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[ Abstract] Objective To investigate the the feasibility and diagnostic efficiencyvalue of different screening
indexesmethods for screening primary aldosteronism (PA). Methods The clinical data of 499 patients with PA and 479
patients with essential hypertension diagnosed from Jan. 2009 to Dec. 2018 were retrospectively analyzed. The diagnostic
performance of different screening indexs was compared by plotting receiver operating characteristic curves (ROC).
Results The area under the ROC curve (AUC) of the plasma aldosterone concentration (PAC) to plasma renin activity
(PRA) ratio (ARR) was greater than that of the ratio of the upright PAC to the angiotensin Il (AT-1') (AA2R), upright
PRA, upright PAC, supine ARR, and lowest blood potassium (P<0.05). The AUC of logistic regression model was greater
than that of upright ARR (96.3% vs. 94.6%, P<0.05). There was no significant difference in AUC between decision tree
model and upright ARR (94.1% vs. 94.6%, P>0.05). In the test set, the AUC difference between the logistic regression
model and the decision tree model was not statistically significant (96.3% vs. 94.1%, P > 0.05). The calibration curve of the
logistic regression model is closer to the 45 ° line, and the consistency between the prediction probability and the actual
probability of the logistic regression model is better than that of the decision tree model. Conclusion For the screening
of PA, upright ARR seems to be the best single screening index, while AA2R (radioimmunoassay) is not recommended.
The diagnostic efficacy of logistic regression model including upright PAC, PRA and lowest blood potassium is better
than that of single upright ARR.
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Table 1 Comparison of clinical indicators between PA group and EH group

Item PA group (n=499) EH group (n=479) P

Agelyr. 48.7+11.9 44.6+14.6 <0.001
Female/case (%) 281 (56.30) 224 (46.80) 0.003
Body mass index/(kg/m’) 24.143.32 24.8+3.46 0.001
Systolic blood pressure/mmHg 153+20.5 150+19.5 0.029
Diastolic blood pressure/mmHg 94.8+13.9 94.4+14.9 0.639
Adrenal-imaging abnormal/% 86.20 51.50 <0.001
Hypokalemia ratio/% 86.20 36.50 <0.001
Upright PAC"/(ng/dL) 26.3 (20.6, 35.5) 19.8 (15.2, 25.5) <0.001
Upright PRA"/(ng/mL+h) 0.32(0.10, 0.75) 3.67 (1.88, 7.00) <0.001
Upright AT- 11 "/(ng/L) 56.8 (38.9, 66.0) 68.3 (51.9, 84.1) <0.001
Upright ARR'/((ng/dL)/(ng/mL-h)) 82.9 (35.4,254.0) 5.48 (3.10,9.73) <0.001
Upright AA2R'/((ng/dL)/ (ng/L)) 0.51 (0.36,0.75) 0.30 (0.22, 0.42) <0.001
Supine PAC'/(ng/dL) 25.7 (18.0, 35.5) 152 (11.9, 19.9) <0.001
Supine PRA"/(ng/mL-h) 0.10 (0.06, 0.22) 1.06 (0.53, 2.49) <0.001
Supine AT- 11 "/(ng/L) 55.4 (37.0, 65.0) 57.6 (40.4, 68.5) 0.006
Supine ARR*/((ng/dL)/(ng/mL-h)) 225.0 (99.6, 490.0) 14.4 (6.7, 25.7) <0.001
Supine AA2R"/((ng/dL)/ (ng/L)) 0.50 (0.32, 0.79) 0.29 (0.22, 0.38) <0.001
eGFR/(mL/(min-1.73m")) 99.2420.3 104.0+19.0 0.002
Serum creatinine/(mmol/L) 70.5+20.1 71.2+17.4 0.539
Serum uric acid/(mmol/L) 324496.9 355+104.0 <0.001
Serum urea nitrogen/(mmol/L) 4.85£1.52 4.89+1.48 0.649
Serum sodium/(mmol/L) 144+2.64 142+2.14 <0.001
Lowest serum potassium/(mmol/L) 2.74+0.64 3.57+0.55 <0.001
Serum chlorine/(mmol/L) 103+3.11 104+2.65 0.001
Serum calcium/(mmol/L) 2.20+0.12 2.26+0.11 <0.001
Serum magnesium/(mmol/L) 0.88+0.10 0.90+0.09 <0.001
Serum phosphorus/(mmol/L) 1.02+0.21 1.11+0.20 <0.001
CO, combining power 26.8+3.70 24.6+2.85 <0.001

*Media (P, P,;); PA: Primary aldosteronism; EH: Essential hypertension; PAC: Plasma aldosterone concentration; PRA: Plasma renin activity; AT-1I :

Angiotensin Il ; ARR: The ratio of PAC to PRA; AA2R: The ratio of PAC to AT- I ; eGFR: Estimated glomerular filtration rate
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Fig 1 ROC curves of the upright ARR, upright AA2R, upright PRA, upright PAC, upright ARR, and lowest serum potassium

AUC: Area under ROC curve; ARR: The ratio of PAC to PRA; AA2R: The ratio of PAC to AT- Il ; PRA: Plasma renin activity; PAC: Plasma aldosterone

concentration
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Table 2 Diagnostic efficacy of upright ARR, upright AA2R, upright PRA, upright PAC, supine ARR, and lowest potassium

Variable AUC Cut-off Sensitivity ~Specificity =~ Positive predictive value Negative predictive value
Upright ARR 95.1% 20 (ng/dL)/(ng/mL-h) 86.2% 96.9% 96.4% 87.4%
Upright AA2R 77.5% 0.5 (ng/dL)/(ng/L) 55.5% 84.8% 77.5% 66.5%
Upright PRA 93.2% 1.2 ng/(mL-h) 87.0% 87.3% 88.1% 87.1%
Upright PAC 71.9% 22.6 ng/dL 67.7% 67.0% 68.4% 66.9%
Supine ARR 93.2% 41 (ng/dL)/(ng/mL-h) 91.6% 86.4% 88.2% 90.5%
Lowest serum potassium  84.2% 3.2 mmol/L 74.7% 80.4% 80.9% 75.6%
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Table 3 Comparison of training and test data

Item Training set (n =784) Test set (n =194) P

PA 51.00% 51.00% 1.000
Agelyr. 46.9+13.3 46.1+14.3 0.483
Female 50.90% 54.60% 0.393
Lowest serum potassium/(mmol/L) 3.15+0.71 3.12+0.78 0.610
Upright PAC"/(ng/dL) 22.8(17.7,29.6) 22.8 (16.4,30.7) 0.775
Upright PRA"/(ng/mL-h) 1.17 (0.29, 3.75) 1.31(0.26, 4.11) 0.857
Upright AT- 11 "/(ng/L) 61.1 (46.4,73.9) 62.1 (47.4,77.3) 0.333
Upright ARR"/((ng/dL)/(ng/mL-h)) 16.2 (5.47, 89.8) 16.3 (4.91, 101) 0.814
Upright AA2R"/((ng/dL)/(ng/L)) 0.39 (0.27, 0.58) 0.37 (0.25, 0.59) 0.294
Supine PAC'/(ng/dL) 19.6 (14.0, 27.5) 18.7 (13.3,28.4) 0.584
Supine PRA"/(ng/mL-h) 0.36 (0.10, 1.10) 0.34 (0.10, 1.11) 0.369
Supine AT- Il "/(ng/L) 56.3 (39.3, 66.1) 56.6 (37.2, 66.9) 0.874
Supine ARR*/((ng/dL)/(ng/mL-h)) 56.1 (14.0, 247.0) 47.3 (11.9, 204.0) 0.336
Supine AA2R*/((ng/dL)/ (ng/L)) 0.36 (0.25, 0.58) 0.34 (0.24, 0.57) 0.555

*Median (P,;, P.); PA: Primary aldosteronism; PAC: Plasma aldosterone concentration; PRA: Plasma renin activity; AT- I : Angiotensin ; ARR: The ratio of

PAC to PRA; AA2R: The ratio of PAC to AT- I
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Fig 2 Logical regression model variable importance ranking diagram
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Table 4 Regression coefficients for the 9 predictors included in the

logistic regression model

Item Coefficient Standard error V4 P

Intercept 3.0358 1.16 2.617 0.0089
Gender : male —-0.160 4 0.2756 —-0.5819 0.560 6
Age 0.005 0.011 0.454 0.6498
Lowest serum potassium —1.699 7 02536  -6.7026 <0.001
Upright PAC 0.079 3 0.0239 3.3118 <0.001
Upright PRA —-1.046 4 0.1347 -7.768 5 <0.001
Upright AT- I 0.004 4 0.008 7 0.501 3 0.616 2
Supine PAC 0.112 0.026 6 4.217 8 <0.001
Supine PRA -0.5381 0.230 6 -2.3336 0.0196
Supine AT- I 0.006 6 0.01 0.664 4 0.506 4

i BARIMAR , STAVPAC. SAfVPRA. STAZAT-TT . S7{7ARR,
SV AA2R, FMiPAC, FMPRA. EMiZAT-1T . EMARR,
FiMZ AA2R) 4 AABE Y, 153175 1 5 B A BRI (194),

5 BEDFRAHNANTINZ SR EIT R
Table 5 Regression coefficients for the 3 predictors included in the

logistic regression model

Item Coefficient Standard error VA P

Intercept 4.8832 0.850 3 5.7428 <0.001
Lowest serum potassium -1.8556 0.2409 —-7.702 8 <0.001
Upright PRA -1.3007 0.1183 -10.993 5 <0.001
Upright PAC 0.1515 0.019 8 7.649 4 <0.001

Horh Bt s YT LA S RO S ARR BMZARR
SIAPRA. M PRA . SARIMAR K- 8 I ZREE I aE
SRR BN A S UE R 25 Fr /N ([5]5) | IR fe ¢
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FRI Ky ST A7 ARR=20 (ng/dL)/(ng/mL-h), PARIHEZEJy
96%; .ff ARR< 20 (ng/dL)/(ng/mL-h), M ARR =
41(ng/dL)/(ng/mL-h), MK IM4 < 3.4 mmol/L, PARIHEFR
168%; 3. fi. ARR< 20 (ng/dL)/(ng/mL-h), M7 ARR=
41 (ng/dL)/(ng/mL-h), & fKIM4! = 3.4 mmol/L, PA
B MER A 12%; 3747 ARR< 20 (ng/dL)/(ng/mL-h), KM
ARR< 41 (ng/dL)/(ng/mL-h), PAfIHEAR 5%

i 1 22 WG UE 22 HIROCH 2k, P Sf A 0 A 1)1 25
LA VERA 1M 86.78%(95% CI : 86.22% ~ 87.32%), Fil Btk
90.45%, ¢ 5714£82.94%, B TN (E 84.67%, BH 14 Tl (£
89.29%, ROCHIZ TR #191.64%(95% CI: 91.14% ~
92.13%); 7E MR AR B HERR1:92.78%(95% CI:88.19% ~
96.00%), HUEE88.89%, FEF1496.84% . FHM: T (A
94.70%, BHPE TN 89.32%, ROCHIZE T M FH194.14%(95%
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Fig 3 Nomogram of logistic regression model for PA screening
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