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ABSTRACT
Objectives  Primary aldosteronism (PA), the most common 
endocrine cause of hypertension, is associated with a 
higher risk of cardiovascular disease (CVD) than blood 
pressure (BP)-matched essential hypertension (EH). We 
aimed to compare the calculated risks of CVD in patients 
who had hypertension with PA or EH using CVD risk 
calculators, hypothesising that they will fail to recognise 
the increased CVD risk in PA.
Design  Cross-sectional analysis.
Setting  An endocrine hypertension service in Victoria, 
Australia.
Participants  Patients who had hypertension without CVD 
referred for the investigation of hypertension.
Outcome measures  Calculated 5-year or 10-year 
CVD risk as predicted by the National Vascular Disease 
Prevention Alliance (NVDPA) algorithm, Framingham Risk 
Score, Pooled Cohort Equations and QRISK3.
Results  Those with PA (n=128) and EH (n=133), did not 
differ significantly in their calculated CVD risks with the 
NVDPA algorithm (moderate-to-high 5-year risk 36/100 
vs 45/99, p=0.17); the Framingham Risk Score (median 
10-year risk 7.72% (4.43%–12.95%) vs 6.84% (3.85%–
10.50%), p=0.14); the Pooled Cohort Equations (median 
10-year risk 9.45% (4.36%–15.37%) vs 7.90% (2.09%–
14.73%), p=0.07); and QRISK3 (median 10-year risk 
11.31% (7.22%–20.29%) vs 12.47% (5.10%–19.93%), 
p=0.51). Similarities persisted on regression analyses 
accounting for systolic BP.
Conclusions  CVD risk algorithms do not reflect the 
increased risk of CVD in patients with PA, and likely 
underestimate the true risk of CVD among those with 
PA. Screening for PA, in addition to using the CVD 
risk algorithm in patients who had hypertension, may 
facilitate the targeted treatment of PA and minimisation of 
cardiovascular risk in affected individuals.

INTRODUCTION
Cardiovascular disease (CVD) is respon-
sible for significant morbidity and mortality 
across the global population.1 To anticipate 
and manage this risk, the risk of developing 

CVD among individuals without CVD may 
be predicted from demographic, blood 
pressure (BP) and other clinical character-
istics using various CVD risk algorithms.2–5 
However, none of these algorithms consider 
primary aldosteronism (PA), a syndrome of 
aldosterone excess (responsible for 3–13% of 
hypertension in primary care, and up to 30% 
in specialist clinics) that is associated with 
higher cardiometabolic risk than BP-matched 
essential hypertension (EH).6–8

Those with PA experience aldosterone-
mediated damage to the heart, kidneys and 
arterial walls, above and beyond hypertension-
mediated injury.9 One meta-analysis demon-
strated greater subclinical atherosclerosis in 
PA than EH,10 while another found that, at 
a median 8.8 years after diagnosis, patients 
with PA compared with patients with EH had 
a greater incidence of stroke (OR 2.58, 95% 
CI 1.93 to 3.45), coronary artery disease (OR 
1.77, 95% CI 1.10 to 2.83), atrial fibrillation 
(OR 3.52, 95% CI 2.06 to 5.99), heart failure 
(OR 2.05, 95% CI 1.11 to 3.78), diabetes 
(OR 1.33, 95% CI 1.01 to 1.74), metabolic 
syndrome (OR 1.53, 95% CI 1.22 to 1.91) 
and left ventricular hypertrophy (OR 2.29, 
95% CI 1.65 to 3.17).6 PA has also been shown 
to involve greater interstitial fibrosis and 
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arteriosclerosis of renal vasculature than EH.11 Despite 
the known excess of adverse outcomes, screening for 
PA among patients with hypertension remains very low, 
such that less than 1% of people with PA are actually 
diagnosed.12

If diagnosed, PA is a highly treatable condition using 
mineralocorticoid receptor (MR) antagonists which 
specifically block aldosterone action, or, if caused by a 
unilateral adrenal adenoma, curable by laparoscopic 
adrenalectomy.13 The incidence of adverse cardiovas-
cular events among patients with PA adequately treated 
with MR antagonists may decrease to that of patients with 
EH,6 although this may depend on the degree of renin 
suppression14; and it may decrease even lower if PA is 
surgically cured.14 Although these targeted therapies are 
more effective for treating PA than empirical antihyper-
tensive medications,13 PA remains severely underdiag-
nosed.7 8 15 Hence, these individuals may have their CVD 
risk assessed using the same CVD risk algorithm as the 
general population.

CVD risk algorithms suggest treatment in accordance 
with overall CVD risk (as calculated from individual risk 
factors), with different algorithms used across different 
countries.2–5 The most widely used algorithm in Australia 
is that outlined in 2012 by the National Vascular Disease 
Prevention Alliance (NVDPA), scoring Australians as low-
risk (<10%), moderate-risk (10–15%) or high-risk (>15%) 
of developing CVD in the next 5 years.2 BP lowering 
therapy is recommended for those classified as high-risk, 
as well as those classified as low-to-moderate risk fulfilling 
additional criteria (eg, BP persistently ≥160/100 mm 
Hg).2 Other algorithms outlined in table  1 include the 
widely used Framingham Risk Score predicting the risk 
of coronary heart disease, the Pooled Cohort Equations 
predicting the risk of ‘hard’ atherosclerotic CVD, and 
QRISK3 predicting the risk of CVD—all of which predict 
an individuals’ likelihood of developing CVD in the next 
10 years.3–5 Two-thirds of Australian general practitioners 
use at least one CVD risk algorithm,16 with evidence 
indicating that the results of these algorithms signifi-
cantly influence clinical decision-making (eg, providing 
a greater level of care to those with increased calculated 
CVD risk).17

However, the accuracy of these algorithms for 
predicting CVD risk among patients with PA, who often 
lack typical cardiovascular risk characteristics,9 has only 
been explored in one previous study.18 Using the Fram-
ingham Risk Score, Lin et al,18 a retrospective cohort study 
of 461 patients with PA and 553 patients with EH, found 
only a small although statistically significant difference 
in 10-year CVD risk in those with PA versus EH (mean 
12.8% vs 10.9%).18 Notably, the actual rate of cardiovas-
cular events over 10 years in patients with PA was much 
higher at 20.6%, suggesting CVD risk algorithms may 
be systematically underestimating cardiovascular risk in 
patients with PA.18

To further explore the potential gap between calcu-
lated and real risk of CVD in patients with PA, we aimed 

to compare calculated CVD risk (using the NVDPA algo-
rithm; the Framingham Risk Score; the Pooled Cohort 
Equations; and QRISK3) in patients with PA and EH, 
hypothesising similar risk predictions despite the known 
disparity in actual cardiovascular outcomes.

METHODS
Design and participants
We conducted a cross-sectional study of patients who had 
hypertension referred for the investigation of suspected 
secondary causes of hypertension at an outpatient endo-
crine hypertension service in Victoria, Australia. To eval-
uate for PA, a screening test for aldosterone and renin was 
performed twice. If positive, as defined by an aldosterone 
to renin ratio >70 (pmol/L)/(mU/L), saline suppres-
sion testing was performed. Following the infusion of 2 L 
saline over 4 hours, PA was confirmed if plasma aldoste-
rone remained >140 pmol/L (recumbent position) or 
>170 pmol/L (seated position) where aldosterone was 
measured using immunoassay. Once PA was confirmed, 
adrenal CT and adrenal vein sampling were conducted to 
subtype the condition as bilateral or unilateral. If further 
testing was not possible, a small minority of patients with 
abnormal aldosterone and renin results were diagnosed 
with PA on strong clinical suspicion.

CVD risk factors from the first appointment for all 
patients were extracted in June 2021. Patients were 
excluded from this study if PA could not be confirmed 
or excluded; if other endocrine causes of hyperten-
sion (comprising <1% of patients) were present; or if 
pre-existing CVD (myocardial infarction or stroke) was 
present during the patient’s first consultation. Patients 
included in the study attended their first appointment 
between 21 July 2016 and 11 June 2020.

Patient and public involvement
Given the retrospective methodology, patients and the 
public were not involved in this study.

Data collection
All data were retrospectively collected from electronic 
medical records. For systolic BPs (SBPs) and diastolic 
BPs (DBPs), the mean of two supine BP measurements 
(Omron automated BP Monitor, HEM-7156) taken 
during the first appointment was taken as their repre-
sentative BP. In a small number of patients, only one BP 
measurement was recorded (in which case that measure-
ment was used) or none recorded (in which case a BP 
measurement documented in the patient’s referral letter 
was used). Patients’ ethnicities were classified as per the 
categories used in QRISK3.5 19

Statistical analysis
Analyses were performed using R V.4.1.2 for Windows 
with tidyverse packages. Descriptive statistics of all 
patients, patients with PA, and patients with EH were 
summarised using frequencies (with percentages) for 



3Solanki P, et al. BMJ Open 2022;12:e062406. doi:10.1136/bmjopen-2022-062406

Open access

categorical variables; mean (with SD) for continuous/
interval data, or median (with 25th and 75th percentiles 
(IQR)) if skewness was present. Normality for each vari-
able was assessed using the Shapiro-Wilk test (with p<0.05 
indicating non-normality).

Categorical data were compared between groups using 
χ2 tests and two-tailed Fisher’s exact tests (when there 
were expected cell frequencies <5). Continuous data were 
compared between groups using t-tests (for normally-
distributed continuous variables), Mann-Whitney U tests 
(for skewed continuous variables), and Tobit regression 

Table 1  Commonly used cardiovascular disease risk algorithms

Country/s 
of use

Validated 
population Predictor variables Outcome predicted*

Result for 
individual

NVDPA algorithm2 

20
Australia ≥45 years old 

without existing 
CVD

Age, sex, systolic blood pressure, 
smoking status (current or quit within 
the last year), total cholesterol, HDL 
cholesterol, presence of diabetes 
(diagnosed via fasting plasma glucose 
or HbA1c), presence of LVH on 
echocardiography.†

5-year risk of coronary 
heart disease, 
stroke or other 
vascular disease 
(including peripheral 
arterial disease and 
renovascular disease).

Categorised 
as low (<10%), 
moderate 
(10–15%) or high 
(>15%) risk

Framingham Risk 
Score3

Various 30–74 years old 
without existing 
CVD

Age, sex, total cholesterol, HDL 
cholesterol, LDL cholesterol, systolic 
blood pressure, diastolic blood 
pressure, current smoker.

10-year risk of angina 
pectoris, recognised 
or unrecognised 
myocardial infarction, 
coronary insufficiency 
or coronary heart 
disease death.

Continuous risk 
score (%)

Pooled Cohort 
Equations4

USA Caucasian 
and African 
individuals 
40–79 years old 
without existing 
CVD

Age, sex, race (white or other vs African 
American), total cholesterol, HDL 
cholesterol, systolic blood pressure, on 
lipid lowering therapy, diabetes, current 
smoker.

10-year risk of ‘hard’ 
atherosclerotic CVD, 
that is, coronary 
death or fatal stroke, 
or first occurrence of 
non-fatal myocardial 
infarction or stroke.

Continuous risk 
score (%)

QRISK35 19 UK Individuals 
25–84 years old 
without existing 
CVD

Age, sex, ethnicity (assume white if 
unknown: white, Indian, Pakistani, 
Bangladeshi, Other Asian, black 
Caribbean, black African, Chinese, 
Other), postcode in the UK if known 
(optional), smoking status (non-smoker, 
ex-smoker or light/moderate/heavy 
smoker), diabetes (none, type 1 or 
type 2), angina or heart attack in a first 
degree relative <60 years old, chronic 
kidney disease (stage 3 or more), atrial 
fibrillation, migraines, rheumatoid 
arthritis, systemic lupus erythematosus, 
severe mental illness (includes 
schizophrenia, bipolar disorder 
and moderate/severe depression), 
diagnosis or treatment for erectile 
dysfunction, on any antihypertensive 
medication, on atypical antipsychotic 
medication, on regular steroid tablets, 
cholesterol/HDL ratio, systolic blood 
pressure, SD of at least two most 
recent systolic blood pressure readings, 
height, weight.

10-year risk of angina, 
myocardial infarction, 
transient ischaemic 
attack or stroke.

Continuous risk 
score (%)

*If an individual has already developed the CVD outcome/s relevant to an algorithm, they should not have their CVD risk calculated for 
that algorithm (their score will be invalid).
†Additional variables for working out who is automatically ‘high risk’: microalbuminuria, moderate or severe CKD (eGFR<45 mL/
min/1.73 m2), diagnosis of familial hypercholesterolaemia, Indigenous (Aboriginal or Torres Strait Islander) status.
CKD, chronic kidney disease; CVD, cardiovascular disease; eGFR, estimated glomerular filtration rate; HbA1c, glycated haemoglobin; 
HDL, high density lipoprotein; LDL, low density lipoprotein; LVH, left ventricular hypertrophy; NVDPA, National Vascular Disease 
Prevention Alliance.
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(for estimated glomerular filtration rate (eGFR), which 
had a maximum value of 90 mL/min/1.73 m2).

To account for variations in SBP, logistic regression 
(with NVDPA moderate-to-high risk as the outcome) 
and linear regression (for the Framingham Risk Score, 
the Pooled Cohort Equations and QRISK3) were used. 
Predictor variables in regression models were PA status 
(0=EH and 1=PA), deviation in SBP (defined as the abso-
lute deviation of the patient’s representative SBP from 
the sample’s median SBP) and the interaction between 
PA and deviation in SBP (the two predictors multiplied 
together). The threshold for statistical significance for all 
tests was p<0.05.

CVD risk calculations
All risk predictions were calculated according to the 
published algorithms, and within the sample matching 
the validated populations (as per table 1). For the NVDPA 
algorithm, patients ≥45 years old were first classified 
as high-risk if they met specific criteria as published,2 
following which continuous 5-year percentage risk 
scores, as per Anderson et al,20 were calculated for the 
remaining patients. The scores were then categorised as 
low-risk (scores <10%), moderate-risk (scores 10–15%) 
and high-risk (scores >15%).2 As recommended by the 
NVDPA guidelines, an age of 74 years was assumed for 
patients aged over 74 years; moreover, when data on left 
ventricular hypertrophy on ECG were unavailable, it was 
inputted into the NVDPA algorithm as unknown.2 20 This 
algorithm was not applied to patients under 45 years, as it 
has not been validated in this age group.2

For the Framingham Risk Score, the β-coefficient, total-
cholesterol version of the algorithm was used. For the 
Pooled Cohort Equations, coefficients differed between 
sexes and between white and African participants, as 
described in source literature.4 For QRISK3, a neutral 
Townsend deprivation score of 0 was assumed for all 
participants, since none resided in the UK. All algorithms 
were coded directly into R as per the source literature, 
with the exception of QRISK3, for which the validated R 
package ‘QRISK3’ was used.21

RESULTS
Following the exclusion of 240 patients without a clear PA 
or EH diagnosis, and 23 patients with pre-existing CVD 
(18 with PA and 5 with EH), a total of 261 individuals were 
included in this study, comprising 128 (49.0%) patients 
with PA and 133 (51.0%) patients with EH. Of those with 
PA, 37 (28.9%) had unilateral PA, 61 (47.7%) had bilat-
eral PA and 30 (23.4%) had PA of indeterminate subtype 
(17 declined further testing; 10 were awaiting tests; 2 had 
uninterpretable results; and 1 was deemed clinically inap-
propriate for further testing).

The demographic and clinical characteristics, presented 
in table 2, were similar for patients with PA and those with 
EH, with the exception that patients with PA were more 
likely to have a history of type 2 diabetes mellitus, and use 

more antihypertensive medications. As expected, patients 
with PA also had higher aldosterone, lower renin, higher 
aldosterone/renin ratio, and lower potassium levels than 
patients with EH.

Calculated CVD risk among patients with PA and EH
The NVDPA algorithm was applied to the n=199 partici-
pants aged ≥45 years old (n=100 with PA and n=99 with 
EH). Of these, n=118 (59.3%) were classified as low risk; 
n=38 (19.1%) were classified as moderate risk; and n=43 
(21.6%) were classified as high risk. The likelihood of 
being classified as moderate-to-high risk did not signifi-
cantly differ between patients with PA and EH (n=36 vs 
n=45, p=0.17). After accounting for SBP on logistic regres-
sion, a diagnosis of PA did not significantly alter the likeli-
hood of moderate-to-high risk classification (table 3).

The Framingham Risk Score was applied to the 242 
participants aged 30–74 years old (n=121 with PA and 
n=121 with EH). The median 10-year risk was 7.11% 
(IQR 4.04%–11.34%), with no statistically significant 
difference identified between patients with PA and EH 
(median 7.72% (IQR 4.43%–12.95%) vs 6.84% (IQR 
3.85%–10.50%), p=0.14).

The Pooled Cohort Equations were applied to the 
n=141 Caucasian and African participants aged 40–79 
years old (n=78 with PA and n=63 with EH). The median 
10-year risk was 8.24% (IQR 3.36%–15.04%), with no 
significant difference identified between patients with PA 
and EH (median 9.45% (IQR 4.36%–15.37%) vs 7.90% 
(IQR 2.09%–14.73%), p=0.07).

The QRISK3 algorithm was applied to the n=217 partic-
ipants aged 25–84 years old (n=120 with PA and n=97 
with EH). The median 10-year risk for CVD was 11.53% 
(6.56%–20.15%), with no significant difference identified 
between patients with PA and EH (median 11.31% (IQR 
7.22%–20.29%) vs 12.47% (IQR 5.10%–19.93), p=0.51).

After accounting for SBP on linear regression, a diag-
nosis of PA did not significantly alter the 10-year risk 
predicted by the Framingham Risk Score, the Pooled 
Cohort Equations or QRISK3 (table 4).

DISCUSSION
In this study, patients with PA and EH were found to 
have similar calculated CVD risks using the NVDPA algo-
rithm, the Framingham Risk Score, the Pooled Cohort 
Equations and QRISK3. The lack of differences in calcu-
lated CVD risk between PA and EH populations persisted 
even after accounting for differences in SBP. Given the 
widespread use of CVD risk algorithms,2–5 and the high 
prevalence of undiagnosed PA in the community,7 8 15 this 
underestimation of cardiovascular risk among patients 
with PA represents a serious public health issue.

It may not be surprising that the calculated CVD risk 
was similar between patients with PA and EH because 
they had similar mean age, smoking status, body mass 
index, SBP, DBP, cholesterol and triglycerides. However, 
the patients were not matched for these characteristics 
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and the findings reflect the actual lack of difference in 
the variables that currently determine CVD risk. None of 
the CVD risk algorithms considered a diagnosis of PA or 
levels of aldosterone, renin or aldosterone/renin ratio as 
markers of CVD risk even though they have established 
associations with cardiovascular risk.6 22 23

Our findings differed to Lin et al18 in two respects. First, 
our sample had much lower calculated CVD risks among 
both patients with PA and EH. This is attributable to our 
sample being younger, having lower BP and including 
a smaller proportion who smoke or take antihyperten-
sive medications. Taken together with lower aldosterone 

Table 2  Demographic, clinical and biochemical characteristics of overall sample, patients with PA, and patients with EH

Overall sample 
(n=261)

Patients with PA 
(n=128)

Patients with EH 
(n=133)

Comparison 
(PA vs EH)

Age, mean (SD) years 52.5 (12.8) 53.7 (11.7) 51.2 (13.8) p=0.12

Female, n (%) 148 (56.7) 67 (52.3) 81 (60.9) p=0.16

Caucasian ethnicity, n (%) 149 (66.8) 74 (57.8) 75 (56.4) p=0.82

Current smoking, n (%) 19 (7.3) 11 (8.6) 8 (6.0) p=0.42

BMI, median (IQR) kg/m² 28.7 (25.7–33.1) 28.6 (25.6–32.7) 28.9 (25.8–33.2) p=0.69

Systolic blood pressure, median (IQR) 148 (134–160) 148 (136–160) 147 (134–160) p=0.36

Diastolic blood pressure, median (IQR) 91 (84–98) 92 (85–100) 90 (82–96) p=0.09

Number of antihypertensive medications used, 
median (IQR)

1 (0–2) 2 (1–3) 1 (0–1) p<0.001

Number using any antihypertensive medication/s, 
n (%)

167 (64.0) 98 (76.6) 69 (51.9) p<0.001

Left ventricular hypertrophy on ECG, n (%) 12/75 (16) 9/54 (16.7) 3/21 (14.3) p=0.08

History of hypercholesterolaemia, n (%) 56 (21.5) 32 (25.0) 24 (18.0) p=0.17

History of type 2 diabetes mellitus, n (%) 24 (9.2) 18 (14.1) 6 (4.5) p=0.008

Family history of CAD, n (%) 12 (4.6) 6 (4.7) 6 (4.5) p=0.95

Aldosterone, median (IQR) pmol/L 411 (278–584) 524 (403–738) 329 (219–444) p<0.001

Renin, median (IQR), mIU/L 5.7 (2.7–15.6) 4.0 (2.0–5.4) 13.8 (5.4–23.3) p<0.001

Aldosterone/renin ratio, median (IQR) (pmol/L)/
(mIU/L)

87.9 (23.9–145.7) 129.1 (92.8–200.5) 24.3 (13.8–54.8) p<0.001

Potassium, median (IQR) 4.2 (3.9–4.5) 4.1 (3.7–4.3) 4.4 (4.2–4.6) p<0.001

eGFR, median (IQR) mL/min/1.73 m2 90 (79–90) 90 (79–90) 90 (80–90) p=0.34

Total cholesterol, mean (SD) 5.20 (1.04) 5.18 (0.99) 5.22 (1.08) p=0.75

HDL, median (IQR) 1.39 (1.10–1.70) 1.34 (1.10–1.70) 1.40 (1.17–1.70) p=0.49

LDL, mean (SD) 3.10 (0.87) 3.09 (0.82) 3.10 (0.92) p=0.95

Triglycerides, median (IQR) 1.30 (0.90–1.75) 1.42 (0.90–1.70) 1.30 (0.90–1.80) p=0.87

Data was missing for aldosterone and renin (one patient), and LDL and triglycerides (two patients). Percentages expressed are relative to the 
group described in the column (overall sample, patients with PA or patients with EH).
BMI, body mass index; CAD, coronary artery disease; eGFR, estimated glomerular filtration rate; EH, essential hypertension; HDL, high 
density lipoprotein; LDL, low density lipoprotein; PA, primary aldosteronism; T2DM, type 2 diabetes mellitus.

Table 3  Logistic regression for moderate-to-high risk classification with the National Vascular Disease Prevention Alliance 
algorithm

Unadjusted Adjusted

OR (95% CI) P value aOR (95% CI) P value

PA status 0.68 (0.38 to 1.19) 0.18 0.57 (0.22 to 1.46) 0.25

Absolute deviation of systolic BP from median systolic BP 1.02 (1.00 to 1.05) 0.07 1.02 (0.98 to 1.05) 0.32

Interaction term between PA status and absolute deviation of 
systolic BP from median systolic BP

– – 1.01 (0.96 to 1.06) 0.67

Model included n=199 individuals, which included 36/100 patients with PA and 45/99 patients with EH classified as moderate-to-high risk.
aOR, adjusted OR; BP, blood pressure; PA, primary aldosteronism .
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levels, the data suggest our PA cohort may have been 
diagnosed earlier in the disease process than study partic-
ipants in Lin et al.18 Second, while Lin et al18 found a 
significant difference in calculated Framingham Risk 
Scores between patients with PA and EH, we did not. This 
may be because our patients with PA and EH had similar 
clinical characteristics, whereas their patients with PA had 
significantly higher BP than those with EH. Moreover, 
our analyses adjusted for SBP, whereas Lin et al18 applied 
an unadjusted comparison only. Overall, compared with 
previous literature, our findings are likely more represen-
tative of the population of individuals with newly diag-
nosed hypertension.

With PA being severely underdiagnosed in Australia and 
worldwide,15 it is likely that patients with hypertension, 
including those with undiagnosed PA, have CVD risk esti-
mated using tools designed for the general population. 
This is despite the known excess of adverse outcomes in 
those with PA.6 15 Misclassification of risk for patients with 
PA compromises their immediate treatment and long-
term management, given that these tools strongly influ-
ence the care provided by many clinicians.16 17 Clinicians 
may decide to neither initiate BP lowering therapy, nor 
screen for secondary causes of hypertension, in patients 
with lower calculated CVD risk. Moreover, patients will 
not receive the targeted treatment necessary to mitigate 

their actual cardiovascular risk if they have unrecognised 
PA.13

Since CVD risk algorithms do not reflect the true 
risk of CVD among those with PA (who remain largely 
undiagnosed),6–8 clinicians should use these algorithms 
in combination with a detailed clinical assessment, and 
should consider screening for PA in the majority of 
newly-diagnosed patients who had hypertension. This will 
provide valuable additional information about the true 
risk of CVD in the affected patients and allow for appro-
priate personalised therapy.

This study had four key limitations. First, the retrospec-
tive design meant that prospective data on actual cardio-
vascular events could not be observed and compared with 
calculated CVD risks. Nonetheless, there is compelling 
published evidence demonstrating the higher incidence 
of cardiovascular events associated with PA.6 9 10 Second, 
the algorithms examined were heterogeneous in their 
definition of adverse outcomes, validated populations and 
time frames of prediction (table 1), making them difficult 
to compare in the absence of prospective outcome data. 
However, despite this heterogeneity, all algorithms inde-
pendently reached a similar conclusion regarding CVD 
risk between the two groups, failing to discriminate the 
higher risk associated with PA. Third, our sample was from 
a single centre and therefore smaller than the preceding 

Table 4  Linear regressions for 10-year risk (continuous %) as per the Framingham Risk Score, Pooled Cohort Equations and 
QRISK3 algorithm

Unadjusted Adjusted

β-coefficient (95% CI) P value
Adjusted β-coefficient 
(95% CI) P value

Framingham Risk Score

 � PA status 1.39 (–0.27 to 3.05) 0.10 −0.32 (–2.99 to 2.34) 0.81

 � Absolute deviation of systolic BP from median 
systolic BP

0.07 (–0.003 to 0.14) 0.06 0.01 (–0.09 to 0.11) 0.82

 � Interaction term between PA status and absolute 
deviation of systolic BP from median systolic BP

– – 0.12 (–0.02 to 0.27) 0.09

Pooled Cohort Equations

 � PA status 2.89 (–0.72 to 6.51) 0.12 3.27 (–2.62 to 9.16) 0.27

 � Absolute deviation of systolic BP from median 
systolic BP

−0.002 (–0.18 to 0.17) 0.98 0.02 (–0.22 to 0.25) 0.88

 � Interaction term between PA status and absolute 
deviation of systolic BP from median systolic BP

– – −0.03 (–0.38 to 0.32) 0.87

QRISK3

 � PA status 0.48 (–2.44 to 3.39) 0.75 −2.57 (–7.24 to 2.09) 0.28

 � Absolute deviation of systolic BP from median 
systolic BP

0.24 (0.11 to 0.36) <0.001 0.11 (–0.10 to 0.31) 0.31

 � Interaction term between PA status and absolute 
deviation of systolic BP from median systolic BP

– – 0.21 (–0.05 to 0.47) 0.12

Each of the models was run independently. The Framingham Risk Score model included 242 participants; the Pooled Cohort Equations model 
included 141 participants; and the QRISK3 model included 217 participants.
BP, blood pressure; PA, primary aldosteronism .
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study,18 but all our patients underwent standardised and 
rigorous testing for secondary hypertension. Fourth, selec-
tion bias may have occurred given more patients with PA 
than patients with EH were excluded because of already 
having developed CVD; however, this is simply in keeping 
with the known greater actual CVD risk in PA compared 
with EH, highlighting the importance of earlier detection 
of CVD risk in PA.

In conclusion, we found that the heightened cardio-
vascular risk of PA is not identified by four widely used 
CVD risk algorithms. Clinicians and patients need to be 
aware of this limitation of CVD risk algorithms. Clarifi-
cation of PA status in individuals with hypertension can 
provide additional information regarding individualised 
cardiovascular risk. Acknowledging the high prevalence 
of undiagnosed PA, and the significant rate of cardio-
vascular complications observed in PA, a more compre-
hensive approach is needed to ensure those with PA are 
diagnosed and appropriately managed.

Author affiliations
1Department of Endocrinology, Monash Health, Clayton, Victoria, Australia
2Department of Medicine, Monash University, Clayton, Victoria, Australia
3University Hospital Geelong, Barwon Health, Geelong, Victoria, Australia
4School of Public Health and Preventive Medicine, Monash University, Melbourne, 
Victoria, Australia
5Centre for Endocrinology and Metabolism, Hudson Institute of Medical Research, 
Clayton, Victoria, Australia
6School of Medicine, Faculty of Health Science, University of Adelaide, Adelaide, 
South Australia, Australia
7College of Medicine and Public Health, Flinders University, Adelaide, South 
Australia, Australia
8Cardiovascular Endocrinology Laboratory, Baker Heart and Diabetes Institute, 
Melbourne, Victoria, Australia
9Department of Cardiometabolic Health, University of Melbourne, Melbourne, 
Victoria, Australia

Twitter Pravik Solanki @praviksolanki and Jun Yang @DrJunYang

Acknowledgements  We would like to thank Peta Nuttall for assistance in data 
collection.

Contributors  PS conducted literature review, data collection, data analysis 
and drafted the manuscript. He is a guarantor. SG assisted in conducting data 
analysis, and reviewed and edited the manuscript. RL designed data collection 
tools, conducted data collection and reviewed and edited the manuscript. GG was 
involved in study conception, data interpretation and reviewing and editing the 
manuscript. JS, MJY and PJF assisted in data interpretation, and reviewed and 
edited the manuscript. JY was involved in study conception, literature review, data 
interpretation and reviewing and editing the manuscript.

Funding  JY is supported by an NHMRC Investigator Grant (APP1194576).

Competing interests  None declared.

Patient and public involvement  Patients and/or the public were not involved in 
the design, or conduct, or reporting, or dissemination plans of this research.

Patient consent for publication  Not applicable.

Ethics approval  This study was approved by the Monash Health Human Research 
Ethics Committee (HREC QA/69759/MonH-2020–2 37 014).

Provenance and peer review  Not commissioned; externally peer reviewed.

Data availability statement  No data are available.

Open access  This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non-commercially, 
and license their derivative works on different terms, provided the original work is 

properly cited, appropriate credit is given, any changes made indicated, and the use 
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iD
Pravik Solanki http://orcid.org/0000-0002-5868-3962

REFERENCES
	 1	 Pinto FJ, Piñeiro D, Banerjee A, et al. World heart day 2021: 

COVID-19, digital health, and tackling cardiovascular disease. Lancet 
2021;398:1467–8.

	 2	 National Vascular Disease Prevention Alliance. Guidelines for the 
management of absolute cardiovascular disease risk. Australia, 2012.

	 3	 Wilson PW, D'Agostino RB, Levy D, et al. Prediction of coronary heart 
disease using risk factor categories. Circulation 1998;97:1837–47.

	 4	 National Heart, Lung, and Blood Institute. Assessing cardiovascular 
risk: systematic evidence review from the risk assessment work 
group. United States: National Institutes of Health, 2013.

	 5	 ClinRisk. QRISK3, 2018. Available: https://qrisk.org/three/index.php
	 6	 Monticone S, D'Ascenzo F, Moretti C, et al. Cardiovascular events 

and target organ damage in primary aldosteronism compared with 
essential hypertension: a systematic review and meta-analysis. 
Lancet Diabetes Endocrinol 2018;6:41–50.

	 7	 Käyser SC, Dekkers T, Groenewoud HJ, et al. Study heterogeneity 
and estimation of prevalence of primary aldosteronism: a systematic 
review and meta-regression analysis. J Clin Endocrinol Metab 
2016;101:2826–35.

	 8	 Brown JM, Siddiqui M, Calhoun DA, et al. The unrecognized 
prevalence of primary aldosteronism: a cross-sectional study. Ann 
Intern Med 2020;173:10–20.

	 9	 Prejbisz A, Warchoł-Celińska E, Lenders JWM, et al. Cardiovascular 
risk in primary hyperaldosteronism. Horm Metab Res 
2015;47:973–80.

	10	 Ambrosino P, Lupoli R, Tortora A, et al. Cardiovascular risk markers in 
patients with primary aldosteronism: a systematic review and meta-
analysis of literature studies. Int J Cardiol 2016;208:46–55.

	11	 Ogata H, Yamazaki Y, Tezuka Y, et al. Renal injuries in primary 
aldosteronism: quantitative histopathological analysis of 19 patients 
with primary Adosteronism. Hypertension 2021;78:411–21.

	12	 Funder JW. Primary aldosteronism: where are we now? where to 
from here? Horm Metab Res 2020;52:459–66.

	13	 Funder JW, Carey RM, Mantero F, et al. The management of primary 
aldosteronism: case detection, diagnosis, and treatment: an 
endocrine Society clinical practice guideline. J Clin Endocrinol Metab 
2016;101:1889–916.

	14	 Hundemer GL, Curhan GC, Yozamp N, et al. Cardiometabolic 
outcomes and mortality in medically treated primary aldosteronism: a 
retrospective cohort study. Lancet Diabetes Endocrinol 2018;6:51–9.

	15	 Libianto R, Fuller PJ, Young MJ, et al. Primary aldosteronism is a 
public health issue: challenges and opportunities. J Hum Hypertens 
2020;34:478–86.

	16	 Heeley EL, Peiris DP, Patel AA, et al. Cardiovascular risk perception 
and evidence--practice gaps in Australian general practice (the 
AusHEART study). Med J Aust 2010;192:254–9.

	17	 McKinn S, Bonner C, Jansen J, et al. Factors influencing general 
practitioners' decisions about cardiovascular disease risk 
reassessment: findings from experimental and interview studies. 
BMC Fam Pract 2016;17:107.

	18	 Lin J-H, Lin Y-F, Wang W-J, et al. Plasma aldosterone concentration 
as a determinant for statin use among middle-aged hypertensive 
patients for atherosclerotic cardiovascular disease. J Clin Med 
2018;7:382.

	19	 Hippisley-Cox J, Coupland C, Brindle P. Development and 
validation of QRISK3 risk prediction algorithms to estimate future 
risk of cardiovascular disease: prospective cohort study. BMJ 
2017;357:j2099.

	20	 Anderson KM, Odell PM, Wilson PW, et al. Cardiovascular disease 
risk profiles. Am Heart J 1991;121:293–8.

	21	 Li Y, Sperrin M, van Staa T. R package “QRISK3”: an unofficial 
research purposed implementation of ClinRisk’s QRISK3 algorithm 
into R. F1000Res 2019;8:2139.

	22	 Hu J, Shen H, Huo P, et al. Heightened cardiovascular risk in 
hypertension associated with renin-independent aldosteronism 
versus renin-dependent aldosteronism: a collaborative study. J Am 
Heart Assoc 2021;10:e023082.

	23	 Buffolo F, Tetti M, Mulatero P, et al. Aldosterone as a mediator of 
cardiovascular damage. Hypertension 2022;79:1899–911.

https://twitter.com/praviksolanki
https://twitter.com/DrJunYang
http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-5868-3962
http://dx.doi.org/10.1016/S0140-6736(21)02144-9
http://dx.doi.org/10.1161/01.CIR.97.18.1837
https://qrisk.org/three/index.php
http://dx.doi.org/10.1016/S2213-8587(17)30319-4
http://dx.doi.org/10.1210/jc.2016-1472
http://dx.doi.org/10.7326/M20-0065
http://dx.doi.org/10.7326/M20-0065
http://dx.doi.org/10.1055/s-0035-1565124
http://dx.doi.org/10.1016/j.ijcard.2016.01.200
http://dx.doi.org/10.1161/HYPERTENSIONAHA.121.17436
http://dx.doi.org/10.1055/a-1120-8623
http://dx.doi.org/10.1210/jc.2015-4061
http://dx.doi.org/10.1016/S2213-8587(17)30367-4
http://dx.doi.org/10.1038/s41371-020-0336-2
http://dx.doi.org/10.5694/j.1326-5377.2010.tb03502.x
http://dx.doi.org/10.1186/s12875-016-0499-7
http://dx.doi.org/10.3390/jcm7110382
http://dx.doi.org/10.1136/bmj.j2099
http://dx.doi.org/10.1016/0002-8703(91)90861-B
http://dx.doi.org/10.12688/f1000research.21679.1
http://dx.doi.org/10.1161/JAHA.121.023082
http://dx.doi.org/10.1161/JAHA.121.023082
http://dx.doi.org/10.1161/HYPERTENSIONAHA.122.17964

	Risky business: a single-­centre cross-­sectional analysis of calculated cardiovascular risk in patients with primary aldosteronism and essential hypertension
	Abstract
	Introduction﻿﻿
	Methods
	Design and participants
	Patient and public involvement
	Data collection
	Statistical analysis
	CVD risk calculations

	Results
	Calculated CVD risk among patients with PA and EH

	Discussion
	References


