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Abstract

BACKGROUND: To study the relationship between cortisol, insulin, and thyroid hormone levels
with 24-h urinary sodium (Na) excretion levels in essential hypertensive patients.

METHODS: All patients underwent history taking, physical examination, blood pressure (BP)
measurement, 12 lead electocardiographic evaluation, routine urine analysis, biochemical
analysis including measurement of cortisol, insulin, and thyroid hormone levels, 24-h urine
collection to measure urinary Na and protein excretion and creatinine clearance.

RESULTS: In total, 68 newly diagnosed hypertensive patients were included. Spearman correlation
analysis revealed that 24-h urinary Na excretion was correlated with insulin levels
(p = —0.473, P < 0.0001), serum cortisol levels (p = —0.404, P= 0.0010) and creatinine clearance
(p = 0.407, P: 0.0010). Linear regression of independent factors has revealed that systolic BP
(B = 0.004, CI = 0.001-0.008, P = 0.0170), body mass index (B = 0.014, CI = 0.005-0.023,
P = 0.0030), being male (B = 0.077, CI = 0.001-0.153, P = 0.0480), creatinine clearance
(B = 0.003, CI = 0.001-0.006, P = 0.0120) and insulin levels (B = —0.008, CI = —0.014 to —0.002,
P = 0.0070) were independently related with logarithmically converted 24-h Na excretion.

CONCLUSION: In conclusion, we found that insulin but not cortisol and thyroid hormone levels
were independently related with 24-h urinary Na excretion in newly diagnosed essential
hypertensive patients.
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Introduction
High blood pressure (BP) is a major public health
challenge and one of the most important preventable
risk factor for stroke, cardiovascular, and renal
disease.! Experimental, observational, and clinical
data have indicated that dietary salt intake is closely
related with BP? and various guidelines recommend
to lower Na daily intake.3* It is well-known that 24-h
urine sodium (Na) excretion is an appropriate and
most reliable method to estimate daly Na
consumption.>¢ Various hormones influence Na
handling in renal tubules. Apart from renin
angiotensin and sympathetic system other hormones
been shown to play a role in tubule handling of Na.
For example, insulin,”# glucocorticoids (GCs),’ and
thyroid hormones'®12 have all shown to be
antinatriuretic and increase Na reabsorption along
nephron segments. However, to the best of our
knowledge no study has evaluated the relationship

between insulin, cortisol, and thyroid hormone levels
with 24-h urinary Na excretion in hypertensive
patients comprehensively although these hormones
can be measured easily and routinely in everyday
clinical practice. Hence, the current study is
conducted to analyze the relationships between
insulin, cortisol, and thyroid hormone levels with
24-h urinary Na excretion in never treated newly
diagnosed essential hypertensive patients.

Materials and Methods

The current study was conducted in the outpatient
nephrology unit of a State Hospital. The study was
in accordance with the declaration of Helsinki and
Local Ethical Approval and informed consent was
obtained before enrolment. Study population
consisted of patients with newly diagnosed
hypertensive that was hitherto treated. All patients
firstly underwent following procedures: history
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taking, physical examination, BP measurement, 12
lead electocardiographic evaluation routine urine
analysis, fasting blood samples for biochemical
analysis (including measurement of insulin, cortisol,
and thyroid function tests), 24-h urine collection to
measure urinary Na and protein excretion and
creatinine clearance. An information leaflet along
with a urine container was given to all subjects, and
they also received a verbal explanation about how to
collect a proper 24-h urine sample. After excluding
the first morning urine sample of the collection day,
urine was collected over 24 h, which included the
first urine sample of the next morning. During the
sampling period, subjects were instructed to keep
urine samples in a dark and cool place. At the end
of the collection period, the urine containers were
taken to the laboratory within 2-4 h. Since
erroneous estimations of salt intake may occur
according to problems in collecting 24-h urine
samples participants with urinary creatinine out of
reference levels were excluded.!?

Patients with diabetes mellitus, coronary artery
disease, heart failure, rhythm problems, liver
disease, nephrotic syndrome, urinary tract infection
were excluded. None of the patients reported any
alcohol intak.

BP measurement

Seated clinic BP was measured manually with a
mercury column sphygmomanometer and an
appropriate size cuff after 5 min of rest according to
American ~ Heart  Association  guidelines.#
Hypertension was defined as systolic BP between =
140 mmHg and diastolic BP =2 90 mmHg.3
Laboratory analysis

The routine laboratory parameters were measured
after 10-12 h of fasting. The laboratory parameters
including fasting blood glucose, urea, creatinine,
uric acid, Na, potassium, hemoglobin, albumin,
calcium, phosphorus, total cholesterol, low-density
lipoprotein ~ (LDL)  cholesterol,  high-density
lipoprotein (HDL) cholesterol, triglycerides, thyroid
stimulating hormone (TSH), free triiodothyronine
(FT3), free thyroxine (FT4), insulin, and cortisol
levels. Twenty four hours urinary Na and protein
levels were also measured.

The levels of fasting glucose, urea, creatinine,
and uric acid, total cholesterol, HDL cholesterol,
LDL cholesterol, and triglycerides were determined
by using commercially available assay kits with an
autoanalyzer (Architect®  ¢16000,  Abbott
Diagnostics, Abbott Park, 1L, USA). Hemoglobin
was measured by automated blood analyzer (CELL-
DYN 3700 cell counter Abbott Diagnostics

Division, Abbott Laboratories, IL, USA). Serum Na
and potassium and urine Na were measured by
direct potentiometric method by ion specific
electrodes. Twenty four hours protein excretion was
measured by benzethonium chloride method by
(Architect® ¢16000, Abbott Diagnostics, Abbott
Park, IL, USA). Albumin was measured by
bromcresol purple method. TSH, FT3, FT4 insulin,
and cortisol levels were assayed by direct
chemiluminescence method (Advia Centaur XP,
Siemens, Dublin, Ireland).

Statistics

Statistical analysis was performed using SPSS for
Windows (version 15.0; SPSS Inc., Evanston, IL,
USA). Results were considered statistically significant
if two-tailed P value was < 0.05. Data were checked
for normality. Pearson’s correlation coefficient r and
Spearman’s correlation coefficient o was used for
correlations. Linear regression analysis was performed
to analyze the independent factors related with
logarithmically converted 24-h urinary Na excretion.
Variables tested for significance included age, sex,
smoking status, body mass index, systolic BP, diastolic
BP, 24 h creatinine clearance and protein excretion,
TSH, FT3, FT4 insulin, and cortisol.

Results

Initially, 94 patients were enrolled. One patient with
coronary artery disease, one patient with heart failure,
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 infection, five patients who did not want
to participate, and eight patients with incomplete 24-h
urine calculation were excluded from the study. The
final patient population consisted of never treated 68
newly diagnosed hypertensive  patients. The
demographic and laboratory parameters of the patients
were shown in table 1.

Spearman correlation analysis revealed that 24-h
urinary Na excretion was correlated with insulin
levels (o = —0.473, P < 0.0001), serum cortisol
levels (o = —0.404, P = 0.0010), and creatinine
clearance (o = 0.407, P = 0.0010). There was also a
negative  correlation  between  logarithmically
converted 24-h urinary Na excretion and
logarithmically converted serum insulin (r = —0.487,
P < 0.0001) (Figure 1).

Linear regression of independent factors (as
mentioned above) has revealed that systolic BP,
BMI, gender, creatinine clearance, and insulin levels
were related with logarithmically converted 24-h Na
excretion (as a dependent parameter) (Table 2).
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Table 1. The demographic and laboratory parameters

of 68 essential hypertensive patients
Smoker/no-smoker (n) 19/49
Male/female (n, % 34/34 (50, 50)
Body mass inde

ety 27.90 +5.30
Age (year 49.70 + 14.2C
=Sl SR EERE e o g =
(mmHg;

Diastolic blood 92.90 + 8.70
pressure (mmH

Serum glucos 5.82 +0.86

(mmol/l) (mear+ SDY
Serum urea (mgl)  30.00 + 13.5C
Creatinine (umol)”  74.30 + 17.7C

Hemoglobin (cl)”  128.90 + 13.7
Sodium mmol/l)’  139.40 * 4.4C
Potassium (mmd)”  4.65 + 0.65
Albumin (gl)” 42.70 + 4.80
Total chplesterc 503+1.18
(mmolil)

LDL-C (mmol/ly 3.08 +0.87
HDL-C (mmol/ly 1.15+0.35

Triglyceride (mmol/"  1.80 + 1.07
Uric acid (umoll) 390.20 + 179.6(
Thyroid stimulating

+ 1.92+1.24
hormone (mLl)
FT3 (pg/ml” 2.94 +0.83
FT4 (ng/dl 1.23+0.18
Insulin (LU/ml” 11.70 + 7.90
Cortisol (nmoll)” 454.70 + 160.10
24-h urinary Na
excretion (mEqg/da; IARIED 8 Sl
Creatinin¢ clearance 82.00 + 20.9C

(ml/min)/1.73 n*"
24-h urinary protein
excretion (mg/day

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

222.30 + 334.4(

r:-0.487. P < 0.0001

1.6 1.8 2.0 22 24 26
Log 24-hour Uninary Sodium Excretion
Figure 1. The scatter plot graphic between

logarithmically converted 24 h urinary sodium excretion
and logarithmically converted serum insulin levels

Table 2. Independent factors related with

logarithmically converted 24-h Na excretion
Parameter Beta P

Age 0.30¢ 0.18¢
Gende 0.267 0.04¢
Body mass inde 0.42¢ 0.00:¢
Smoking statt -0.22¢ 0.33¢
Systolic blood pressu 0.357 0.01%
Diastolic blood pressu 0.02: 0.88¢
Creatinine clearan 0.40¢ 0.01-
24-h urinary protein excretion  0.053 0.774
Insulin —-0.43( 0.00:
Cortiso -0.531 0.09¢
Thyroid stimulating hormor 0.17¢ 0.39i
FT3 0.36¢ 0.09¢
FT4 -0.04¢ 0.79¢

FT3: Free triiodothyronine; FT4: Free thyroxine

Discussion

In the current study, to the best of our knowledge,
we firstly evaluated the relationship between 24-h
urinary Na excretion with insulin, cortisol and
thyroid function tests in newly diagnosed essential
hypertensive patients who were hitherto treated.
Although all these hormones have been shown to
be antinatriuretic, we demonstrated that only insulin
levels had an independent relationship with 24-h
urinary Na excretion.

It is well-known that GCs, whether endogenous,
as in Cushing syndrome, or exogenous, through
pharmacologic provision, induce hypertension.’
Traditionally, GC have commonly been believed to
increase BP by the activation of the
mineralocorticoid receptor in the kidney.!510
Surprisingly in the current study, we found no
relationship between urinary Na excretion and
cortisol levels. We do not know exactly the cause of
our findings; however, it was recently speculated
that hypertension caused by GCs was not due to the
excess reabsorption of Na and water but due to
actions on smooth muscle.” Clinical experience
demonstrates that the hypertension induced by
steroids occurs much too rapidly to be accounted
for solely, if at all, by increased renal Na
reabsorption and excess renal salt reabsorption does
not seem to be required for GC to induce
hypertension.'”® In addition, there were also
conflict results in the literature regarding the
relationship between urinary free cortisol and
hypertension. ~ While  some  studies  have
demonstrated that urinary free cortisol were related
with hypertension,'®? others did not demonstrate
these  relationships.?l ~ These points  argue
convincingly that GC have a wide range of
hemodynamic effects distinct from their presumed
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activation of renal mineralocorticoid receptor, thus
increasing the understanding of the role of GC in
the regulation of BP is of interest.” Thus, due to
above-mentioned issues we might not find any
relationship between cortisol levels and 24-h urinary
Na excertion.

Insulin has been shown to increase Na
reabsorption by the kidney as well as reduced Na
excretion independently of blood glucose levels,
filtered load of glucose, glomerular filtration rate,
renal blood flow, and plasma aldosterone levels.??
Insulin, when provided in the perfusion bath for
isolated, perfused tubule studies, has been shown to
increase Na reabsorption in the proximal tubule?®
and the thick ascending limb.?#?> Another study had
also demonstrated that insulin infusion increased
activity of distal renal tubular Na transport
pathways including Na-Cl cotransporter and
epithelial Na channel possibly through trafficking
into the apical membrane.” Thus, all these previous
findings were in accord with our findings, which
demonstrated that insulin levels were independently
associated with 24-h urinar Na excretion.

It was shown that hypothyroid rats show defect
in tubular Na reabsorbtion.''26 The mechanism
underlying this defect remains undefined, being
variously attributed to relative deficiency of
adrenocortical hormones and defective distal Na
reabsorption.?’” Thyroid hormones have also a
significant role in controlling kidney growth and
function. The hormones are important regulators of
renal plasma flow, glomerular filtration rate,
concentration and dilution of urine, oxygen
consumption, and the reabsorption of phosphate,
calcium and Na. Thyroid hormones stimulate Na*,
K*+-ATPase activity and changes in renal Na*, K*-
ATPase activity closely parallels alterations in net
transport of Na. It has also been proposed that
thyroid hormones augment renal Na*, K+-ATPase
activity by an adaptive mechanism responding to
changing resorptive Na loads. Both mechanisms,
the induction of Na pump elements and the
adaptive response to increased filtered Na, could
operate together in mediating the action of thyroid
hormones on Na reabsorption. Despite all these
considerations we found no relationship between
thyroid hormones and 24-h Na excretion in the
current study. We do not have full explanation for
our findings, but speculations can be made. Firstly,
we measured the levels of hormones for only once
and temporal relationships cannot be speculated.
Secondly, we do not specifically include
hypothyroid patients, but we treat FI3, FT4, and

TSH as continuous variables in our analysis.

This study has limitations that deserve mention.
Firstly, since our study is cross-sectional, cause and
effect relationship cannot be suggested. Secondly,
since daily variability can be observed in urinary Na
excretion of individuals and the collection of urine
samples and hormones were performed for only
once temporal relationships cannot be suggested.
Thirdly, our study sample is relatively small. Still, we
believe that because our study group was composed
of special patients that included newly diagnosed
essential hypertensive patients who were not
receiving any antihypertensive medication such as
diuretics the effects of medication were potentially
ruled out.

Conclusion

We found that insulin but not cortical and thyroid
hormone levels were independently related with 24-
h urinary Na excretion in newly diagnosed essential
hypertensive patients.

Acknowledgment

No financial and conflict of interest were
acknowledged.

Conflict of Interests

Authors have no conflict of interests.

References

. 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(2): 240-4.

. Erdem Y, Arici M, Altun B, Turgan C, Sindel S,

Erbay B, et al. The relationship between
hypertension and salt intake in Turkish population:
SALTURK study. Blood Press 2010; 19(5): 313-8.

. Chobanian AV, Bakris GL, Black HR, Cushman

WC, Green LA, Izzo JL, et al. The Seventh Report
of the Joint National Committee on Prevention,
Detection, Evaluation, and Treatment of High
Blood Pressure: the JNC 7 report. JAMA 2003;
289(19): 2560-72.

. 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 Hypertension (ESH) and
of the European Society of Cardiology (ESC). J

Hypertens 2007; 25(6): 1105-87.

. Jin Y, Kuznetsova T, Maillard M, Richart T, Thijs

L, Bochud M, et al. Independent relations of left
ventricular structure with the 24-hour urinary

16Z ARYA Atheroscler 2014; Volume 10, Issue 3

WWW.Mmui.ac.ir

15 May



Afsar and Ay

excretion of sodium and aldosterone. Hypertension
2009; 54(3): 489-95.

6. Kawasaki T, Itoh K, Uezono K, Sasaki H. A simple
method for estimating 24 h urinary sodium and
potassium excretion from second morning voiding
urine specimen in adults. Clin Exp Pharmacol
Physiol 1993; 20(1): 7-14.

7. Song J, Hu X, Riazi S, Tiwari S, Wade JB,
Ecelbarger CA. Regulation of blood pressure, the
epithelial sodium channel (ENaC), and other key
renal sodium transporters by chronic insulin
infusion in rats. Am J Physiol Renal Physiol 2006;
290(5): F1055-F1064.

8. Tiwari S, Nordquist L, Halagappa VK, Ecelbarger
CA. Trafficking of ENaC subunits in response to
acute insulin in mouse kidney. Am J Physiol Renal
Physiol 2007; 293(1): F178-F185.

9. Goodwin JE, Zhang J, Geller DS. A critical role for
vascular smooth muscle in acute glucocorticoid-
induced hypertension. J Am Soc Nephrol 2008;
19(7): 1291-9.

10.Emmanouel DS, Lindheimer MD, Katz Al
Mechanism of impaired water excretion in the
hypothyroid rat. J Clin Invest 1974; 54(4): 926-34.

11.Michael UF, Barenberg RL, Chavez R, Vaamonde
CA, Papper S. Renal handling of sodium and water in
the hypothyroid rat. Clearance and micropuncture
studies. J Clin Invest 1972; 51(6): 1405-12.

12.Kinsella J, Sacktor B. Thyroid hormones increase
Na+-H+ exchange activity in renal brush border
membranes. Proc Natl Acad Sci U S A 1985;
82(11): 3606-10.

13.Junge W, Wilke B, Halabi A, Klein G.
Determination of reference intervals for serum
creatinine, creatinine excretion and creatinine
clearance with an enzymatic and a modified Jaffe
method. Clin Chim Acta 2004; 344(1-2): 137-48.

14.Chobanian AV, Bakris GL, Black HR, Cushman WC,
Green LA, Izzo JL, et al. Seventh report of thentJoi
National Committee on Prevention, Detection,
Evaluation, and Treatment of High Blood Pressure.
Hypertension 2003; 42(6): 1206-52.

15.Whitworth JA, Coghlan JP, Denton DA, Graham
WF, Humphery TJ, Scoggins BA. Comparison of
the effects of ‘glucocorticoid’ and
'mineralocortocoid' infusions on blood pressure in
sheep. Clin Exp Hypertens 1979; 1(5): 649-63.

16.Mantero F, Boscaro M. Glucocorticoid-dependent
hypertension. J Steroid Biochem Mol Biol 1992;
43(5): 409-13.

17.Mangos GJ, Whitworth JA, Williamson PM, Kelly
JJ. Glucocorticoids and the kidney. Nephrology
(Carlton) 2003; 8(6): 267-73.

18.Wallwork CJ, Parks DA, Schmid-Schonbein GW.
Xanthine oxidase activity in the dexamethasone-
induced hypertensive rat. Microvasc Res 2003;
66(1): 30-7.

19.Chamarthi B, Kolatkar NS, Hunt SC, Williams JS,
Seely EW, Brown NJ, et al. Urinary free cortisol:
an intermediate phenotype and a potential genetic
marker for a salt-resistant subset of essential
hypertension. J Clin Endocrinol Metab 2007; 92(4):
1340-6.

20.Litchfield WR, Hunt SC, Jeunemaitre X, Fisher
ND, Hopkins PN, Williams RR, et al. Increased
urinary free cortisol: a potential intermediate
phenotype of essential hypertension. Hypertension
1998; 31(2): 569-74.

21.Krall P, Carvajal C, Ortiz E, Munoz C, Garrido JL,
Mosso L, et al. Urinary free cortisol is not a
biochemical marker of hypertension. Am J
Hypertens 2007; 20(4): 459-65.

22.DeFronzo RA, Cooke CR, Andres R, Faloona GR,
Davis PJ. The effect of insulin on renal handlirig o
sodium, potassium, calcium, and phosphate in man.
J Clin Invest 1975; 55(4): 845-55.

23.Baum M. Insulin stimulates volume absorption in
the rabbit proximal convoluted tubule. J Clin Intves
1987; 79(4): 1104-9.

24.Gupta AK, Clark RV, Kirchner KA. Effects of
insulin on renal sodium excretion. Hypertension
1992; 19(1 Suppl): 178-182.

25.Mandon B, Siga E, Chabardes D, Firsov D, Roinel
N, De RC. Insulin stimulates Na+, Cl-, Ca2+, and
Mg2+ transports in TAL of mouse nephron: cross-
potentiation with AVP. Am J Physiol 1993; 265(3
Pt 2): F361-F369.

26.Holmes EW, Discala VA. Studies on the
exaggerated natriuretic response to a saline wmirfiusi
in the hypothyroid rat. J Clin Invest 1970; 49(6):
1224-36.

27.Discala VA, Kinney MJ. Effects of myxedema on
the renal diluting and concentrating mechanism.
Am J Med 1971; 50(3): 325-35.

How to cite this article: Afsar B, Ay M. The
relationships between cortisol levels, insulin levg
and thyroid hormones with 24 urinary sodium
excretion in never treated essential hypertensiv
patients. ARYA Atheroscler 204; 10(3): 15S-63.

WWW.Mmui.ac.ir

ARYA Atheroscler 2014; Volume 10, Issue 3~ 16S

15 May



