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Abstract

OBJECTIVE: Hypertension is very frequently observed in patients with Type 2 diabetes. Increased 
salt intake has been shown to be related with elevated blood pressure. However, factors related with 24 
hour urinary sodium (Na) excretion as a measure of Na intake is not specifically addressed in patients 
with newly diagnosed Type 2 diabetic patients.

MATERIAL and Methods: All patients underwent history taking, physical examination, blood 
pressure measurement, electocardiography, biochemical analysis, spot urine analysis, 24-hour urine 
collection to measure 24-hour urinary albumin, protein, sodium excretion and creatinine clearance.

Results: In total, 114 patients were enrolled. Spearman correlation analysis revealed that 24-hour 
urinary Na excretion was correlated with body mass index (BMI) ( rho: 0.265, p: 0.004). blood urea 
nitrogen (rho: -0.210, p: 0.025) creatinine clearance (rho: 0.313, p: 0.001), albumin (rho: 0.320, p: 
0.001), hemoglobin (rho: 0.242, p: 0.013) and triglyceride (rho: 0.261, p: 0.008). Linear regression 
of independent factors revealed that BMI (B: 0.013, CI: 0.004-0.022, P: 0.004), presence of smoking 
(B: 0.132, CI: 0.02-0.243, P: 0.021), creatinine clearance (B: 0.002, CI: 0.001-0.004, P: 0.012), and 
triglyceride levels (B: 0.017, CI: 0.009-0.056, P: 0.003) were related with logarithmically converted 
24-hour Na excretion.

Conclusion: We demonstrated that BMI, creatinine clearance and serum triglyceride levels 
were independently associated with 24-hour urinary Na excretion in newly diagnosed Type 2 diabetic 
patients.

Key words: Creatinine, Type 2 diabetes, Hypertension

Öz

AMAÇ: Hipertansiyon Tip 2 diyabetli hastalarda sıklıkla görülen bir komplikasyondur. Bu hastalarda 
artmış tuz alımı hipertansiyon ile ilişkili bulunmuştur. Bununla birlikte literatürde tuz alımının bir 
göstergesi olarak 24 saatlik idrarda sodyum atılımını özellikle araştıran çalışmalar sınırlıdır. Biz bu 
çalışmamızda, yeni tanı almış tip 2 diyabetik hastalarda 24 saatlik idrarda sodyum atılımını etkileyen 
faktörleri araştırmayı amaçladık 

Gereç ve Yöntemler: Bütün hastaların tıbbı hikâyeleri alındı, fizik muayeneleri yapıldı, kan 
basınçları ölçüldü, elektrokardiografileri çekildi, biyokimyasal analizleri yapıldı, rutin idrar analizleri 
yapıldı ve 24 saatlik idrarda albümin, protein, sodyum atlımı ve kreatinin klirensi hesaplandı. 

Bulgular: Çalışmaya toplam 114 hasta dahil edildi. Spearman korelasyon analizinde 24 saatlik 
idrar sodyum atılımının vücut kitle indeksi (VKİ) ile (rho: 0,265, p: 0,004), kan üre nitrojeni ile 
(rho: -0,210, p: 0,025), kreatinin klirensi ile (rho: 0,313, p: 0,001), albümin ile (rho: 0,320, p: 0,001, 
hemoglobin ile (rho: 0,242, p: 0,013) ve trigliserid düzeyleri ile (rho: 0,261, p: 0,008) korrele olduğu 
görüldü. Doğrusal regresyon analizinde VKİ (B: 0,013, CI: 0.004-0,022, P: 0,004), sigara içme durumu 
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clearance. The body mass index (BMI) was calculated as the 
ratio of weight in kilograms to height squared (in square meters). 
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-hour 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 outside 
reference levels (reference intervals of 2.5%-97.5% for 24-
hour urinary creatinine were accepted with 10.7 – 26.0 mg/kg/
day for women and 12.1 – 28.9 g/kg for men) were excluded 
(10). Patients with coronary artery disease, heart failure, renal 
artery stenosis, rhythm problems, hypo or hypothyroidism, liver 
disease, urinary tract infection, urolithiasis, active infection and 
those who did not want to participate were excluded. None of 
the patients reported any alcohol intake.

Blood Pressure Measurement

A trained nurse measured blood pressure (BP). Seated 
clinic BP was measured manually with a mercury column 
sphygmomanometer and an appropriate size cuff after 5 minutes 
of rest according to AHA guidelines (11). 

Laboratory Analysis

The laboratory parameters including 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-cholesterol), triglycerides, thyroid 
stimulating hormone (TSH), free triiodothyronine (FT3), free 
thyroxine (FT4), insulin, 24-hour urinary Na and protein levels 
were also measured. 

Insulin resistance was calculated using the HOMA index, 
as follows: HOMA index = [fasting plasma glucose (in 
millimoles per liter) × fasting serum insulin (in microunits 
per milliliter)]/22.5(12). The levels of fasting glucose, urea, 
creatinine, and uric acid, total cholesterol, HDL-cholesterol, 
LDL-cholesterol and triglycerides were determined by using 

Introduction

It is well known that hypertension is extremely common 
in patients with type 2 diabetes (1). Although the full 
pathophysiologic mechanisms regarding elevated blood pressure 
in Type 2 diabetes is not completely understood; various 
mechanisms have been suggested. One of the most important 
factors is the effect of salt intake. In comparison to people 
without diabetes, patients with diabetes have an increase in 
exchangeable sodium (2,3). Blood pressure (BP) levels in patients 
with diabetes have been observed to be more salt-sensitive than 
in those without diabetes (4,5) and salt restriction augments the 
BP-lowering effects of antihypertensive medication in patients 
with type 2 diabetes (6,7). High sodium intake has also been 
shown to predict the development of type 2 diabetes. (8). Thus 
dietary salt intake may therefore have a more important role in 
the pathogenesis of hypertension in diabetes than in the general 
population. Surprisingly, although the importance of salt intake 
has been advocated in Type 2 diabetes, there are very scarce data 
present that examines the factors related with 24-hour urinary 
sodium (Na) excretion as a measure of Na intake in Type 2 
diabetic patients.

In the current study, we evaluated the factors related with 
24-hour urinary Na excretion in newly diagnosed type 2 diabetic 
patients who were hitherto treated by antihypertensives, oral 
glucose lowering agents and insulin.

Methods

The current study was conducted in the outpatient nephrology 
unit of Konya Numune State Hospital between August 2010 
and October 2011. The study was held in accordance with the 
declaration of Helsinki and local ethical approval and informed 
consent were obtained before enrolment. The study population 
consisted of patients with newly diagnosed type 2 diabetes who 
were hitherto treated. The diagnosis of type 2 diabetes mellitus 
was based on the arithmetic mean of 2 fasting plasma glucose 
levels (after at least 8 hours of fasting) using a cutoff point of 7.0 
mmol/L, regardless of post-load plasma glucose concentrations 
(9). All patients underwent the following procedures: 
history taking, physical examination, BP measurement, 
electrocardiographic evaluation, biochemical analysis, spot 
urine analysis, 24-hour urine collection to measure 24-hour 
urinary albumin, protein, sodium excretion and creatinine 

(B: 0,132, CI: 0,02-0,243, P: 0,021), kreatinin klirensi (B: 0,002, CI: 0,001-0,004, P: 0,012)ve trigliserid düzeylerinin (B: 0,017, CI: 0,009-0,056, 
P: 0,003), 24 saatlik idrar sodyum atılımının bağımsız öngörücüleri olduğu bulundu. 

Sonuç: Çalışmamızda yeni tanı almış Tip 2 diyabetik hastalarda VKİ, kreatinin klirensi ve trigliserid düzeylerinin 24 saatlik idrar sodyum atılımı 
ile bağımsız olarak ilişkili oldugu saptandı.

Anahtar sözcükler: Kreatinin, Tip 2 diyabet, Hipertansiyon
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microalbuminuric and macroalbuminuric patients respectively 
(P: 0.903). The scatter plot graphics of BMI, creatinine clearance 
and triglyceride with logarithmically converted 24-hour urinary 
sodium excretion are shown in Figures 1, 2 and 3 respectively.

Linear regression of independent factors (as mentioned 
above) has revealed that BMI, presence of smoking, 
creatinine clearance and triglyceride levels were related with 
logarithmically converted 24-hour Na excretion (as a dependent 
parameter) (Table II).

commercially available assay kits with an autoanalyzer 
(Architect ®c16000, Abbott Diagnostics, Abbott Park, Illinois, 
USA). Hemoglobin was measured by an automated blood 
analyzer (CELL-DYN 3700 cell counter Abbott Diagnostics 
Division, Abbott Laboratories, Illinois, USA). Serum sodium 
and potassium and urine sodium were measured by the direct 
potentiometric method by ion specific electrodes. 24-hour 
protein excretion was measured by the Benzethonium Chloride 
Method (Architect ®c16000, Abbott Diagnostics, Abbott Park, 
Illinois, USA). Albumin was measured by the bromcresol purple 
method. TSH, FT3, FT4 insulin levels were assayed by the 
direct chemiluminescence method (Advia Centaur XP, Siemens, 
Dublin, Ireland). 

Statistics

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 and Spearman’s correlation coefficient rho were 
used for correlations. For the comparison of 24-hour urinary 
Na excretion among normoalbuminuric, microalbuminuric and 
macroalbuminuric patients, the Kruskal-Wallis test was used. 
Stepwise linear regression analysis was performed to analyze the 
independent factors related with logarithmically converted 24-
hour urinary sodium excretion. Variables tested for significance 
included gender, age, smoking status, body mass index, systolic 
BP, diastolic BP, albumin, hemoglobin, sodium, potassium, total 
cholesterol, HDL-cholesterol, LDL-cholesterol, triglyceride, 
glycated hemoglobin (Hba1c), HOMA-index, 24 hour creatinine 
clearance and albumin excretion.

Results

Initially 139 patients were enrolled. We excluded 1 patient 
with coronary artery disease, 1 patient with heart failure, 1 
patient with renal artery stenosis, 1 patient with chronic liver 
disease, 2 patients with nephrotic syndrome, 2 patients with 
atrial fibrillation, 3 patients with hypothyroidism and 1 patient 
with hyperthyroidism, 2 patients with urinary tract infection, 
5 patients who did not want to participate and 6 patients with 
incomplete 24-hour urine calculation from the study. The 
final patient population consisted of never treated 114 newly 
diagnosed patients with type 2 diabetes. The demographic and 
laboratory parameters of the patients are shown in Table I. 

Correlations

Spearman correlation analysis revealed that 24-hour urinary 
Na excretion was correlated with BMI (rho: 0.265, p: 0.004), 
blood urea nitrogen (rho: -0.210, p: 0.025), creatinine clearance 
(rho: 0.313, p: 0.001), albumin (rho: 0.320, p: 0.001, hemoglobin 
(rho: 0.242, p: 0.013) and triglyceride (rho: 0.261, p: 0.008).

The 24-hour urinary Na excretion were 189.0±121.9, 
165.3±88.8 and 169.5±73.9 mEq/day in normoalbuminuric, 

Table I: The demographic and laboratory parameters of 114 
patients with Type 2 Diabetes.

Parameter*
Age (years)* 45.2±10.2
Gender (Male/Female) (N:) 50/50
Body Mass Index (kg/m2) * 30.1±5.4
Smoker/non smoker (N:) 22/92
Systolic Blood Pressure (mmHg) * 136.1±16.4
Diastolic Blood Pressure (mmHg) * 82.5±9.9
Serum glucose (mmol/L)* 9.29.±2.92
Blood urea Nitrogen  (mmol/L) 9.85±5.89
Creatinine (µmol/L) * 129.1±64.5
Sodium (mmol/L) * 139.2±3.6
Potassium (mmol/L) * 4.73±0.62
Albumin (g/L) * 41.9±5.3
Hemoglobin (g/L) * 129.2±20.5
 Basal Insulin Level (pmol/L) * 130.6±105.5
Total cholesterol (mmol/L) * 4.74±1.14
LDL-C (mmol/L) sı* 2.79±0.92
HDL-C (mmol/L) * 1.12±0.43
Triglyceride (mmol/L) * 2.04±1.06
Uric Acid (µmol/L) * 386.6±130.9
Thyroid Stimulating Hormone(mU/L) * 2.29±1.48
FT3(pg/ml) * 3.21±0.89

T4(ng/dl) * 1.22±0.32
Hba1c (%)* 7.14±1.65
24 hour urine albumin excretion  rate (mg/
day)* 321.8±492.7

24 hour urine protein excretion  rate (mg/day)* 735.2±1124.1
24 hour urinary sodium excretion ((mEq/day)* 171.2±92.4
Creatinine clearance (ml/min)/1.73m2* 68.6±38.3

*: Mean±Standard deviation. LDL-C; Low-density lipoprotein 
cholesterol, HDL-C; High-density lipoprotein cholesterol. 
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Discussion

In the current study, to the best of our knowledge, we firstly 
examined the routine clinical and biochemical parameters related 
with 24-hour urinary Na excretion in newly diagnosed Type 2 
diabetic patients who were hitherto treated. We demonstrated 
that BMI, smoking status, creatinine clearance and triglyceride 
levels were independently related with 24-hour urinary Na 
excretion.

It is known that patients with type 2 diabetes are frequently 
hypertensive. Numerous investigations have been carried out to 
determine the mechanism of hypertension in type 2 diabetes. 
Hyperinsulinemia and insulin resistance, increased vascular 
reactivity to various vasoconstrictors (13), activation of the 
the renin-angiotensin-aldosterone system (14), and increased 
sympathetic activity (15) were shown to be responsible factors 
for the presence of elevated BP in diabetic patients. However, 
studies have shown that the major mechanism regarding the 
cause of hypertension in type 2 diabetic patients was the effect 

Table II: Linear regression of independent factors related with logarithmically converted 24-hour urinary sodium excretion.

B Beta 95% Confidence Interval P

Body Mass Index 0.013 0.289 0.004-0.022 0.004

Presence of Smoking 0.132 0.225 0.02-0.243 0.021

Creatinine clearance 0.002 0.246 0.001-0.004 0.012

Triglyceride 0.017 0.288 0.009-0.056 0.003

B: Partial Regression Coefficient, Beta: Partial Correlation Coefficient.

Figure 1: The scatter plot graphic between body mass index and 
logarithmically converted 24-hour Urinary Sodium Excretion.

Figure 2: The scatter plot graphic between creatinine clearance and 
logarithmically converted 24-hour Urinary Sodium Excretion.

Figure 3: The scatter plot graphic between triglyceride and 
logarithmically converted 24-hour Urinary Sodium Excretion.
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urinary Na excretion (32). Dietary Na intake in mg/day has also 
been found to be higher in smokers than nonsmokers in other 
studies (33,34). Thus by the light of our findings and previous 
findings we can suggest that smokers have less healthful diets 
including diets rich in fat, calories and sodium.

This study has several limitations that deserve mention. 
Firstly since the current study has a cross-sectional design, cause 
and effect relationship cannot be suggested. Secondly, analyses 
were based on single measurements and not on a serial basis. 
Thirdly, the study sample of the current study is relatively small. 
However, the study group was composed of special patients that 
included newly diagnosed type 2 diabetic patients who were not 
receiving any hypoglycemic and antihypertensive medication 
and the effects of medication were potentially ruled out. 

In conclusion, we demonstrated that BMI, smoking habit, 
creatinine clearance and serum triglyceride levels were 
independently associated with 24-hour urinary Na excretion 
in newly diagnosed Type 2 diabetic patients. Further studies 
are needed to highlight underlying mechanisms regarding our 
findings.

References
1.	 Arauz-Pacheco C, Parrott MA, Raskin P; American Diabetes 

Association: Treatment of hypertension in adults with diabetes. 
Diabetes Care 2003; 26: S80–S82

2.	 O’Hare JA, Ferriss JB, Brady D, Twomey B, O’Sullivan DJ: 
Exchangeable sodium and renin in hypertensive diabetic patients 
with and without nephropathy. Hypertension 1985; 7: 1143-1148

3.	 Beretta-Piccoli C, Weidmann P: Body sodium-blood volume state 
in nonazotemic diabetes mellitus. Miner Electrolyte Metab 1982; 7: 
36-47

4.	 Strojek K, Grzeszczak W, Lacka B, Gorska J, Keller CK, Ritz E: 
Increased prevalence of salt sensitivity of blood pressure in IDDM 
with and without microalbuminuria. Diabetologia 1995; 38 (12): 
1443-1448

5.	 Tuck M, Corry D, Trujillo A: Salt-sensitive blood pressure and 
exaggerated vascular reactivity in the hypertension of diabetes 
mellitus. Am J Med 1990; 88: 210-216

6.	 Houlihan CA, Allen TJ, Baxter AL, Panangiotopoulos S, Casley DJ, 
Cooper ME, Jerums G: A low-sodium diet potentiates the effects of 
losartan in type 2 diabetes. Diabetes Care 2002; 25: 663-671

7.	 Ekinci EI, Thomas G, MacIsaac RJ, Johnson C, Houlihan C, 
Panagiotopoulos S, Premaratne E, Hao H, Finch S, O’Callaghan C, 
Jerums G: Salt supplementation blunts the blood pressure response 
to telmisartan with or without hydrochlorothiazide in hypertensive 
patients with type 2 diabetes. Diabetologia 2010; 53: 1295-1303

8.	 Hu G, Jousilahti P, Peltonen M, Lindström J, Tuomilehto J: Urinary 
sodium and potassium excretion and the risk of type 2 diabetes: A 
prospective study in Finland. Diabetologia 2005; 48: 1477-1483

9.	 Report of the Expert Committee on the Diagnosis and Classification 
of Diabetes Mellitus. Diabetes Care 1997; 20: 1183-1197

of salt intake. Previously it was shown that increases in total 
exchangeable sodium have been consistently found in diabetic 
patients (2,3,16,17). Secondly, increased sodium reabsorption 
along nephrons has been shown in diabetic patients (15,18-21). 
Thirdly, BP levels in patients with diabetes have been observed 
to be more salt-sensitive than in those without diabetes (4,5). 
Lastly salt restriction augments the blood pressure-lowering 
effects of antihypertensive medication in patients with type 2 
diabetes (6,7). Thus all these data showed the importance of 
salt intake as a mechanism for increased BP in type 2 diabetic 
patients. Surprisingly however, very scarce data is present in 
the literature on the factors related with 24-hour urinary Na 
excretion as a measure of Na intake in type 2 diabetic patients. 

As a novel finding we demonstrated that triglyceride levels 
were independently related with 24-hour urinary Na excretion. It 
is well known that overweight and obese people usually eat more 
food than normal weight people; along with a bigger quantity of 
food intake, they also get more sodium (8,22). Higher sodium 
intake may be associated with an unhealthy diet regarding other 
aspects of diet (8). Thus it is probable that patients eating high 
caloric diets get high fat along with high sodium as measured 
by the 24-hour urinary Na excretion. The relationship between 
BMI and Na excretion could also be explained in the context 
of increased high caloric diet. It could be hypothesized that 
more obese patients consume more salty foods. It could also 
be possible that since obese patients have higher creatinine 
clearance (23,24), and the relationship between BMI and Na 
excretion could be explained by the mechanism of increased 
GFR. However, the relationship between 24 hour urinary Na 
excretion and BMI is independent of creatinine clearance in the 
current study.

Of note in the current study is that we did not demonstrate 
any relationship between insulin resistance as evaluated by 
HOMA-Index and Na excretion. In the literature, the relationship 
between insulin resistance, 24-hour urinary Na excretion and 
salt sensitivity is conflicting. While some studies (25-28) have 
demonstrated that hyperinsulinaemia and insulin resistance were 
present in normotensive or hypertensive salt-sensitive patients; 
others did not show any relationship (29). The use of different 
methodologies to measure both salt sensitivity and insulin 
sensitivity may be the main reason explaining these conflicting 
results.

Lastly we found that the smoking habit is independently 
associated with 24-hour urinary Na excretion. Previously it 
was demonstrated that smokers have a less healthful diet than 
nonsmokers (30). In one metaanalysis it was demonstrated that 
smokers had significantly higher intakes of energy, total fat, 
saturated fat, dietary cholesterol, and alcohol, and significantly 
lower intakes of polyunsaturated fatty acids, fibre, vitamin C, 
vitamin E, beta carotene, iron, and calcium than nonsmokers 
(31). Apart from these differences it was also demonstrated that 
compared to never smokers, current smokers had higher 24-hour 



Afşar B and Kırkpantur A : Type 2 Diabetes and Salt Excretion

Turk Neph Dial Transpl 2013; 22 (1): 83-88
88

Türk Nefroloji Diyaliz ve Transplantasyon Dergisi
Turkish Nephrology, Dialysis and Transplantation Journal

22.	Elliott P, Stamler J, Nichols R, Dyer AR, Stamler R, Kesteloot H, 
Marmot M: Intersalt revisited: Further analyses of 24 hour sodium 
excretion and blood pressure within and across populations. Intersalt 
Cooperative Research Group. BMJ 1996; 312: 1249-1253

23.	Ortega RM, López-Sobaler AM, Ballesteros JM, Pérez-Farinós N, 
Rodríguez-Rodríguez E, Aparicio A, Perea JM, Andres P: Estimation 
of salt intake by 24 h urinary sodium excretion in a representative 
sample of Spanish adults. Br J Nutr 2011;105: 787-794

24.	Krikken JA, Lely AT, Bakker SJ, Navis G: The effect of a shift in 
sodium intake on renal hemodynamics is determined by body mass 
index in healthy young men. Kidney Int 2007;71: 260-265

25.	Sharma AM, Ruland K, Spies KP, Distler A: Salt sensitivity in 
young normotensive subjects is associated with a hyperinsulinemic 
response to oral glucose. J Hypertens 1991; 9: 329-335

26.	Giner V, Coca A, de la Sierra A: Increased insulin resistance in 
salt sensitive essential hypertension. J Hum Hypertens 2001; 15:        
481-485

27.	Vedovato M, Lepore G, Coracina A, Dodesini AR, Jori E, Tiengo A, 
Del Prato M, Trevisan S: Effect of sodium intake on blood pressure 
and albuminuria in Type 2 diabetic patients: The role of insulin 
resistance. Diabetologia 2004; 47: 300-303

28.	Singh SK, Sarkar D, Agrawal JK: Insulin resistance and urinary 
excretion of sodium in hypertensive patients with non-insulin 
dependent diabetes mellitus. J Assoc Physicians India 1999; 47: 
709-701

29.	Melander O, Groop L, Hulthen UL: Effect of salt on insulin 
sensitivity differs according to gender and degree of salt sensitivity. 
Hypertension 2000; 35: 827-883

30.	 Stamler J, Rains-Clearman D, Lenz-Litzow K, Tillotson JL, Grandits 
GA: Relation of smoking at baseline and during trial years 1–6 to 
food and nutrient intakes and weight in the special intervention and 
usual care groups in the Multiple Risk Factor Intervention Trial. Am 
J Clin Nutr 1997; 65: 374S-402S

31.	Dallongeville J, Marecaux N, Fruchart JC, Amouyel P: Cigarette 
smoking is associated with unhealthy patterns of nutrient intake: A 
meta-analysis. J Nutr 1998; 128: 1450-1457

32.	Dyer AR, Elliott P, Stamler J, Chan Q, Ueshima H, Zhou BF; 
INTERMAP Research Group: Dietary intake in male and female 
smokers, ex-smokers, and never smokers: INTERMAP study. J 
Hum Hypertens 2003; 17: 641-654

33.	Cundiff DK: Alcohol and tobacco use: Analysis of data from the 
diabetic control and complications trial, a randomized study. Med 
Gen Med 2002; 4: 2

34.	Zondervan KT, Ocke MC, Smit HA, Seidell JC: Do dietary and 
supplementary intakes of antioxidants differ with smoking status? 
Int J Epidemiol 1996; 25: 70-79

10.	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: 137-148

11.	Chobanian AV, Bakris GL, Black HR, Cushman WC, Green LA, 
Izzo JL Jr, Jones DW, Materson BJ, Oparil S, Wright JT Jr, Roccella 
EJ; Joint National Committee on Prevention, Detection, Evaluation, 
and Treatment of High Blood Pressure: National Heart, Lung, and 
Blood Institute; National High Blood Pressure Education Program 
Coordinating Committee: Seventh report of the Joint National 
Committee on Prevention, Detection, Evaluation, and Treatment of 
High Blood Pressure. Hypertension 2003; 42: 1206-1252

12.	Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher DF, 
Turner RC: Homeostasis model assessment: Insulin resistance 
and beta-cell function from fasting plasma glucose and insulin 
concentrations in man. Diabetologia 1985;28: 412-419

13.	Julius S: The evidence for a pathophysiologic significance of the 
sympathetic overactivity in hypertension. Clin Exper Hypertens 
1996; 18: 305-321

14.	Price DA, De’Oliveira JM, Fisher ND, Williams GH, Hollenberg 
NK: The state and responsiveness of the renin-angiotensin-
aldosterone system in patients with type II diabetes mellitus. Am J 
Hypertens 1999; 12: 348-355

15.	Tsuchida H, Imai G, Shima Y, Satoh T, Owada S: Mechanism 
of sodium load-induced hypertension in non-insulin dependent 
diabetes mellitus model rats: Defective dopaminergic system to 
inhibit Na-K-ATPase activity in renal epithelial cells. Hypertens 
Res 2001; 24: 127-135

16.	Trujillo A, Eggena P, Barrett J, Tuck M: Renin regulation in type II 
diabetes mellitus: Influence of dietary sodium. Hypertension 1989; 
13: 200-205

17.	Allen TJ, Cooper ME, O’Brien RC, Bach LA, Jackson B, Jerums G: 
Glomerular filtration rate in streptozocin-induced diabetic rats: Role 
of exchangeable sodium, vasoactive hormones, and insulin therapy. 
Diabetes 1990; 39: 1182-1190

18.	Pruijm M, Wuerzner G, Maillard M, Bovet P, Renaud C, Bochud 
M, Burnier M: Glomerular hyperfiltration and increased proximal 
sodium reabsorption in subjects with type 2 diabetes or impaired 
fasting glucose in a population of the African region. Nephrol Dial 
Transplant 2010; 25: 2225-2231

19.	Skøtt P, Vaag A, Bruun NE, Hother-Nielsen O, Gall MA, Beck-
Nielsen H, Parving HH: Effect of insulin on renal sodium handling 
in hyperinsulinaemic type 2 (non-insulin-dependent) diabetic 
patients with peripheral insulin resistance. Diabetologia 1991; 34: 
275-281

20.	Gans ROB, Bilo HJG, Nauta JJP, Heine RJ, Donker AJ: Acute 
hyperinsulinemia induces sodium retention and a blood pressure 
decline in diabetes mellitus. Hypertension 1992; 20: 199-209

21.	Mbanya JC, Thomas TH, Taylor R, Alberti KG, Wilkinson R: 
Increased proximal tubular sodium reabsorption in hypertensive 
patients with type 2 diabetes. Diabet Med 1989; 6: 614-620


