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Abstract

In the initial diagnostics of arterial hypertension (AH) laboratory medicine is a cornerstone, along with a blood pressure (BP) measurement and an 
electrocardiogram. It mainly refers to routine blood and urine tests for diagnosis and monitoring primary hypertension and its associated conditions 
such as asymptomatic hypertension-mediated organ damage, chronic kidney disease and hypertensive disorders of pregnancy. In addition, long 
term non-fatal and fatal risks for cardiovascular (CV) events in hypertension are assessed based on clinical and laboratory data. Furthermore, labo-
ratory medicine is involved in the management of hypertension, especially in monitoring the disease progression. However, antihypertensive drugs 
may interfere with laboratory test results. Diuretics, especially thiazides, can affect blood and urine sodium concentrations, or angiotensin-conver-
ting enzyme inhibitors and angiotensin receptor blockers can affect the blood biomarkers of the renin-angiotensin-aldosterone system (RAAS). It’s 
dysfunction plays a critical role in primary aldosteronism (PA), the most common endocrine disorder in secondary hypertension, which accounts 
for only small proportion of AH in relative terms but substantial proportion of hypertensives in absolute terms, affecting younger population and 
carrying a higher risk of CV mortality and morbidity. When screening for PA, aldosterone-to-renin ratio still contributes massively to the increased 
incidence of the disease, despite certain limits. In conclusion, laboratory medicine is involved in the screening, diagnosis, monitoring and prognosis 
of hypertension. It is of great importance to understand the preanalytical and analytical factors influencing final laboratory result.
Keywords: antihypertensive agent; clinical laboratory test; hypertension; medical laboratory science
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Introduction

In accordance with recent data published by the 
World Health Organization (WHO) about 41 million 
people around the world die from noncommuni-
cable diseases (NCD) (1). On the list of the most 
prevalent NCD are cardiovascular diseases (CVD), 
respiratory diseases, cancer and diabetes along 
with arterial hypertension (AH) as a leading cause 
of premature death. According to WHO, about 1.28 
billion people worldwide suffer from AH, including 
about 37% of Croatian adult population (2,3). With 
a prevalence of 30% to 45% among the adult pop-
ulation across the world, it represents the most 
common cause of doctor visits. It is well known 

that AH is a major independent risk factor for car-
diovascular (CV) morbidity and mortality (4).
Considering the burden of AH on national and 
global healthcare and importance of the laborato-
ry medicine in AH diagnosis and monitoring, the 
33rd Annual Symposium „Laboratory medicine in 
arterial hypertension“ was organized under the 
auspices of the Croatian Society of Medical Bio-
chemistry and Laboratory Medicine. 
This descriptive review covers the presentations 
given at the symposium from clinical and labora-
tory approaches to AH, across the diseases and 
conditions associated with it and the influence of 
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the antihypertensive drugs treatment on labora-
tory test results, to the screening for secondary hy-
pertension (SH). In addition, an online survey was 
conducted with the aim to check symposium par-
ticipants’ familiarity with the blood pressure (BP) 
measurement and methodology. 

Arterial hypertension – a practical 
approach 

Hypertension is defined as a systolic pressure ≥ 
140 mmHg and/or diastolic pressure ≥ 90 mmHg. 
The optimal arterial pressure value within the clas-
sification is defined as < 120/80 mmHg, a normal 
range is between 120 and 129 mmHg for systolic 
and/or 80 to 84 mmHg for diastolic pressure, 
whereas a high normal value is between 130 and 
139 and/or 85 to 89 mmHg. Grade I of AH is a sys-
tolic pressure of 140-159 mmHg and/or a diastolic 
pressure of 90-99 mmHg; grade II includes a sys-
tolic pressure of 160-179 mmHg and/or diastolic 
pressure of 100-109 mmHg; grade III refers to a val-
ue > 180 mmHg for systolic and/or > 100 mmHg 
for diastolic pressure. Isolated systolic hyperten-
sion applies to people with systolic pressure > 140 
mmHg and diastolic pressure < 90 mmHg (4).

The use of mercury-based blood pressure moni-
tors (sphygmomanometers) is abandoned today 
within the European Union, and it is recommend-
ed that office arterial pressure measurement 
should be performed using automated oscillomet-
ric devices, which are validated and calibrated at 
least once a year. In addition to the BP measuring 
device, it is worth addressing the importance of 
the BP methodology. A patient’s body position 
and relaxation in accordance with environmental 
conditions can contribute to the accuracy of the 
BP measurement (4).

Continuous arterial pressure measurement has in-
creasingly become the diagnostic standard, which 
is also indicated in the follow-up of patients with 
AH, re-evaluation of poorly controlled AH and as-
sessment of treatment efficacy (5).  

According to aetiology, hypertension can be pri-
mary (essential or idiopathic) (PH), which accounts 
for 85% of cases; and SH, which is present in up to 

15% of patients. The most common causes of SH 
are chronic kidney disease (CKD) and endocrine 
disorders. Namely, AH can be a presentation of 15 
different endocrine disorders, of which primary al-
dosteronism (PA) is the most common (6). 

The diagnostic algorithm includes a thorough pa-
tient history and physical examination, focusing 
mainly on information about potential target or-
gan damage and an increased CV and renal risk, 
and basic blood tests analysis with electrocardio-
gram (ECG) examination. It is recommended to as-
sess the overall CV risk as well. Patients with hyper-
tension and documented CVD, diabetes type 1 or 
2, or CKD are considered to have a very high 10-
year CV risk (> 10% mortality from CV causes) or 
high risk (5-10% mortality from CV causes) (4). 

Treatment of AH includes non-pharmacological 
and pharmacological interventions. Non-pharma-
cological approaches refer to weight loss, reduc-
tion of salt, alcohol, and fat intake, and regular 
physical activity (7). Pharmacological therapy can 
be initiated using any available type of antihyper-
tensive drugs like diuretics, angiotensin-convert-
ing enzyme (ACE) inhibitors, angiotensin receptor 
blockers (ARBs), beta-blockers and calcium chan-
nels blockers (CCBs). Among the drugs listed, ACE 
inhibitors and CCBs are the most commonly pre-
scribed drugs in clinical practice. 

A survey on the blood pressure 
measurement and methodology

The BP measurement, like any other medical test, 
carries the risk of inaccuracy due to the use of an 
inadequate BP methodology or measurement de-
vices. To overcome this risk, office BP measure-
ment by a healthcare professional is still mandato-
ry for the classification and management of AH (4).

Considering the widespread use of the BP measur-
ing devices at home and in outpatient clinics and 
the many possible variants of BP methodology, we 
conducted an online survey of the knowledge 
among symposium participants (N = 103). The sur-
vey was based on the current guidelines for BP 
measurement in office (OBP) and out-of-office 
(4,5). 
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To the first question referring to the BP measuring 
devices, 69% (71/103) of the participants answered 
correctly that hybrid semi-automatic and auto-
matic oscillometric devices are recommended for 
BP measurement. Apart from the measuring de-
vices, the patient’s sitting position and body con-
dition can also affect the BP values. Therefore, it is 
mandatory that the patient sits relaxed without 
talking for 3 to 5 minutes, before the test. Accord-
ing to the answers to the question about optimal 
body condition, the vast majority of participants 
(83%, 83/103) were familiar with the need to relax 
before BP measurement. In addition, a seated po-
sition with the back leaning against the chair’s 
back and with the legs uncrossed is preferred dur-
ing the test. When asked about the position of the 
person’s legs, 94% (97/103) of participants re-
sponded correctly. In addition to rest, calm state 
and sitting position, there are other methodologi-
cal factors that can influence BP values such as the 
position of the arm chosen for the test. The upper 
arm for BP measurement should be at heart level 
while the forearm is resting on table. If the upper 
arm is placed above the level of the right atrium, it 
may result in a false decrease in arterial pressure. 
Majority of the participants (72%, 74/103) were fa-
miliar with the influence of the upper arm position 
on the BP.  

According to the guidelines, patients should avoid 
food consumption, exposure to cold, exercise, and 
abstain from cigarettes, caffeine and alcoholic 
beverages at least 30 minutes before the measure-
ment. More than half of the participants (66%, 
66/103) were aware of the need to abstain from 
coffee and cigarettes for the required period of 
time.  

At home BP monitoring (HBPM) in the form of a di-
ary is recommended as the best method for long-
term monitoring of treated hypertension, and for 
detecting white-coat hypertension and masked 
hypertension. About 81% (83/103) of participants 
answered correctly that HBPM has the advantage 
over OBP measurement. 

Blood pressure should be measured in the morn-
ing (before taking medication) and in the evening 
(before meal or taking medication if already pre-

scribed) twice at 1-minute intervals over a 7 day 
period. When asked about measurement intervals, 
half of participants (52%, 54/103) knew about the 
HBPM protocol. 

The device used for HBPM must be calibrated and 
the patient must be educated about self-measure-
ment. When following these rules, there is no dif-
ference between the HBPM and OBP methods. 
Next question in the survey was whether there is a 
difference between the HBPM and OBM methods 
and 68% (70 /103) of participants chose the correct 
answer.  

In general, values of BP measured by the patient at 
home are lower than those measured in the office. 
Therefore, the cut-off value indicating AH at HBPM 
is ≥ 135/85 mmHg, whereas in the office it is set at 
> 140/90 mmHg. According to the responses, only 
18% (19/103) of the participants recognized differ-
ences in the cut-off values between the two types 
of BP measurements. 

The survey results show an acceptable knowledge 
of the BP measurement among the participants, 
but there is also room for improvement. 

Laboratory diagnostics of arterial 
hypertension

In primary hypertension, the laboratory plays an 
important role in risk stratification for adverse CV 
and peripheral vascular events, in assessing 
asymptomatic hypertension-mediated organ 
damage (HMOD), and in determining the thera-
peutic approach for a patient (4). 

According to the 2018 guidelines for the manage-
ment of arterial hypertension issued by the Euro-
pean Society of Hypertension (ESH) and the Euro-
pean Society of Cardiology (ESC), the following 
data must be collected in every patient diagnosed 
at AH: detailed clinical history, physical examina-
tion, initial laboratory tests, and other diagnostic 
procedures (12-lead ECG) (4). The following routine 
laboratory tests are recommended at the initial 
evaluation: haemoglobin, haematocrit, glucose, 
haemoglobin A1c  (HbA1c), creatinine, estimated 
glomerular filtration rate (eGFR) calculated accord-
ing to the formula Chronic Kidney Disease-Epide-
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miology Collaboration (CKD-EPI), triglycerides, to-
tal cholesterol, low-density lipoprotein (LDL) cho-
lesterol, high-density lipoprotein (HDL) cholester-
ol, potassium, sodium, uric acid, total protein, al-
bumin, bilirubin, alkaline phosphatase, aspartate 
aminotransferase (AST), alanine aminotransferase 
(ALT) and gamma-glutamyltransferase (GGT). It is 
also recommended to perform a qualitative urine 
dip-stick test, microscopic examination, and albu-
min-creatinine ratio (ACR) in the spot urine sample 
(Table 1) (4).

diabetes with or without complications. The latter 
two, together with hypertension, form a metabol-
ic triad that multiplies the risk of a fatal CV event. 
Patients with these conditions are already in a very 
high or high risk category, so calculating the 10-
year risk does not change their predicted risk (7). A 
10-year risk assessment is particularly useful for 
patients without established comorbidities or oth-
er risk factors, as they may benefit from lifestyle in-
tervention or therapy. Laboratory diagnostics play 
a direct role in the calculation of SCORE2 and 
SCORE2-OP because one of the variables used for 
risk calculation is non-HDL-cholesterol, which is 
calculated by subtracting HDL-cholesterol concen-
tration from total cholesterol concentration (7). 
Unfortunately, SCORE2 and SCORE2-OP do not 
consider some additional risk factors that may al-
ter the 10-year overall risk for CVD. One of the risk 
factors for CVD, independent of the presence of 
hypertension is uric acid. Its concentration above 
360 µmol/L affects the classification of 10-year risk 
for CVD (8). Other laboratory tests that were con-
sidered significant have recently been shown to 
be less useful for patient risk stratification, such as 
high-sensitivity C-reactive protein (9). Further stud-
ies are needed to clarify the role of cardiac mark-
ers such as N-terminal pro-brain natriuretic pep-
tide (NT-proBNP) and high-sensitivity troponin 
(hsTn) in reclassifying 10-year risk scores (7). 

Asymptomatic HMOD has a significant impact on 
risk modification. Hypertension-mediated organ 
damage are structural or functional changes in 
target organs such as the heart, brain, retina, kid-
neys, and blood vessels. These changes are not in-
cluded in the SCORE2 or SCORE2-OP mathemati-
cal model and are often not detected in time. In 
addition, there is a possibility of damage to multi-
ple organs, which increases the risk. Detection of 
HMOD can change the 10-year risk from moderate 
to high or from low to moderate, which also 
changes the therapeutic approach. There are sev-
eral diagnostic procedures to identify HMOD, and 
the laboratory is critical to determine the stage of 
CKD, as it is an independent risk factor for adverse 
CV events. eGFR values < 60 mL/min/1.73m2 or 
ACR > 3.4 mg/mmol indicate asymptomatic renal 
dysfunction (10).

Sample 
type

Laboratory tests

Blood Complete blood count (haemoglobin, 
haematocrit)
Lipid profile (triglycerides, total cholesterol, LDL 
cholesterol, HDL cholesterol)
Electrolites (potassium, sodium)
Liver function tests (total protein, albumin, 
bilirubin, alkaline phosphatase, AST, ALT, GGT)
Metabolites (glucose, HbA1c, creatinine, uric acid)
Equation (eGFR)

Urine Qualitative urine dip-stick test and microscopic 
examination
Albumin-creatinine ratio

LDL - low-density lipoprotein. HDL - high-density lipoprotein 
cholesterol. AST - aspartate aminotransferase. ALT - alanine 
aminotransferase. GGT - gamma-glutamyltransferase. HbA1c - 
haemoglobin A1c. eGFR - estimated glomerular filtration rate.

Table 1. Routine laboratory tests for basic evaluation of arterial 
hypertension

Based on these laboratory test results, BP, other 
risk factors, asymptomatic HMOD, and comorbidi-
ties, patients should be evaluated for their 10-year 
risk of a fatal and nonfatal CV event. According to 
the 2021 ESC Guidelines on cardiovascular disease 
prevention in clinical practice, the 10-year risk is 
calculated using the Systematic Coronary Risk Esti-
mation 2 (SCORE2) for patients aged 40-69 years 
or the Systematic Coronary Risk Estimation 2-Old-
er Person (SCORE2-OP) for patients aged 70 years 
or older (7). Risk assessment is not required in pa-
tients already diagnosed with CVD, CKD (stage 3-5, 
eGFR < 59 mL/min/1.73m2), dyslipidemia (total 
cholesterol concentration > 8.0 mmol/L), and/or 
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In conclusion, AH is an independent risk factor for 
CVD. Laboratory diagnostics cannot reveal the 
cause of primary AH, but it can reveal other risk 
factors that, together with hypertension, have a 
direct influence on the therapeutic approach. The 
effect of therapy also becomes accessible via 
measurable laboratory parameters such as LDL-
cholesterol, non-HDL-cholesterol or apolipopro-
tein B (4).

Arterial hypertension and chronic renal 
disease

Chronic kidney disease affects nearly 11% of the 
adult population. It is a common clinical condition 
in developed countries with a significant public 
health burden, due to the numerous complica-
tions that occur during disease development (11). 

After diabetes, AH or nephroangiosclerosis is the 
most common cause of CKD. However, if we take 
into account that one in two patients with diabe-
tes has AH, it turns out that AH is the main cause of 
CKD. It is estimated that about 850 million people 
worldwide suffer from CKD, resulting in almost 2.4 
million deaths per year. As reported by the Croa-
tian registry, nearly 500 new patients in Croatia re-
quire dialysis or transplantation each year. Accord-
ing to the prevalence of hypertension (about 40%) 
and the number of adults (3,400,000), there are 
about 1,350,000 hypertensive patients in Croatia. 
In 2005, 102 patients in Croatia underwent dialysis 
because of hypertensive kidney disease which is 
one end-stage renal disease per 13,000 hyperten-
sive patients (or 76 per 1,000,000). Despite the low 
incidence of end-stage renal disease in hyperten-
sive patients, a significant number of renal failures 
occur because of the high prevalence of hyperten-
sion (12,13). 

The definition of CKD includes decreased eGFR (< 
60 mL/min/1.73m2) and/or renal impairment (his-
tological abnormalities of the kidneys, structural 
abnormalities of the kidneys, history of kidney 
transplantation) accompanied by albuminuria (> 
30 mg/day) for more than three months (10,14).   

The grading of CKD is based almost exclusively on 
two laboratory parameters, eGFR (categories 1 to 

5) and albuminuria (categories 1 to 3), and is used 
to predict the progression of the disease itself (10). 

Chronic kidney disease is not an independent dis-
ease, but it has significant cause-and-effect rela-
tionships with a number of diseases, of which dia-
betes should be particularly emphasized (causing 
diabetic nephropathy), but also hypertension and 
atherosclerosis. The role and impact of AH should 
be reviewed from the perspective of traditional 
common risk factors for other cardiovascular 
events in patients with CKD. Arterial hypertension 
leads to changes in the endothelium of the renal 
blood vessels and increased permeability leading 
to the accumulation of macromolecules from the 
circulation that increases intraluminal pressure. To 
compensate for the increased intraluminal pres-
sure, hypertrophy of the media occurs in a process 
called hypertensive nephrosclerosis (15).  

There are two types of changes in the blood ves-
sels of patients with CKD, namely atherosclerosis 
and arteriosclerosis. Atherosclerosis is character-
ized by atherosclerotic plaques on various medi-
um-sized blood vessels, such as the femoral, coro-
nary, and carotid arteries. Age and metabolic syn-
drome play an important role in the pathogenesis 
of atherosclerotic changes. Arteriosclerosis mani-
fests as stiffening of the blood vessels that occurs 
with aging and occurs much earlier in patients 
with CKD. Thus, altered blood vessels lead to sig-
nificant changes in haemodynamics. Calcifications 
in the blood vessels are more pronounced with 
the progression of chronic renal failure, especially 
media calcification. Disorders in mineral metabo-
lism play a key role in the development of vascular 
calcification (15). 

The development of CKD is favoured by general 
risk factors such as age, obesity, hyperuricaemia, 
dyslipidemia, tobacco use, family history and male 
gender, but also by risk factors for kidney damage 
such as albuminuria, anaemia, bone mineraliza-
tion disorders, malnutrition, toxic metabolites, in-
flammation and oxidative stress, and AH. In pa-
tients with CKD, AH leads to more rapid progres-
sion of renal disease with CV complications such 
as cardiomyopathy, atherosclerosis, arterial stiffen-
ing, calcification and subsequent ischemic heart 
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disease, heart failure, cerebrovascular and cardio-
vascular death (15,16). 

In general, AH leads to myocardial and vascular re-
modelling and nephrosclerosis. In almost 90% of 
patients with eGFR < 30 mL/min/1.73m2, AH was 
confirmed. Even normal and high-normal BP (120-
139/80-89 mmHg) increase the risk of developing 
CKD and cardiovascular changes, and the range of 
blood pressure values that can be considered ideal 
for patients with CKD is very narrow (17). The cur-
rent 2021 Kidney Disease Improving Global Out-
comes (KDIGO) guidelines recommend a target BP 
< 120 mmHg in patients with stable renal function, 
< 130/80 mmHg for renal transplant patients and a 
reduction of 24-hour mean arterial pressure in 
children according to the 50th percentile for the 
age, sex and height (18).

Laboratory diagnosis of hypertensive nephropa-
thy is very similar or almost the same as for CVD. 
Therefore, renal failure and proteinuria are risk fac-
tors for diseases of the CV system. Proteinuria and 
decreased eGFR are only renal manifestations of 
generalized vascular disease (5). 

Limiting salt intake (< 100 mmol/day or 5.8 g of ta-
ble salt) is important in hypertensive patients and 
in patients with signs and/or symptoms of fluid 
overload. Smoking cessation is also of paramount 
importance and it is necessary to assist the patient 
in this process. These measures are immediately 
followed by tight control of BP. Poorly controlled 
BP progressively damages the kidneys and increas-
es the risk of CV mortality. With this in mind, treat-
ment should be intensive, with target values of < 
125/75 mmHg for patients with diabetes and/or 
proteinuria and < 130/80 mmHg for patients with-
out proteinuria. Achieving optimal BP in patients 
with CKD is often very challenging and involves 
non-pharmacological measures and pharmacolog-
ical treatment but also on-going education and 
support from healthcare professionals (5,11,19).

Diagnostics of hypertensive disorders in 
pregnancy

As described above, AH is involved in the progres-
sion of chronic diseases such as CVD and CKD but 

it can also occur in a physiological process such as 
pregnancy.

Hypertensive disorders in pregnancy are among 
the most common medical disorders in pregnancy 
with serious maternal and perinatal morbidity 
(20,21). There is some variation among current na-
tional and international clinical practice guide-
lines, but the most common classification includes 
four categories: gestational hypertension, chronic 
hypertension, chronic hypertension with superim-
posed preeclampsia and preeclampsia (21,22). 
Gestational hypertension is new-onset hyperten-
sion (≥ 140 / ≥ 90 mmHg) after 20 weeks of gesta-
tion without proteinuria or other signs of preec-
lampsia. It should be carefully monitored because 
it may develop into preeclampsia or future chronic 
hypertension (20,23). Chronic hypertension in 
pregnancy is AH which occurs before pregnancy 
or before 20 weeks of gestation and persists after 
delivery. It may develop into superimposed preec-
lampsia which is diagnosed on the basis of symp-
toms suggestive of preeclampsia. Preeclampsia 
should be suspected if BP increases and is resist-
ant to treatment or if proteinuria increases (23). 

Traditionally, preeclampsia has been defined as 
hypertension that develops after 20 weeks of ges-
tation in previously normotensive women and is 
accompanied by proteinuria. Evidence of protein-
uria was considered mandatory for the diagnosis, 
but recent guidelines have expanded the defini-
tion of preeclampsia, questioning the need for 
proteinuria for its diagnosis (20-22). In addition, 
several studies have reported that accepted stand-
ard cut-off values for proteinuria in pregnancy are 
based on limited data from small studies and not 
on evidence of the prognostic significance of ma-
ternal or perinatal complications (24).

Recently, preeclampsia has been redefined as a 
multisystem disorder with proteinuria or indicative 
kidney damage, impaired liver function, thrombo-
cytopenia, pulmonary edema and neurologic 
complications (20). Evaluation of end-organ dam-
age includes findings such as abnormally low 
platelet count (less than 100x109/L), elevated se-
rum creatinine and elevated liver transaminases 
(twice the upper reference limit). Pregnant women 
with preeclampsia may experience a new-onset 
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generalized seizures, a condition known as ec-
lampsia. A variant of preeclampsia with severe fea-
tures is known as HELLP syndrome, an acronym for 
in vivo haemolysis, elevated liver enzymes and low 
platelet count. Typical symptoms include abdomi-
nal pain, nausea and vomiting, accompanied by 
headache and visual changes (23). 

In clinical practice pregnant women are still tested 
for proteinuria to detect preeclampsia. Historically 
the golden standard for proteinuria has been 
measurement of protein excretion in 24-hour 
urine collection with a cut-off at ≥ 300 mg/24h. 
Most guidelines recommend urine dipstick testing 
for initial screening of proteinuria with 1+ as 
threshold (21). The dipstick test is inexpensive, 
easy to use, and provides rapid results, but with 
low sensitivity and specificity. Nevertheless, these 
qualitative results should be confirmed by quanti-
tative testing. Collection of 24-hour urine is chal-
lenging, time consuming, inconvenient, and mis-
leading if collected inaccurately (25-27). There are 
recommendations and practices for measuring 
the protein-to-creatinine ratio (PCR) in spot urine 
samples with cut-off values at ≥ 30 mg/mmol or ≥ 
0.3 mg/mg (21).

The meta-analysis was performed using PCR re-
sults to detect significant proteinuria from 13 stud-
ies (25). These thresholds ranged from 0.13 to 0.5 
mg/mg, with sensitivity ranging from 65% to 89% 
and specificity from 63% to 87%. On average, the 
optimal threshold ranged from 0.30 to 0.35 mg/
mg with optimal sensitivity and specificity. The 
spot PCR is a convenient alternative and a reason-
able rule-out test (25,26). There is insufficient evi-
dence to support the use of ACR in this setting 
(25,26). 

Finally, it is important to understand both the 
strengths and limitations of current diagnostics, to 
provide adequate diagnosis, monitoring and treat-
ment and to establish future research goals.

Hyponatremia in arterial hypertension

Sodium is the most abundant extracellular fluid 
cation in the human body and plays a central role 
in maintaining water distribution and osmotic 
pressure. Sodium concentration is regulated by 

the adrenal glands and kidneys where sodium is 
filtered and then reabsorbed throughout the 
nephrons (28). Despite the fine regulatory path-
ways of sodium concentration in blood and urine, 
there is a well-known association between high 
dietary sodium intake and hypertension (2). On 
the contrary, treatment with antihypertensive 
drugs may carry the risk of hyponatremia defined 
as a serum sodium concentration < 135 mmol/L. It 
is the most common disorder of water and elec-
trolyte balance, occurring in about 30% of hospi-
talized patients. Depending on the time of onset, 
it can be acute or chronic and is characterized by 
weakness, nausea, confusion, and in severe cases, 
seizures, and coma. Depending on the plasma os-
molality, hyponatremia can be hypoosmotic, hy-
perosmotic or isosmotic (29). 

Hypoosmotic hyponatremia is the most common 
form. It is characterized by increased sodium loss 
relative to water loss with sodium lost through the 
skin, digestive tract, or kidneys, or by increased ex-
tracellular volume due to water retention, for ex-
ample, in renal failure, heart failure, liver cirrhosis 
or nephrotic syndrome. Euvolemic hypoosmotic 
hyponatremia is characterized by an increase in 
total body water due to excessive water intake or 
impaired free water excretion. The most common 
cause is the syndrome of inappropriate secretion 
of the antidiuretic hormone (ADH) (30). 

Hyperosmotic hyponatremia occurs when there is 
an increased amount of other dissolved osmotical-
ly active substances in the extracellular fluid. This 
causes sodium to shift into the cells or water to 
shift into the extracellular space to maintain os-
motic balance, and occurs in severe hyperglyce-
mia (30).

Isoosmotic hyponatremia or pseudohyponatremia 
refers to a falsely decreased sodium result in pa-
tients with hyperlipidemia or hyperproteinemia. In 
serum or plasma electrolytes are present only in 
the aqueous phase, but in hyperlipidemia or hy-
perproteinemia, the proportion of the aqueous 
phase in the sample is reduced. In the clinical labo-
ratory, electrolytes are mostly analysed by the 
method of the indirect ion-selective electrode 
(ISE) that includes sample dilution. The aqueous 
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portion of the sample is diluted to a greater ratio, 
so the result of sodium is falsely decreased. The 
solution to this problem is a direct ISE method be-
cause it does not dilute the samples and it is usu-
ally used on a blood gas analyser (31). 

In patients with hyponatremia, the diagnostic pro-
tocol to determine the cause of hyponatremia be-
gins with the measurement of glucose, total pro-
tein, and lipids. Values within the reference inter-
vals exclude pseudohyponatremia and hyperos-
motic hyponatremia. The osmolality of serum and 
urine is then measured. It is also necessary to 
measure urine sodium. It is recommended to take 
urine and serum sample at the same time. Serum 
osmolality < 275 mOsm/kg H2O indicates hypoos-
motic hyponatremia. It is also necessary to assess 
the volume status of the patient. Finally, it is rec-
ommended to measure thyroid and adrenal hor-
mones, whereas measurement of ADH is not rec-
ommended (29,30). 

Among antihypertensive medication, thiazide diu-
retics, ACE inhibitors, ARBs and CCBs belong to the 
first line of therapy (4). Thiazide diuretics are often 
accompanied by hyponatremia as a side effect 
that occurs in the first weeks after initiation of 
therapy. However, cases of hyponatremia caused 
by other groups of antihypertensives have also 
been described in the literature (32-35). 

Thiazide diuretics inhibit sodium-chloride cotrans-
porter in the distal tubule, thus preventing the re-
absorption of sodium and chloride from the tu-
bule, and decreasing the reabsorption of water in 
the distal tubule. The reduced volume of extracel-
lular fluid then leads to the secretion of ADH, so 
that water is reabsorbed in the collecting ducts 
(36,37).

Because thiazides do not affect the renal medul-
lary concentration gradient, they cannot affect the 
reduction of water reabsorption, which further 
promotes hyponatremia (38). Hyponatremia 
caused by thiazide diuretics occurs in 14-30% of 
patients taking this type of medication. It occurs 
within a few days to two weeks after starting ther-
apy, so it is important to monitor these patients 
regularly. Furthermore, thiazide-induced hypona-
tremia is more common in women, the elderly, 

people with low body weight, and people who al-
ready have impaired renal function (38,39). Typical 
laboratory findings include decreased plasma os-
molality, increased urine osmolality and increased 
urine sodium in the presence of normal thyroid 
and adrenal function. In case of thiazide-induced 
hyponatremia, thiazide therapy should be discon-
tinued (37).

In conclusion, hyponatremia is the most common 
electrolyte disorder and it is important to recog-
nize and exclude pseudohyponatremia. A major 
cause of hyponatremia may be treatment with an-
tihypertensive medication, particularly thiazide di-
uretics, which are prescribed to many patients 
with AH.

Effect of antihypertensive therapy on 
laboratory results

Due to worldwide high prevalence of AH in gener-
al population, antihypertensive drugs are among 
most frequently prescribed medication around 
the world and also in Croatia (40). 

There are several groups of antihypertensives 
available on the market which help regulate vari-
ous organs and/or organ systems in the human 
body, including the renin-angiotensin-aldosterone 
system (RAAS) (ACE inhibitors, ARBs or aldoster-
one antagonists), the cardiovascular system (CCBs), 
the kidneys (diuretics), and the central nervous 
system (methyldopa, β-blockers) (4). 

Most of these drugs are not selective and can 
cause adverse side effects and affect laboratory 
findings. For example, ACE inhibitors decrease se-
rum ACE activity, a test used in sarcoidosis diagno-
sis. Diuretics can cause hyponatremia, hypoka-
lemia, as well as hyperuricemia and could poten-
tially lead to gout development (41). Aldosterone 
antagonists, in addition to hyperkalemia can af-
fect steroid hormone levels and lead to fertility 
problems (41). Angiotensin receptor blockers inter-
act with platelet thromboxane A2/prostaglandin 
H2 (TXA2/PGH2) receptors prolonging bleeding 
time and decreasing platelet activity (42). Calcium 
channels blockers cause serum hypocalcemia and 
hypoglycemia (43). Methyl-dopa, often recom-
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mended during pregnancy if needed, sometimes 
alters red blood cell membranes resulting in auto-
immune haemolytic anaemia and a positive 
Coombs test via immune modulation, positive an-
tinuclear antibodies and smooth muscle actin an-
tibodies, which can remain positive for up to six 
months after the last dose administration (43,44).

Current ESC/ESH guidelines for the management 
of newly diagnosed arterial hypertension, recom-
mend dual drug therapy with either an ACE inhibi-
tor or ARB, and a thiazide diuretic or CCB (4). Na-
tional guidelines from 2017 also recommend mul-
ti-drug therapy based on medical history and vari-
ous states of organ dysfunction (5).

Because these medications are widely used and 
multi-drug therapy is common, it is necessary to be 
familiar with the pharmacokinetics, pharmacody-
namics, and side effects of antihypertensive medi-
cations to correctly interpret laboratory results.

Screening for secondary hypertension

As aforementioned earlier, SH is hypertension with 
known and potentially treatable causes affecting 
approximately 10-20% of patients (45). 

Secondary hypertension should be screened in in-
dividuals with hypertension onset before puberty 
or before 30 years of age, in stable hypertensive 
patients with acute rise in blood pressure and in 
individuals with malignant hypertension. It is rec-
ommended that an accurate measurement of BP is 
performed along with a review of the patient’s 
diet and/or medication regimen before screening 
for SH (46). The most common causes of SH are 
CKD along with renovascular hypertension, ob-
structive sleep apnea (OSA) and primary aldoster-
onism (47). 

Primary aldosteronism is a group of diseases that 
involve dysfunction of RAAS with an autonomous 
production of aldosterone, resulting in renin sup-
pression, hypertension, cardiovascular damage 
and occasionally hypokalemia (48). Screening for 
PA should be performed in people with hyperten-
sion resistant to three or more antihypertensive 
drugs, with hypertension and hypokalemia or ad-
renal incidentaloma or OSA, with a family history 

of early onset of hypertension or CVD, and in hy-
pertensive first-degree relatives of PA patients (48). 
In PA diagnostic workflow, the aldosterone-to-re-
nin ratio (ARR) plays the role of a triage test fol-
lowed by the diagnostic tests (47). The ARR prean-
alytical phase is complex due to several potentially 
confounding factors. These include patient’s sta-
tus, medications in use and blood collection, trans-
port and storage. It appears that the antihyperten-
sive drugs play the most critical role in a subopti-
mal approach to screening (49). Furthermore, 
there are analytical issues that should be consid-
ered when measuring aldosterone and renin con-
centrations or plasma renin activity (PRA). Regard-
ing aldosterone, analytical issues are relatively low 
concentration of aldosterone in blood compared 
to other steroids and the role of aldosterone con-
jugates in immunoassay performance (50). Latter 
commonly introduces certain bias at lower con-
centrations due to lack of selectivity and including 
aldosterone conjugates into analysis (51). The use 
of the liquid chromatography coupled to the tan-
dem mass spectrometry (LC-MS/MS) for aldoster-
one measurement may overcome analytical bias 
and interference of other steroids or steroid based 
drugs. The PRA was a pioneer assay for renin meas-
urement but has recently been replaced by immu-
noassays for renin concentration measurement 
(direct renin concentration, DRC). The latter has 
better stability and turnaround time, but PRA is 
not affected by estrogen like DRC (49). However, 
the poor correlation between PRA and DRC at low 
renin levels should not be neglected because it is 
due to different metrics used for assessment of re-
nin nature (50).  

In the postanalytical phase, an appropriate cut-off 
value of ARR is essential for accurate screening of 
PA. However, it should be emphasised that the ARR 
result of an individual may be strongly influenced 
by confounding preanalytical factors and the used 
methodology (48). However, the introduction of 
ARR into screening has contributed to an increase 
in the incidence of PA in recent decades.  
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