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Abstract
Objective. To estimate and compare the endothelial function in patients with essential arterial hypertension 

(HTN) and primary hyperaldosteronism (PHA). Design and methods. Eighty-two patients were examined. 
Among them, PHA was verified in 19 patients, while 36 patients had essential HTN stage II (blood pressure 
(BP) elevation of 1st or 2nd degree), and 27 age-matching healthy people formed control group. The HTN 
duration in PHA patients was 1.95 ± 0.24 years, and in patients with essential HTN — 5.5 ± 0.5 years. Both 
patients and healthy peoples were examined within the hospital, in compliance with the hospital regime 
and diet. Endothelial function was assessed by several methods: the number of circulating desquamated 
endothelial cells (the method by Hladovec J.), reactive hyperemia test and evaluation of endothelium-
dependent vasodilation (as a percentage of the brachial artery diameter increase), total blood nitrates and 
nitrites level (Griss-reaction method), nitric oxide excretion in urine. Results. Endothelial dysfunction (ED) 
was found in all patients with high BP. We found more profound ED in PHA patients compared to patients 
with essential HTN, which resulted in a significantly higher number of circulating endothelial desquamated 
cells, lower percentage of vasodilation response in reactive hyperemia test, decreased blood levels of 
total nitrites/nitrates and elevated nitric oxide urine excretion. Discriminant analysis was applied to range 
the severity of ED. Patients with essential HTN had moderate ED, while patients with PHA had severe 
ED. Conclusions. The proposed classification approach can be successfully applied for monitoring changes in 
ED and the effectiveness of treatment in patients with various diseases associated with BP elevation.
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Резюме
Цель исследования — оценить и сравнить функциональное состояние эндотелия у больных 

эссенциальной артериальной гипертензией (АГ) и первичным гиперальдостеронизмом (ПГА). Ма-
териалы и методы. Проанализированы результаты обследования 82 человек: 19 пациентов с ПГА, 
36 пациентов с эссенциальной АГ II стадии с повышением уровня артериального давления (АД) 1–2-й 
степени и 27 практически здоровых лиц. Средний возраст пациентов в группах значимо не отличался. 
Длительность АГ у лиц с ПГА составила 1,95 ± 0,24 года, у лиц с гипертонической болезнью (ГБ) — 
5,5 ± 0,5 года. Обследование больных и лиц контрольной группы проводилось в стационарных услови-
ях в соответствии с общепринятыми стандартами на фоне соблюдения клинического режима и диеты. 
Оценка функции эндотелия проводилась с использованием следующих методик: оценки количества 
циркулирующих десквамированных эндотелиоцитов (ЦЭК) в крови по методике Hladovec J., пробы 
с реактивной гиперемией и последующим расчетом эндотелийзависимой вазодилатации в виде процен-
та прироста диаметра плечевой артерии (ПА), исследования содержания в плазме крови суммы нитра-
тов и нитритов по методике, основанной на реакции Грисса, оценки экскреции оксида азота с мочой.  
Результаты. Дисфункция эндотелия (ДЭ) была характерна для всех обследованных лиц с повышен-
ным АД. Однако результаты свидетельствуют о более выраженной степени нарушений функциональ-
ного состояния эндотелия при ПГА по сравнению с эссенциальной АГ, что выражалось в значимо 
более высоком содержании количества ЦЭК, значимо более низком приросте диаметра ПА в пробе 
с реактивной гиперемией, значимом снижении уровня суммарных нитритов/нитратов в крови, по-
вышенном уровне экскреции оксида азота с мочой. С помощью метода дискриминантного анализа 
на основании этих показателей разработана классификация степени тяжести ДЭ, в результате чего 
было констатировано, что пациенты с эссенциальной АГ имели умеренную, а с ПГА — выражен-
ную степень ДЭ. Предложенный классификационный подход может быть успешно использован для 
динамического контроля эффективности медикаментозной коррекции ДЭ у лиц с различными забо-
леваниями, сопровождающимися подъемом АД.

Ключевые слова: первичный гиперальдостеронизм, эссенциальная артериальная гипертензия, 
симптоматическая артериальная гипертензия, эндотелиальная дисфункция, циркулирующие эндоте-
лиальные клетки, эндотелийзависимая вазодилатация, оксид азота, суммарные нитраты и нитриты 
плазмы крови
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Introduction
Cardiovascular mortality is gradually growing, 

resulting in a steady increase in research in this field 
worldwide [1]. Arterial hypertension (HTN) is one 
of key reasons of adverse cardiovascular events, in-
cluding cardiovascular deaths [2, 3].

Essential HTN takes the leading position in HTN 
structure. The rate of symptomatic HTN varies from 
5 % [1, 4] to 25 % [5]. Among secondary forms renal 
HTN is the most common [4, 6], and endocrine HTN 
rate is 3–6 % [7, 8]. Endocrine HTN more often ap-
pear as adrenal hyperfunction or Cushing’s disease 
[1]. Prevalence of primary aldosteronism in general 
population is low comprising 0.03–0.1 % [9]. How-
ever, primary aldosteronism comprises at least 7 % 
of uncontrolled HTN [10].

Endothelial dysfunction (ED) plays an important 
role in the development of cardiovascular diseases 
and, in particular, arterial hypertension. Endothelium 
dysfunction appears to be both a part of pathology 
and its primary inductor, which contribute to ED 
progression. ED development is accompanied by 
abnormal regulatory vascular response to the usual 
hemodynamic shifts. Patients with essential HTN 
demonstrate decreased endothelium-dependent va-
sodilatation resulted from excessive production of va-
soconstrictors. In this regard, endothelial dysfunc-
tion is considered as one of the leading mechanisms 
underlying hypertension development. According 
to current concepts, nitric oxide (NO) is one of the 
most important bioactive endothelial products with 
strong vasodilatory effect. Moreover, it delays vas-
cular remodeling. In HTN patients, endotheliocytes 
show lower capacity to release NO and other vasodi-
lators. At the same time production of vasoconstric-
tors increases, leading to ED. Also HTN patients 
show impaired endothelium-dependent vasolidation 
caused by abnormal NO production and release.

However, while ED role in essential HTN is 
proved, the endothelium changes in the endocrine 
symptomatic hypertensions are unexplored. The 
comparative studies of endothelial function in essen-
tial HTN versus endocrine hypertension are lacking. 
Few studies show contradictory results and do not 
provide data on ED severity in symptomatic HTN, 
its triggers, and prognostic role. Therefore, such re-
search is highly relevant.

Objective
To estimate and compare endothelium functional 

status in essential HTN versus primary hyperaldos-
teronism.

Design and methods
Altogether 82 subjects were examined: 19 pa-

tients with primary hyperaldosteronism (12 males 
and 7 females), 36 patients with essential HTN II 
degree with blood pressure (BP) elevation of I–II 
degree (25 males and 11 females), and 27 healthy 
subjects (18 males and 9 females) who formed the 
control group. Sex distribution was comparable in 
all groups (according to χ 2-test). At baseline, mean 
age of subjects with primary hyperaldosteronism was 
49.05 ± 1.58 years, among patients with essential 
HTN — 52.89 ± 1.24 years, in the control group — 
45.26 ± 1.83 years (p ˃  0.05 for all comparisons). The 
mean HTN duration was 1.95 ± 0.24 years among 
subjects with primary hyperaldosteronism, and 5.5 ± 
0.5 years among subjects with essential HTN.

All subjects were examined in the hospital. All 
clinical, laboratory and instrumental examinations 
were performed according to the common stand-
ards and on conditions of in-hospital regimen and 
diet. Diagnostic of primary hyperaldosteronism was 
based on typical disease pattern, low potassium lev-
el at single evaluation or in series of examinations, 
detection of aldosterone level and plasma renin 
activity. Localization was established by computer 
tomography of adrenal glands. Aldosteronoma was 
diagnosed by histological verification after surgi-
cal intervention. Diagnosis of HTN and BP increase 
were established according to the Expert guidelines 
of the Russian Society of Cardiology. Essential HTN 
was diagnosed after final exclusion of symptomatic 
HTN. Patients with chronic heart failure II NYHA 
functional class and higher, essential HTN III de-
gree, myocardial infarction in past, acute cerebrov-
ascular accident, and clinically significant concomi-
tant diseases of digestive, pulmonary systems were 
not excluded.

Endothelial function was estimated by 
J. Hladovec’s method, and circulating desquamated 
endotheliocytes were calculated. According to this 
method, the circulating desquamated endothelio-
cytes count is 2–4 cells in 100 mcl in healthy indi-
viduals.
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Table 1
THE CHANGES IN THE BRACHIAL ARTERY DIAMETER DURING REACTIVE HYPEREMIA 

TEST IN THE STUDY GROUPS (M ± m)

Indicator Healthy, 
n = 27

HTN, 
n = 36

PHA, 
n = 19

Baseline brachial artery 
diameter, mm 4.27 ± 0.05 4.44 ± 0.07 4.32 ± 0.10

Post-test brachial artery 
diameter, mm 4.98 ± 0.06 4.76 ± 0.08* 4.54 ± 0.11**

Ratio of baseline and post-
test values, % 16.53 ± 0.74 6.97 ± 0.47** 5.15 ± 0.87**#

Note: differences with control group: * — p < 0.05; ** — p < 0.001; differences between patients with essential 
hypertension and hyperaldosteronism: # — p < 0.05.

Endothelium vasomotor function was assessed 
by reactive hyperemia test and endothelium-de-
pendent vasodilation of brachial artery. We esti-
mated the increase in the brancial artery diameter 
after the mechanical stress exposure by the linear 
probe 7.5 MHz (Siemens Omnia). At the next step, 
we assessed the ratio of endothelium dependent va-
sodilation of brachial artery to the baseline data 
by the following formula: (D2-D1)/D1 × 100 % 
(D2 — brachial artery diameter after occlusion, 
D1 — baseline brachial artery diameter). Brachial 
artery diameter growth of 10 % and more was con-
sidered normal. Lower values or vasoconstriction 
were considered as a pathological response [1]. 
Total blood level of nitrates and nitrites (NOx) 
was determined in fasting blood samples (after 
10-hour fast), after following diet with nitrate- and 
nitrite-free food and excluding nitrate-containing 
drugs. We used a method based on Griece reaction: 
optical density was defined by spectrophotometer 
KFK-3 (wavelength 543 nmol), then a calibration 
plot was drawn: NOx (nmol) was indicated on X 
axis and optical density — on Y axis. NOx con-
tent was evaluated in accordance with the calibra-
tion plot.

The study was approved by the Ethical Com-
mittee of Military Medical Academy. Prior to any 
procedures, all subjects signed informed consent to 
participate in the study.

Statistical analysis was performed with the use if 
program STATISTICA 6.0. Non-parametric tests 
were used. Discriminatory analysis method was used 
to distinguish critical features of ED.

Results and discussion
Baseline diameter of brachial artery did not dif-

fer in the groups (p > 0.05) (Table 1). Reactive hy-
peremia test demonstrated an increase in the brachial 
artery diameter in all groups. However, HTN patients 
showed lower increase than patients in the control 
group. Brachial artery diameter increase was much 
lower in the groups with essential HTN and primary 
hyperaldosteronism than in the control group (p < 
0.001), and its value < 10 % proves impairment of 
endothelial vasomotor function in HTN patients. 
Importantly, the impairment of brachial artery di-
ameter increase was more profound in patients with 
primary hyperaldosteronism in comparison with the 
group of essential HTN.

In patients with primary hyperaldosteronism, 
the number of desquamated endotheliocytes indicat-
ing endothelial dysfunction is much higher than in 
healthy subjects and hypertensive patients. So en-
dothelial dysfunction is more profound intensity in 
patient with symptomatic HTN than in patients with 
essential HTn (Table 2).

The next parameter reflects endothelial function 
(total content of nitrates/nitrites in blood plasma) 
and it shows similar trends. NO content in the blood 
of patients with primary hyperaldosteronism was 
4-time lower than in healthy subjects.

Moreover, NO blood level in patients with pri-
mary hyperaldosteronism was much lower compared 
to patients with essential HTN. On the contrary, urine 
nitrite excretion was much higher in patients with pri-
mary hyperaldosteronism than in control group and in 
patients with essential HTN. The role of ED in BP el-
evations in patients with primary hyperaldosteronism 
was confirmed by negative correlation between bra-
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Table 2
CIRCULATING DESQUAMATED ENDOTHELIOCYTES, BLOOD NITRATES 

AND NITRITES IN THE STUDIED GROUPS  (M ± m)

Indicator Healthy, 
n = 27

HTN, 
n = 36

PHA, 
n = 19

Circulating desquamated endotheliocytes, cell/ml 3.0 ± 0.17 8.58 ± 0.20* 27.37 ± 0.48*#

Blood nitrates and nitrites, nmol/ml 37.49 ± 0.92 17.86 ± 0.53* 10.03 ± 0.29*#

Note: differences with control group: * — p < 0.05; ** — p < 0.001; differences between HTN and PHA patients: 
# — p < 0.001.

chial artery diameter and the mean BP. In primary 
hyperaldosteronism, NO content in blood inversely 
correlates with the thickness index indicating that al-
dosterone directly contributes to the development of 
myocardial hypertrophy and also has an indirect im-
pact by impairing endothelial function. In primary 
hyperaldosteronism, aldosterone level directly cor-
relates with flow-dependent vasodilatation, which 
proves participation of this hormone in the develop-
ment of endothelial dysfunction.

Therefore, we conclude that endothelial dysfunc-
tion occurs in all subjects with high BP. However, the 
severity of endothelial dysfunction is different in the 
studied groups. Thus, we attempt to develop criteria 
for classifying endothelial dysfunction degree by ap-
plying the discriminatory analysis. Usually this anal-
ysis is used for recognition of images and objects with 
specific features to one of the known classes [15]. The 
key objects of our research was the classification of 
endothelial dysfunction into different degrees. For 
this purpose parameters characterizing endothelial 
function (excluding normal values) were ranged, and 
the median was determined. Values lower than me-
dian characterize moderate ED and values higher than 
median shows severe ED. Quantitative estimation of 
4 parameters — brachial artery diameter increase, 
circulating desquamated endotheliocytes level, ni-
trate/nitrite content in blood and nitrite urine excre-
tion — allows classification of ED in HTN patients 
as moderate and severe. The findings were proven 
by contingency table analysis (Table 3). Discrimina-
tive model appeared to be statistically significant (p 
< 0.001) and highly informative (for 96.1 %).

Therefore, we found moderate endothelial dys-
function in HTN by applying classification method 
for estimating endothelial dysfunction severity in 
HTN of different origin and assessing brachial ar-
tery diameter increase, circulating desquamated en-
dotheliocytes level, nitrate/nitrite content in blood 

and urine excretion of nitrites. ED in patients with 
primary hyperaldosteronism is more profound in 
comparison with patients with essential hyperten-
sion (Table 4).

Conclusions
Endothelial vasomotion dysfunction and in-

creased number of circulating desquamated en-
dotheliocytes are found in patients with different 
hypertensions. However, impairment of flow-depend-
ent vasodilatation and circulating desquamated en-
dotheliocytes number differ in patients with essential 
HTN and with primary hyperaldosteronism.

Low NO production is one of the most impor-
tant pathogenesis mechanisms of high vascular 
tone in HTN, because NO is the natural endotheli-
um-produced antagonist of different vasoconstric-
tion factors. However, the degree of the impairment 
of NO-production is not similar in different HTN 
forms. Patients with primary hyperaldosteronism 
are characterized by more profound decline in NO 
production (bioavailability decline is also possible) 
followed by the more profound endothelial secre-
tory dysfunction.

We believe that our classification can be also used 
the follow-up control of endothelial dysfunction re-
versibility in treated patients.

Conflict of interest
The authors declare no conflict of interest.

References
1. Gogin EE. Arterial hypertension and hypertensive dis-

ease (diagnosis by syndrome and by nosology). Ther Arch. 
2010;82(4):5–10. In Russian.

2. Maslennikova EA, Romanchuk SV, Rachkova SA, 
Nazarova OA. Hypertensive therapy influence on structural 
and functional properties of the vascular wall in hypertensive 
patients. Ther Arch. 2008;80(9):33–36. In Russian.

3. Lewington S, Clarke R, Qizilbash N. Age-specific rel-
evance of usual blood pressure to vascular mortality: a meta-



23(3) / 2017 201

Original article / Оригинальная статья

23(3) / 2017

Table 3
CLASSIFICATION OF ENDOTHELIAL DYSFUNCTION SEVERITY 

IN HYPERTENSIVE PATIENTS

The severity 
of endothelial 
dysfunction

Brachial artery 
diameter increase, 

%

Desquamated 
endotheliocytes 

level, 
cell/ml

Nitrate / nitrite 
content in blood, 

nmol/ml

Urine excretion 
of nitrates / nitrites, 

mcmol/l

Normal > 10 0–4 > 28 до 0.1

Moderate 5.1–10 5–19 13–28 0.1–0.17

Severe от –5 до +5 > 19 до 13 > 0.17

Table 4
ПоКазатели диСфунКЦии эндотелия 

у больных аРтеРиальной гиПеРтензией (M ± m)

Indicators Essential AH 
n = 36

Primary hyperaldosteronism 
n = 19

Brachial artery diameter increase, % 6.97 ± 0.47*** 5.15 ± 0.87***#

Circulating desquamated 
endotheliocytes, cell/ml 8.58 ± 0.2*** 27.37 ± 0.48***###

Nitrate/nitrite content in blood, nmol/ml 17.9 ± 0.53*** 10.03 ± 0.29***###

Urine excretion of nitrites, mcmol/l 0.13 ± 0.01*** 0.19 ± 0.01***###

Note: * — p < 0.05; ** — p < 0.01; *** — p < 0.001 — differences compared to the control group; # — p < 0.05; 
## — p < 0.01; ### — p < 0.001 — differences between essential hypertension and primary hyperaldosteronism patients.

analysis of individual data for one million adults in 61 pro-
spective studies. Lancet. 2002;360(9349):1903–1913.

4. Kronenberg GM, Melied Sh, Polonsky KS, 
Larsen PR. Diseases of the adrenal cortex and endocrine 
hypertension/transl. from Eng. ed. by Dedov II, Meln-
ichenko GA. Moscow: LLC “Read Elsiver”, 2010. 208 p. 
In Russian.

5. Shustov SB, Baranov VL, Yakovlev VA, Kar-
lov VA. Arterial Hyper-tensions. St Petersburg, 1997. 320 p. 
In Russian.

6. Shulutko BI. Hypertensive disease. St Petersburg: 
Renkor, 1998. 200 p. In Russian.

7. Baranov VL. Pathoge-nesis, diagnostic strategies 
and treatment in patients with secondary endocrine arterial 
hypertension: Doctoral Thesis. St Petersburg; 1997: 525 p. 
In Russian.

8. Chikhladze NM, Chazova IE. Arterial hypertension in 
chronic kidney disease. Symptomatic arterial hypertension: 
diagnosis and treatment. Bolezni Serdtsa i Sosudov = Car-
diovascular Diseases. 2006;2:24–28. In Russian.

9. Shustov SB, Khalimov YS, Baranov VL, Po-
tin VV. Endocrinology in tables and diagrams. Moscow: LLC 
“Medical News Agency”, 2009. 636 p. In Russian.

10. Mosso L, Carvajal C, Gonzalez A. Primary al-
dosteronism and hypertensive disease. Hypertension. 
2003;42(2):161–165.

11. Bovtyushko PV, Shmorgun TS, Filippov AE, Ni-
kitin AE, Zubenko AI. Influence of prophilactic measures 
on endothelial function in patients with artherial hyperten-
sion. Bulletin of the Russian Military Medicine Academy. 
2009;4(28):140–151. In Russian.

12. Ostroumova OD, Dubynskaya RE. Endothelial dys-
function in cardiovascular diseases (based on the XIII Eu-
ropean conference on arterial hypertension). Kardiologiia. 
2005;2:59–62. In Russian.

13. Pollock DM. Role of endothelin ET (A) recep-
tors in the hypertensions produced by 4-day L-nitroarginine 
methyl ester and cyclosporine treatment. Eur J Pharmacol. 
1998;346(1):43–50.

14. Ignarro LJ. Wei Lun Visiting Professoral Lecture: ni-
tric oxide in the regulation of vascular function: an historical 
overview. J Card Surg. 2002;17(4):301–306.

15. Schiffrin EL, Hayoz D. Angiotension II Receptor 
antagonists. Ed. by M. Epstein and H. R. Brunner. Hanley 
Belfus INC Philadelphia. 2001:279–289.

16. Panza JA, Casino PR, Kilcoyne CM, Quyyumi AA. 
Role of endotheliumderived nitric oxide in the abnormal en-
do-theliumdependent vascular relaxation of patients with es-
sential hypertension. Circulation. 1993;87(5):1468–1474.

17. Bolad I, Delafontaine P. Endothelial dysfunction: its 
role in hypertensive coronary disease. Current Opinion in 
Cardiology. 2005;20(4):270–274.



202

Original article / Оригинальная статья

23(3) / 2017

18. Sakai H, Tsuchiya K, Nakayama C. Improvement of 
endothelial dysfunction in acromegaly after transsphenoidal. 
Endocr J. 2008;55(5):853–859.

19. Tsuchiya K, Yoshimoto T, Hirata Y. Endothelial dys-
function is related to aldosterone excess and raised blood 
pressure. Endocr J. 2009;56(4):553–559.

20. Hladovec J, Rossmann Р. Circulating endothelial 
cells isolated together with platelets and the experimental 
modification of their count in rats. Thromb Res. 1973;3:663–
674.

21. Balakhonova TV. Ultrasound examination of arter-
ies in patients with cardiovascular diseases. Doctoral Thesis. 
Moscow, 2002: 40 p. In Russian.

22. Yunkerov VI, Grigoryev SG. Mathematical and sta-
tistical processing of medical research. St Petersburg, 2005. 
292 p. In Russian.

23. Drapkina OM, Dikur ON, Ashikhmin YI, 
Parfenov AS, Ivaskkin VT. Endothelial function in patients 
with high risk artherial hypertension. Arterial’naya Gi-
pertenziya = Arterial Hypertension. 2010;16(2):156–163. 
In Russian.

Author information
Vitaliy L. Baranov, MD, PhD, DSc, Professor, Depart-

ment for Endocrinology n. a. Academician V. G. Baranov, 
Deputy Head Doctor on Therapy, North-Western State Medi-
cal University n. a. I. I. Mechnikov;

Inna P. Serebryakova, MD, PhD, Associate Professor, 
Depart-ment for Endocrinology n. a. Academician V. G. Bar-
anov, North-Western State Medical University n. a. I. I. Mech-
nikov;

Anna V. Barinova, MD, PhD, Cardiologist, the First 
Hospital of Advanced Medical Training, Kirov Military 
Medical Academy.


