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[ Abstract] Objective To investigate the metabolic outcomes of primary aldosteronism (PA) patients receiving
adrenalectomy (ADX) or spironolactone treatment and the contributing factors to the metabolic outcomes.
Methods The clinical data of 70 patients with aldosterone-producing adenoma (APA) and 86 patients with idiopathic
hyperaldosteronism (IHA) were retrospectively analyzed. All subjects received confirmatory diagnosis of APA or ITHA at
the Department of Endocrinology and Metabolism, West China Hospital between March 2018 and October 2020. APA
patients underwent ADX, while IHA patients were given spironolactone, a mineralocorticoid receptor antagonist (MRA).
After ADX or spironolactone treatment, the outcomes of the metabolic indicators and the inter-group differences between
the APA patients and IHA patients were studied. Results There was no significant difference between the baseline data
of the APA group and those of the IHA group in terms of age, sex, duration of hypertension, maximum systolic blood
pressure (SBP-max), maximum diastolic blood pressure (DBP-max), body mass index (BMI), fasting blood glucose (FBG),
lipid parameters, and renal function. IHA patients had higher waist circumference, serum potassium, and plasma renin
activity (PRA) than those of the APA patients (all P<0.05). All patients showed significant improvement in blood pressure,
blood potassium, and plasma aldosterone at follow-up. However, they also showed increased triglycerides (TG)
accompanied by deterioration in renal function (P<<0.001). Multiple regression showed that TG levels were associated
with spironolactone treatment for IHA patients and post-treatment BMI and creatinine levels. Furthermore, APA patients
showed improvement in their FBG after ADX (P=0.041), while IHA patients showed elevated levels of FBG after
spironolactone treatment (P=0.037). Conclusion After treatment, PA patients still may experience abnormal lipid
metabolism and deteriorating renal function. Spironolactone therapy may give rise to worse glucolipid metabolism than
ADX therapy does.
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Table 1 Baseline data of patients with APA and IHA

Variable APA group (n=70) THA group (n= 86) tzly P

Agelyr. 48.9+12.1 49.919.1 t=0.610 0.543
Women/case (%) 42 (60) 53 (62) £=0.002 0.966
Duration of hypertension/month, median (P,;, P;;) 60 (11, 120) 72 (12,128) 2=0.940 0.348
SBP-max/mmHg, median (P, P;) 180 (160, 190) 170 (160, 187) z=—1.179 0.239
DBP-max/mmHg, median (P,;, P,;) 110 (100, 110) 104 (100, 110) z=-1.508 0.132
Waist circumference/cm, median (P, P,;) 84.6 (83.7, 87.8) 88.1(82.1,91.0) 2=2.268 0.023
BMI/(kg/m’) 24.3+3.8 24,5435 t=0.287 0.775
Glycemic abnormalities/case (%)* )(2=2-755 0.252

Prediabetes 3 (4) 9 (10)
Diabetes 13 (19) 11 (13)

Hypokalemia/case (%) 59 (84) 58 (67) x'=4.975 0.026
FBG/(mmol/L), median (P, P,;) 5 (4.63,5.52) 4.96 (4.58, 5.34) z=-0.549 0.584
Urea/(mmol/L), median (P,;, P.;) 4.4 (3.8,5.6) 4.5(3.7,5.2) z=—0.715 0.476
Creatinine/(umol/L), median (P, P,;) 63.35 (53.0, 75.8) 65.5 (58.3,77.8) z=1.246 0.213
e-GFR/(mL/[min-1.73 m’]), median (P, P,.) 103.0 (91.3,111.0) 98.8 (93.1, 106.2) z=-1.351 0.177
Renal insufficiency/case (%)° 17 (24) 16 (19) )(2=0-445 0.505
Uric acids/(umol/L) 299.9+81.5 323.4+85.2 t=1.753 0.082
TG/(mmol/L), median (P, Py;) 1.21 (0.80, 1.70) 1.23 (0.90, 1.76) z=0.539 0.590
TC/(mmol/L) 4.3+0.8 4.4+0.8 t=0.726 0.469
HDL-C/(mmol/L), median (P, P,.) 1.32 (1.12, 1.55) 1.27 (1.03, 1.48) 2=-1.563 0.119
LDL-C/(mmol/L) 2.5+0.7 2.6+0.7 t=1.303 0.195
Dyslipidemia/case (%) 8(11) 15(17) §'=0.683 0.408
K/(mmol/L) 3.4%0.5 3.6+0.4 t=2.057 0.041
K-min/(mmol/L), median (P,;, P,;) 2.96 (2.47, 3.28) 3.3(2.68,3.59) z=2.375 0.018
PRA/(ng/[mL-h]), median (P,;, P;;) 0.15 (0.07, 0.41) 0.25(0.12, 0.63) z=2.146 0.032
PAC/(ng/dL), median (P,;, P,;) 28.4(20.7, 39.4) 25.1(18.8, 36.1) z=—1.395 0.164
ARR/(ng/dL : ng/[mL-h]), median (P,;, P;;) 134.4 (63.0, 481.6) 76.2 (46.3, 243.3) z=-2.199 0.028

BMI: body mass index; FBG: fasting blood-glucose; e-GFR: estimated glomerular filtration rate; TG: triglycerides; TC: total cholesterol; HDL-C: high-density
lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol; K-min: minimum blood potassium; PRA: plasma renin activity; PAC: plasma aldosterone;
ARR: aldosterone renin ratio. a, Glycemic abnormalities: prediabetes (fasting plasma glucose levels 6.1-6.9 mmol/L or 2 h serum glucose levels 7.8-11.0
mmol/L); diabetes (fasting plasma glucose levels =7.0 mmol/L or 2 h serum glucose levels =11.1 mmol/L). b, Renal insufficiency: estimated glomerular

filtration rate<90 mL/(min-1.73 m®). 1 mmHg=0.133 kPa.
g

R 2 APAASIHABRITRIRIEIRELE

Table 2 Baseline and follow-up data of patients with APA and IHA

APA group (n=70)

THA group (n=86)

Variable
Before treatment  After treatment t P Before treatment  After treatment t P

Waist circumference/cm 85.3£7.3 87.9+9.9 2917 0.005 86.9+7.5 87.91£6.6 —-0.258 0.798
BMI/(kg/m’) 24.3+3.8 24.8+3.2 0.926 0.448 24.5%3.5 252425 0.507  0.615
FBG/(mmol/L) 5.14+0.74 4.96+0.46 -2.079 0.041 5.08+0.66 5.24+0.43 2.119 0.037
Urea/(mmol/L) 4.69+1.42 5.44+1.65 3.15 0.002 4.48+1.22 5.58+1.50 5.597 0.001
Creatinine/(umol/L) 65.3+£16.5 80.6+20.2 8.302 <0.001 68.5+15.2 78.9+16.8 7.327 0.001
e-GFR/(mL/[min-1.73 mz]) 101.0+15.8 87.6£19.3 —-7.031 <0.001 98.6+12.4 86.9+14.9 -8.310 0.001
Uric acids/(umol/L) 300.0+81.5 346.0£79.0 4.489 <0.001 323.0+£85.2 363.0+85.4 4.584 0.001
TG/(mmol/L) 1.34+0.66 1.36+0.54 0.201 0.883 1.39+0.66 1.55+0.45 2.184 0.031
TC/(mmol/L) 4.30+0.78 4.25+0.80 —-0.492 0.624 4.40+0.85 4.44+0.86 0.373 0.710
HDL-C/(mmol/L) 1.36+0.33 1.42+0.43 1.13 0.262 1.28+0.34 1.26+0.35 -0.697 0.488
LDL-C/(mmol/L) 2.48+0.67 2.48+0.65 -0.019 0.985 2.63+0.74 2.53+0.64 -1.083 0.282
K/(mmol/L) 3.41+0.50 4.19+0.42 9.863 <0.001 3.58+0.45 4.23+0.38 10.118 0.001
PRA/(ng/[mL-h]) 0.32+0.33 3.40%2.75 9.46 <0.001 0.38+0.33 2.71+2.65 8.200 0.001
PAC/(ng/dL) 31.1%£13.5 18.0£9.5 —-6.033 <0.001 28.9£13.6 20.2+11.2 —4.666 0.001
ARR/(ng/dL : ng/[mL-h]) 270.0+£252.0 11.7+13.3 —-8.569 <0.001 179.0+£193.0 16.0£14.6 —-7.800 0.001

The abbreviations are explained in the note to Table 1.
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Table 3 Follow-up data of patients receiving ADX or spironolactone treatment

Variable APA group (n=70) IHA group (n=86) t/z/y’ P

BMI/(kg/m®)’ 24.8+3.2 252425 t=0.793 0.430
Waist circumference/cm’ 87.9+9.9 87.6£6.6 t=—0.206 0.838
SBP/mmHg, median (P,;, P;;) 130 (120, 141) 130 (120, 137) 2=0.223 0.825
DBP/mmHg, median (P.;, P,;) 88 (81,93) 87 (80, 90) 2=-1.079 0.281
Blood pressure remission/case (%) 28 (40) 27 (31) )(2:0.903 0.342
MRA/case (%) 14 (20) 86 (100) 1'=103.880 <0.001
K/(mmol/L), median (P, P,;) 4.1 (4.0,4.4) 4.2 (4.0,4.5) z=1.144 0.253
Hypokalemia/case (%) 7 (10) 7(8) x'=0.015 0.902
FBG/(mmol/L), median (P, P,;) 5.0 (4.7,5.1) 5.2(4.9,54) z=3.827 <0.001
Abnormal glucose metabolism/case (%) 13 (19) 16 (19) §'=0.001 1

Dyslipidemia/case (%) 10 (14) 21 (24) x'=1.893 0.169
TG/(mmol/L), median (P, P.;) 1.3(1.1,1.5) 1.5(1.1,1.8) z=2.038 0.042
TC/(mmol/L), median (P,s, P,;) 4.1(3.8,4.8) 4.3 (4.0,5.0) z=1.389 0.165
HDL-C/(mmol/L), median (P,s, P,;) 1.3 (1.1, 1.6) 1.2 (1.0, 1.4) z=—2.268 0.023
LDL-C/(mmol/L), median (P,;, P,;) 2.5(2.3,2.9) 2.47 (2.1, 3.0) z=0.457 0.649
Urea/(mmol/L), median (P,;, P,;) 5.3 (4.7,6.1) 5.3(4.8,6.1) z=0.383 0.703
Creatinine/(umol/L), median (P, P,;) 81.2 (67.0,92.8) 74.7 (68.0, 87.0) z=-0.941 0.347
e-GFR/(mL/[min-1.73 m’]), median (P,;, P.;) 88.5 (76.1, 98.0) 90.1 (78.7, 95.9) 2=0.160 0.874
Uric acids/(umol/L), median (P, P,s) 341.6 (301.0, 381.3) 354.8 (301.0, 418.3) 2=0.765 0.446
Renal insufficiency/case (%) 43 (61) 43 (50) x=1.602 0.206
PRA/(ng/[mL-h]), median (P,;, P;;) 2.7 (1.1,4.8) 1.76 (1.0, 3.1) z=—1.781 0.075
PAC/(ng/dL), median (P,;, P,;) 14.8 (11.0, 22.9) 18.9 (10.8, 26.3) z=1.174 0.241
ARR/(ng/dL : ng/[mL-h]), median (P,;, P,;) 6.2 (3.5,13.8) 10.0 (3.6, 24.0) z=1.886 0.059

" APA group n=45, IHA group n=56. The abbreviations are explained in the note to Table 1. MRA: mineralocorticoid receptor antagonists. a, Blood pressure

remission: no antihypertensive drugs were used within 3 months at follow-up and blood pressure was measured according to standard and multiple (=3 times)

measurements, with systolic blood pressure<140 mmHg and diastolic blood pressure<90 mmHg. 1 mmHg=0.133 kPa.

F4 MINETEFBGKENEEEEA
Table4 Multivariate linear regression of variables associated with post-treatment FBG
Variable Standard B (95% CI) VIF P
Age 0.060 0.002 (~0.007, -0.012) 1.87 0.630
ADX ~0.258 —0.228 (-0.426, —0.030) 1.55 0.024
Potassium before treatment 0.062 0.057 (-0.134, 0.248) 1.40 0.559
Log (PAC before treatment) -0.154 -0.186 (-0.420, 0.047) 1.16 0.116
e-GFR before treatment -0.119 —0.004 (-0.012, 0.004) 1.89 0.339
BMI after treatment 0.204 0.031 (0.002, 0.059) 1.07 0.032
Log (PAC after treatment) 0.078 0.074 (-0.118, 0.267) 1.29 0.445

Adjusted R’=0.210, P<0.001. B: coefficient; CI: confidence interval; VIF: variance inflation factor; ADX: adrenalectomy. The abbreviations are explained in

the note to Table 1.
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Table 5 Multivariate linear regression of variables associated with post-treatment TG

Variable Standard 8 B (95% CI) VIF P

Male 0.156 0.076 (-0.141, 0.292) 1.49 0.489
Treat with ADX —-0.481 —0.233 (-0.421, -0.046) 1.21 0.015
e-GFR before treatment -0.092 —0.003 (-0.010, 0.004) 1.34 0.371
BMI after treatment 0.248 0.042 (0.009, 0.074) 1.20 0.012
Creatinine after treatment 0.248 0.010 (0.002, 0.018) 2.94 0.021
Uric acids after treatment -0.046 —0.001 (-0.002, 0.001) 2.17 0.726

Adjusted R*=0.257, P<0.001. The abbreviations are explained in the note to Tables 1 and 4.
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Table 6 Multivariate linear regression of variables associated with post-treatment e-GFR

Variable Standard f3 B (95% CI) VIF P

Age —-0.248 —0.383 (-0.685, —0.082) 1.87 0.013
SBP -0.086 —0.100 (-0.271, 0.070) 1.05 0.246
K-min 0.152 4.369 (0.154, 8.585) 1.06 0.042
Potassium after treatment -0.228 -9.701 (-15.96, —3.440) 1.06 0.003
TG —-0.122 —3.859 (-8.583, 0.865) 1.08 0.108
Log (PAC after treatment) 0.254 9.326 (3.886, 14.766) 1.28 0.001
e-GFR before treatment 0.339 0.424 (0.169, 0.679)) 2.05 0.001

Adjusted R°=0.257, P<0.001. The abbreviations are explained in the note to Tables 1 and 4.
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