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Abstract
Background: The real role of leptin on the vascular disease in end stage of renal disease patients is complicated rather than clear. We considered the relationship
between leptin serum concentrations and manifested hypertension in non-obese patients in intermittent dialysis therapy.
Methods: We studied 76 patients in on-line hemodiafiltration. Dialysis adequacy was defined by Kt/V for urea. Leptin and i-parathormone (i-PTH) were measured
by radioimmunoassay. Metabolic acidosis was determined by serum bicarbonate concentrations less than 22mmol/L. We recorded the home blood pressure according
to a standard protocol and it was verified by 24-h monitoring. Antihypertensive treatment was noted. Chi-square tests and adjusted model were performed for the
role of leptin on established hypertension.
Results: Chi-square tests showed significant association between hypertension and both, low leptin and low bicarbonate (x2=12.4, p=0.001 and x2=13.1, p=0.001
respectively) and it was supported by the built adjusted model. The patients with hypertension had significantly lower leptin, hemoglobin, normalized protein catabolic
rate (nPCR) as a marker of protein intake and bicarbonate levels, but similar dialysis dose than the patients without hypertension. The patients with high leptin had
significantly decreased blood pressure, but higher i-PTH, bicarbonate levels and liquids overload in combination with similar dialysis sufficiency comparatively to the
patients with low leptin.
Conclusion: Hypertension was significantly associated with low leptin in non-obese dialysis patients. In spite of apparently adequate dialysis dose, the involved
factors in this relationship may be malnutrition and uncontrolled metabolic acidosis state, although the usage of antihypertensive treatment may play an additional
role.

Introduction

Material and Methods

The end-stage of renal disease (ESRD) is characterized by
increments of plasma concentrations of hormones produced by
adipose tissue known as adipocytokines including leptin, resistin,
tumor necrosis factor-alpha (TNF-α) and adiponectin, possibly caused
by both, passive accumulation from reduced renal excretion and
metabolic abnormalities induced by uremia [1].

Subjects

Leptin, which belongs to IL-6 family of cytokines, plays an
important role in the regulation of body weight through its central
effects on appetite and peripheral effects on the regulation of energy
expenditure [2]. Apart from metabolism, leptin has systemic effects
including regulation of hematopoiesis, wound healing, lipolysis, blood
pressure homeostasis, reproduction and immune function [3,4]. The
receptor of leptin has been identified on endothelial cells, and leptin
has been reported to promote both angiogenesis and inflammation
[5]. Disorders associated with hyperleptinemia such as obesity and
insulin resistance are major risk factors for cardiovascular disease,
due to these factors define an established metabolic syndrome [6].
The current studies provide evidence that the real role of leptin on the
vascular disease in end stage of renal disease patients is complicated
rather than clear. In this study we considered the relationship between
leptin serum concentrations and hypertension in non-obese patients in
intermittent hemodiafiltration treatment.
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This is a dual-center observational cross-sectional study of a cohort
of 76 non-obese according to calculated BMI (<25 kg/m2) patients in
permanent hemodiafiltration therapy. Patients < 18 years of age at
initiation of dialysis treatment, those with less than 6 months of followup, autoimmune diseases, infections, malignancy and patients without
regular vascular hemodialysis access and who had dialysis catheter
were not included in the study.
We enrolled 47 males and 29 females, on mean age 62.2 ± 15 years
old, permanently treated by on-line-predilution hemodiafiltration
(on-l HDF). The median time in hemodiafiltration treatment was 5 ±
interquartile range 3-10 years. The hemodiafiltration treatment was
performed 3-times weekly with a dialysis time of 3.5-4 h per session, a
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filter of 1.5-2 m2 surface area by high-flux synthetic membrane, defined
by a ultrafiltration coefficient >20 ml/h [7], using the same volume of
replacement liquid equal to 20 liters and a blood flow of 350-400 ml/min.
A bicarbonate-based ultrapure buffer dialysis solution was used
with a dialysate flow rate of 500-600ml/min, a calcium concentration of
1.50-1.75 mmol/L and a sodium concentration of 138-145 mmol/L. The
final concentration of bicarbonate in dialysate was 32 mmol/L. Dialysis
dose defined by Kt/V/day for urea, which was calculated according to
the formula of Daugirdas [8]. Patients were excluded if they had Kt/V
for urea <1.2.
The included patients were in a good status, on free regular diet,
they had no interdialytic peripheral edema, interdialytic orthostatic
hypotension or other characteristics of an inaccurate dry body weight.
We also excluded the patients with multiple intradialytic hypotensive
or hypertensive episodes, atrial fibrillation and those with interdialytic
weight gain more than 5% of total body weight.
Nineteen of the studied patients were current smokers (a ratio
of 25%). Twenty subjects disposed residual renal function defined
by an interdialytic urine volume more than 100 ml (a ratio of
26.3%). Only calcium-free phosphate binders including sevelamer
carbonate, lanthanium and/or aluminium hydroxide were prescribed
in combination to D-vitamin administration for the regulation of
bone disease (a ratio of 44.7%). Nobody of our patients was receiving
NaHCO3 per os or warfarin therapy. The total of enrolled patients was
treating by erythropoietin-α or –β agents.
In our data, the primary renal disease included hypertensive
nephrosclerosis at a ratio of 32.9%, chronic glomerulonephritis at a
ratio of 28.9%, polycystic disease at a ratio 11.8%, diabetic nephropathy
at a ratio equal to 9.2% and other causes at a ratio 17.1%.

Approval and Consent
The study was approved by the ethics committee of the Hospitals
“Laiko, University General Hospital of Athens” and Renal Unit of
“Diagnostic and Therapeutic Center of Athens Hygeia SA”. Oral
informed consent was obtained from all subjects.

Blood collection
In enrolled patients blood was drawn just before the start of the
mean weekly dialysis session in a twelve hours fasting state from the
vascular access. In the end of the treatment the blood pump speed
was reduced to <80 ml/min and blood samples was obtained at 2 min
post-dialysis from the arterial dialysis tubing for the calculation of the
adequacy of dialysis by Kt/V for urea. Serum by obtained samples was
separated and processed for various assays.
In each subject, three sequences of samples (every month within
3 months) were obtained for the serum bicarbonate measurements,
and their average was used for statistical analysis, paying attention the
low serum bicarbonate level to be in combination to low arterial pH
(acidemia) and decreased PCO2.

Laboratory measurments
Albumin, glucose, calcium (Ca) corrected for the albumin levels,
phosphate (P), high density lipoproteins (HDL) and low-density
lipoproteins (LDL) were measured using spectrophotometric technique
by Chemistry Analyzer (MINDRAY BS-200, Diamond Diagnostics,
USA). The ratio of LDL/HDL was calculated. Hematological analyzer
(Sysmex, xt-4000i, Roche, Hamburg, Germany) was used for
hemoglobin (Hb) measurement.
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High sensitivity C-reactive protein (hsCRP) and monocyte
chemoattractant protein-1 (MCP-1) serum concentrations were
measured using enzyme linked immunoabsorbed assays (ΕLISA,
Immundiagnostik AG., Germany and Alpco Diagnostics, Anachem,
USA, respectively) according to manufacturer’s specifications.
The concentrations of leptin, insulin and intact-parathormone
(i-PTH) were measured by radioimmunoassays (Active Human Leptin
IRMA DSL-23100i, Webster, USA, BioSource Europe S.A., Belgium,
CIS bio international/France respectively). Insulin resistance was
calculated using the homeostasis model assessment of insulin resistance
(HOMA-IR) [9].
Metabolic acidosis was defined by serum bicarbonate concentrations
less than 22.0 mmol/L, which were measured in gas machine (Roche,
combas b 121) by an electrode-based method taking care of the blood
specimens [10]. Normalized protein catabolic rate for dry body mass
(nPCR) was calculated from the urea generation rate [11]. Body mass
index (BMI) was obtained from height and post-dialysis body weight.

Blood pressure measurements
Home interdialytic peripheral systolic and diastolic blood
pressure (SBP and DBP respectively) was calculated as the mean of
measurements for 15-16 interdialytic days during a treatment month
using an automatic sphygmomanometer OMRON M4-I (Co Ltd Kyoto
Japan). The blood pressure was doubly measured for two times per day,
in the morning after rising and in the evening in a fasting, calming and
resting state and two means were recorded per day. Their average was
used for statistical analysis. Mean peripheral blood pressure (MBP) was
calculated as: MBP = DBP + 1/3 (SBP-DBP).
We also used a 24-h blood pressure monitor for verification
of measurements and whether the means blood pressure values
significantly differed from home recorded values, the means by 24-h
monitoring were used for statistical analysis rather than the means
by home measurements. Patients with mean blood pressure ≥140/90
mmHg (n=29, a prevalence of 38.2%) assessed by 24-hour monitoring
and/or home measured according to recommended standard
protocol, or subjects with an old individual hypertension history were
considered hypertensive and everyone of them was regularly receiving
anti-hypertensive therapy including calcium channel blockers, betablockers, inhibitors of angiotensin II AT1 receptors or new centralacting medications.

Haemodynamic measurements
Hemodynamic measurements were performed before the midweek dialysis session in all subjects after resting for at least 10 minutes.
Arterial stiffness was measured as carotid-femoral pulse wave
velocity (c-f PWV) and carotid augmentation index (AIx) using the
SphygmoCor system® (AtCor Medical Pty.Ltd, Sydney, Australia)
according to manufacturer’s specifications. In each subject two
sequences of measurements were performed, and their mean was used
for statistical analysis. Pulse pressure (PP) was derived.

Data analysis
Data were analyzed using SPSS 15.0 statistical package for Windows
(SPSS Inc, Chicago, Illinois) and expressed as means ± SD or as median
value (interquartile range) for data that showed skewed distribution;
Differences between mean values were assessed by using unpaired
t-test for two groups or Mann-Whitney U- test for data that showed
skewed distributions and expressed as means ± SD or as means Rank.

Volume 3(6): 2-7

Raikou VD (2017) Leptin and hypertension in non-obese patients in renal replacement therapy

Correlations between variables were defined by Spearman coefficient
and the relationships between categorical variables were defined by
chi-square tests. P values less than .05 were considered significant.
We built a model using logistic regression analysis by enter method
to investigate leptin serum concentration as a possible independent
predictor for manifested hypertension adjusting to traditional and specific
risk factors for dialysis patients, such as age, diabetes mellitus, smoking,
dialysis vintage, dialysis sufficiency and bicarbonate serum concentrations.
A control for multicollinearity was made.

Results
We divided the patients to two groups according to the found by
ROC curve cut-off leptin value related to the establishment or not
hypertension equal to7.3 ng/ml (Figure 1). Chi-square test showed
significant association between the prevalence of hypertension and low
leptin values (x2=12.4, p=0.001, Figure 2). We also observed significant
association between high or low leptin values and antihypertensive
treatment, as it is shown in Figure 3 (x2=7.3, p=0.02). The leptin serum
concentrations were not associated with both, the underlying primary
renal disease (hypertensive nephrosclerosis or other) or residual renal
function preservation (x2=0.1, p=0.9 and x2=0.03, p=0.5 respectively).
Moreover, the association between high or low leptin concentrations
and bicarbonate serum concentrations higher or lower than 22mmol/L
was found non-significant (x2=1.7, p=0.1).

Figure 2. The association between established hypertension and leptin values lower or
higher than 7.3 ng/ml by chi-square test (x2=12.4, p=0.001).

In the adjusted model for the role of leptin on established
hypertension the low leptin value in combination with low bicarbonate
serum concentrations were found to be important factors adjusting
to the age, diabetes mellitus, smoking, dialysis vintage and dialysis
sufficiency without multicollinarity (Table 1).

Figure 3. Bar chart showing the relationship between leptin serum concentrations and the
used antihypertensive medications (x2=7.3, p=0.02).
Table 1. Logistic regression analysis showing the risk factors for the manifested
hypertension in hemodiafiltration patients (n=76).

Figure 1. ROC curve showing the cut-off leptin value equal to7.3 ng/ml related to nonmanifested hypertension.
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Characteristic

p-value

Odds ratio

Confidence interval

Age
Diabetes mellitus

0.5
0.05

1.02
0.06

0.9 – 1.06
0.03 – 1.1

smoking

0.7

0.8

0.2 – 3.4

Dialysis vintage

0.5

0.9

0.9 – 1.07

spKt/V for urea
Bicarbonate < 22 mmol/L

0.07
0.001

0.03
11.7

0.01 – 1.4
2.8 – 48.8

Leptin serum levels > 7.3 ng/ml

0.001

0.08

0.02 – 0.3

In table 2, the differences between the groups of patients with serum
leptin levels more (n=43) or less (n=33) than 7.3 ng/ml are shown. We
observed that the patients with high leptin values had significantly
decreased SBP, DBP and MBP than the patients with low leptin levels.
The patients with high leptin values had also significantly higher i-PTH,
interdialytic weight gain and bicarbonate serum concentrations than
the patients with low leptin values. Both groups of subjects had similar
age, BMI, albumin, glucose, insulin, insulin resistance, hsCRP, MCP-1,
dialysis sufficiency and dialysis vintage.
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Table 2. Differences between groups of patients according to lower or higher than cut-off
leptin value equal to 7.3 ng/ml related to hypertension defined by ROC curve in a total of
76 enrolled in the study patients (*: p≤0.05).

Characteristic

Age (years)

Patients with leptin Patients with leptin
less than 7.3ng/ml more than 7.3ng/ml
(n=33)
(n=43)
mean±SD / mean
mean±SD/mean
Rank
Rank
62.4 ± 15.3

Dialysis vintage
(years)

/39.9

Kt /V for urea

/38.02

62.09 ± 14.9
/37.4
/38.8

P value

0.9
0.6
0.8

nPCR (g /Kg /day)

2.3 ± 0.4

2.5 ± 0.5

0.1

Interdialytic Urine
volume (ml)

168.9 ± 140.4

245.4 ± 142.2

0.2

BMI (Kg/m )

24.09 ± 3.4

24.7 ± 2.7

0.4

Hb (gr/dl)

11.8 ± 1.6

11.9 ± 1.1

0.8

2

Albumin (gr / dl)

/41.2

/36.3

0.3

LDL/HDL

2.2 ± 0.7

2.4 ± 0.9

0.2

Glucose (mg / dl)

97.1 ± 18.7

91.3 ± 20.5

0.2

Insulin (μU/ml)

/37.5

/39.6

0.6

HOMA-IR (mmol/L)

/39.8

/37.5

0.6

MCP-1 (pg/ml)

/39.2

/38.02

0.8

HsCRP (mg /L)

7.8 ± 5.9

8.1 ± 5.8

Leptin (ng/ml)

3.5± 2.1*

12.3 ± 4.9

0.8
0.001
0.001

SBP (mmHg)

144.9 ± 20.6*

130.3 ± 16

DBP (mmHg)

84.5 ± 10.1*

79.2 ± 9.4

0.02

MBP (mmHg)

104.6 ± 12.7*

96.2 ± 11.05

0.003

i-PTH (pg/ml)

/30.9*

Ca corrected for
albumin (mg/dL)

9.6 ± 0.6

/44.3

the activation of central sympathetic nervous system, leptin actions are
referred to the stimulation of endothelin-1 production, but also to blood
pressure lowering mechanisms via vasodilation, by promoting nitric
oxide release from the endothelium [13]. Moreover, leptin has been found
to involve in elevated renal sodium reabsorption, due to increased renal
sympathetic nerve activity resulting in high blood pressure [14,15].

0.009

9.3± 0.8

0.07

Figure 4. The relationship between manifested hypertension and bicarbonate serum
concentrations lower or higher than 22mmol/L by chi-square test (x2=13.1, p=0.001).
Table 3. Differences between groups of patients with and without hypertension in a total of
76 enrolled in the study patients (*: p ≤ 0.05).

P (mg/dL)

5.1 ±1.5

5.6 ± 2.1

0.2

Ca x P

49.2 ± 14.3

53.2 ± 20.2

0.3

c-fPWV (m/s)

11.6 ± 2.1

11.07 ±1.5

0.2

Aix

24.5 ± 2.4

23.9 ± 1.9

0.3

Age (years)

0.05

Dialysis vintage
(years)

Serum bicarbonate
(mmol /L)
Interdialytic weight
gain (lits)

/32.09*
1.9 ± 0.8*

/42.9
2.4 ± 0.8

0.007

In table 3, the differences between the groups of patients with or
without manifested hypertension are shown. We noted that the group
of subjects with established hypertension had significantly lower leptin
levels and significantly higher c-fPWV, Aix, SBP, DBP and MBP than
the group of patients without established hypertension.
However, the subjects with hypertension had significantly lower
Hb, nPCR and bicarbonate serum concentrations than the patients
without hypertension. Both groups of patients had similar age, BMI,
albumin, urine output, insulin, insulin resistance, hsCRP, MCP-1,
dialysis sufficiency, dialysis vintage and interdialytic weight gain. Chisquare test showed significant association between the prevalence of
hypertension and serum bicarbonate concentrations < 22mmol/L
(x2=13.1, p=0.001, Figure 4).
Bivariate correlations showed significant association between
leptin and both, i-PTH and interdialytic weight gain (r=0.383, p=0.01
and r=0.295, p=0.02 respectively). i-PTH values were also positively
associated with c-fPWV (r=0.361, p=0.02).

Discussion
Strong evidence indicates an important role of leptin on
hypertension mainly by increasing the activity of sympathetic
nervous system [12], but there are no studies directly showing that the
administration of leptin raises blood pressure in humans. Apart from
Integr Obesity Diabetes, 2017
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Characteristic

Kt/V for urea

Patients with
Patients without
hypertension (n=29) hypertension (n=47)
mean±SD / mean
mean±SD / mean
Rank
Rank
65 ± 13.6
/34.7

0.2

/40.9

0.2

/40.5

nPCR (g/Kg/day)

2.1 ± 0.4*

2.5 ± 0.5

0.3
0.002

Interdialytic Urine
volume (ml)

220 ± 161.9

202 ± 129.7

0.8

BMI (Kg/m2)

23.9 ± 2.9

24.8 ± 3.1

Hb (gr/dl)

11.5 ± 1.3*

12.1 ± 1.2

0.2
0.04

Albumin (gr/dl)

/35.2

60.5 ± 15.7

P value

/ 39.4

/ 37.9

0.7

LDL/HDL

2.1 ± 0.7

2.4 ± 0.9

0.1

Glucose (mg/dl)

95.06 ± 18.7

93.04 ± 20.7

0.6

Insulin (μU/ml)

/36.9

/39.5

0.6

HOMA-IR (mmol/L)

/37.9

/38.8

0.8

MCP-1 (pg/ml)

/40.03

/37.5

0.6

HsCRP (mg /L)

9.04 ± 6.07

7.3 ± 5.6

Leptin (ng/ml)

5.6± 4.4*

10.3 ± 6.06

0.2
0.001

SBP (mmHg)

157.06 ± 12.01*

124.06 ± 10.2

0.001

DBP (mmHg)

90.9 ± 3.9*

75.7 ± 8.1

0.001

MBP (mmHg)

112.9 ± 5.3*

91.8 ± 7.9

0.001

i-PTH (pg/ml)
Ca corrected for
albumin (mg/dL)

/40.1
9.4 ± 0.8

/37.6
9.5 ± 0.6

0.6
0.3

P (mg/dL)

5.5 ± 1.6

5.4 ± 2.1

0.7

Ca x P

51.9 ± 15.6

51.2 ± 19.3

c-fPWV (m/s)

12.2 ± 1.9*

10.7 ±1.5

0.8
0.001

Aix

25.1 ± 2.1

23.6 ± 2.0

Serum bicarbonate
(mmol/L)
Interdialytic weight
gain (lits)

/28.2*
2.01 ± 0.8

/44.9
2.3 ± 0.9

0.003
0.001
0.1
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Previous studies reported that hyperleptinemia in combination
with reduced insulin sensitivity and enhanced chronic systemic
inflammation contributes to cardiovascular morbidity and mortality
in ESRD patients [16,17]. Controversially, there are reports which
revealed that low serum leptin levels rather than high are independent
predictors of mortality [16,18].
In this study, we observed a significant unadjusted association
between the prevalence of hypertension and both, low leptin serum
concentration and low bicarbonate serum concentrations. This finding
was supported by an adjusted model about the significant predictors
for established hypertension, which showed the low leptin value
and the low serum bicarbonate to be important factors adjusting to
traditional and specific for dialysis patient’s covariates. Our patients
with hypertension seemed to be in a worse nutritional and metabolic
acidosis status defined by lower hemoglobin, lower nPCR as a marker
of protein intake and lower bicarbonate serum concentrations in
conjunction with lower leptin levels, in comparison to the patients
without hypertension, although both groups of patients had similar
dialysis sufficiency, dialysis vintage, age and markers of inflammation
including hsCRP and MCP-1.
In agreement, previously, it has been already reported that leptin
levels were elevated in advanced renal disease patients with normal
and mild malnutrition, although leptin was found to be lower in severe
and moderate category of malnutrition score [19]. In ESRD patients
malnutrition and hypoalbuminemia are common and powerful
predictors of morbidity and mortality of these patients [20]. The
decreased serum levels of leptin in severe category of malnutrition
group might be associated with acquired leptin receptor resistance [19].
Reversely, the lower leptin levels may be implicated to the pathways
for hypertension and worsen nutritional and metabolic state in dialysis
patients. However, such as conception for the role of low leptin in these
patients needs more investigation.
On the other hand, it has been suggested that leptin mediates
in the elevation of blood pressure in obese subjects by activation
of central nervous system and by increased insulin resistance, due
to the established metabolic syndrome during obesity [21]. It has
been also supported that elevated leptin in dialysis patients may be
attributed to Metabolic syndrome, rather than to chronic kidney
disease pathogenesis alone [22]. In our data, obese subjects with a
manifested metabolic syndrome were not enclosed. In the meantime,
the advantages from the choice of antihypertensive medications have
been suggested with an emphasis on metabolic properties [23]. Indeed,
in this study we observed a significant association between low leptin
and antihypertensive therapy including inhibitors of angiotensin AII AT1
receptors plus new central-acting medications, as it is shown in Figure 3.
Regarding with the role of metabolic acidosis on hypertension,
previously, it has been reported the association of uremic acidosis with
arterial pressure in hypertensive patients in consent with the finding
of this study [24]. It has been shown that an increased ionized plasma
calcium levels due to metabolic acidosis, leads to an increased blood
pressure, due to ionized plasma calcium has the pivotal role for the
regulation of blood pressure [25].
Furthermore, in this study, we observed that the patients with
lower leptin had significantly lower serum bicarbonate levels in
combination to low arterial pH and decreased PCO2 than the patients
with higher leptin, despite the association between high or low leptin
concentrations and bicarbonate serum concentrations higher or lower
than 22mmol/L was found non-significant. In previous study, it has

Integr Obesity Diabetes, 2017

doi: 10.15761/IOD.1000197

been suggested maintaining of serum bicarbonate >22mmol/L for all
ESRD patients irrespectively of dialysis modality, that was considered
a complete correction of metabolic acidosis [26]. In ESRD patients
the low serum bicarbonate level must be considered in combination
to low arterial pH (acidemia) and decreased PCO2, that defines the
existence of metabolic acidosis, rather than respiratory alkalosis, which
is another clinical condition that causes decreased bicarbonate level,
but without acidemia.
Previous evidence concerning the relationship between leptin
and metabolic acidosis is controversial. Metabolic acidosis has been
shown to decrease serum leptin in uremic rats through suppression of
leptin secretion from adipocytes [27], in agreement with our finding.
In contrast, other previous studies reported that blood hydrogen ion
concentration does not influence substantially or only moderately
leptin serum concentrations, or the correction of metabolic acidosis in
dialysis patients can decrease leptin [28,29].
The absence of established metabolic syndrome in our nonobese data in combination with a relative malnutrition, the usage of
antihypertensive therapy and the influence of metabolic acidosis status
may explain the found significant association between manifested
hypertension and low leptin in this study. Moreover, in our data we
observed that the patients with hypertension had significantly higher
markers of arterial stiffness including c-fPWV and Aix in combination
to mildly higher i-PTH, as a bone disease marker. c-fPWV was also
positively associated with i-PTH. There is big evidence demonstrating
the association between arterial stiffness and hypertension and
cardiovascular disease, due to vascular calcification linked to bone
disease in dialysis patients [30].
On the other hand, in our study we noted significantly higher
i-PTH value in patients with higher leptin than the subjects with lower
leptin, even though similar dialysis sufficiency between both of groups
and the correlation between leptin and i-PTH was found significant. In
agreement, serum leptin has been suggested as a bone density marker
and previous experimental study supported that leptin regulates the
osteoblastic differentiation and calcification of vascular cells and that
the artery wall may be an important peripheral tissue target of leptin
action [31]. Controversially, other studies found no association between
leptin and i-PTH [32], or an inverse link between leptin, bone mass and
i-PTH in dialysis patients suggesting that leptin may be implicated in
low bone turnover in these patients, likely by a mechanism involving
the central nervous system [33].
As an additional finding of this study, a positive correlation between
leptin and liquids overload defined by increased interdialytic weight
gain was noted and we observed significantly higher interdialytic
weight gain in group of patients with higher leptin than the patients
with lower leptin, despite similar dialysis adequacy in both groups.
Fluid overload has been closely linked with outcomes in these patients.
This has mainly been attributed to cardiac volume overload and its
relation with markers of endothelial dysfunction including leptin.
However, recently, it has been reported reduced leptin in overhydrated
patients controversially to our finding [34].
By the findings of this study, we could quest that the predominant
direct factors for manifested hypertension in apparently well-dialyzed
patients may include an unregulated metabolic syndrome linked to
stimulation of leptin, a malnutrition state accompanied by low leptin
and an uncontrolled metabolic acidosis state, rather than the disorders
of bone disease or liquids overload. Bone disease abnormalities and
overhydration may act indirectly by an influence partly on leptin levels,
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even though hypertension is considered a volume dependent condition
in these patients.

Conclusion
This study showed that hypertension was significantly associated
with low leptin serum concentrations in non-obese in renal
replacement therapy patients. In spite of apparently adequate dialysis
dose, the involved factors in this relationship may be malnutrition
and uncontrolled metabolic acidosis state, although the usage of
antihypertensive treatment may play an additional role.

Limitations
The main limitation of this study is the small number of
enclosed patients in combination with its cross-sectional nature. The
measurements of EN1 and NO for the role of leptin on microvascular
dysfunction were unavailable. The measurement of the total serum ions
for metabolic acidosis definition was also unavailable.

Author’s contributions
Vaia DRaikou: research plan, statistics, data collection and
manuscript writing.
Despina
Kyriaki:
radioimmunoassays.

biochemical

analyses,

ELISA

and

Compliance with Ethical Standards:
Conflict of Interest: Author Vaia D Raikou declares that she has
no conflict of interest. Author Despina Kyriaki declares that she has no
conflict of interest.
Ethical approval: All procedures performed in studies involving
human participants were in accordance with the ethical standards of
the institutional and/or national research committee and with the 1964
Helsinki declaration and its later amendments or comparable ethical
standards.
Informed consent: Oral informed consent was obtained from all
individual participants included in the study.
References
1. Barazzoni R, Biolo G, Zanetti M, Bernardi A, Guarnieri G (2006) Inflammation and
adipose tissue in uremia. J Ren Nutr 16: 204-207. [Crossref]
2. Marti A, Berraondo B, Martinez JA (1999) Leptin: physiological actions. J Physiol
Biochem 55: 43-49. [Crossref]
3. Frühbeck G (2006) Intracellular signalling pathways activated by leptin. Biochem J
393: 7-20. [Crossref]
4. Dubey L, Hesong Z (2006) Role of leptin in atherogenesis. Exp Clin Cardiol 11: 269275. [Crossref]
5. Bouloumie A, Marumo T, Lafontan M, Busse R (1999) Leptin induces oxidative stress
in human endothelial cells. FASEB J 13: 1231-1238. [Crossref]
6. Pizzi OL, Brandão AA, Pozzan R, Magalhães ME, Campana EM, et al. (2013) Pulse
wave velocity, blood pressure and adipocytokines in young adults: the Rio de Janeiro
study. Arq Bras Cardiol 100: 60-66. [Crossref]
7. Chauveau P, Nguyen H, Combe C, Chêne G, Azar R, et al. (2005) Dialyzer membrane
permeability and survival in hemodialysis patients. Am J Kidney Dis 45: 565-571.
[Crossref]

10. Kirschbaum B (2000) Spurious metabolic acidosis in hemodialysis patients. Am J
Kidney Dis 35: 1068-1071. [Crossref]
11. Daugirdas JT (1995) Simplified equations for monitoring Kt/V, PCRn, eKt/V, and
ePCRn. Adv Ren Replace Ther 2: 295-304. [Crossref]
12. Schutte AE and Schutte R (2012) Leptin: a cardiovascular perspective. JEMDSA 17:
72-76.
13. Beltowski J, Wójcicka G, Marciniak A, Jamroz A (2004) Oxidative stress, nitric oxide
production, and renal sodium handling in leptin-induced hypertension. Life Sci 74:
2987-3000. [Crossref]
14. Carlyle M, Jones OB, Kuo JJ, Hall JE (2002) Chronic cardiovascular and renal actions
of leptin: role of adrenergic activity. Hypertension 39: 496-501. [Crossref]
15. Hall JE, do Carmo JM, da Silva AA, Wang Z, Hall ME (2015) Obesity-induced
hypertension: interaction of neurohumoral and renal mechanisms. Circ Res 116: 9911006. [Crossref]
16. Scholze A, Rattensperger D, Zidek W, Tepel M (2007) Low serum leptin predicts
mortality in patients with chronic kidney disease stage 5. Obesity 15: 1617-1622.
[Crossref]
17. de Boer IH, Mehrotra R (2014) Insulin resistance in chronic kidney disease: a step
closer to effective evaluation and treatment. Kidney Int 86: 243-245. [Crossref]
18. Ku IA, Farzaneh-Far R, Vittinghoff E, Zhang MH, Na B, et al. (2011) Association of
low leptin with cardiovascular events and mortality in patients with stable coronary
artery disease: the Heart and Soul Study. Atherosclerosis 217: 503-508. [Crossref]
19. Sharma R, Agrawal S, Saxena A, Pandey M, Sharma RK (2013) Association of genetic
variants of ghrelin, leptin and UCP2 with malnutrition inflammation syndrome and
survival in end-stage renal disease patients. Genes Nutr 8: 611-621. [Crossref]
20. Jahromi SR, Hosseini S, Razeghi E, Meysamie Ap, Sadrzadeh H (2010) Malnutrition
predicting factors in hemodialysis patients. Saudi J Kidney Dis Transpl 21: 846-851.
[Crossref]
21. Lim K, Burke SL, Head GA (2013) Obesity-related hypertension and the role of insulin
and leptin in high-fat-fed rabbits. Hypertension 61: 628-634. [Crossref]
22. Saluk J, Bansal V, Hoppensteadt D, Syed D, Abro S, et al. (2016) Prevalence
of metabolic syndrome in patients with end stage renal disease and relevance of
biomarkers. Int Angiol 35: 47-56. [Crossref]
23. Ostroumova OD, Zykova AA (2016) [Renoprotecion With Metabolic Syndrome: the
Possibility of Receptor Agonist Imidazoline Moxonidine]. Kardiologiia 56: 72-79.
[Crossref]
24. Kovacic V, Roguljic L, Kovacic V (2003) Metabolic acidosis of chronically
hemodialyzed patients. Am J Nephrol 23: 158-164. [Crossref]
25. Leunissen KM, van den Berg BW, van Hooff JP (1989) Ionized calcium plays a pivotal
role in controlling blood pressure during haemodialysis. Blood Purif 7: 233-239.
[Crossref]
26. Vashistha T, Kalantar-Zadeh K, Molnar MZ, Torlén K, Mehrotra R (2013) Dialysis
modality and correction of uremic metabolic acidosis: relationship with all-cause and
cause-specific mortality. Clin J Am Soc Nephrol 8: 254-264. [Crossref]
27. Teta D, Bevington A, Brown J, Throssell D, Harris KP, et al. (1999) Effects of acidosis
on leptin secretion from 3T3-L1 adipocytes and on serum leptin in the uraemic rat. Clin
Sci (Lond) 97: 363-368. [Crossref]
28. Kokot F, Chudek J, Adamczak M, Wieçek A (2001) Interrelationship between plasma
leptin concentration and severity of metabolic acidosis in haemodialysed patients with
chronical renal failure. Exp Clin Endocrinol Diabetes 109: 370-373. [Crossref]
29. Bales AM, Moysés RM, dos Reis LM, Graciolli FG, Hung J, et al. (2015) Correction
of metabolic acidosis in hemodialysis: consequences on serum leptin and mineral
metabolism. Int Urol Nephrol 47: 177-182. [Crossref]
30. Raggi P, Bellasi A, Ferramosca E, Islam T, Muntner P, et al. (2007) Association of
pulse wave velocity with vascular and valvular calcification in hemodialysis patients.
Kidney Int 71: 802-807. [Crossref]

8. Daugirdas JT (1993) Second generation logarithmic estimates of single-pool variable
volume Kt/V: an analysis of error. J Am Soc Nephrol 4: 1205-1213. [Crossref]

31. Parhami F, Tintut Y, Ballard A, Fogelman AM, Demer LL (2001) Leptin enhances the
calcification of vascular cells: artery wall as a target of leptin. Circ Res 88: 954-960.
[Crossref]

9. Silva EA, Flexa F, Zanella MT (2009) Impact of abdominal fat and insulin resistance
on arterial hypertension in non-obese women. Arq Bras Endocrinol Metabol 53: 340343. [Crossref]

32. Ahmadi F, Salari S, Maziar S, Esfahanian F, Khazaeipour Z, et al. (2013) Relationship
between serum leptin levels and bone mineral density and bone metabolic markers in
patients on hemodialysis. Saudi J Kidney Dis Transpl 24: 41-47. [Crossref]

Integr Obesity Diabetes, 2017

doi: 10.15761/IOD.1000197

Volume 3(6): 6-7

Raikou VD (2017) Leptin and hypertension in non-obese patients in renal replacement therapy

33. Mallamaci F, Tripepi G, Zoccali C (2005) Leptin in end stage renal disease (ESRD):
a link between fat mass, bone and the cardiovascular system. J Nephrol 18: 464-468.
[Crossref]

34. Mitsides N, Cornelis T, Broers NJH, Diederen NMP, Brenchley P, et al. (2017)
Extracellular overhydration linked with endothelial dysfunction in the context of
inflammation in haemodialysis dependent chronic kidney disease. PLoS One 12:
e0183281. [Crossref]

Copyright: ©2017 Raikou VD. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted
use, distribution, and reproduction in any medium, provided the original author and source are credited.

Integr Obesity Diabetes, 2017

doi: 10.15761/IOD.1000197

Volume 3(6): 7-7

