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Abstract
AIM: This study was comparison of the intima–media thickness in the primary aldosteronism (PA) patients versus 
essential hypertension (EH) patients.

METHODS: We searched on PubMed for studies about intima–media thickness in PA and found 317 articles. 
After the title and abstract reading, we excluded 291 studies because they did not fit in our criteria. After the final 
assessment of the 26 articles, seven of them were chosen as final studies to be included in the meta-analysis.

RESULTS: In this study, we included seven studies with a total of participants of 534 patients. The main outcome 
was a comparison of intima–media thickness between patients with PA, EHs and healthy controls. The result shows 
a thicker intima media in PA patients in comparison with EH patients and more over with healthy controls, but this 
was not statistically significant.

CONCLUSION: PA predisposes to a thicker intima media in comparison to EH, but we need for larger studies to 
have significant results.
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Introduction

Primary aldosteronism (PA) is recognized as 
the most frequent cause of endocrine hypertension and 
accounts for about 5–15% of hypertensives [1], [2]. It 
can result from either aldosterone-producing adenoma 
(APA) or idiopathic adrenal hyperplasia and has a 
high prevalence of approximately 11% among de 
novo hypertensive patients who are referred to a 
specialized center. Basic research studies suggest that 
aldosterone may directly impact on vascular function, 
inflammation, and fibrosis and therefore favoring 
arterial stiffening [3]. Arterial stiffness and intima–media 
thickness are increased in patients with PA as different 
studies show [4], [5], [6], [7]. As observation studies 
have demonstrated, aldosterone stimulates cell growth 
and vascular remodeling, which can evoke an increased 
left ventricular mass and an increased tunica media to 
lumen ratio in small resistance arteries [8], [9], [10]. 
Several studies also indicate that patients with PA are 
more likely to experience cardiovascular events and 
renal complications compared to patients with essential 

hypertension (EH) [11], [12], [13]. A meta-analysis 
demonstrated that PA was associated with significantly 
increased risk of stroke, coronary artery disease, 
and LVH when compared with EH group [14], [15]. 
Moreover, PA resulted in significantly higher levels of 
SBP, DBP, and urinary potassium. Hyperaldosteronism 
is held to cause structural changes in the heart, that 
is, inflammation, fibrosis, remodeling, hypertrophy, 
and functional and electrophysiologic alterations [16]. 
The excess of plasma aldosterone correlated with 
LVH, early diastolic dysfunction, and left ventricular 
enlargement with evidence of subclinical systolic 
dysfunction [17], [18], [19]. Complex mechanisms 
including endothelial damage, increased oxidative 
stress, activation of inflammation, and fibroproliferation 
may lead to functional and/or structural blood vessel wall 
abnormalities in PA. The occurrence of these vascular 
changes seems to be higher in patients with PA than in 
EH, independent of blood pressure levels. Aldosterone 
may thus act as an independent risk factor for vascular 
damage [20]. Both peripheral and central PWV were 
significantly higher in PA patients compared to EH 
patients, while clinical blood pressures were similar. 
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Plasma aldosterone level was the main predictor of 
peripheral PWV in PA. Fibroproliferative effect of higher 
aldosterone levels leads to alteration of central-elastic 
as well as peripheral-muscular arteries with subsequent 
increase in its stiffness [21]. The effect of aldosterone 
in the vascular wall of the carotid arteries is seen in 
several studies. The aim of these meta-analyses is 
to obtain more solid results about the intima–media 
thickness in patients with PA versus those with EH.

Methods

Inclusion and exclusion criteria and data 
extraction

The inclusion criteria are as follows
•	 Age above 18-year-old
•	 Patients with PA
•	 Comparison with EH patients
•	 Studies having also a healthy control group.

Exclusion criteria

The following criteria were excluded from the 
study:
•	 Studies on animals
•	 Non-comparative studies (which no not include 

two groups of patients or a control group)
•	 Studies not in English
•	 Reviews, letters, and meta-analyses.

Data extraction

We searched on PubMed for studies about 
intima–media thickness in PA and found 317 articles. 
After the title and abstract reading, we excluded 291 
studies because they did not fit in our criteria. Twenty-
six studies were evaluated as full text and the final 
assessment of the articles, seven of them were chosen 
as final studies to be included in the meta-analyses. 
Two researchers E. M and I. L searched on PubMed 
independently using the following mesh terms:

Search: (((hyperaldosteronism) OR (primary 
aldosteronism)) OR (essential hypertension)) AND 
(carotid intima–media thickness) (“hyperaldosteronism” 
[MeSH Terms] OR “hyperaldosteronism” [All 
Fields] OR “hyperaldosteronisms” [All Fields] 
OR (“hyperaldosteronism” [MeSH Terms] OR 
“hyperaldosteronism” [All Fields] OR (“primary” 
[All Fields] AND “aldosteronism” [All Fields]) OR 
“primary aldosteronism” [All Fields]) OR (“essential 
hypertension” [MeSH Terms] OR (“essential” [All 
Fields] AND “hypertension” [All Fields]) OR “essential 
hypertension” [All Fields])) AND (“carotid intima–media 
thickness” [MeSH Terms] OR (“carotid” [All Fields] AND 

“intima media” [All Fields] AND “thickness” [All Fields]) 
OR “carotid intima–media thickness” [All Fields] OR 
(“carotid” [All Fields] AND “intima” [All Fields] AND 
“media” [All Fields] AND “thickness” [All Fields]) OR 
“carotid intima–media thickness” [All Fields]).

PICO strategy

Population: patients with arterial hypertension. 
There are two main groups included in this analysis, 
patients with PA, and patients with EH. Some of the 
studies also have a healthy control cohort.

 Intervention

Diagnostic carotid assessment for intima–
media thickness.

 Comparison

The comparison of intima–media thickness 
between the two patients groups and the healthy control 
group.

 Outcome

The expected outcome is the greater value of 
intima–media thickness in the PA group guided by the 
hypothesis of the aldosterone effect on the vascular 
system (Figure 1).

Figure 1: Study Prisma Flowchart

Endpoints

Primary endpoint is the presence of thicker 
intima media in the PA patients compared to the EH 
group.

Statistical analysis

Statistical analysis was realized through JASP 
software, a software developed in R metaphor-project. 
Method was set based on Omnibus test of Model 
Coefficients and Test of Residual Heterogeneity. Effect 
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size and standard error were calculated according to the 
software`s producer recommendations. The estimated 
result of each study for the intervention was represented 
through intercept and 95% Confidence Interval. Funnel 
and forest plots were produced. Egger’s test was 
performed to evaluate asymmetry.

Results

The details of the seven studies included in the 
meta-analyses are reported in Table 1.

Table 1: Characteristics of the studied included in the 
meta-analyses

Outcomes

Risk of carotid intima–media thickness in the 
PA patients compared to the EH patients. Primary 
hyperaldosteronism was associated with an increased 
thickness of intima media compared to EH in the random 
effects model (RR: 0.08, 95% CI: −1.6–1.76) (Figure 1). 
The Funnel plot shows symmetry. FE model represents 
that “the weighted average of the effect sizes,” is the 
estimate value of intercept which is not significant (p 
= 0.924). There is a positive increase of intima–media 
thickness in PA compared to EH, but non-significant. In 
the three studies with controls, the presence of carotid 
intima thickness was more accentuated in the PA group 
but still statistically non-significant (RR: 0.33, 95% CI: 
−2.2–2.9).

Forest plot

In Figure 2, in the forest plot, numbers next 
to each study graphical presentation show each study 
“effect size.” In square brackets are 95% CI (95% 
confidence interval values) for each study. The larger 

the central figure the larger the effect in calculation of 
the generalized effect value.

FE model represents that “the weighted 
average of the effect sizes,” is the estimate value of 
intercept. It is non-significant (p = 0.924).

Funnel plot

Funnel plot: Each point in the graphical is a 
study placed on the “standard error” scale. The funnel 
represents 95% CI intervals. Symmetry must be 
statistically proved (Table 2).

Table 2: Regression test for Funnel plot asymmetry 
(“Egger’s test”)
Value Z p
Sei 0.084 0.933
(“Egger’s test”) evaluates asymmetry which in our case results insignificant (p = 0.933). This favors the 
absence of publication bias.

There are only three studies with controls. 
“Omnibus test of the Model Coefficients” and (Test of 
Residual Heterogeneity), and both are non-significant, 
with p-values above 0.100, refuting the null hypothesis 
of no effect, and the hypothesis of homogeneity.

FE model represents that “the weighted 
average of the effect sizes,” increases from 0.081 to 
0.332 but still non-significant (p = 0.801).

Funnel Plot

The model is repeated 4 times(Figures 3-5):
•	 First, IMT PA – intima–media thickness in 

PA is correlated to IMT EH – intima–media 

Figure 2: Forest plot

https://oamjms.eu/index.php/mjms/index


 Muja et al. Intima–Media Thickness in Primary Aldosteronism Compared with Essential Hypertension

Open Access Maced J Med Sci. 2024 Jan 28; 12(1):56-61. 59

Figure 3: Funnel plot

thickness EH as a control group. There is no 
heterogeneity, the weighted average of the 
effect sizes equals 0.08, not significant.

•	 Second, to the above model are added, 
sample size as a covariate and study design a 
factor. There is no heterogeneity, the weighted 
average of the effect sizes equals 0.434, thus 
statistically not significant.

•	 Third, IMT PA – intima–media thickness in PA 
is correlated to IMT control – intima–media 
thickness in healthy controls as a control 
group. There is no heterogeneity, the weighted 
average of the effect sizes equals 0.332, thus 
not significant.

Figure 4: Forest plot of the studies with the controls

•	 Fourth, IMT PA – intima–media thickness in 
PA is correlated to IMT control – intima–media 
thickness healthy controls as a control group. 
To the above model are added, sample size 
as a covariate and study design a factor, no 
heterogeneity, the weighted average of the 
effect sizes equals 0.605, not significant.
The fact that there is no heterogeneity 

between studies show the fact that there is no important 
publication bias. There are greater values of intima–
media thickness in the PA group than the EH group, 

and the values increase more when compared to a 
control group.

Figure 5: Funnel plot of the studies with the controls

Discussion

The outcome of this meta-analysis was that 
in comparison with EH and healthy controls, the PA 
patients have the tendency to show thicker intima media 
of the carotid artery. Even thaw our results are week, 
they could have been influenced by several limitations, 
as the low number of studies and patients. Patients 
with PA have been shown to have more cardiovascular 
events, including coronary artery disease, stroke, and 
atrial fibrillation than EH patients, which are independent 
of blood pressure effects [12].

Some studies reported that arterial wall damage 
in PA patients is more profound than in EH patients, 
possibly due to excessive aldosterone production, 
thereby resulting in thickening the intima–media layer 
of carotid artery [6]. PA patients were found to have not 
only increased CIMT and arterial stiffness, but elevated 
corrected integrated backscatter signal of the carotid 
arteries compared to EH patients [7]. These studies 
implied that aldosterone seems to increase fibrosis in 
both heart and vascular system. In the presented study, 
the increases in both arterial stiffness and CIMT found 
in PA patients may provide another support for the 
aldosterone related vascular damage.

Another s-tudy reveals that APA patients have 
higher degree of the early atherosclerosis and vascular 
stiffness and demonstrates that adrenalectomy not 
only corrects the high blood pressure and biochemical 
data but also reverses adverse vascular change in 
APA patients. The findings emphasized that the arterial 
stiffness and increased CIMT in APA patients seemed 
to be reversed by adrenalectomy [5], [22]. The present 
study demonstrates that aldosterone is responsible for 
vascular morphological and functional damage, which 
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may explain the elevated cardiovascular risk of patients 
with PA. Our results show that arterial hypertension 
associated with aldosterone excess induces vascular 
alterations to a greater extent than comparable EH. This 
damage involves wall thickening and increased collagen 
deposition with vascular fibrosis of the carotid arteries.

Conclusion

This meta-analysis show the intima–media 
thickness tendency is greater in PA patients compared 
to EH and more to healthy controls. The lack of 
statistical significance is due to the small number 
of patients present in the studies. Larger studies are 
needed to obtain more solid conclusions over the bond 
between PA and developing of carotid artery thickness 
and disease.

References

1. Monticone S, Burrello J, Tizzani D, Bertello C, Viola A, Buffolo F, 
et al. Prevalence and clinical manifestations of primary 
aldosteronism encountered in primary care practice. J Am 
Coll Cardiol. 2017;69(14):1811-20. https://doi.org/10.1016/j.
jacc.2017.01.052

 PMid:28385310
2. Rossi GP, Bernini G, Caliumi C, Desideri G, Fabris B, Ferri C, 

et al. A prospective study of the prevalence of primary 
aldosteronism in 1,125 hypertensive patients. J Am Coll 
Cardiol. 2006;48(11):2293-300. https://doi.org/10.1016/j.
jacc.2006.07.059

 PMid:17161262
3. Chen ZW, Tsai CH, Pan CT, Chou CH, Liao CW, Hung CS, et al. 

Endothelial dysfunction in primary aldosteronism. Int J Mol Sci. 
2019;20(20):5214. https://doi.org/10.3390/ijms20205214

 PMid:31640178
4. Ambrosino P, Lupoli R, Tortora A Cacciapuoti M, Lupoli GA, 

Tarantino P, 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. https://doi.
org/10.1016/j.ijcard.2016.01.200

 PMid:26826789
5. Lin YH, Lin LY, Chen A, Wu XM, Lee JK, Su TC, et al. 

Adrenalectomy improves increased carotid intima-media 
thickness and arterial stiffness in patients with aldosterone 
producing adenoma. Atherosclerosis. 2012;221(1):154-9. 
https://doi.org/10.1016/j.atherosclerosis.2011.12.003

 PMid:22197109
6. Holaj R, Zelinka T, Wichterle D, Petrák O, Strauch B, Widimský 

J Jr. Increased intima-media thickness of the common carotid 
artery in primary aldosteronism in comparison with essential 
hypertension. J Hypertens. 2007;25:1451-7. https://doi.
org/10.1097/HJH.0b013e3281268532

 PMid:17563568
7. Bernini G, Galetta F, Franzoni F, Bardini M, Taurino C, 

Bernardini M, et al. Arterial stiffness, intima-media thickness and 

carotid artery fibrosis in patients with primary aldosteronism. 
J Hypertens. 2008;26(12):2399-405. https://doi.org/10.1097/
HJH.0b013e32831286fd

 PMid:19008719
8. Rossi GP, Sacchetto A, Visentin P, Canali C, Graniero GR, 

Palatini P, et al. Changes in left ventricular anatomy and function 
in hypertension and primary aldosteronism. Hypertension. 
1996;27(5):1039-45. https://doi.org/10.1161/01.hyp.27.5.1039

 PMid:8621194
9. Shigematsu Y, Hamada M, Okayama H, Hara Y, Hayashi Y, 

Kodama K, et al. Left ventricular hypertrophy precedes other 
target-organ damage in primary aldosteronism. Hypertension. 
1997;29(3):723-7. https://doi.org/10.1161/01.hyp.29.3.723

 PMid:9052887
10. Matsumura K, Fujii K, Oniki H, Oka M, Iida M. Role of 

aldosterone in left ventricular hypertrophy in hypertension. 
Am J Hypertens. 2006;19(1):13-8. https://doi.org/10.1016/j.
amjhyper.2005.05.013

 PMid:16461184
11. Reincke M, Fischer E, Gerum S, Merkle K, Schulz S, 

Pallauf A, et al. Observational study mortality in treated 
primary aldosteronism: The German Conn’s registry. 
Hypertension. 2012;60(3):618-24. https://doi.org/10.1161/
HYPERTENSIONAHA.112.197111

 PMid:22824982
12. Milliez P, Girerd X, Plouin PF, Blacher J, Safar ME, Mourad JJ. 

Evidence for an increased rate of cardiovascular events 
in patients with primary aldosteronism. J Am Coll Cardiol. 
2005;45(8):1243-8. https://doi.org/10.1016/j.jacc.2005.01.015

 PMid:15837256
13. Stowasser M, Sharman J, Leano R, Gordon RD, Ward G, 

Cowley D, et al. Evidence for abnormal left ventricular 
structure and function in normotensive individuals with 
familial hyperaldosteronism Type I. J Clin Endocrinol Metab. 
2005;90(9):5070-6. https://doi.org/10.1210/jc.2005-0681

 PMid:15941863
14. Grasman R. Meta-Analysis in JASP. Web Publication/Site, 

JASP; 2017. Available from: https://jaspstats.org/2017/11/15/
meta-analysis-jasp [Last accessed on 2023 Jan 12].

15. Wu X, Yu J, Tian H. Cardiovascular risk in primary 
aldosteronism. A systematic review and meta-analysis. Medicine 
(Baltimore). 2019;98(26):e15985. https://doi.org/10.1097/
MD.0000000000015985

 PMid:31261504
16. Benitah JP, Perrier E, Gomez AM, Vassort G. Effects of 

aldosterone on transient outward K+ current density in rat 
ventricular myocytes. J Physiol. 2001;537(Pt 1):151-60. https://
doi.org/10.1111/j.1469-7793.2001.0151k.x

 PMid:11711569
17. Tanabe A, Naruse M, Naruse K, Hase M, Yoshimoto T, Tanaka M, 

et al. Left ventricular hypertrophy is more prominent in patients 
with primary aldosteronism than in patients with other types of 
secondary hypertension. Hypertens Res. 1997;20(2):85-90. 
https://doi.org/10.1291/hypres.20.85

 PMid:9220271
18. Chang YY, Liao CW, Tsai CH, Chen CW, Pan CT, Chen ZW, 

et al. Left ventricular dysfunction in patients with primary 
aldosteronism: A propensity score-matching follow-up study with 
tissue Doppler imaging. J Am Heart Assoc. 2019;8(22):e013263. 
https://doi.org/10.1161/JAHA.119.013263

 PMid:31718437
19. Cesari M, Letizia C, Angeli P, Sciomer S, Rosi S, Rossi GP. 

Cardiac remodeling in patients with primary and secondary 
aldosteronism: A tissue doppler study. Circ Cardiovasc 
Imaging. 2016;9(6):e004815. https://doi.org/10.1161/

https://oamjms.eu/index.php/mjms/index


 Muja et al. Intima–Media Thickness in Primary Aldosteronism Compared with Essential Hypertension

Open Access Maced J Med Sci. 2024 Jan 28; 12(1):56-61. 61

CIRCIMAGING.116.004815
 PMid:27307552
20. Widimsky J Jr., Strauch B, Petrák O, Rosa J, Somloova Z, 

Zelinka T. Vascular disturbances in primary aldosteronism: 
Clinical evidence. Kidney Blood Press Res. 2012;35(6):529-33. 
https://doi.org/10.1159/000340031

 PMid:22890049
21. Rosa J, Somlóová Z, Petrák O, Strauch B, Indra T, Senitko M. 

Peripheral arterial stiffness in primary aldosteronism. 

Physiol Res. 2012;61(5):461-8. https://doi.org/10.33549/
physiolres.932344

 PMid:2288123
22. Lee MY, Lai WT. Plasma renin level and aldosterone to 

renin ratio are associated with presence of carotid plaques 
in patients with stable coronary artery disease. J Renin 
Angiotensin Aldosterone Syst. 2015;16(4):1159-67. https://doi.
org/10.1177/1470320314548743

 PMid:25237165


