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Primary aldosteronism (PA) is one of the most common causes of secondary hypertension, with a prevalence of 12–20% in the
hypertensive population. To determine the characteristic function of a fuzzy concept based on the epidemiological data, clinical
manifestations, and auxiliary examinations of PA, the essence is to select a suitable domain and determine the a�liation of each
element in the domain.  e aldosterone/renin ratio was proposed to increase the detection rate of PA, which has the shortcoming
of a high underdiagnosis rate when relying only on clinical manifestations. However, there is no uni�ed standard for the di-
agnostic cut point, and there are di�erences in testing methods and diagnostic cut point values for di�erent populations, which
require di�erent laboratories to establish appropriate cut points according to di�erent regional populations to improve the
diagnostic accuracy. In this article, we analyzed the reliability of functional diagnostic tests for PA based on data analysis and
compared the sensitivity and speci�city of di�erent plasma aldosterone cut points for the diagnosis of PA in the 40mg kibbutz test.
 e results showed that when post-saline PAC and post-cato PAC were used to con�rm the diagnosis of proaldosterone, re-
spectively, there was a similar subject working area under the curve between SSST and CCT, 0.89 and 0.78, respectively, with no
signi�cant di�erence in the area under the curve between the two (p � 0.546). erefore, blood sodium and blood potassium have
higher speci�city and sensitivity than SUSPUP, but both are lower than ARR, and data analysis can be used as an auxiliary
indicator for screening.

1. Introduction

PA is a syndrome characterized by hypertension with (or
without) hypokalemia due to pathological changes in the
adrenal cortex leading to the autocrine secretion of aldo-
sterone, with high plasma aldosterone concentration and
low renin as the main biochemical features [1]. PA is
characterized by arterial hypertension, spontaneous hypo-
kalemia, hyperkalemia, hyperaldosteronism, and reduced
plasma renin activity [2]. With the economic and social
development, the prevalence of hypertension is increasing
year by year, and epidemiological surveys show that the
prevalence of hypertension among adults in China is 31%
[3]. It is known that the causes of hypertension include
primary and secondary elevated blood pressure, and sec-
ondary causes include renal parenchymal, renal vascular,

and adrenal and polyarteritis [4]. Substantial renal hyper-
tension is mainly caused by primary or secondary renal
lesions, the most common of which would be glomerulo-
nephritis [5]. PA is not uncommon in hypertension, being
15% in severe hypertension (≥180/100mm Hg) and up to
25% in resistant hypertension [6].

Screening for people at high risk of PA followed by
con�rmatory tests to clarify the diagnosis and �nally typing
of PA is an internationally accepted process for the diagnosis
of PA [7].  e American College of Endocrinology PA
guidelines recommend saline loading test, captopril test
(CCT), oral sodium loading test, and ¤udrocortisone test as
the four con�rmatory tests for PA [8]. Numerous studies
have shown a signi�cantly increased risk of metabolic
syndrome and cardiovascular disease in patients with PA
compared to patients with essential hypertension [9].  e
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risk to the organism is much higher than in patients with
primary hypertension with the same disease duration and
the same degree of blood pressure [10]. Data analysis is
mainly a combination of a priori knowledge and available
statistical data, using probabilities to predict things [11].*is
method is a fundamental approach in statistical modeling
and is widely used in medical fields such as oncology, pa-
thology, and high-throughput histology [12]. In this study,
we investigated the diagnostic value of data analysis on the
reliability of functional diagnostic tests for PA and studied
the sensitivity and specificity of different post-dose plasma
aldosterone cut points for the diagnosis of PA to provide a
more rational basis for clinical diagnosis.

*e traditional reliability analysis method is based on the
analysis of life data (time to failure) [13]. *e statistical
analysis of life data determines the type of life distribution of
the product and based on that the reliability assessment,
prediction, etc. of the product [14]. However, in our clinical
work, we found that many patients with essential hyper-
tension had a decrease in blood aldosterone levels <28%
from baseline after oral administration of captopril, sug-
gesting that the responsiveness to captopril is lower in
national than in Western populations, making it difficult to
identify hyporenin-active hypertension from PA in clinical
practice based on the guideline-recommended blood aldo-
sterone cut point values [15]. *erefore, as in all other
endocrine diseases, functional diagnosis plays an important
role in the diagnosis of PA and is the basis for localization
and staging.

*e innovative points of this study are as follows:

(1) *is study uses the principles and methods of data
analysis to select simple, rapid, and economical tests
for the diagnosis of PA and identifies the most
common subtypes of aldosteronism in PA.

(2) *e study explores the optimal aldosterone level for
CAPT diagnosis of PA by assessing the degree of
suppression of blood aldosterone levels in patients
with PA and essential hypertension by CCT and
comparing them with normotensive volunteers.

(3) *e SROC method and data analysis were used to
evaluate the diagnostic results of IHA and ELISA,
and it was found that the two statistical methods
yielded similar conclusions, but the data analysis
could yield the mean and confidence interval of
sensitivity, specificity, and DOR, respectively, so that
the data analysis was more reliable for the functional
diagnostic test of PA.

*e rest of the article is organized as follows: Section 2
imports the works related to the PA functional diagnostic
test and data analysis. Section 3 sorts the PA screening
method based on data analysis, and the method of Khy-
berton inhibition test, so that the readers of this article can
have a more comprehensive understanding of the method of
PA functional diagnostic test reliability based on data
analysis. Section 4 is the core of the thesis, which completes
the description of the application analysis of data analysis in
PA diagnostic test reliability from two aspects: threshold

effect detection analysis and statistical analysis of diagnostic
test reliability. Section 5 summarizes the full work.

2. Related Works

2.1. PA Functional Diagnostic Test. At present, the diagnosis
of PA is divided into three parts: first, screening diagnosis
followed by the determination of diagnosis and then
identification of various subtypes of PA for the selection of
treatment. More and more studies have found that in ad-
dition to clinical manifestations such as hypertension and
hypokalemia, PA can also cause serious damage to the heart,
kidney, brain, and blood vessels of patients, and several
domestic and international studies have shown that the
proportion of cardiovascular disease is higher in patients
with PA compared with primary hypertension. In addition,
some patients may present with hypokalemia due to the long
duration of the disease or after diuretics—weakness,
numbness, muscle paralysis, and other discomforts—and
target organ complications such as heart, brain, and kidney
due to hypertension and high ALD levels.

Rege et al. found significant differences in the ex-
pression of genes in the globular and fascicular bands of
the rat adrenal gland using gene microarrays, specific
expression in the globular band of the rat adrenal gland
by immunohistochemistry and other methods, and a
close relationship with the expression of enzyme ketone
synthase and enzyme ketone secretion [16]. Holler et al.
found that some somatic cells in aldosterone adenoma
are mutated, resulting in abnormalities in the genes
encoding Na-KATPase and Ca2+ATPase that increase
adrenal autocrine secretion of aldosterone leading to
hypertension [17]. Fuss et al. determined the diagnosis of
PA based on clinical presentation, confirmatory tests,
and pathological examination [18]. Receiver operating
characteristic (ROC) curves for diagnosing PA by ARR in
different body positions were constructed and the best
cut point for ARR screening of PA was selected according
to the Youden’s index. Zhang et al. found that during the
follow-up of 2000 cases of intractable hypertension,
about 13% of patients were confirmed to have PA and
were those who could achieve clinically curable hyper-
tension, suggesting that early diagnosis of PA can help to
effectively control blood pressure and even end target
organ damage caused by hypertension [19]. Freel and
Connell considered the value of its application in the
diagnosis of primary acid fixation, further assessing its
sensitivity and specificity as a screening index by com-
paring it to the ARR ratio [20].

*e probability that a patient with a specific disease has
all the clinical manifestations and ancillary findings of this
disease is almost small, and the diagnosis can only be made
or excluded clinically based on the extent to which the
patient’s presentation matches all the manifestations.
*erefore, the aim of this study was to further investigate the
reliability of functional diagnostic tests for PA in a Chinese
population by analyzing the data and correcting for relevant
confounding factors.
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2.2. Data Analysis. *e clinical manifestations and ancillary
findings of a disease are the sum of the results of a large
sample of “all patients.” *e criteria for diagnosing PA is
pathological diagnosis, but it is not required that all hy-
pertensive patients undergo pathological biopsy, so a series
of clinical diagnostic strategies are needed. *e current
diagnostic process of PA mainly includes a screening test,
confirmatory test, and localized diagnosis, and this screening
test can exclude the influence of other antihypertensive
drugs in patients with newly diagnosed hypertension, which
has a high diagnostic accuracy and helps to rationalize the
use of drugs. However, the results of different studies suggest
that the diagnostic efficacy of ADRR in PA screening is
highly variable, and it is necessary to analyze the data on the
diagnostic efficacy of ADRR in PA to clarify the role of
ADRR in prodrug screening.

Gruber et al. used SAS 9.1 for statistical analysis and
calculated the results of the study using data analysis,
sensitivity, and specificity bivariate model analysis, respec-
tively, and compared the calculated results of the two
methods [21]. To assess the overall diagnostic value, Kersten
et al. used data analysis for meta-analysis with effect indi-
cators of total sensitivity, total specificity, total positive
likelihood ratio, total negative likelihood ratio, diagnostic
ratio, and the area under the working characteristic curve of
the combined subjects [22]. Studies of Pitt and Byrd ex-
ploring the efficacy of ADRR screening for PA were included
in the analysis, and two researchers independently extracted
and analyzed the study data, which included general patient
status and antihypertensive medication use [23]. Funder
et al. concluded that reliability analysis through degraded
information saved trial time and cost [24]. Reliability
analysis based on performance degradation data is one of the
solutions to the problem of reliability assessment of highly
reliable and long-lived products. Pan et al. used chem-
iluminescence and data analysis to determine PAC and PRC
of 200 hypertensive patients (including 67 patients with PA)
in the prone and standing positions for 2 h, and 133 healthy
volunteers in the standing position for 2 h, and calculated the
ARR of different positions [25].

*erefore, the article explored the value of data analysis
in the diagnosis of prodromal by exploring the predictors of
prodromal and comparing their laboratory biochemical data
in an attempt to construct a mathematical model using data
analysis alone or in combination with traditional ARR
methods.

3. Method of PA Functional Diagnostic Test
Reliability Based on Data Analysis

3.1. PA Screening Method Based on Data Analysis.
Cardiovascular diseases are included in the category of
coronary atherosclerotic heart disease (coronary heart dis-
ease) and stroke [26]. Among them, coronary heart disease
includes two types of stable angina pectoris and myocardial
infarction [27]. Diagnostic criteria were used which devel-
oped by the Cardiovascular Disease Branch of the Chinese
Medical Association [28]. A theoretical domain consisting of
elements involving symptoms, laboratory tests, and imaging

was selected and determined by reviewing the statistical
literature related to PA [29]. *e evaluation test diagnosed it
as having the disease, and the false positive result put the
subject under great mental stress. For the calculation of the
above indicators, TPR and FPR were calculated and then
logit transformations were applied to TPR and FPR with the
following formulas:

logit(TPR) � ln
TPR

(1 − TPR)
 , (1)

logit(FPR) � ln
FPR

(1 − FPR)
 . (2)

Add two variables D and S, and the expressions are as
follows:

D � logit(TPR) − logit(FPR), (3)

S � logit(TPR) + logit(FPR). (4)

*e ROC is commonly used in clinical practice to
evaluate the ability of a test to detect disease [30]. Until the
value of this screening test is fully investigated, it is not
advisable to use it as a routine test for hypertensive patients,
but it is supported that a reduction in potassium is not a
necessary candidate for this screening test. *e flow chart of
the screening test is shown in Figure 1.

First, all patients were given a detailed medical history,
recording gender, age, duration of hypertension, medica-
tions taken, and treatment history. Patients were required to
collect fasting venous blood at least once during hospitali-
zation and send it to the hospital laboratory to check liver
and kidney function, blood electrolytes, and blood lipids.
*e statistical data and clinical experience were used to
determine the weights and affiliation degree affiliation
function of each element in the thesis domain. Cases with
weights and art weight affiliation greater than or equal to the
intercept are diagnosed as PA. *e basic idea is to minimize
the weighted sum of squared residuals, from which the
parameters are solved. Suppose that the four cells of
a, b, c, and d denote TPs, FPs, FNs, and TNs, respectively,
and the weights, that is, the inverse of the variance, are noted
as W, and the expressions are

W � [var(D)]
− 1

�
1
a

+
1
b

+
1
c

+
1
d

 
−1

. (5)

*e estimated AUC for CCTdiagnosis of PA was 0.9 and
the SSSTwas 0.6.*e sample size ratio of patients with PA to
patients with essential hypertension should be 3 :1 in sub-
jects with an ARR ratio greater than or equal to 2.0 ng-dl−1/
m IU-l−1, and the area under the curve of false positive rate
between 1 and 2 was calculated. Blood was collected at 8:00
a.m. on the morning of the test day in a resting, lying, fasting
state. 50mg of Kepone tablets (Sino-US Shanghai Squibb
Pharmaceutical Co., Ltd.) was taken orally after blood
collection, and blood was collected again at 10:00 a.m. 2 h
later to measure plasma renin activity and angiotensin and
aldosterone levels. *e purpose was to differentiate from
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adrenal malignant tumor, and then use CAH for diagnosis,
as shown in Figure 2.

Secondly, all hypertensive patients were asked to dis-
continue all types of antihypertensive drugs for at least
2weeks before the test, and those who could not tolerate
discontinuation could be given ion channel antagonists to
control blood pressure. *e blood specimens for PAC and
PRC should be centrifuged within 2 h of collection and
tested promptly. For the blood pressure test, the subject
should rest calmly for 5 minutes or more and take a seated
position with one sleeve removed to expose the forearm, so
that the elbow is as close to the heart as possible. *e
mercury sphygmomanometer was selected and placed up-
right to zero the reading, then the sphygmomanometer cuff
was wrapped around the upper arm close to the skin so that
the lower edge of the cuff was approximately 2 fingers above
the transverse elbow line, and the tightness was such that 1
finger could be reached.

Finally, the patients were asked to eat and drink normally
before the test, and the day before the test, the patients were
asked to accurately retain hourly urine, measure urine
volume, and test urine potassium and urine sodium. All
subjects began fasting after 10:00 pm the night before, and
blood was drawn from the elbow at 8:00 pm the next day and
sent to the hospital laboratory for biochemical, lipid, gly-
cated hemoglobin, and fasting glucose measurements on a
biochemical analyzer. In hypertensive patients, the basal
recumbent ratio was measured, and in patients with renin
after standing (tachypnea) excitation, the diagnosis of PA
was made in combination with adrenal, post-surgical pa-
thology, and follow-up results.

3.2. Method of the Captopril Inhibition Test. *e Kepone
inhibition test is one of the most widely used clinical tests to
confirm the diagnosis of proaldosteronism. It is traditionally
believed that the diagnosis of primary aldehyde should
include three levels of screening, confirmation, and staging,
and ARR is currently the preferred method recommended

by national guidelines for the first level of primary aldehyde
diagnosis [31]. In the early literature of pancreatic cancer
diagnosis, it was noted that PET and EUS-FNAB techniques
can improve the diagnosis of PDAC, but their effectiveness is
often limited by the high cost and technical difficulty. *e
regression parameters A andB are derived from the five
equations presented above, and then the regression equation
for the SROC curve can be established using the following
equation:

TPR � 1 + e
− A/(1−B) 1 − FPR

FPR
 

(1+B)/(1−B)

 . (6)

*erefore, three confirmatory tests, SSST, CCT, and FST,
were completed in the high-risk group for prodromal al-
dehyde, and the Kepone inhibition test was used as a ref-
erence standard to evaluate the diagnostic efficacy of SSST
and CCT in the diagnosis of prodromal aldehyde and to
finally determine the best diagnostic test for prodromal
aldehyde. After the patients and their families gave their
consent and signed the informed consent form, peripheral
blood was collected from the prevalent patient, the father,
and the mother for genomic DNA analysis. *e genetic
analysis process is shown in Figure 3.

First, gender (male/female), age (years), duration of
hypertension (years), presence of hypokalemia, and medi-
cation use were recorded. Nonnormally distributed variables
were expressed as medians (interquartile spacing), and the
rank-sum test (U test) was used for comparison between
groups. After fasting for at least 8 hours, patients were given
75 g of glucose powder dissolved in 250ml of warm water
orally in the early morning on an empty stomach, timed
from the first sip and finished in 3–5 minutes, and blood
glucose was measured on the forearm 2 hours after taking
the glucose. TPR + FPR � 1 was a diagonal line, and on this
diagonal line, the sensitivity and specificity were equal, that
is, S � 0.

S � logit(TPR) + logit(FPR) � 0. (7)

PA patientsPA patients

ARR screening

ARR>1

Complete SSST, CTT,
FST 

EH (n=75) PA (n-96)

Complete
biochemical

remission
after operation

Or reject the
incomplete SSST 

Exclude ARR<1

Figure 1: Research flow chart.
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Namely,

logit(TPR) � logit(FPR). (8)

In the CTT experiment, plasma aldosterone and renin
concentrations were measured in the prone position after
the patient remained in the ambulatory position for at least 1
hour, and plasma aldosterone and renin concentrations were
measured before the dose of 50mg captopril at 8:00 a.m.
Plasma aldosterone and plasma renin concentrations were
measured again at 10:00 a.m. During the test, the patient was
not allowed to lie down and eat. *e standard error ex-
pression for TPR was:

SE(TPR) �
SE(A)

8[cosh(A/4)]
2. (9)

Next, blood was drawn before the test and 2 h after oral
administration of 20–45mg of captopril, and PA and PRA
were measured. Logistic regression analysis was used for risk
factor analysis. p< 0.04 was defined as a statistically

significant difference, and a two-sided test was used. At this
time, the accuracy of the diagnostic test could be estimated
by using statistical quantities, as shown in the following
equation:

Z �
TPR1 − TPR2���

SE2


TPR1(  + SE2 TPR2( 
, (10)

where Z is the normal deviation value; TPR1 andTPR2 are
the diagnostic accuracy indexes to be compared; and
SE2(TPR1) and SE2(TPR2) are the standard errors.

All subjects were required to complete blood bio-
chemistry (electrolytes, liver function, renal function, etc.),
plasma renin and aldosterone concentrations in the upright
and prone positions, circadian rhythm of blood cortisol, 24-
hour urinary cortisol and 24-hour urinary vanillyl amyg-
dalin, saline loading or CCT, dexamethasone suppression
test in some patients, and sex hormone testing. Under
normal conditions, captopril inhibits angiotensin-convert-
ing enzyme, reduces angiotensin II production, and

> 300 nmol/L, the
possibility of classic CAH 

3-300 nmol/L, the
possibility of non-classical

CAH

< 6 nmol/L, non-classical
CAH or the possibility of

not being sick

> 300 nmol/L classic CAH

30-300 nmol/L classic CAH 17-OHP value after
CAH excitation 

Basic blood 17-OHP
value 

< 30 nmol/L heterozygote
or disease-free 

Figure 2: CAH diagnosis flow chart.

Identify
candidate

genes 

Probe design

Sample
preparation 

CDNA library
preparation 

Target sequence
capture technology 

Second
generation
sequencing

Bioinformatics
analysis 

Figure 3: Gene analysis process.
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suppresses aldosterone secretion even in the presence of
high renin.

Finally, blood and 24-h urine were collected from both
hypertensive patients and normal controls, and blood and
urine electrolytes were measured by a fully automated
biochemical analyzer. Clinical case data of suspected adrenal
lesions were collected and used to evaluate the sensitivity
and specificity of the diagnostic model of PA data analysis,
using routine postoperative pathological findings as the gold
standard. After screening the case data, the investigators
independently extracted relevant information (e.g., patient
characteristics, relevant indicators needed for various ap-
plications or calculations, etc.) and reconstructed these data
into a 2× 2 column table using a standard format. *e
angiotensin-converting enzyme inhibitors, angiotensin re-
ceptor blockers, and β receptor blockers for more than 2
weeks and diuretics or glycopyrrolate preparations for more
than 4 weeks were discontinued prior to blood collection.
*e true positive rate, false positive rate, true negative rate,
and false negative rate were calculated by a columnar table.

4. Application Analysis of Data Analysis in
Reliability of the PA Diagnostic Test

4.1. -reshold Effect Detection and Analysis. Data analysis
was used to assess statistical heterogeneity between studies,
and no significant heterogeneity between studies was con-
sidered when p≥ 0.03. A fixed-effects model was selected for
data analysis, and it was found that antihypertensive drug
administration significantly affected the accuracy of the
threshold effect assay. *e results of two different immu-
nological diagnostic tests, IHA and ELISA, were compre-
hensively evaluated using the threshold effect assay and
bivariate model analysis of sensitivity and specificity in order
to obtain more accurate conclusions and provide a basis for
the selection of future screening methods for PA. *e ROC
curves of the confirmatory tests for the diagnosis of pro-
toaldehyde and its subtypes are shown in Figure 4.

First, when using data analysis for PA screening, at-
tention should also be paid to test method standardization
and threshold setting, which varies in the literature reporting
different body positions, blood collection times, etc.
*reshold settings also vary. *ere are many ways to obtain
comprehensive diagnostic test accuracy, but the more
commonly used methods include comprehensive receiver
operating characteristic analysis and bivariate model anal-
ysis for sensitivity and specificity. Plasma aldosterone levels
do not follow a normal distribution, so they are expressed as
the median of the data. Normally distributed data were
expressed as mean± standard deviation, and nonnormally
distributed data were transformed for normality by taking
natural logarithm values. Comparisons of plasma aldoste-
rone levels between the proaldosterone and non-
proaldosterone groups were performed by nonparametric
tests. One-way ANOVA was used for comparisons between
the two groups. Correlations between factors of normally
distributed data were analyzed by correlation. Patients with a
positive test should have an enhanced CTexamination of the
adrenal glands, and patients who are willing to undergo

adrenalectomy are recommended to have an adrenal vein
(AVS) to identify the dominant side of aldosterone secre-
tion. Almost all patients with PA showed different degrees of
hypertension, except for the early PA patients who were
found to have no hypertension during the health checkup, so
the difference was statistically significant, and the 2-h
postprandial blood glucose level was positively correlated
with the standing aldosterone level, as shown in Figure 5.

Secondly, in the case of a certain test method, the higher
the threshold setting, the lower the sensitivity and the higher
the specificity. Acceleration equation and acceleration factor
are two very important concepts in accelerated tests, which
are called accelerated life equation in accelerated life test.
True classification is defined as twomutually exclusive states,
such as the presence or absence of disease, benign or ma-
lignant tumor, positive or negative test results, etc. For the
determination of renin activity, two copies of the same
sample are taken, one at 4°C to react directly with the an-
tibody and the other at 37°C for a period of warming before
reacting with the antibody.*e concentration of angiotensin
I in the two samples was measured separately, and the renin
activity was obtained by dividing the concentration of an-
giotensin I in the 37°C sample by the concentration of
angiotensin I in the 4°C sample by the incubation time. *e
sensitivity of standing ALD and ARR for the diagnosis of PA
is slightly poorer, but the specificity is better, while the
sensitivity of prone ALD and ARR for the diagnosis of PA is
better, but the specificity is slightly poorer (Figure 6).

Finally, other confirmatory tests must be performed after
the screening test to reduce the false positive rate. *e true
screening status is determined by the gold standard, which is
a test that is completely different from the test being eval-
uated and whose results are recognized by all. Patients whose
true status is higher than the initial screening cut point are
further tested with a confirmatory test (intravenous saline
test, or CCT, or fludrocortisone suppression test). Patients
with a positive confirmatory test underwent enhanced CTof
the adrenal glands and, in some cases, bilateral adrenal
venous blood sampling. During this period, drugs with a low
effect on this ratio, such as hydrazidiazide, prazosin, and
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Figure 4: ROC curve of a diagnostic test for protoaldehyde and its
subtypes.
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verapamil extended-release agents, could be used as needed
to control hypertension symptoms. *e overall sensitivity,
specificity, area under the curve, and diagnostic test ad-
vantage ratio were found to be 0.87 (95% CI 0.84–0.93), 0.93
(95% CI 0.95–0.98), 0.94, and 371.13, respectively, but
heterogeneity was evident.

4.2. Statistical Analysis of Diagnostic Reliability. *e purpose
of diagnostic tests is to explore easy, quick, and cost-effective
methods for early diagnosis, but their diagnostic value can be
influenced by various factors, such as disease spectrum, gold
standard, and outcome evaluators. *e results of different
studies suggest that the diagnostic efficacy of ADRR in PA
screening is highly variable; there is also controversy over the
need to discontinue medication in patients taking hypo-
tensive drugs when measuring ADRR values. *e clinical
threshold for screening is generally set at 30, and a diagnosis
of prodromalgia is confirmed if the patient’s ARR is greater

than 50. *erefore, it is necessary to analyze the data on the
diagnostic efficacy of ADRR in PA to clarify the role of
ADRR in proaldosterone screening.*e septal thickness and
left ventricular weight index of PA patients were higher than
those of EH patients, with statistically significant differences,
and there was a positive correlation between standing and
lying ALD levels and septal thickness (see Figure 7).

First, threshold effects were assessed using Spearman’s
correlation coefficient, using I2 values to assess heteroge-
neity between included studies ranging from 0% to 90%,
with 0% indicating no heterogeneity and more than 40%
indicating significant heterogeneity of included studies.
Renin and aldosterone levels were influenced by a variety of
conditions that were not uniformly controlled for in the
study, including the use of antihypertensive medications,
blood sample collection from outpatients or inpatients,
timing of blood collection, body position during the trial,
sodium and potassium intake, and menstrual cycle. Any new
diagnostic technique or new diagnostic method formally
applied in clinical practice needs to be evaluated for
methodological quality and clinical applicability using sci-
entific, standardized, and rigorous methods. A random-ef-
fects model was used when significant heterogeneity
between studies was considered at p< 0.06. Deek’s funnel
plot was used for diagnostic tests to determine whether there
was significant publication bias. Diagnostic accuracy was
improved, thus guiding physicians to take correct and
reasonable decisions for patients during clinical treatment.
Patients had higher SUSPUP as well as SUSPPUP compared
with patients with primary hypertension, with statistically
significant differences, and the ROC curves of each index in
PA screening are shown in Figure 8.

Second, the efficacy of PA screening for ADRR was
assessed using the combined total sensitivity and total
specificity, expressed as an 85% confidence interval. A
dramatic increase in fluid volume can suppress blood al-
dosterone secretion to a large extent, while antihypertensive
drugs have little effect on the results of this test.*e design of
the diagnostic test is unique, and its internal and external
validity is susceptible to numerous factors.

*e aldosterone levels were significantly higher in PA
patients than in patients with essential hypertension, and the
differences in blood and urine electrolytes were statistically
significant. *e blood potassium levels were lower in PA
patients than in those with essential hypertension, while the
blood sodium, urine sodium, and urine potassium levels
were higher in PA patients than in those with essential
hypertension.*e comparison of the area under the curve of
each index as well as the optimal cut point and sensitivity
and specificity of each index are shown in Tables 1 and 2.

*e diagnostic advantage ratio is the ratio of the positive
likelihood ratio to the negative likelihood ratio and is the
best indicator to evaluate the efficacy of a diagnostic test. In
studies containing multiple PA subtypes, a higher APA ratio
will result in a higher specificity and a lower sensitivity of the
diagnostic cut point. Flawed trial design, inappropriate
subject selection, poor trial execution, inappropriate data
analysis, and poor interpretation of study results may lead to
misestimation of trial accuracy, resulting in premature
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application of immature diagnostic tests to clinical practice
with harmful clinical consequences.

Finally, forest plots were used to indicate the sensitivity
and specificity of all included studies. *e mechanism could
be the low level of aldosterone secretion and the weak
autocrine capacity in patients with normal blood potassium.
When post-saline PAC and post-cato PAC were used to
confirm the diagnosis of prodromal, respectively, there was a
similar area under the subject working curve between SSST

and CCT, 0.89 and 0.78, respectively, with no significant
difference in the area under the curve between the two
(p � 0.546). Data analysis was used in the significant variable
regression analysis to establish the scoring system predicting
prodromal. *e row variables of the column table reflect the
true classification status of the patients, that is, the gold
standard test results; while the column variables are the
diagnostic results of the evaluated tests, noted as positive
versus negative.

5. Conclusions

With the intensive study of PA, it is now believed that PA is a
common cause of secondary hypertension, and its preva-
lence is about 6%–15% of hypertensive patients. Compared
with typical UPA patients, patients with CT-negative uni-
lateral PA have milder clinical symptoms, and an increased
number of APCC is an important pathological feature. *e
diagnosis of PA is a complex process, especially in patients
with mild clinical symptoms and no hypokalemia, and the
diagnosis needs to be made by combining the results of
multiple tests and comprehensive analysis to guide treat-
ment. *erefore, this study proposes a data analysis-based
reliability analysis of functional diagnostic tests for PA,
incorporating proaldosterone cases, using data analysis to
obtain eigenfunction coefficients, exploring new methods
for proaldosterone screening and diagnosis, and conducting
an in-depth study on the diagnostic reliability of medical
mathematization. *e combined use of data analysis would
improve the reliability of test results, and data analysis-based
reliability analysis of PA functional diagnostic tests is a more
feasible option because it is safer and easier to implement. In
conclusion, this study is a guideline for the screening of PA
and provides a viable basis for the clinical development of
plasma renin concentration screening for the disease.

Data Availability

*e dataset can be accessed upon request.

Conflicts of Interest

*e authors declare no conflicts of interest.

References

[1] H. Annie, A. Sumaiya, G. Ankur et al., “Performance of the
aldosterone to renin ratio as a screening test for primary
aldosteronism,” Journal of Clinical Endocrinology & Meta-
bolism, vol. 106, no. 8, pp. 2423–2435, 2021.

[2] R. Rusev, J. Matrozova, V. Vasilev, A. Elenkova, K. Kalinov,
and S. Zacharieva, “Evaluation of a new diagnostic test for
primary aldosteronism,” Journal of Hypertension, vol. 39,
no. Supplement 1, pp. e220–e221, 2021.

[3] N. Danforth, M. M. Orlando, F. C. Bartter, and N. Javadpour,
“Renal changes in primary aldosteronism,” -e Journal of
Urology, vol. 117, no. 2, pp. 140–144, 2019.

[4] K. Yamashita, M. Yatabe, Y. Seki et al., “Comparison of the
shortened and standard saline infusion tests for primary al-
dosteronism diagnostics,” Hypertension Research, vol. 43,
no. 10, pp. 1113–1121, 2020.

Table 1: Comparison of the area under the curve of each index.

Index ARR Blood sodium/potassium SUSPUP SUSPPUP
AUC 0.876 0.782 0.694 0.578
SE 0.03 0.02 0.02 0.04
p value <0.01 <0.01 <0.01 <0.01

Table 2: *e best cutoff point, sensitivity, and specificity of each
index.

ARR SP SPP
Optimum tangent point 29.68 46.26 15.36
Sensibility 1.04 0.87 0.68
Specificity 0.897 0.765 0.695

0

20

40

60

80

100

120

10 20 30 40 50 60 70 80 90 100

Le
ft 

ve
nt

ric
ul

ar
 m

as
s i

nd
ex

Standing ADL

PA
EH

Figure 7: Comparison of ventricular septal thickness between PA
and EH.

0

20

40

60

80

100

120

140

0 10 20 30 40 50 60 70 80 90 100 110

Se
ns

iti
vi

ty

Specificity

SUSPUP
SUSPPUP

Figure 8: ROC curve of each index in PA screening.

8 Computational Intelligence and Neuroscience



[5] D. Ahmet, E. Henk, E. Ali et al., “Hypertension with primary
aldosteronism is associated with increased carotid intima-
media thickness and endothelial dysfunction,” Journal of
Clinical Hypertension, vol. 21, no. 7, pp. 932–941, 2021.

[6] G. P. Rossi, “Primary aldosteronism,” Journal of the American
College of Cardiology, vol. 74, no. 22, pp. 2799–2811, 2019.

[7] K. Azama,M. Okada, A. Yogi et al., “Adrenal venous sampling
in patients with primary aldosteronism: which is the best
evaluation method for laterality assessments?” Open Journal
of Radiology, vol. 07, no. 04, pp. 219–227, 2017.

[8] S. H. Chen, P. Y. Luo, and Y. R. Yu, “*e diagnostic value of
captopril challenge test for primary aldosteronism,” Sichuan
da xue xue bao. Yi xue ban, vol. 52, no. 1, pp. 134–141, 2021.

[9] Y. M. Li, W. Wang, Q. R. Li et al., “Diagnostic efficiency of
different screening indexes for primary aldosteronism,”
Medical science edition, vol. 51, no. 3, pp. 278–286, 2020.

[10] M. Adilijiang, Q. Luo, M. Wang et al., “Minor change of
plasma renin activity during the saline infusion test provide an
auxiliary diagnostic value for primary aldosteronism,” In-
ternational Journal of Endocrinology, vol. 2021, no. 58, 9 pages,
Article ID 5757305, 2021.

[11] T. Dekkers, A. Prejbisz, L. Schultze Kool et al., “Adrenal vein
sampling vs. CT scan to determine treatment in primary
aldosteronism: an outcome-based randomised diagnostic
trial,” European Urology Supplements, vol. 16, no. 3,
pp. e547–e548, 2017.

[12] H. Shen, Z. X. Xu, and Q. F. Li, “New advances in the di-
agnosis of primary aldosteronism,” Chronic Diseases and
Translational Medicine, vol. 6, no. 1, p. 1, 2020.

[13] J. Xu, Y. Yang, Y. Ling et al., “*e association between eGFR
and the aldosterone-to-renin ratio and its effect on screening
for primary aldosteronism,” International Journal of Endo-
crinology, vol. 2020, no. 5-6, 7 pages, Article ID 2639813, 2020.

[14] Z. Xu, J. Yang, J. Hu et al., “Primary aldosteronism in patients
in China with recently detected hypertension,” Journal of the
American College of Cardiology, vol. 75, no. 16, pp. 1913–1922,
2020.

[15] M. Namba, K. Kikuchi, H. Komura et al., “Study on uric acid
metabolism in patients with primary aldosteronism,” Folia
Endocrinologica Japonica, vol. 68, no. 1, pp. 51–61, 2019.

[16] J. Rege, A. F. Turcu, and W. E. Rainey, “Primary aldoste-
ronism diagnostics: KCNJ5 mutations and hybrid steroid
synthesis in aldosterone-producing adenomas,” Gland Sur-
gery, vol. 9, no. 1, pp. 3–13, 2020.

[17] F. Holler, D. A. Heinrich, C. Adolf et al., “Steroid profiling and
immunohistochemistry for subtyping and outcome predic-
tion in primary aldosteronism—a review,” Current Hyper-
tension Reports, vol. 21, no. 10, pp. 1–15, 2019.

[18] C. T. Fuss, K. Brohm, M. Kurlbaum et al., “Confirmatory
testing of primary aldosteronism with saline infusion test and
LC-MS/MS,” European Journal of Endocrinology, vol. 184,
no. 1, pp. 167–178, 2021.

[19] Y. Zhang, J. Tan, Q. Yang et al., “Primary aldosteronism
concurrent with subclinical Cushing’s syndrome: a case report
and review of the literature,” Journal of Medical Case Reports,
vol. 14, no. 1, p. 32, 2020.

[20] E. M. Freel and J. M. Connell, “Primary aldosteronism: an
update,” Hypertension, vol. 69, no. 5, pp. 780-781, 2017.

[21] S. Gruber and F. Beuschlein, “Hypokalemia and the preva-
lence of primary aldosteronism,” Hormone and Metabolic
Research, vol. 52, no. 06, pp. 347–356, 2020.

[22] M. Kersten, K. Hancke, W. Janni, and K. Kraft, “Pregnancy
induced Cushing’s syndrome and primary aldosteronism: a

case report,” BMC Pregnancy and Childbirth, vol. 20, no. 1,
p. 421, 2020.

[23] B. Pitt and J. B. Byrd, “Primary aldosteronism: new insights
into its detection and cardiac involvement - ScienceDirect,”
Journal of the American College of Cardiology: Cardiovascular
Imaging, vol. 13, no. 10, pp. 2160-2161, 2020.

[24] J. W. . Funder, “Primary aldosteronism,” Hypertension,
vol. 74, no. 3, pp. 458–466, 2019.

[25] C. T. Pan, C. S. Hung, and S. H. Sung, “[Abstract of a thesis]
Evaluation of vascular dysfunction in primary aldosteronism
using wave reflection analysis,” Straits Journal of Circulation
Medicine, vol. 1, no. 2S, pp. 170–172, 2019.

[26] A. Khler, A. L. Sarkis, D. A. Heinrich et al., “Renin, a marker
for left ventricular hypertrophy, in primary aldosteronism: a
cohort study,” European Journal of Endocrinology, vol. 185,
no. 5, pp. 663–672, 2021.

[27] W.Wang, Y. Li, Q. Li et al., “Developing a research database of
primary aldosteronism: rationale and baseline characteris-
tics,” BMC Endocrine Disorders, vol. 21, no. 1, p. 137, 2021.

[28] M. Stowasser, A. Ahmed, Z. Guo et al., “Can screening and
confirmatory testing in the management of patients with
primary aldosteronism be improved?” Hormone and Meta-
bolic Research, vol. 49, no. 12, pp. 915–921, 2017.

[29] M. Vivien, E. Deberles, R. Morello, A. Haddouche, D. Guenet,
and Y. Reznik, “Evaluation of biochemical conditions
allowing bypass of confirmatory testing in the workup of
primary aldosteronism: a retrospective study in a French
hypertensive population,” Hormone and Metabolic Research,
vol. 51, no. 03, pp. 172–177, 2019.

[30] K. Wang, J. Hu, J. Yang et al., “Development and validation of
criteria for sparing confirmatory tests in diagnosing primary
aldosteronism,” Journal of Clinical Endocrinology & Meta-
bolism, vol. 105, no. 7, Article ID dgaa282, 2020.

[31] B. Liu, J. Hu, Y. Song et al., “Seated saline suppression test is
comparable with captopril challenge test for the diagnosis of
primary aldosteronism: a prospective study,” Endocrine
Practice, vol. 27, no. 4, pp. 326–333, 2020.

Computational Intelligence and Neuroscience 9


