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The relationship between serum total testosterone and
24-hour urinary sodium excretion in never-treated stage 1
essential hypertensive patients

Hic tedavi edilmemis evre 1 esansiyel hipertansiyon hastalarinda
serum total testosteron diizeyi ve
24 saatlik idrar sodyum atilimi arasindaki iligki
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ABSTRACT

Objectives: To study the relationship between serum total
testosterone (TT) and 24-hour urinary sodium excretion in
newly diagnosed stage 1 essential hypertensive patients
with normal renal function.

Study design: In total, 80 never-treated stage 1 hyperten-
sive patients were included. All patients provided medical
history and underwent physical examination, blood pres-
sure measurement, 12-lead electrocardiography, routine
urine analysis, biochemical analysis, 24-hour urine collec-
tion to measure urinary sodium and protein excretion, and
creatinine clearance calculation.

Results: Pearson correlation analysis revealed that loga-
rithmically converted 24-hour urinary sodium excretion was
correlated with age (r=-0.399, p<0.0001), body mass in-
dex, (r=0.304, p=0.006), systolic blood pressure (r=0.394,
p<0.0001), serum potassium (r=0.233, p=0.037), creatinine
clearance (r=0.600, p<0.0001), and logarithmically con-
verted serum TT (r=-0.272, p=0.015). Stepwise linear re-
gression analysis revealed that age (p<0.0001), creatinine
clearance (p=0.015), systolic blood pressure (p<0.0001),
potassium (p=0.021), and serum TT (p=0.002) were inde-
pendently related to logarithmically converted 24-hour so-
dium excretion.

Conclusion: We demonstrated that serum TT levels
were independently related to 24-hour urinary sodium
amount.

OZET

Amac: Hi¢ tedavi edilmemis ve bobrek fonksiyonlari normal
olan evre 1 esansiyel hipertansiyon hastalarinda serum to-
tal testosteron (TT) ve 24 saatlik idrar sodyum atilimi ara-
sindaki iliski degerlendirildi.

Calisma plani: Galismaya 80 yeni tani konmus, hi¢ tedavi
gérmemis, evre 1 hipertansif hasta alindi. Calismaya kati-
lan hastalarin tibbi éykuleri alindi ve fizik muayeneleri, kan
basinci 6lcimleri, 12 derivasyonlu elektrokardiyografik in-
celemeleri, idrar analizi ve biyokimyasal analizler yapildi, 24
saatlik idrar toplanarak idrar sodyumu, idrar protein atilimi
ve kreatinin klirensi hesaplandi.

Bulgular: Tek degiskenli Pearson korelasyon analizin-
de logaritmik olarak ¢evrilen 24 saatlik idrar sodyum atimi
yas (r=-0.399, p=<0.0001), beden kutle indeksi (r=0.304,
p=0.006), sistolik kan basinci (r=0.394, p<0.0001), po-
tasyum (r=0.233, p=0.037), kreatinin klirensi (r=0.600,
p<0.0001) ve logaritmik olarak cevrilen serum TT ile
(r:-0.272, p=0.015) iliskili bulundu. Cok degiskenli line-
er regresyon analizinde yas (p<0.0001), kreatinin kliren-
si (p=0.015), sistolik kan basinci (p<0.0001), potasyum
(p=0.021) ve serum TT (p=0.002) logaritmik olarak cevri-
len 24 saatlik idrar sodyum atiiminin bagimsiz éngérdari-
culeri olarak bulundu.

Sonuc: Bu ¢alismamizda, serum TT seviyelerinin 24 sa-
atlik idrar sodyum atilimi ile bagimsiz iligkili oldugunu gés-
terdik.
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H igh blood pressure (BP) is a major public health
problem and the most important preventable risk
factor for stroke, cardiovascular and renal disease.
It is well known that the incidence and severity of
hypertension is greater in men than in women.®?! Ad-
ditionally, normotensive men typically exhibit higher
BP than age-matched premenopausal women.El Al-
though the mechanisms underlying the gender differ-
ence are unclear, 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.®! 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.®! 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® and mediate hypertension in several rat
models, such as SHR.®! 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.[01

Thus, in light of the above findings, we
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.

PATIENTS AND METHODS

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- . Body mass index
derwent the following: BP  Blood pressure
physica| examination, RAS  Renin-angiotensin system
bOdy mass index (B'\/”) SHR fgtzntaneouslyhypertenswe
calculation, BP measure- 11 Total testosterone
ment, 12-lead electrocar-
diographic evaluations, urine analysis, biochemical
analysis, 24-hour urine collection to measure urinary
sodium and protein excretion, and creatinine clear-
ance. An information leaflet and a urine container
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.t

Abbreviations:

Blood pressure measurement

Seated clinic BP was measured manually with a mer-
cury column sphygmomanometer and an appropriate
size cuff after five minutes of rest according to AHA
(American Heart Association) guidelines.® Stage 1
hypertension was defined as systolic BP between 140-
159 mmHg and diastolic BP between 90-99 mmHg.[*

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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Table 1. The demographic and laboratory parameters
of patients

Parameter Mean+SD
Age (years) 54.9+11.6
Body mass index (kg/m?2) 26.2+4.5
Smoker / Non-smoker (N) 23/57
Systolic blood pressure (mmHg) 144.1+8.3
Diastolic blood pressure (mmHg) 86.7+7.7
Serum glucose (mmol/L) 5.1+0.8
Serum urea (mg/dL) 33.1+15.3
Creatinine (umol/L) 86.6+18.6
Hemoglobin (g/L) 135.3+23.1
Sodium (mmol/L) 140.2+3.9
Potassium (mmol/L) 4.57+0.67
Albumin (g/L) 43.2+3.1
Total cholesterol (mmol/L) 4.63+1.1
LDL-C (mmol/L) 2.49+0.73
HDL-C (mmol/L) 1.22+0.33
Triglyceride (mmol/L) 1.77+1.39
Uric acid (umol/L) 422.3+129.1
Thyroid stimulating hormone (mU/L) 1.82+1.15
FT3 (pg/ml) 3.26+0.45
FT4 (ng/dl) 1.24+0.16
Total testosterone (nmol/L) 15.5+5.6
24-hour urine protein excretion rate 190.7+221.3
24-hour urinary sodium excretion 200.4+78.2
Creatinine clearance (ml/min)/1.73 m? 84.0+16.6

SD: Standard deviation; LDL-C: Low-density lipoprotein cholesterol; HDL-
C: Low-density lipoprotein cholesterol; FT3: Free triiodothyronine; FT4:
Free thyroxine.

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
potentiometric method and ion-specific electrodes.
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
considered statistically significant if the two-tailed
p value was less than 0.05. Data were checked for
normality. Pearson’s correlation coefficient r was used
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.

RESULTS

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
atrial fibrillation, two patients with urinary tract in-
fection, five patients who did not want to participate,
and 10 patients with incomplete 24-hour urine calcu-
lations were excluded from the study. The final patient
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
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Figure 1. The scatter plot of the relationship between
logarithmically-converted 24-hour urinary sodium excretion and
logarithmically-converted serum total testosterone.

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).

DISCUSSION

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
our knowledge, our findings have not been previously
demonstrated.

Over the last few decades, experimental, observa-

tional and clinical data have indicated that dietary salt
intake is closely related to BP.I*] The INTERSALT
study was the first worldwide epidemiological study in
which a significant relation between 24-hour urinary
Na excretion and BP was established.*®! Following
INTERSALT, other epidemiological studies®"*®! and
randomized controlled trials**2% 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,?! 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 ¢
salt),* and the recent European Society of Hyperten-

Table 2. Stepwise linear regression analysis of factors related to logarithmically-

converted 24-hour urinary sodium excretion

B B 95% Cl P
Age -0.007 -0.366 -0.01-(-0.03) <0.0001
Creatinine clearance 0.003 0.257 0.001-0.006 0.015
Systolic blood pressure 0.01 0.368 0.005-0.014 <0.0001
Serum potassium 0.061 0.188 0.01-0.113 0.021
Serum total testosterone -0.009 -0.250 -0.015-(-0.004) 0.002

ClI: Confidence interval.
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sion recommends <85 mmol/day sodium intake for
hypertensive patients.[??

It is well known that the incidence and severity
of hypertension is greater for men than for women.
21 Additionally, normotensive men typically exhibit
higher BP than age-matched premenopausal women.
B 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.[®! 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./!
Thus, given these findings, one could speculate that
the androgen-mediated increase in renal angioten-
sinogen, and the resulting increase in angiotensin Il,
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
excretion. These are not novel or unexpected findings.
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.?¢-281 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.

We did not find any association between age and
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
age and the specific group of patients involved in the
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.?! 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
by dietary instruments. The difficulties in assessing
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. 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
out. Our findings cannot be generalized to other hy-
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
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testosterone, the correlations were relatively weak.
Thus, we believe that our findings should be repeated
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.

Conflict-of-interest issues regarding the authorship or
article: None declared

REFERENCES

1. Arici M, Turgan C, Altun B, Sindel S, Erbay B, Derici U, et al.
Hypertension incidence in Turkey (HinT): a population-based
study. J Hypertens 2010;28:240-4.

2. Schenck-Gustafsson K. Risk factors for cardiovascular dis-
ease in women: assessment and management. Eur Heart J
1996;17:2-8.

3. Wiinberg N, Hgegholm A, Christensen HR, Bang LE, Mik-
kelsen KL, Nielsen PE, et al. 24-h ambulatory blood pressure
in 352 normal Danish subjects, related to age and gender. Am
J Hypertens 1995;8:978-86.

4. Sartori-Valinotti JC, Iliescu R, Yanes LL, Dorsett-Martin W,
Reckelhoff JF. Sex differences in the pressor response to an-
giotensin II when the endogenous renin-angiotensin system is
blocked. Hypertension 2008;51:1170-6.

5. Weinberger MH, Fineberg NS. Sodium and volume sensitiv-
ity of blood pressure. Age and pressure change over time. Hy-
pertension 1991;18:67-71.

6. Dean SA, Tan J, O’Brien ER, Leenen FH. 17beta-estradiol
downregulates tissue angiotensin-converting enzyme and
ANG II type 1 receptor in female rats. Am J Physiol Regul
Integr Comp Physiol 2005;288:R759-66.

7. Chen YF, Naftilan AJ, Oparil S. Androgen-dependent angio-
tensinogen and renin messenger RNA expression in hyperten-
sive rats. Hypertension 1992;19:456-63.

8. Ellison KE, Ingelfinger JR, Pivor M, Dzau VJ. Androgen
regulation of rat renal angiotensinogen messenger RNA
expression. J Clin Invest 1989;83:1941-5.

9. Reckelhoff JF, Zhang H, Granger JP. Testosterone exacerbates
hypertension and reduces pressure-natriuresis in male sponta-
neously hypertensive rats. Hypertension 1998;31:435-9.

10. Ely DL, Falvo J, Dunphy G, Caplea A, Salisbury R, Turner M.
The spontaneously hypertensive rat Y chromosome produces
an early testosterone rise in normotensive rats. J Hypertens
1994;12:769-74.

11. Ely DL, Salisbury R, Hadi D, Turner M, Johnson ML. Andro-
gen receptor and the testes influence hypertension in a hybrid
rat model. Hypertension 1991;17:1104-10.

12. Junge W, Wilke B, Halabi A, Klein G. Determination of refer-

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

ence intervals for serum creatinine, creatinine excretion and
creatinine clearance with an enzymatic and a modified Jaffé
method. Clin Chim Acta 2004;344:137-48.

Chobanian AV, Bakris GL, Black HR, Cushman WC, Green
LA, Izzo JLJr, et al. Seventh report of the Joint National Com-
mittee on Prevention, Detection, Evaluation, and Treatment of
High Blood Pressure. Hypertension 2003;42:1206-52.
Chobanian AV, Bakris GL, Black HR, Cushman WC, Green
LA, Izzo JL Jr, et al. The Seventh Report of the Joint Na-
tional Committee on Prevention, Detection, Evaluation, and
Treatment of High Blood Pressure: the INC 7 report. JAMA
2003;289:2560-72.

Erdem Y, Arici M, Altun B, Turgan C, Sindel S, Erbay B, et al.
The relationship between hypertension and salt intake in Turk-
ish population: SALTURK study. Blood Press 2010;19:313-8.
Intersalt: an international study of electrolyte excretion and
blood pressure. Results for 24 hour urinary sodium and potas-
sium excretion. Intersalt Cooperative Research Group. BMJ
1988;297:319-28.

Zhou BF, Stamler J, Dennis B, Moag-Stahlberg A, Okuda N,
Robertson C, et al. Nutrient intakes of middle-aged men and
women in China, Japan, United Kingdom, and United States
in the late 1990s: the INTERMAP study. ] Hum Hypertens
2003;17:623-30.

China Salt Substitute Study Collaborative Group. Salt substi-
tution: a low-cost strategy for blood pressure control among
rural Chinese. A randomized, controlled trial. J Hypertens
2007;25:2011-8.

Sacks FM, Svetkey LP, Vollmer WM, Appel LJ, Bray GA,
Harsha D, et al. Effects on blood pressure of reduced dietary
sodium and the Dietary Approaches to Stop Hypertension
(DASH) diet. DASH-Sodium Collaborative Research Group.
N Engl J Med 2001;344:3-10.

Midgley JP, Matthew AG, Greenwood CM, Logan AG. Effect
of reduced dietary sodium on blood pressure: a meta-analysis
of randomized controlled trials. JAMA 1996;275:1590-7.

He FJ, MacGregor GA. A comprehensive review on salt and
health and current experience of worldwide salt reduction
programmes. ] Hum Hypertens 2009;23:363-84.

Mancia G, De Backer G, Dominiczak A, Cifkova R, Fagard
R, Germano G, et al. 2007 Guidelines for the Management of
Arterial Hypertension: The Task Force for the Management of
Arterial Hypertension of the European Society of Hyperten-
sion (ESH) and of the European Society of Cardiology (ESC).
J Hypertens 2007;25:1105-87.

Hinojosa-Laborde C, Lange DL, Haywood JR. Role of female
sex hormones in the development and reversal of dahl hyper-
tension. Hypertension 2000;35:484-9.

Yanes LL, Sartori-Valinotti JC, Iliescu R, Romero DG, Racu-
sen LC, Zhang H, et al. Testosterone-dependent hypertension
and upregulation of intrarenal angiotensinogen in Dahl salt-
sensitive rats. Am J Physiol Renal Physiol 2009;296:F771-9.
Quan A, Chakravarty S, Chen JK, Chen JC, Loleh S, Saini



322

Tiirk Kardiyol Dern Ars

26.

217.

28.

29.

N, et al. Androgens augment proximal tubule transport. Am J
Physiol Renal Physiol 2004;287:F452-9.

Luft FC, Morris CD, Weinberger MH. Compliance to a low-
salt diet. Am J Clin Nutr 1997;65:698S-703S.

Tschann JM, Adamson TE, Coates TJ, Gullion DS. Behav-
iors of treated hypertensive patients and patient demographic
characteristics. J] Community Health 1988;13:19-32.

Shi 'Y, de Groh M, Morrison H, Robinson C, Vardy L. Dietary
sodium intake among Canadian adults with and without hy-
pertension. Chronic Dis Can 2011;31:79-87.

Dyer AR, Greenland P, Elliott P, Daviglus ML, Claeys G,
Kesteloot H, et al. Evaluation of measures of urinary albu-
min excretion in epidemiologic studies. Am J Epidemiol

2004;160:1122-31.

30. Khaw KT, Bingham S, Welch A, Luben R, O’Brien E, Ware-
ham N, et al. Blood pressure and urinary sodium in men and
women: the Norfolk Cohort of the European Prospective
Investigation into Cancer (EPIC-Norfolk). Am J Clin Nutr
2004;80:1397-403.

Key words: Blood pressure; body mass index; hypertension; hyper-
tensive patients; renal function; sodium chloride/adverse effects;
sodium/urine; total testosterone.

Anahtar sézctukler: Kan basinci; beden kutle indeksi; hipertansi-
yon; hipertansif hastalar; bobrek islevi; sodyum klorid/yan etkiler;
sodyuml/idrar; total testosteron.



