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Background: Primary aldosteronism (PA) refers to a spontaneous increase in adrenal aldosterone secretion, 
and is considered the main cause of secondary hypertension. The main aldosterone screening methods 
include plasma aldosterone-to-renin ratio (ARR) and plasma aldosterone/direct renin concentration ratio 
(ADRR). The ARR method has many limitations such as complex operation, several influencing factors, and 
difficulty in standardization. Relatively speaking, ADRR has gradually attracted attention due to its simple 
operation, stable results, and easy standardization. However, different research results have suggested that 
the diagnostic efficacy of ADRR in the screening of primary aldosteronism varies greatly. Meta-analysis may 
be a way to provide evidence-based medicine. Therefore, it is necessary to conduct a meta-analysis of the 
diagnostic efficacy of ADRR in primary aldosteronism to clarify the role of ADRR in the screening of PA.
Methods: The words “primary aldosteronism”, “primary hyperaldosteronism”, “aldosterone”, “renin 
concentration”, “hypertension” and “screening test” were used as search terms. Literature searches were 
conducted in the databases of PubMed, Embase, Cochrane Library, and China National Knowledge 
Infrastructure (CNKI), Wanfang, and Weipu. According to the PICOS principles studies exploring 
the effectiveness of ADRR in screening for PA were included in the analysis. The research data were 
independently extracted and analyzed by 2 researchers. Quality assessment of diagnostic accuracy studies 
(QUADAS-2) was used to analyze the risk bias of the included studies.
Results: The results showed that 10 studies met the inclusion criteria, with a total of 2,806 subjects. The 
meta-analysis found that the overall sensitivity and specificity were 0.87 [95% confidence interval (CI): 
0.85–0.89], 0.85 (95% CI: 0.83–0.86), respectively. The area under the curve (AUC) of the summary receiver 
operating characteristic (SROC) curve was 0.9333. The pooled positive likelihood ratio (PLR), pooled 
negative likelihood ratio (NLR), and pooled diagnostic odds ratio (DOR) were 5.84 (3.67–9.30), 0.16 (0.12–
0.22), and 39.82 (22.84–69.44), respectively.
Discussion: This study confirmed that ADRR screening for PA has good sensitivity and specificity. 
Therefore, ADRR can be used to screen for PA. But the risk and problematic control should be considered.
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Introduction

Primary aldosteronism (PA) is a group of clinical syndromes 
caused by excessive secretion of aldosterone by the adrenal 
cortex. The main clinical manifestations are episodic 
weakness, increased blood pressure, and hypokalemia. 
Aldosterone-induced water and sodium retention is the 
direct cause of secondary hypertension. According to 
published reports, more than 10% of hypertensive patients 
are caused by PA (1,2), the prevalence of PA is very 
high, at least 4% among newly diagnosed hypertensive 
patients in China (3). Excessive aldosterone can target 
and damage vital organs in the body, such as the heart, 
brain and kidneys, especially by increasing the duration of 
cardiovascular disease and impairing kidney function (2,4,5). 
Hyperaldosteronism may also lead to impaired glucose 
tolerance and osteoporosis (6,7). As the global population 
ages, the World Health Organization (WHO) predicts that, 
by 2050, the global population of people aged 60 and over 
will increase substantially, possibly twice as much (8,9). 
Aging, which means more hypertensive patients, draws 
further attention to PA screening. Early screening for PA in 
young and middle-aged population is of great significance 
for delaying complications and reducing medical burden.

At the same time, the treatment of PA is different 
from the treatment of essential hypertension, so it is 
extremely important to screen for hypertension caused 
by PA. Currently, the plasma aldosterone-to-renin ratio 
(ARR) is a commonly used PA screening index, calculated 
based on plasma aldosterone concentration and renin 
activity measured by radioimmunoassay (5,10-12). But, 
the radioimmunoassay has the disadvantages of indirect 
estimation, possible influence by plasma angiotensinogen 
concentration, generation of radioactive toxic substances, and 
complicated operation. ARR is also altered by age-induced 
changes in plasma renin and aldosterone levels, which affects 
the diagnostic accuracy of screening (9,13). In recent years, 
although the clinical application of aldosterone to direct 
renin concentration ratio (ADRR) is still in progress, because 
ADRR has the advantages of good repeatability, simple 
operation, and stable results, the accuracy of screening for 
PA is higher. Scholars have proposed using ADRR to replace 
radioimmunoassay and ARR as a screening test for PA, which 
has attracted much attention (14-16).

However, the diagnostic efficiency of ADRR varies 
among studies and there is  no general  consensus 
(9,12,15,17,18). The detection method of direct renin 
concentration is constantly improving. Meta-analysis can 

summarize existing study and discover ADRR and PA 
correlations. Therefore, we conducted a meta-analysis 
of relevant clinical studies in recent years to evaluate 
the accuracy of ADRR in PA screening and provide 
more references for clinical application. We present the 
following article in accordance with the PRISMA reporting 
checklist (available at https://atm.amegroups.com/article/
view/10.21037/atm-22-2272/rc).

Methods

Search strategy

The English electronic databases of PubMed, Embase, 
and Cochrane Library, and the Chinese electronic 
databases China National Knowledge Infrastructure 
(CNKI), Wanfang, and Weipu libraries were screened. 
“Primary aldosteronism”, “primary hyperaldosteronism”, 
“aldosterone”, “renin concentration”, “hypertension”, 
and “screening test” were used as the keywords to search 
the database as mentioned above. The search was limited 
to English and Chinese publications involving human 
participants. Articles included were drawn from the 
aforementioned electronic databases from January 2014 
to August 2021, and the related bibliography of published 
articles was screened for relevant additional articles.

Inclusion criteria

When the retrieved article met the following conditions, it was 
included in this study: (I) according to the PICOS principles, 
the research objects are healthy people, patients with 
hypertension, and PA patients; (II) intervention measures are 
the guideline-recommended 4 confirmatory tests include four, 
the first being an oral sodium loading test, the second a saline 
infusion test, the third a fludrocortisone suppression test, and 
a final captopril challenge test, the study was conducted with 
at least one of these 4 tests, or a histopathological diagnosis 
of PA; (III) a study on the diagnostic accuracy comparison 
of ADRR in PA screening can be constructed with a specific 
cut-off value research; (IV) full-text publication available; (V) 
article outcome data could be completely extracted, and the 
research type is random control research.

Paper screening and data extraction

Abstracts were independently evaluated by 2 review authors 
according to pre-specified inclusion criteria. When there 

https://atm.amegroups.com/article/view/10.21037/atm-22-2272/rc
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is disagreement about the article, a third review author was 
invited to arbitrate. Data extraction was also performed 
independently for all selected research articles by these 2 
review authors. The extracted data included the first author, 
country of origin, year of publication, sample size, gender, 
original cut-off value of positive results, antihypertensive 
drug status, the patient’s physiology at the time of blood 
collection, the concentration of potassium in the blood, 
and true positives, true negatives, false positives, and false 
negatives analyzed. If there is a disagreement during the 
data extraction process, resolve the disagreement through 
discussion until a consensus is reached. If the required data 
was not clear or not provided in the full text, we contacted 
the author to obtain more data or information; if the 
relevant data was not available, the article was eliminated.

Quality assessment

The quality of the articles included in this meta-analysis 
was assessed according to the Diagnostic Accuracy Study 
2 (QUADAS-2) criteria, and the research methods 
in each included article were assessed for quality, as 
recommended by the Cochrane Collaboration. Simply put, 
the QUADAS-2 standard consists of 4 key areas: patient 
selection, index testing, reference standards, and the flow 
and time of samples/patients in the study. The evaluation 
results of the above indicators are divided into three levels, 
namely, good “low risk”, poor “high risk” or “unclear”.

Statistical analysis

Spearman’s correlation coefficient was used to evaluate 
the threshold effect. In addition, in order to assess the 
heterogeneity between studies, I2 was used for impact 
analysis. An I2 of 0% indicates unobserved heterogeneity. 
An I2 over 50% may represent significant heterogeneity. In 
this study, the random effects model was used when I2 was 
greater than 30%, otherwise the fixed effects model was 
used. The aggregate sensitivity and specificity estimated 
cut-off points with a 95% confidence interval (CI) were 
calculated for PA screening. The forest plot was used to 
show the sensitivity and specificity of the indicators in this 
study. For the accuracy of each result, a summary receiver 
operating characteristic (SROC) curve and respective area 
under the curve (AUC) were constructed for analysis. When 
the critical P value is set to 0.05, when it is greater than 
0.05, it is considered that the difference is not statistically 
significant, otherwise it is significant.

Results

Search results and study characteristics

After searching the electronic database, 794 articles were 
obtained. After understanding the research content of the 
articles through the title and abstract, 157 articles were 
considered eligible for full-text evaluation. The reasons for 
the exclusion of the other articles were as follows: (I) the 
article could not provide a specific cut-off value (n=47); (II) 
the article did not describe which confirmatory test was 
used to diagnose PA (n=38); (III) the study subject took 
captopril (n=62), as shown in Figure 1.

Among the 10 included studies (9,12,15,17-23) there 
were 2,806 participants, with 10 articles published between 
2014 and 2021. The sample size included in a single study 
ranged from 75 to 542 cases, 2 of which was in Chinese 
and 8 in English. PA patients were included in the study 
arm in each study, and one study included the PA subtype, 
aldosterone adenoma (APA), as the study arm, and 
normotensive or essential hypertension (EH) patients as the 
control arm. The relevant features are shown in Table 1. 

Risk of bias and applicability judgments

Among the risk of bias, all articles had a low risk of bias 
when selecting patients. As for the index test, 3 studies 
had high risk because they did not pre-specify the cut-off 
value of ADRR, and the remaining 7 studies were low risk. 
None of the studies on reference standards showed high 
risks. All studies on flow and time were also low risk. In 
the applicability assessment, no high risk of bias was found 
in the results of related indicators. The result of the risk 
assessment is shown in Figure 2.

Overall analyses

Meta regression analysis showed that the pooled sensitivity 
of aldosterone/direct renin concentration ratio for screening 
PA was 0.87 (95% CI: 0.85–0.89) (Figure 3), and the pooled 
specificity was 0.85 (95% CI: 0.83–0.86) (Figure 4). In 
addition, the sensitivity and specificity I2 were 62.1% and 
96.6%, respectively. The SROC showed high accuracy 
[summary (S)AUC =0.9333] (Figure 5), the closer the AUC 
of SROC was to 1.0, the more authentic the detection 
method was.

The positive likelihood ratio (PLR) is the multiple 
that a correct diagnosis of a disease is a wrong diagnosis 
of a disease in a diagnostic experiment. Therefore, the 
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Records excluded (low quality) 
(n=326)

Reports not retrieved 
(n=58)

Studies included in review 
(n=10)

Reports of included studies 
(n=10)

Reports excluded:
• Cannot provide cut-off value (n=47)
• Does not described which confirmatory 

test was used (n=38)
• Subject used the post-captopril (n=62)

Records screened 
(n=541)

Reports sought for retrieval 
(n=215)
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• Duplicate records removed (n=253)
• Records marked as ineligible by 
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Figure 1 Flow diagram of the search, screening, and inclusion process.

Table 1 Basic characteristics of the study articles

Author Country Year Journal Sample size Cut-off (original test) Cut-off (ng/dL)/(mU/L)

Ma et al. (9) China 2018 Int J Endocrinol 485 3.7 (ng/dL)/(μIU/mL) 3.7

Gan et al. (12) China 2019 J Hum Hypertens 442 28.3 (pg/mL)/(pg/mL) 6.2

Lonati et al. (15) Italy 2014 J Hypertens 88 3.7 (ng/dL/mU/L) 3.7

Li et al. (17) China 2019 Int J Hypertens 450 2.93 (ng/dL)/(mU/L) 2.9

Qin et al. (18) China 2020 Chin J Hypertens 183 4.4 (ng/dL)/(mU/L) 4.4

Teruyama et al. (19) Japan 2022 J Hum Hypertens 75 1.31 (ng/dL)/(pg/mL) 2.9

Morimoto et al. (20) Japan 2017 Hypertension 125 6.0 (ng/dL)/(pg/mL) 13.2

Jansen et al. (21) Groningen 2014 J Hypertens 178 91 (pmol/L)/(mU/L) 3.3

Ma et al. (22) China 2020 Natl Med J China 542 7.8 (ng/L)/(mU/L) 7.8

Lin et al. (23) China 2020 Int J Hypertens 238 28 (pg/mL)/(pg/mL) 6.2

Conversion factors: aldosterone concentration, 1 ng/dL =27.7 pmol/L; renin concentration, 1 mU/L =2.2 pg/mL.
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Figure 2 Literature quality evaluation details.

Figure 3 Sensitivity of studies: forest plot of sensitivities of ten studies; statistical method: inverse variance of the random effects model. CI, 
confidence interval.
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greater the ratio of the PLR, the higher the accuracy of the 
diagnosis. In this study, the pooled PLR of ADRR in the 
diagnosis of PA was 5.84 (3.67–9.30), indicating that ADRR 
is more reliable as a PA screening test, as shown in Figure 6.

Negative Likelihood ratio (NLR) is a multiple of the 
probability of wrongly diagnosing a negative disease, and 
it can also be understood as a multiple of the negative 
probability of correctly diagnosing a disease, and is an 
important reference for analysis. Therefore, the smaller 
the NLR, the higher the accuracy of the diagnostic test. 

The pooled NLR in this study was 0.16 (0.12–0.22), which 
indicates that the ADRR screening experiment was more 
accurate for PA screening, as shown in Figure 7.

The diagnostic odds ratio (DOR) is also an important 
analytical reference, representing how closely the results 
of a diagnostic test are related to the disease being 
diagnosed. The larger the value, the greater the ability of 
the corresponding disease to be diagnosed. In this study, 
the results of the analysis showed that the combined DOR 
was 39.82 (22.84–69.44). It can be considered that the 
authenticity of the ADRR screening and diagnosis of PA is 
strong, as shown in Figure 8.

Risk of bias

Among the available articles’ risk of bias, all articles had 
a lower risk of bias when selecting patients. A total of 3 
studies had a unclear risk of index test because they did 
not prespecify the critical value of ADRR (12,19,20), 
and the index test of the remaining 7 studies was low risk 
(9,15,17,18,21-23). All research reference standards, flow, 
and time were low risk. None of the applicability bias 
indicators of all studies found a high risk of bias, as shown 
in Figure 9.

Discussion

Endocrine hypertension is commonly caused by PA. It is 
mainly due to adrenal cortex lesions that lead to a large 
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Figure 4 Specificity of studies: forest plot of specificities of ten studies; statistical method: inverse variance of the random effects model. CI, 
confidence interval.
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amount of aldosterone secretion. Too much aldosterone can 
lead to water and sodium retention in the body, increased 
intravascular blood volume, and so on, which can lead 
to high blood pressure (4,14), with or without clinical 
manifestations such as hypokalemia. It has been shown by 
recent study that increased aldosterone can also lead to 
impaired glucose tolerance and changes in homeostasis of 
plasma Mg2+, Ca2+ and Cl− (24). International researchers 
such as Vaidya have reported that due to the autogenous 
excessive secretion of aldosterone caused by PA, its main 
role is to preserve sodium and excrete potassium, activate 
mineralocorticoid receptor (MR), and activate MR in 

the distal nephrons of the kidney (25). Induces a series of 
reactions, and causes the reabsorption of sodium ions by 
acting on the epithelial sodium channels, causing increased 
blood volume, hypertension, and inhibition of renin.

Due to its high risk of cerebrocardiovascular and 
renal diseases, with the use of ARR for its screening, the 
detection rate of PA has increased significantly compared 
with before, which has attracted widespread attention 
(25-28). Therefore, it is extremely important to screen 
hypertensive patients with primary aldosteronism at an 
early stage, which can reduce the risk of cardiovascular, 
kidney, or other important organ damage (15,27). However, 
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Figure 6 Forest plot of positive LR. Comparison of positive likelihood ratio between the patient group and the control group. Statistical 
method: inverse variance of the random effects model (LR and 95% CI). LR, likelihood ratio; CI, confidence interval.
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Figure 7 Forest plot of negative likelihood ratio. Comparison of negative likelihood ratio between the patient group and the control group. 
Statistical method: inverse variance of the random effects model (LR and 95% CI). LR, likelihood ratio; CI, confidence interval.
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as a sensitive indicator for screening PA, the guidelines do 
not have uniform ARR diagnostic thresholds and screening 
strategies. Although standing ADRR is the most important 
indicator for PA screening, it should be combined with 
the measurement results of renin and aldosterone (29). 
Plasma aldosterone levels may not be significantly elevated 
in patients with IHA, and medications may affect renin 
levels. Focusing only on ADRR may lead to misjudgment of 
results.

ADRR is used to screen for PA, and reports have 
historically varied in terms of accuracy. Therefore, we 
conducted this meta-analysis to assess its accuracy and 
provide reference. The meta-analysis showed that for PA 
screening, the sensitivity and specificity of ADRR were 
0.87 (95% CI: 0.85–0.89) and 0.85 (95% CI: 0.83–0.86), 
respectively. At the same time, the analysis results confirmed 
that ADRR screening PA has a higher PLR and a lower 
NLR. The diagnostic accuracy is at least comparable to 
previous PRA-based ARR study (14). In addition, the DOR 

also showed that ADRR is an effective test. According to the 
QUADAS-2 standard, the research quality of this analysis 
was good, indicating that the summary results are of great 
reference value.

This meta-analysis had several limitations. In research, 
sensitivity and specificity are easy to understand and widely 
accepted by clinicians, so sensitivity and specificity were 
used as the main outcome indicators, plus PLR and NLR 
as outcome indicators. However, due to the lack of a gold 
standard for PA diagnosis, the included research articles 
did not have a unified standard for the cutoff value, and the 
inconsistency of the research design of each study reduced 
the authority of this study.

Conclusions

In short, the results of this meta-analysis show that ADRR 
has good sensitivity and specificity for PA screening, while 
the negative likelihood is relatively low and the positive 
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Figure 8 Forest plot of diagnostic odds ratio. Comparison of diagnostic odds ratio between the patient group and the control group. 
Statistical method: inverse variance of the random effects model (diagnostic odds ratio and 95% CI). CI, confidence interval.
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Figure 9 The intensity and distribution of the quality risk of the articles included in the study.
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likelihood is relatively high. Therefore, the determination 
of ADRR is considered to be an effective and convenient PA 
screening tool.
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