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Abstract

Background: The data on lipid profile differences between primary aldosteronism (PA) and essential hypertension
(EH) patients are inconsistent and inconclusive. Most studies reported lower levels of lipid profiles in PA than in EH.
This meta-analysis aimed to explore differences in serum lipid profiles including triglyceride (TG), total cholesterol
(TC), LDL and HDL levels in PA patients and EH patients.

Methods: A search of published studies was performed using PubMed, Embase and Scopus databases from their
inception through August 2022. Thirty studies involving 11,175 patients were identified. Inclusion criteria included

1) observational studies which contained data on any of the lipid profiles of interest (TG, TC, LDL and HDL) which
could be acquired from baseline data or the outcomes, 2) data which should be compared between adult PA and

EH patients and 3) the use of appropriate methods to diagnose PA. Standardized mean difference (SMD) with a 95%
confidence interval (95% Cl) was calculated to assess effect size by using STATA program version 15.0. Risk of bias was
assessed by Joanna Briggs Institute (JBI) Critical Appraisal Tools for cross-sectional, cohort and case-control studies.

Results: Levels of the lipid parameters TG (SMD — 0.16 mmol/L; 95%Cl (— 0.25, — 0.07)), TC (SMD — 0.30 mmol/L;
95%ClI (— 041, —0.19)) and LDL (SMD — 0.17 mmol/L; 95%Cl (— 0.27, — 0.08)) were significantly lower in PA than in

EH patients. There was no statistically significant difference in HDL between PA and EH patients (SMD — 0.08 mmol/L;
969%Cl (— 0.23,0.07)). High levels of heterogeneity for TG, TC, HDL and LDL were observed in all studies. Risk of bias
among the studies was low to moderate.

Conclusion: Lower levels of TG, TC and LDL were observed in PA than in EH patients. Further study should be con-
ducted to address the underlying mechanisms of lipid alteration in PA.
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Introduction

Primary aldosteronism (PA), a syndrome described by
autonomous excess aldosterone production, is recog-
nized as a common form of secondary hypertension. The
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sodium retention, suppression of plasma renin level,
hypertension and increased potassium secretion which
can lead to hypokalemia [2]. Patients with PA were
reported to be at greater risk of multiple end-organ dam-
age, including atherosclerotic cardiovascular disease, cer-
ebrovascular disease and renal sequelae which can cause
more damage than the degree of hypertension itself,
compared to essential hypertension (EH) patients [3].
Apart from the effect on intravascular volume and salt
regulation, increased aldosterone levels can cause oxida-
tive stress and proinflammatory effects on vascular walls.
These effects are key mechanisms in the pathogenesis of
atherosclerosis and can lead to multiple end organ dam-
age [4]. In addition, PA has been reported to be related
to metabolic syndrome and insulin resistance [5]. Also,
a previous meta-analysis demonstrated a higher risk of
glycemic abnormalities in PA than in EH patients. Due
to the strong association of PA with atherosclerosis and
metabolic syndrome, potential alteration in serum lipid
profiles may be observed in some PA patients.

In normal populations without PA, multiple studies
have found a positive correlation between low-density
lipoprotein cholesterol (LDL), non-high-density lipopro-
tein cholesterol (non-HDL) and plasma aldosterone con-
centration, while a negative correlation with high-density
lipoprotein cholesterol (HDL) has been observed [6, 7].
Deterioration of serum lipid profiles in PA patients after
successful treatment by either adrenalectomy or miner-
alocorticoid antagonist were also observed despite an
unchanged body mass index (BMI), improvement in fast-
ing blood glucose and blood pressure [8]. Apart from PA,
significant differences in lipid profiles compared to the
control group were reported in some special populations,
e.g., pregnancy-induced hypertension patients [9].

Dyslipidemia is a major contributor to atherosclerotic
cardiovascular disease and cerebrovascular disease.
According to the relationship between PA and athero-
sclerosis, higher probability of alteration of lipid profiles
might be observed in PA than in EH patients. However,
data on differences in alterations of serum lipid profiles in
PA and EH patients are still inconclusive. Decreased lev-
els of HDL in PA compared to EH has been demonstrated
in some studies [10-12] which could be an explanatory
mechanism related to the higher risk of atherosclerosis
in PA than in EH. Interestingly, plasma total cholesterol
(TC), triglycerides (TG), HDL and LDL have all been
demonstrated to be significantly lower in PA than in EH
in multiple studies [12, 13]. Also, no difference between
the profiles of these lipids between PA and EH patients
has been observed in several studies [14—16]. Because of
the conflicting and inconclusive results related to serum
lipid profiles in PA patients, this meta-analysis was per-
formed to systematically elucidate differences in serum
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lipid profiles including TG, TC, LDL and HDL levels in
PA compared to EH patients.

Materials and methods

Search strategy and selection criteria

Our meta-analysis adhered the Preferred Report-
ing Items for Systematic Reviews and Meta-analyses
(PRISMA) guidelines [17]. The prespecified protocol was
registered in PROSPERO (CRD42021287330). The com-
prehensive search from three databases including Pub-
Med/Medline, Scopus and Embase, was conducted from
their inception to August 2022. The terms “Hyperaldo-
steronism OR aldosteronism OR primary aldosteronism”
AND “lipid OR lipids OR cholesterol OR triglyceride OR
low-density lipoprotein OR high density lipoprotein OR
metabolic syndrome OR metabolic OR apolipoprotein A
OR apolipoprotein B” were used as the keywords. Medi-
cal subject heading (MeSH) terms employed in the Pub-
Med search and Emtree were employed in Embase. (For
details, please see Supplementary Appendix.) To identify
additional studies, a manual search was also performed
of the reference lists from the included studies and from
non-included reviews. Initial screening of abstracts and
titles and duplicate article removal were performed using
Rayyan, a web-based program (Rayyan Systems Inc.,
Cambridge, MA, USA) [18].

Two researchers (WM, PP) independently per-
formed the searches, screened for titles and abstracts
and reviewed full-text papers for eligibility criteria. Rel-
evant studies from skimming titles and abstracts were
retrieved for full text and were screened for eligibility
criteria. Researchers (WM, PP) evaluated the methodo-
logical quality of the included studies and performed the
data extraction independently. Any disagreements were
debated and resolved by consensus with the third author
(PA).

Eligibility criteria included the following: 1) compara-
tive non-randomized observational studies (prospective
cohort, retrospective cohort, case-control or cross-sec-
tional study) which contained lipid profiles of at least one
of the following TG, TC, LDL or HDL. The lipid profile
data could be retrieved from primary outcome, base-
line characteristics or baseline investigations.; 2) data
should be compared between PA and EH adult patients
(age >18years).; and 3) use of appropriate methods rec-
ommended by standard guidelines for diagnosing and
confirming PA [2]. Exclusion criteria were studies pub-
lished in non-English language, review articles, case
reports, abstracts, and animal studies. Articles includ-
ing vulnerable populations such as pregnancy were also
excluded. In the case of multiple studies involving the
same cohort, only the study with highest number of
patients was selected.
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Data extraction

Two authors (WM, PP) conducted the data extraction
independently. The demographic variables extracted
from each study were: 1) study characteristics including
the name of the first author, year of publication, country
in which conducted, study design, whether the study was
demographically matched between PA and EH, whether
it excluded statin users, and the number of PA and EH
patients; 2) patient characteristics and potential con-
founding factors, i.e., means and standard deviations (SD)
of age, percentage of the predominant sex, predominant
ethnicity, mean BMI and mean fasting plasma glucose
(FPG); 3) outcome variables, i.e., mean and SD of serum
lipid profiles including TG, TC, LDL and HDL in each
group of PA and EH patients. Serum lipid profiles were
retrieved from baseline characteristics if the endpoint of
the studies were not aimed for differences of lipid levels.
All the mean values were converted and presented as SI
units.

Data synthesis

STATA program version 15.0 was used to perform the
data analysis. Also, k statistic to determine the level of
agreement between reviewers for study selection was
performed. A « value of >0.8 indicates excellent agree-
ment [19]. Standardized mean difference (SMD) with
a 95% confidence interval (95% CI) was analyzed to
assess effect size. To estimate the statistical heteroge-
neity among the studies, the I? statistic was calculated.
2 values of 25, 50 and 75% indicated low, medium and
high heterogeneity, respectively [20]. We used the ran-
dom-effect modeling used for the data analysis. The sta-
tistically significant level for this meta-analysis was set
at p<0.05. Publication bias was evaluated using funnel
plots and Egger’s linear regression tests. The asymmetry
of funnel plot demonstrated publication bias. A p-value
<0.05 indicated statistically significant publication bias
for Egger’s regression.

Subgroup analysis was also performed to demonstrate
the effect of age, ethnicity, BMI, FPG, demographic data
matching and statin use. We performed subgroup analy-
sis by age since some publications had reported differ-
ences in serum lipid profiles between older and younger
populations [21]. Older and younger groups were catego-
rized as mean age above and below 50years as it has been
reported that at the age of 50years, serum lipid levels
may reach their peak levels [22]. Sex was stratified based
on male-predominant studies where the study popula-
tion included >50% males. Regarding ethnicity, com-
parison was performed between Asians and non-Asians
as a study has presented a difference in serum lipid lev-
els between Asians and non-Asians, even in individuals

Page 3 of 14

with normal BMI [23]. In Asians, BMI was separated
into means above and below 25kg/m? and in non-Asians
into means above and below 30kg/m? [24]. BMI above
and below the cut-off was used to define obese and non-
obese patients, respectively. Subgroup analysis by BMI
was performed as a study reported a correlation between
BMI and alteration in lipid profiles [25]. FPG was cat-
egorized based on impaired fasting blood glucose crite-
ria which was the mean blood glucose above and below
5.6mmol/L, based on evidence that high blood glucose
values are linked with significant lipid derangement of
profiles [26]. Subgroup analysis was also conducted by
dividing studies into those with and without data match-
ing in order to adjust the confounders. Studies with at
least one matched variable (sex, age, BMI, blood pressure
or duration of hypertension) were classified to subgroups
with demographic data matching. Subgroup analysis
by statin use was categorized to no statin use and statin
use/unknown groups. Only the outcome of TG was per-
formed because there was only one study in the no sta-
tin use group for TC, LDL and HDL outcomes. As there
were various study types included in this meta-analysis,
a sensitivity analysis was also performed by removing
cross-sectional studies, and only case-control and cohort
studies were analyzed.

Risk of bias assessment

Assessment of the risk of bias was performed indepen-
dently by two authors (WM and PP) using the Joanna
Briggs Institute (JBI) Critical Appraisal Tools for cross-
sectional, case-control and cohort studies [27].

Certainty of the evidence

Two authors (WM and PP) assessed the quality of the
evidence independently by using Grading of Recom-
mendation, Assessment Development and Evaluation
(GRADE) methodology. The details of GRADE are avail-
able elsewhere [28]. Any conflicts were resolved by the
third author (PA).

Results

The database searches yielded 6452 articles, including
3523 from PubMed, 1074 from Embase and 1855 from
Scopus. From that total, 876 duplicates were removed.
The titles and abstracts of 5576 articles were screened
resulting in the exclusion of 5479 articles as irrelevant
to our aim. The full texts of the remaining 79 articles
were retrieved and reviewed resulting in the exclusion of
49 articles due to various reasons. A total of 30 studies
were finally included [10-15, 29-52]. There was excellent
inter-reviewer agreement (k=0.82; 95% CI, 0.71-0.92).
The study selection process is shown in Fig. 1.
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Fig. 1 Flowchart of study selection process

Study characteristics

Characteristics of the included studies are summarized
in Table 1. The 30 studies included in this meta-analysis
present the differences in lipid profiles in PA compared
to and EH patients. Most of the studies were cross-sec-
tional and most were conducted in non-Asian popula-
tions. All studies provided data on sex, age, ethnicity,
and BMI and 23 studies provided data on FPG [11, 14,
15, 29-37, 39-42, 45-51]. Only one study excluded
patients who used statins [10]. In one study, statins
were withdrawn for 4weeks prior to lipid profile eval-
uation [47], while five studies stated that statins were
continued during the study [12, 30, 33, 40, 51]. The
remaining studies did not mention this issue. One study
excluded patients with severe hyperlipidemia [34]. All
but one [29] of the studies provided data on TG levels,
27 included data on TC [10-15, 29, 31, 33-50, 52] and
HDL levels [10-15, 29-36, 38—-41, 43, 45-52] and 25
provided LDL levels [10-15, 29, 31, 33-36, 38-41, 43,
45-52].

Risk of bias in the studies

Risk of bias was evaluated using JBI tools for cross-
sectional, case-control and cohort studies (Table 1).
Details of the scores in each study are shown in the
Supplementary Appendix. In terms of risk of bias, the
majority of the studies (24 of 30) evidenced high quality
with a low risk of bias [10, 12-15, 30, 32-37, 39, 41—
49, 51, 52]. Four cross-sectional studies demonstrated
moderate quality with a moderate risk of bias as impor-
tant confounders had not been appropriately controlled
in those studies [29, 38, 40, 50]. Two cohort studies
with moderate risk of bias were not assessed regarding
the outcomes issues as measured outcomes were not
relevant to the primary objectives of the current study
[11, 31].

Results of syntheses

A total of 11,175 patients from 30 studies were included
in this meta-analysis. Forest plots of each lipid profile are
shown in Fig. 2. Subgroup analysis results are showed in
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Fig. 2 Forest plot of the mean difference of triglyceride (A), cholesterol (B), HDL (C) and LDL (D) levels between primary aldosteronism and

D

Table 2 and figures are shown in Supplementary Appen-
dix. Data of publication bias are shown in Supplementary

Appendix.

Triglyceride

Patients with PA showed significantly lower SMD
than in EH patients (SMD —0.16mmol/L; 95%CI
(—0.25, —0.07)). For subgroup analysis, significantly
lower TG levels were observed in PA compared to EH

patients in studies of patients with normal FPG (SMD
—0.12mmol/L; 95%CI (—0.23, —0.02), but not for
patients with mean FPG in the impaired range. Signifi-
cantly lower TG levels were observed in PA compared
to EH patients in the subgroups of age, ethnicity, BMI,
demographic data matching and statin use. In TG stud-
ies, moderate heterogeneity (12=69.9, p<0.001) was
observed. Ethnicity was found to be the cause of het-
erogeneity. Studies performed in groups where Asians
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Table 2 Subgroup analysis for assessment of lipid profiles between primary aldosteronism and essential hypertension patients

Subgroup Number of studies SMD (95%Cl) 12 (%) 12 p-value
Triglyceride
Mean age
-<50years I —0.21(—=0.34,—-0.07) 60.7 0.005
->50years 18 —0.13(=0.25,0.00) 724 <0.001
Ethnicity
-Asian-predominant " —020(=0.33,-0.07) 315 0.147
-Non-Asian- predominant 18 —0.14 (—0.26, —0.02) 776 <0.001
Mean BMI
-Non-obese 19 —0.16 (—0.27, —0.05) 758 <0.001
-Obese 10 —0.16 (—0.31, —0.00) 50.1 0.035
Mean plasma glucose
-Normal 18 —0.12(—0.23,-0.02) 522 0.005
-Impaired fasting glucose 6 —0.19 (—0.47,0.08) 88.5 <0.001
Demographic data matching
-Unmatched 9 —0.31 (=059, -0.02) 837 <0.001
-Matched 20 —0.11(=0.19,—0.03) 525 0.003
Statin use
-Non-statin 2 —0.29 (—0.49, —0.09) 0 0.987
-Unknown 27 —0.15(=0.25,—-0.05) 71.1 <0.001
Cholesterol
Mean age
-<50years 11 —0.27(—042,—0.12) 67.1 0.001
->50years 16 —033(—048,—0.18) 785 <0.001
Ethnicity
-Asian-predominant 11 —0.19 (—0.29, —0.09) 0 0.584
-Non-Asian- predominant 16 —0.37(=052,-0.21) 84.8 <0.001
Mean BMI
-Non-obese 18 —0.31(—045,-0.17) 82.6 <0.001
-Obese 9 —0.29 (=041, —-0.17) 10.0 0352
Mean plasma glucose
-Normal 16 —0.18 (—0.26, —0.10) 10.8 0330
-Impaired fasting glucose 6 —0.29 (0.51, — 0.08) 80.0 <0.001
Demographic data matching
-Unmatched 9 —0.27 (—042,—-0.13) 232 0.237
-Matched 18 —0.31(—045,-0.17) 82.5 <0.001
HDL
Mean age
-<50years " 0.09 (—0.17,0.36) 90.5 <0.001
->50years 16 —0.21(—=0.35,—0.07) 716 <0.001
Ethnicity
-Asian-predominant 9 0.17 (—0.16,0.57) 89.0 <0.001
-Non-Asian- predominant 18 —0.20 (—0.34, — 0.06) 796 <0.001
Mean BMI
-Non-obese 18 —0.09 (-=0.29,0.12) 913 <0.001
-Obese 9 —0.07 (—0.18,0.04) 0 0.939
Mean plasma glucose
-Normal 18 —0.01(=0.19,0.17) 855 <0.001

-Impaired fasting glucose 5 —0.37 (—=0.73,—0.01) 87.8 <0.001
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Table 2 (continued)
Subgroup Number of studies SMD (95%Cl) 12 (%) 12 p-value
Demographic data matching
-Unmatched 9 —0.10(—0.33,0.12) 755 <0.001
-Matched 18 —0.07 (—0.26,0.12) 89.6 <0.001
LDL
Mean age
-<50years I —0.20 (—0.32, — 0.08) 483 0.036
->50years 14 —0.16 (—0.32, —0.00) 725 <0.001
Ethnicity
-Asian-predominant 9 —0.17 (=031, -0.02) 41.2 0.093
-Non-Asian- predominant 16 —0.18 (—0.31, —0.05) 734 <0.001
Mean BMI
-Non-obese 16 —0.18 (—0.30, — 0.05) 70.7 <0.001
-Obese 9 —0.17 (—0.34,0.01) 56.7 0.018
Mean plasma glucose
-Normal 16 —0.12(=0.22,—-0.03) 352 0.081
-Impaired fasting glucose 5 —0.11 (—=0.35,0.14) 752 0.003
Demographic data matching
-Unmatched 9 —0.08 (—0.26,0.10) 523 0.033
-Matched 16 —0.22(—033,-0.10) 69 <0.001

SMD standardized mean difference, C/ Confidence interval, BM/ Body mass index

predominated were more homogeneous than the those
done in groups that were predominately non-Asians.
Egger’s regression test did not reveal any publication bias
for TG with p=0.191.

Total cholesterol

PA patients demonstrated significantly lower cholesterol
levels than EH patients (SMD —0.30mmol/L; 95%CI
(—0.41, —0.19)). For subgroup analysis, as in the general
findings, PA patients generally had significantly lower
TC than EH patients for the subgroups of age, ethnicity,
BM]I, FPG, and demographic data matching. There was
high heterogeneity among the studies in TC and HDL
levels (I*=75.9%, p <0.001)). Ethnicity distribution, mean
BMI and FPG and whether the demographic data had
been matched were sources of heterogeneity The studies
conducted mainly in Asians and those with unmatched
demographic data showed more homogeneous patterns
than other subgroups. Also, studies of predominantly
obese patients and those with impaired fasting glucose
were more homogeneous than other subgroups. Egger’s
regression test did not reveal any publication bias for TC
with p=0.050.

High-density lipoprotein cholesterol

There was no statistically significant difference in
HDL levels between the PA and EH groups (SMD
—0.08mmol/L; 96%CI (—0.23, 0.07)). Regarding

subgroup analysis, HDL levels were found to be signifi-
cantly lower in studies with non-Asians, studies with a
mean patient age>50years, and studies with mean
FPG in the impaired-fasting range. Non-significant
trends in the same direction were observed in sub-
groups with predominantly Asians, and patients with
a mean age<50years and patients with a mean FPG in
the normal range. The were no differences in HDL levels
between PA and EH patients on BMI and demographic
data matching subgroups. There was high heterogeneity
among the studies in HDL levels (I>=87%, p<0.001)).
Mean BMI was the only source of heterogeneity. Studies
performed predominantly in patients with mean BMI in
the non-obese range were more homogeneous than those
with mostly obese patients. Egger’s regression test did
not reveal any publication bias for HDL with p =0.821.

Low-density lipoprotein cholesterol

Patients with PA showed significantly lower levels than
those with EH (SMD —0.17mmol/L; 95%CI (—0.27,
—0.08)). For subgroup analysis, significantly lower levels
in PA than in EH were reported in studies with predomi-
nantly non-obese patients, mean glucose in the normal
range and studies with demographic data matching. Non-
significant trends in the same direction were found in
subgroups of studies with predominantly obese patients,
patients with mean glucose in the impaired range and in
non-matching demographic data. PA patients in both age
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Fig. 3 Forest plot of the sensitivity analysis presented by mean difference of triglyceride (A), cholesterol (B), HDL (C) and LDL (D) levels between
primary aldosteronism and essential hypertension patients

groups and of both ethnicity categories showed signifi-
cantly lower levels of LDL than EH patients. There was
moderate heterogeneity among the studies in LDL lev-
els (I>=65.7%, p<0.001)). Ethnicity and mean FPG were
the main sources of heterogeneity. Studies with Asian-
predominant patients and normal mean FPG were more
homogeneous than other subgroups. Egger’s regression
test did not reveal any publication bias for LDL with
p=0.311.

Sensitivity analysis

By removing cross-sectional studies from the analy-
sis, results for TC, HDL and LDL remained the same
as in the previous analysis. Significantly lower levels of
TC and LDL in PA than in EH patients were observed
(SMD —0.35mmol/L; 95%CI (—0.56, —0.13), SMD
—0.30mmol/L; 95%CI (—0.40, —0.19), respectively) and
no significant differences of HDL were observed between
PA and EH patients (SMD 0.08 mmol/L; 95%CI (— 0.50,
0.65). The results of TG showed no statistically significant
difference between the PA and EH groups, which was dif-
ferent from the primary analysis (SMD —0.28 mmol/L;
95%CI (—0.78, 0.22)). Regarding heterogeneity among
studies, only results for LDL showed an improvement in
the heterogeneity. Forest plots of the sensitivity analysis
are shown in Fig. 3.

Certainty of the evidence

The initial assessments for certainty of evidence for TG,
TC and LDL SMD values were low due to the observa-
tional studies (2+). Considering the moderate to low risk
of bias (no rating change), the large heterogeneity in all
studies (downgrade one level), indirectness (no rating
change), low imprecision and the absence of publication
bias (no rating change), the overall level of certainty was
very low (1+). For HDL SMD levels, the initial assess-
ment showed low certainty of evidence (2+). There was a
high degree of imprecision according to the wide CI with
threshold crossing (downgrade one level) and the large
heterogeneity in the studies (downgrade one level). Other
aspects required no rating change. Therefore, the overall
level of certainty was very low for HDL (1+).

Discussion
This meta-analysis is the first to investigate differences in
serum lipid profiles, including TG, TC, HDL and LDL,
between PA and EH patients. The study found significant
differences in the direction of lower TG, TC and LDL in
PA patients than in EH patients. HDL levels were not
significantly different between PA and EH patients, but
did show a trend toward lower HDL in PA than in EH
patients.

It has been demonstrated that dyslipidemia can con-
tribute to an increased risk of atherosclerotic events and
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cardiovascular complications [53]. In patients with PA,
increased risk of atherosclerotic cardio- and cerebrovas-
cular disease has also been observed [54]. The evidence
regarding whether dyslipidemia is the cause of these ath-
erosclerotic events in PA is still inconclusive. Evidence of
a relationship between plasma aldosterone and alteration
of lipid levels in the general population without PA has
been reported. However, the association was different to
our meta-analysis findings. In patients with metabolic
syndrome and without PA, increased plasma aldosterone
has been shown to be related to increased TG, LDL and
decreased HDL levels [6, 55, 56]. Furthermore, research
conducted as part of the Framingham offspring study in
participants without metabolic syndrome demonstrated
that increased plasma aldosterone levels are linked with
an increased TC/HDL ratio but are not associated with
HDL levels alone [57]. The explanation underpinning this
relationship has been widely discussed but is still inad-
equately understood. One of the proposed theories is
that secretion factors from adipose tissue can stimulate
aldosterone secretion, which, in turn, acts on the miner-
alocorticoid receptor that can mediate adipogenesis [58].
Another hypothesis is that high aldosterone levels can
provoke acute renal failure which, as a consequence, can
then alter LDL and HDL production [59].

Unlike the situation in the general population, our
meta-analysis of lipid levels, including TG, TC and
LDL, in PA patients showed significantly lower levels
than in EH patients. Lower plasma TG in PA than in EH
patients could be the result of glomerular hyperfiltration
caused by hypertension and to the increased plasma vol-
ume which is commonly observed in PA patients [60].
Increased levels of TG can be observed in chronic renal
failure patients, a result of low activity of lipoprotein
lipase (LPL) which facilitates clearance of TG and reduc-
tion of TG levels [61]. Thus, an increase in the estimated
glomerular filtration rate (eGFR) in PA patients can
contribute to increases in LPL activity which results in
increased TG clearance and, finally, decreased TG levels.
An interesting study supporting this hypothesis reported
that successfully treated PA patients showed worsening
TG levels despite improvement in blood pressure and
glucose levels which could be explained by the decline in
glomerular filtration after adrenalectomy [8]. Currently,
the mechanism responsible for lower TC and LDL in PA
patients than in EH patients is still uncertain. Circulat-
ing lipoproteins are the source of precursors of adrenal
steroidogenesis, including aldosterone production. How-
ever, it cannot be directly inferred that increased produc-
tion of aldosterone in PA can cause the depletion of TC
and LDL and lead to levels reduction [62]. Another pos-
sible explanation could relate to liver X receptors (LXR)
which are involved in cholesterol metabolism. It is known
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that LXR stimulation can increase renin and aldoster-
one accumulation, but whether the existence of a back-
ward causation effect of aldosterone can stimulate LXR
is still unclear [63]. Moreover, there were other factors
which could affect lipid profiles, including genetic muta-
tions, diet, physical activity, obesity, smoking, diabetes
mellitus, hypothyroidism, liver diseases, renal function,
and some medications. Regarding medications, thiazide
type diuretics, which is an anti-hypertensive medica-
tion commonly used in EH, could lead to increased TG,
TC, and LDL, while mineralocorticoid receptor block-
ers, the drug of choice for PA, have no effect on lipid
profiles. This could be one of the explanations for the
different lipid changes between PA and EH [64]. Nev-
ertheless, these factors, which can interfere with lipid
levels, were not reported in the included studies. Future
studies to address the link between PA and these factors
are warranted.

Significantly lower levels of TG, TC and LDL in PA
than in EH patients were an unexpected finding tak-
ing into consideration the relatively high incidence of
atherosclerotic events, metabolic syndrome and insulin
resistance in PA patients [37, 65]. These findings may be
used as a guide for the clinicians to differentiate between
PA and EH, in which, those with low levels of TG, TC
and LDL, PA should be suspected. Nevertheless, future
research regarding this issue should be warranted.

As mentioned above, increased aldosterone levels can
cause oxidative stress and pro-inflammatory effects on
vascular walls; this is in line with the recent observa-
tion that elevated secretion of aldosterone increases oxi-
dized small dense LDL, as indirectly measured by the
TG/HDL-C ratio [66]. It is therefore likely that patients
with primary aldosteronism may have alterations in both
the quantity and the quality of LDL, with reduced LDL
concentrations but with increased levels of atherogenic
small dense LDL [67]; these particles are strongly asso-
ciated with atherosclerosis formation and progression
[68]. Moreover, it is known that elevated aldosterone lev-
els is associated with elevated levels of pro-inflammatory
adipokines such as resistin [36], which are also strongly
associated with atherogenic small dense LDL [69] and
therefore potentially enhancing the atherosclerotic
process.

However, due to the moderate to high heterogene-
ity among the studies, the results of this review should
be interpreted cautiously. Concerning the heterogene-
ity issue, confounders which could potentially inter-
fere with the levels of lipid profiles were addressed by
subgroup analyses. In terms of ethnicity, non-Asian
predominant studies reported lower levels of TG, TC
and LDL in PA than in EH patients. Asian populations
demonstrated an increased trend of age-standardized
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non-HDL cholesterol and cholesterol levels to a greater
extent than did Caucasians [70]. Available data showed
that the maximum doses of statins used in Western coun-
tries were higher than in Asian countries [71]. This may
be the result of differences in lipid profiles between the
ethnic groups. However, the direct relationship between
ethnicity and levels of aldosterone and lipids has not yet
been clearly elucidated. Data on dosages and percentages
of statin use was not provided in the studies included in
this meta-analysis.

Levels of TC and HDL were observed to be lower in
PA than in EH, particularly in studies with non-obese
patients predominant. We surmised that non-obese
patients with PA may have a higher risk of diabetes than
EH patients due to increased insulin resistance from high
aldosterone [72]. This is consistent with previous sugges-
tions on a patho-physiological link between diabetic lipo-
proteins and adrenal aldosterone synthesis [73]. Diabetic
patients seem to be more likely to have been prescribed
statins, resulting in lower cholesterol levels. However,
data on diabetes prevalence and statin use was not pro-
vided in the included studies. TC and LDL levels were
observed to be lower in PA than in EH patients only in
studies with mean FPG in the impaired glucose level
range. As noted above, patients diagnosed with impaired
fasting glucose were more likely to be prescribed statins
than those with normal glucose. Levels of TC were sig-
nificantly lower in PA than in EH patients only in those
studies that have been matched for demographic data.
This could indicate that after removing demographic
confounders using case-control matching, the remaining
difference in lipid levels between PA and EH patients was
real.

A sensitivity analysis by removing cross-sectional
studies was performed, and only cohort or case-control
studies were analyzed. The reason behind this sensitivity
analysis is that a cross-sectional study can determine the
prevalence or associations rather than causality, whereas
a cohort or case-control study can establish the timing
and directionality of events. The results remained almost
the same as in the previous analysis, except for that of
TG. However, since the main objectives of most of the
cohort and case-control studies were not aimed at find-
ing the differences in lipid profiles between PA and EH
patients, the type of study design may not play a major
role in the outcomes.

One of the strengths of this first meta-analysis to
address the difference in lipid parameters between PA
and EH patients is that only studies which had clear cri-
teria to diagnose PA were selected. Another strength is
that subgroup analysis was performed to identify the
effects of potential confounders and to identify causes of
heterogeneity.
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There are, however, several limitations that needed to
be acknowledged. The main limitation is the high level of
heterogeneity among the included studies, even though
subgroup analyses were conducted to investigate the
sources and impacts of the heterogeneity. Second, the
primary objectives of most of the studies did not aim to
find the differences in lipid profiles between PA and EH
patients. Additionally, most of the lipid data used in the
meta-analyses were obtained from baseline character-
istics. That may have affected outcomes as some con-
founders, e.g., sex, age, BMI and blood pressure, were not
matched prior to the analysis. However, in the analyses
of subgroups established by demographic data match-
ing, TG, HDL and LDL levels were still significantly lower
in PA than in EH patients. Third, only two of the studies
excluded patients who had used statins prior to the anal-
yses which could have affected lipid measurements. Nev-
ertheless, subgroup analysis by statin use showed similar
TG result between two subgroups of no statin group and
statin use/unknown status of use group. Additionally,
lifestyle, activity level, diet and genetics may possibly
affect lipid profiles, but most of the studies did not pro-
vide information regarding these factors. Also, the meas-
urement of lipid profiles, especially LDL levels, can be
performed by either a direct measurement method or by
using various equations. However, the method employed
to measure LDL was not reported in the included stud-
ies. This can lead to different results for LDL among the
studies [74].

Conclusion

Compared to EH patients, PA patients had unexpectedly
and significantly lower levels of lipid parameters includ-
ing TG, TC and LDL. This indicates that increased ath-
erosclerotic cardiovascular events in PA patients are not
a result of differences in lipid levels. Further research is
required to address the mechanisms involved in lipid
metabolism in PA.
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