


igh blood pressure (BP) is a major public health 
problem and the most important preventable risk 

factor for stroke, cardiovascular and renal disease.[1] 
It is well known that the incidence and severity of 
hypertension is greater in men than in women.[2] Ad-
ditionally, normotensive men typically exhibit higher 
BP than age-matched premenopausal women.[3] Al-
though the mechanisms underlying the gender differ-
ence are unclear,[4] sex steroids have been previously 
shown to mediate salt sensitivity. For example, in 
women, BP becomes more salt-sensitive after meno-
pause, suggesting that estradiol may protect against 
salt sensitivity.[5] Estradiol has been shown to down-
regulate angiotensin type 1 receptor and angiotensin 
converting enzyme expression in the kidneys and in 
the brains of female normotensive rats.[6] In contrast, 
testosterone was previously shown to upregulate an-
giotensinogen in the kidneys of male spontaneously 
hypertensive rats (SHR) and to decrease sodium ex-
cretion[7,8] and mediate hypertension in several rat 
models, such as SHR.[9] Additionally, in male SHR, 
the presence of testosterone and androgen recep-
tors through puberty is required for development of 
hypertension and associated sympathetic nervous 
system potentiation.[10,11]

hypothesized that serum total testosterone (TT) levels 
are negatively associated with 24-hour urinary sodi-
um excretion in hypertensive males. 

The current study was conducted to test whether 
serum TT levels were associated with 24-hour urine 
sodium excretion in never-treated stage 1 essential 
hypertensive patients.

The current study was conducted in the outpatient 
nephrology unit of Konya Numune State Hospital 
between August 2010 and July 2011. The study was in 
accordance with the Declaration of Helsinki, and local 
ethical approval and informed consent were obtained 
before enrollment. The study population consisted of 
male patients with newly diagnosed stage 1 hyperten-
sion that was hitherto treated. Patients with diabetes 
mellitus, coronary artery disease, heart failure, hy-
pertensive urgency or emergency, rhythm problems, 
hypo- or hyperthyroidism, liver disease, nephrotic 
syndrome, or urinary tract infection were excluded. 
None of the patients reported any alcohol intake.

All patients provided 
medical history and un-
derwent the following: 
physical examination, 
body mass index (BMI) 
calculation, BP measure-
ment, 12-lead electrocar-
diographic evaluations, urine analysis, biochemical 
analysis, 24-hour urine collection to measure urinary 
sodium and protein excretion, and creatinine clear-

were given to all subjects. They also received verbal 
instructions on how to collect a proper 24-hour urine 
sample. During the sampling period, subjects were 
instructed to keep urine samples in a dark and cool 
place. The urine containers were brought to the labo-
ratory within 2-4 hours of the end of the collection 
period. Since erroneous estimations of salt intake may 
occur due to problems with the collecting of 24-hour 
urine samples, participants with urinary creatinine 
outside of reference levels (the accepted reference in-
tervals for 24-hour urinary creatinine were 10.7-26.0 
g/kg for women and 12.1-28.9 g/kg for men) were ex-
cluded.[12] 

Blood pressure measurement

Seated clinic BP was measured manually with a mer-
cury column sphygmomanometer and an appropriate 

(American Heart Association) guidelines.[13] Stage 1 

159 mmHg and diastolic BP between 90-99 mmHg.[14]

Laboratory analysis

Routine laboratory parameters were measured af-
ter 10-12 hours of fasting. Blood glucose, urea, 
creatinine, uric acid, sodium, potassium, hemoglobin, 
albumin, calcium, phosphorus, total cholesterol, low 
density lipoprotein cholesterol (LDL-cholesterol), 
high density lipoprotein cholesterol (HDL-cholester-
ol), triglycerides, thyroid stimulating hormone (TSH), 
free triiodothyronine (FT3), free thyroxine (FT4), and 
TT levels were measured. Twenty-four-hour urinary 
Na and protein excretion were also measured. 

The levels of fasting glucose, urea, creatinine, uric 
acid, total cholesterol, HDL-cholesterol, LDL-choles-
terol, and triglycerides were determined using com-
mercially available assay kits with an auto-analyzer 
(Architect® c16000, Abbott Diagnostics, Abbott Park, 
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Illinois, USA). Hemoglobin was measured using an 
automated blood analyzer (CELL-DYN 3700 cell 
counter, Abbott Diagnostics Division, Abbott Labora-
tories, Illinois, USA). Serum sodium, serum potassi-
um, and urine sodium were measured using the direct 

Twenty-four-hour protein excretion was measured 
using the benzethonium chloride method (Architect® 

c16000, Abbott Diagnostics, Abbott Park, Illinois, 
USA). Albumin was measured using the bromcresol 
purple method. TSH, FT3, FT4, and TT were assayed 
using the direct chemiluminescence method (Advia 
Centaur XP, Siemens, Dublin, Ireland). 

Statistical analysis

Statistical analysis was performed using SPSS 15.0 

(SPSS Inc., Evanston, Illinois, USA). Results were 

p value was less than 0.05. Data were checked for 

for correlations. Linear regression analysis was per-
formed to analyze the independent factors, including 
demographic factors (age, smoking status, BMI), 
systolic and diastolic BP, and laboratory parameters 
(sodium, potassium, albumin, 24-hour creatinine 
clearance and urine protein excretion, and total serum 
testosterone) related to logarithmically converted 24-
hour urinary sodium excretion (as a dependent vari-
able). A correlation was demonstrated between these 
independent parameters and 24-hour sodium excre-
tion either in the present study, using univariate corre-
lation analysis, or in the literature; all the parameters 
were, therefore, included.

Initially, 118 patients were enrolled. Four patients 
with hypothyroidism, one patient with hyperthyroid-
ism, two patients with coronary artery disease, two 
patients with heart failure, three patients with hy-
pertensive urgency/emergency, three patients with 
diabetes, two patients with chronic liver disease, two 
patients with nephrotic syndrome, two patients with 

-

and 10 patients with incomplete 24-hour urine calcu-

population consisted of 80 never-treated stage 1 hy-
pertensive patients. Patient demographic and labora-
tory parameters are shown in Table 1.

Pearson correlation analysis revealed that 24-hour 
urinary sodium excretion was correlated with age (r=-
0.399, p<0.0001), BMI (r=0.304, p=0.006), systolic 
BP (r=0.394, p<0.0001), serum potassium (r=0.233, 
p=0.037), creatinine clearance (r=0.600, p<0.0001), 
and logarithmically converted serum TT (r=-0.272, 
p=0.015; Fig. 1). Stepwise linear regression was per-
formed on the independent factors, including age, 
smoking status, BMI, systolic BP, diastolic BP, se-
rum sodium, potassium, albumin, 24-hour creatinine 
clearance and urine protein excretion, and total serum 
testosterone, related to logarithmically converted 24-
hour sodium excretion (as a dependent parameter). 
The results of the linear regression revealed that age 
(p<0.0001), creatinine clearance (p=0.015), systolic 



BP (p<0.0001), serum potassium (p=0.021), and se-
rum TT (p=0.002) were independently related to loga-
rithmically converted 24-hour sodium excretion (as a 
dependent parameter; Table 2).

In the current study, apart from the other factors, we 
demonstrated that serum TT levels were indepen-
dently and negatively correlated with 24-hour urinary 
sodium excretion in never-treated newly diagnosed 
stage 1 essential hypertensive patients. To the best of 

demonstrated.

Over the last few decades, experimental, observa-

tional and clinical data have indicated that dietary salt 
intake is closely related to BP.[15] The INTERSALT 

Na excretion and BP was established.[16] Following 
INTERSALT, other epidemiological studies[17,18] and 
randomized controlled trials[19,20] have also detected 
a relation between elevated BP and high salt intake. 
Thus, reduction of salt intake has become a common 
sense approach to both prevention and amelioration 
of hypertension,[21] and various guidelines recom-
mend lower daily sodium intake. The 2003 Seventh 
Joint National Committee guidelines recommend re-
ducing dietary sodium intake to 100 mmol/day (6 g 
salt),[14] and the recent European Society of Hyperten-



sion recommends <85 mmol/day sodium intake for 
hypertensive patients.[22]

It is well known that the incidence and severity 
of hypertension is greater for men than for women.
[2] Additionally, normotensive men typically exhibit 
higher BP than age-matched premenopausal women.
[3] Although the mechanisms remain unclear, the role 
of sex steroids in sodium excretion may explain the 
discrepancy between males and females. Indeed, in 
previous studies, mechanisms have been proposed 
regarding the relationship between sex steroids and 
sodium excretion. In Dahl salt-sensitive rats, males 
exhibited greater salt sensitivity to hypertension 
than females.[23] It was shown that testosterone con-
tributes to the development of hypertension and re-
nal injury in male Dahl salt rats on a high salt diet, 
possibly through upregulation of the intrarenal renin-
angiotensin system (RAS).[24] Additionally, androgens 
have been shown to stimulate sodium reabsorption by 
the proximal tubule in a RAS-dependent manner.[25] 

the androgen-mediated increase in renal angioten-
sinogen, and the resulting increase in angiotensin II, 
could cause an increase in sodium reabsorption along 
the nephron and a decrease in 24-hour sodium excre-
tion. However, no previous study has examined the 
relationship between testosterone levels and urinary 
sodium excretion in hypertensive subjects. Therefore, 
we believe that our current study, although prelimi-
nary, opens a new area of research. We are aware that 
we cannot suggest that serum testosterone levels de-
crease sodium excretion or increase sodium reabsorp-
tion along different nephron segments based on the 
results of the current study. Currently, we can only 
suggest that serum TT levels are independently asso-
ciated with 24-hour urinary sodium excretion. Wheth-
er this relationship is due to decreased sodium excre-
tion or increased sodium reabsorption requires further 
research.

We found that creatinine clearance and systolic BP 
were independently related to 24-hour urinary sodium 

We found that increased age was related to decreased 
24-hour sodium excretion. Urinary sodium reduction 
appears to increase with age, suggesting older indi-
viduals may generally be more health conscious and 
amenable to reducing their sodium use compared to 
younger individuals.[26-28] Decreased food intake with 

increasing age may also be responsible for the inverse 
association between age and 24-hour urinary sodium 
levels.

The exact mechanisms underlying the positive 
relationship between serum potassium and 24-hour 
urinary sodium levels are unknown. However, the 
relationship may be explained by the effects of al-
dosterone; unfortunately, in the current study, we did 
not evaluate aldosterone levels. Further studies are 
needed to examine whether the protective role of po-
tassium against the development of hypertension is 
related to increased sodium excretion.

testosterone levels in our study, which was unexpect-
ed. While the exact cause is unknown, the lack of as-
sociation might be related to the relatively low patient 

current study.

We are aware that our study has limitations that 
deserve mention. Firstly, since our study was cross-
sectional, a cause and effect relationship cannot be 
suggested. Secondly, daily variability can be observed 
in the urinary sodium excretions of individuals, and 
urine samples were collected only once, which can 
be perceived as a relative limitation.[29] Additionally, 
sodium is a particular problem for dietary assess-
ment because of the discretionary salt added in cook-
ing and at the table which is not adequately captured 

sodium intake with dietary instruments, coupled with 
large intra-individual variation, have led to recom-
mendations that multiple, timed urine collections 
be used to characterize an individual’s intake.[30] We 
did not evaluate the RAS system in our study. Our 
study sample was also relatively small, and we did 
not perform power analysis to calculate sample size. 
Still, as our study group was composed of newly-di-
agnosed stage 1 essential hypertensive patients who 
had no known history of cardiovascular diseases and 
were not currently on any antihypertensive medica-
tion, such as diuretics, the effects of cardiovascular 
co-morbidity and medication were potentially ruled 

-
pertensive patients, such as patients taking medication 
or stage 2 hypertensive patients. We are also aware 
that, although linear regression analysis showed an in-
dependent relationship between sodium excretion and 
age, creatinine clearance, systolic BP, potassium, and 



testosterone, the correlations were relatively weak. 

in other patients. 

In conclusion, we demonstrated that serum TT 
levels were independently related to 24-hour urinary 
sodium excretion. Whether testosterone increases 
sodium reabsorption or decreases sodium excretion 
along different nephron segments needs to be deter-
mined in essential hypertensive patients.




