients, hypertension 
is resolved 1–6 months after adrenalectomy [25]. The 
most important predictors of persistent hypertension 
include older age, comorbidities, and longer duration 
of hypertension before surgery [16]. So a lower CCI 
(fewer comorbidities) was understandable as a predic-
tor of MCS improvement because the general condition 
of patients with a higher CCI and many comorbidities 
was likely to remain MCS unchanged before and after 
LADX. However, in older patients with a longer dura-
tion of hypertension, our study found that LADX itself 
improved mental HRQoL.

Some limitations of our study should be considered. 
First, as our study only included patients who were eli-
gible for LADX in a single institution, so selection bias did 
exist. Second, we could not compare the HRQoL of pa-
tients who received medical treatment without LADX. 
Despite these limitations, LADX is amenable to PA pa-
tients with uncontrollable blood pressure and hypokale-
mia who received even sufficient hypertensive drugs and 
MR agents.

In conclusion, through our study, we found that in the 
older PA patients, preoperative mental HRQOL were 
lower than the national standard values. We emphasize 
that normalizing plasma aldosterone levels by LADX is 
encouraged to undergo for older PA patients with preex-
isting comorbidities as a means to improve mental 
HRQoL.
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