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Abstract
Introduction: Fluid overload in chronic kidney disease (CKD) is an independent risk factor for all-cause
mortality. The volume of ultrafiltrate removed during haemodialysis is usually assessed clinically.
Assessment of overhydration by body composition monitor (BCM) using bioimpedance spectroscopy is an
objective method. This study was conducted to identify the prevalence of overhydration in CKD patients on
maintenance haemodialysis and thereby assess the effects of BCM targeted dry weight attainment.

Methods: All patients included in the study were assessed for one month before enrolment for blood
pressure, intradialytic events during each dialysis and BP medications. Overhydration was defined as the
ratio of overhydration to extracellular water (OH/ECW) > 1.1. Overhydrated patients were brought to BCM
targeted dry weight by increasing ultrafiltrate to 500mL/week more than their routine intradialytic weight
gain. The effect of attaining BCM target dry weight on blood pressure and intradialytic events were analysed.

Results: Out of 110 patients, overhydration was seen in 30 (27.2%); only 20 had clinically evident
overhydration. Body composition monitor guided dry weight was achieved in 28 of the 30 patients after a
mean duration of 20 weeks. After achieving the target dry weight, there was a significant reduction in
intradialytic hypertension events (2.37 vs 1.82 events per session, p-value 0.01). Surprisingly, there was a
reduction in episodes of intradialytic hypotension as well, though this did not reach statistical significance.
There was a clinically significant reduction in mean systolic and diastolic blood pressures (mean of 5.7mmHg
and 2.8mmHg, respectively).

Conclusion: The study underlines the importance of BCM-based hydration status assessment and target dry
weight attainment in better control of intradialytic events and blood pressure in patients on maintenance
haemodialysis.
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Introduction
Achieving euvolemic status in patients on maintenance haemodialysis is extremely important. Inadequate
fluid removal during dialysis leads to volume overload and chronic hypertension; excessive fluid removal
leads to intradialytic hypotension. Both, increase mortality in patients with chronic kidney disease [1,2]. The
dry weight is the weight at which the patient is close to euvolemia. This is the weight that needs to be
achieved at the end of the dialysis session. This has also been defined as the lowest tolerated post-dialysis
weight [3]. Several clinical clues are used to identify dry weight such as the absence of oedema and
achievement of normal blood pressure without the use of antihypertensive drugs. However, they all have
significant limitations. Identifying the dry weight of an individual patient remains a challenge for the
clinician. Atrial natriuretic peptide (ANP) and cyclic guanosine monophosphate (cGMP) were considered
biomarkers of volume overload [4,5]. Several objective methods have become available. Inferior vena cava
diameter [6], bioimpedance spectroscopy (BIS), relative plasma volume (RPW) monitoring, and detection of
lung water using chest ultrasound are some of the promising methods [7].

BIS is a simple, inexpensive, and non-invasive method [7-10]. It is rapid, takes about two minutes and can be
used for repeat observations. It has been validated against gold standard techniques such as radionuclide
dilution techniques for extracellular fluid (ECF), intracellular fluid (ICF) and total body water (TBW) volume
determinations and DEXA scan for estimation of adipose tissue mass and lean tissue mass [7].
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There is very limited data on the usage of this technique in the South Indian population. This study was
undertaken to identify overhydration in patients on maintenance haemodialysis using BIS and then to bring
the overhydrated patients to their body composition monitor (BCM) targeted dry weight. By doing so, we
aimed at finding the effect of the bioimpedance technique on the frequency of intradialytic complications
and blood pressure control.

Materials And Methods
This was a prospective observational study done at a tertiary care health centre in South India. The study
was approved by the Institutional Ethics Committee (Human Studies), Jawaharlal Institute of Postgraduate
Medical Education and Research (JIPMER), Puducherry. Subsequent to the approval, adult patients who had
been on maintenance haemodialysis for a period of at least three months were enrolled after informed
consent. Exclusion criteria were post-renal transplantation status, active malignancy, presence of coronary
artery stent or cardiac devices such as implanted cardioverter defibrillators or cardiac pacemakers, presence
of metal prostheses, artificial limbs, or extremity amputation, liver failure and pregnancy or lactation.

At enrolment baseline data were collected. After enrolment, during a one-month run-in period, blood
pressure (BP) changes during dialysis were noted. Systolic blood pressure (SBP) and diastolic blood pressure
(DBP) were checked during each dialysis session (every 30 minutes during dialysis, and immediately after
dialysis), using automated BP apparatus (Fresenius Medical Care, Germany) in the non-fistula arm.
Intradialytic hypotension and hypertension were noted. Intradialytic hypotension was defined as one or
more of (1) SBP fall of ≥ 20mm Hg, (2) mean arterial pressure (MAP) fall of ≥ 10mmHg or (3) any fall in BP
requires intervention (fluid bolus/reducing ultrafiltration/termination of haemodialysis) [11]. Intradialytic
hypertension was defined as one or more of (1) SBP rise of ≥ 10mm Hg, (2) MAP rise of ≥15mmHg or more, or
(3) any increase in BP that is resistant to fluid removal [12]. At the end of one month period, the study
subjects underwent BCM assessment using BIS.

A BCM is a portable multifrequency machine (Fresenius medical care) that determines the hydration status
of patients. The machine uses electrodes placed in the non-fistula limb (one electrode above and below the
wrist and one electrode above and below the ankle separated by at least 3cm). The BCM device determines
whole body impedance at 50 frequencies with very high precision. The frequencies used range from 5 kHz to
at least 1,000 MHz Since a range of frequencies is used it is called BIS. From the impedance data, the ECW
and TBW volumes are determined. Subsequently, using a physiological body composition model that is
based on tissue properties, ECF excess or deficiency is calculated. This is called fluid overload (FO) and is
expressed in litres. Normal hydration is defined as −1.1 to 1.1 (according to the 10th and 90th percentile of
measurements in 1,242 healthy subjects) with values below and above this value defined as under and
overhydration respectively [7].

The entire study group was divided into overhydrated and non-overhydrated groups. The overhydrated
patients were brought to their BCM target dry weight by slowly increasing the ultrafiltrate at the rate of
500mL/week more than their routine intradialytic weight gain. Patients would be on their regular diet for
CKD and reduced water intake plans. Once dry weight, as estimated by the BCM had been attained, they were
followed up for one month during which blood pressure, intra-dialytic hypotension and hypertension and
the number and dose of antihypertensive drugs were closely monitored.

Considering an expected prevalence of overhydration using a BCM to be 60%, with 15% relative precision
and 5% level of significance the sample size was calculated as 114. Continuous variables were reported with
mean or median and interquartile range (IQR). For categorical variables, the frequency with the percentage
was presented. Comparisons of baseline characteristics were carried out using one-way ANOVA, analysis of
homogeneity between groups or chi-squared tests for categorical variables. Post dry weight attainment
variables were compared with baseline variables using paired t-test. Results were considered significant
when p < 0.05.

Results
The study was conducted from July 2018 to July 2020. We enrolled 110 patients undergoing maintenance
haemodialysis. As per the BCM measurement done at the end of the first month, 30 of the 110 patients were
found to be overhydrated. The overhydration index ranged from 1.2 to 6.4.

Table 1 shows the difference in baseline characteristics between the overhydrated and non-
overhydrated groups. In comparing the two groups, there was a significant difference in intradialytic
hypertension events between two groups. Overhydrated group was on dialysis for a longer duration when
compared to the non-overhydrated group. There was no significant difference in weight, BCM-adjusted dry
weight, or systolic or DBP. The mean duration required for attaining dry weight was 20 weeks. Of the 30
patients who were overhydrated, two patients were later excluded, one underwent a renal transplant and the
other did not attain dry weight. Overhydrated patients were followed up and after attainment of dry weight,
the effect on different variables was noted. 
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S. No Variables Expression Overhydrated group, N=30 Non-overhydrated group, N=80 P-value

1. Age (years) Mean (SD) 43.9(13.9) 40(13.5) 0.19

2. Duration of HD (years) Mean (SD) 2(1) 1(2) 0.004

3. Weight in kg Mean (SD) 54.9(9.2) 55.1(11.5) 0.917

4. Height in cm Mean (SD) 161.3(7.8) 1160.1(10.1) 0.542

5. BMI Mean (SD) 20.9(3.1) 21.4(4.2) 0.574

6. BCM adjusted dry weight Mean (SD) 52.1(8.8) 55.7(11.5) 0.105

7. Systolic blood pressure (mmHg) Mean (SD) 150.5(15.7) 148.3(19.5) 0.559

8. Diastolic blood pressure (mm of Hg) Mean (SD) 81.6(12) 81.5(11.3) 0.967

9. Number of anti-Hypertensive medications Mean (SD) 2.4(1.2) 3.3(8.7) 0.195

10. Urine output  (ml) Mean (SD) 294(353) 280(443) 0.866

11. Intradialytic hypertension (events/session) Mean (SD) 4.4(4.5) 1.6(2.2) <0.001

12. Intradialytic hypotension (events/session) Mean (SD) 1.2(2.1) 0.7(1.3) 0.217

TABLE 1: Baseline characteristics in overhydrated and non-overhydrated groups
SD - Standard deviation, HD - Haemodialysis, BMI - Body mass index, BCM - Body composition monitor.

As shown in Table 2, there was a drop in mean SBP and DBP of 5.7mmHg and 2.83mmHg after attaining BCM
targeted dry weight, however, the difference in pressures was not statistically significant. There was no
significant difference in the number of BP drugs before and after attaining dry weight in the overhydrated
group. There was a decrease in the intradialytic hypotension events (a mean of 0.68 events vs 1.18) in the
overhydrated group after attaining targeted dry weight, however, this was not statistically significant. There
was a decrease in the incidence of intradialytic hypertension in the overhydrated group (a mean of 1.82
events vs 2.37). The decrease in the number of intradialytic hypertension events after attaining BCM-
targeted dry weight was statistically significant (p-value - 0.017).

S.
No

Variables  Expression Before attaining dry weight After attaining dry weight Difference P-value

1. Systolic blood pressure (mmHg) Mean (SD) 147.5(23.3) 141.8(41.3) 5.7 0.943

2. Diastolic blood pressure (mmHg) Mean (SD) 81.8(12.2) 78.9(18.5) 2.9 0.368

3. Urine output (m L)
Median
(IQR)

200(10-450) 100(45-325) 100 0.323

4. Number of antihypertensive medications
Median
(IQR)

2.5(2-3) 2(2-3) 0.5 0.125

5.
Intradialytic hypertension
(events/session)

Mean (SD) 2.4(3.17) 1.8(3) 0.6 0.017

6. Intradialytic hypotension (events/session) Mean (SD) 1.2(2.1) 0.7(1.3) 0.5 0.072

TABLE 2: Effect on variables before and after attaining dry weight in the overhydrated group
SD - standard deviation, IQR - Interquartile range

Discussion
This study aimed at finding out the prevalence of overhydration in patients with CKD undergoing
maintenance dialysis using a BCM. All patients enrolled in the study were undergoing maintenance
haemodialysis for at least three months. This three-month run-in period was considered as those initiated

2022 Mathilakath et al. Cureus 14(9): e29509. DOI 10.7759/cureus.29509 3 of 6



on haemodialysis were more prone to cardiovascular mortality when sudden changes in ultrafiltration were
made.

All the patients enrolled in the study were dialysed with the volume of ultrafiltrate removal based on the
clinically observed dry weight. Twenty out of the 30 patients in the overhydrated group had clinical features
of volume overload in the form of either pedal edema, pleural effusion or pulmonary edema. Ten of the 30
patients who were found to have overhydration by a BCM were clinically euvolemic. Hence, ultrafiltrate
removal based on clinically calculated dry weight may not be accurate and would result in decreased
ultrafiltrate removal resulting in persistent overhydration which is associated with high mortality.

The prevalence of overhydration in our study was 27.2%. Wizemann et al. found a prevalence of 21.5% in a
study conducted on 269 patients in three centres across Europe. Post HD BCM values were taken to classify
patients as overhydrated or non-overhydrated [13]. Onofriescu et al. found the prevalence of overhydration
was 26.7% in their study population [2]. Accurate identification of hydration status and fluid management
by bioimpedance confers mortality benefits. Onofriescu et al. in a study comparing fluid management using
bioimpedance and clinical methods showed a decrease in mortality, relative fluid overload and blood
pressure in the bioimpedance group [14]. Vega et al. also showed that any degree of overhydration was
associated with higher mortality [15]. Vega et al. found the prevalence of 85% overhydration in patients on
haemodialysis with hypertension, however, the prevalence was 23% when overhydration was defined by a
cut-off of OH/ECW >15% and 48% when a cut-off of 10%was used [16]. Though BIS was the means used for
assessing dry weight, the assessment was done pre-haemodialysis in the study. Ideally, the BCM value
calculated post-dialysis was the best method to assess how much excess fluid was present despite apparent
adequate removal.

In our study, there was a decrease in mean SBP and DBP by 5mmHg and 3mmHg, respectively. Machek et al.
found a reduction of SBP by 25 mmHg and a 35% reduction in antihypertensive medication use [17]. The
majority of patients in the study by Machek et al. had an extreme fluid overload which could have resulted in
a greater decrease in mean blood pressure. Our study included patients with varied overhydration statuses,
with the overhydration index ranging from 1.2 to 6.4, many being clinically euvolemic but BCM showed
minimal overhydration. This could explain the lower blood pressure reduction in the study. Hur et al. showed
a significant decrease in SBP, left atrial volume index and left ventricular internal dimension in the
overhydrated group [18]. However, the study did not follow an objective protocol for the clinical estimation
and adjustment of dry weight. Further, the number of patients with absolute overhydration as per OH/ECW
ratio in BCM was too low to allow a sufficient estimate of the difference in these parameters in the pre-post
dry weight adjustment measures. Onofrescu et al. showed a decrease in mean SBP, but the absolute
difference was only 6.5mmHg [14]. Hence, in patients with varied hydration status and a significant
proportion of patients having overhydration, the absolute reductions achievable in blood pressure values
may be low.

Intradialytic hypertension is a predictor of cardiovascular risk and a marker of mortality in patients on
maintenance haemodialysis [12]. Our study showed a significant decrease in the number of intradialytic
hypertension events in the overhydrated group, The postulated mechanisms for intradialytic hypertension
are sympathetic reactivity, increased renin-angiotensin activation, endothelial dysfunction, vascular
stiffness and increased evidence of left ventricular hypertrophy. These changes are mediated by an increase
in intravascular volume due to overhydrated state. Hence, as the intravascular volume was corrected there
was a significant decrease in the number of hypertensive events in our study.

In this study in spite of ultrafiltrate removal over the interdialytic weight gain, there was a decrease in the
number of intradialytic hypotension events, though not clinically significant. The reasons attributable to the
decrease in hypotension events could be that once the intravascular volume got corrected, the ultrafiltrate
removal rate would have also decreased. Further, as the intravascular volume decreased the preload would
decrease resulting in improved cardiac function and thereby a decrease in hypotensive events [19,20].

The study also brought out the difficulties in the attainment of dry weight. Out of 30 patients in the
overhydrated group, most patients reached dry weight over a mean duration of 20 weeks rather than the 12
weeks as planned. One of the patients remained overhydrated for a period of 104 weeks. There was a
tendency for increased interdialytic weight gain with increased ultrafiltrate removal early in the study;
hence, the subsequent volume of ultrafiltrate removed was restricted to prevent intradialytic complications.

Limitations
Adherence to dietary restrictions regarding salt and fluid intake could not be strictly implemented. Left
ventricle function which has a bearing on intradialytic events was not assessed for all the patients in the
overhydrated group.

Conclusions
The study validates the use of BCM in our study population. The study shows a significant decrease in
intradialytic hypertension and a non-significant decrease in the mean SBP and DBP, intradialytic
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hypotension and a decrease in the number of antihypertensive medications for blood pressure control. The
decrease in intradialytic hypertension events was due to change in intravascular volume through BCM-
adjusted dry weight attainment. Further, large randomized controlled studies are needed to identify the
benefits of BCM over clinical methods in target dry weight attainment and their effect on intradialytic
complications and control of blood pressure.

Additional Information
Disclosures
Human subjects: Consent was obtained or waived by all participants in this study. Institutional Ethics
Committee (Human Studies), JIPMER, Puducherry issued approval JIP/IEC/2018/0154. Animal subjects: All
authors have confirmed that this study did not involve animal subjects or tissue. Conflicts of interest: In
compliance with the ICMJE uniform disclosure form, all authors declare the following: Payment/services
info: All authors have declared that no financial support was received from any organization for the
submitted work. Financial relationships: All authors have declared that they have no financial
relationships at present or within the previous three years with any organizations that might have an
interest in the submitted work. Other relationships: All authors have declared that there are no other
relationships or activities that could appear to have influenced the submitted work.

Acknowledgements
This study was supported by an Institutional intramural grant from the Jawaharlal Institute of Postgraduate
Medical Education and Research, Puducherry.

References
1. Tsai YC, Tsai JC, Chen SC, et al.: Association of fluid overload with kidney disease progression in advanced

CKD: a prospective cohort study. Am J Kidney Dis. 2014, 63:68-75. 10.1053/j.ajkd.2013.06.011
2. Onofriescu M, Siriopol D, Voroneanu L, et al.: Overhydration, cardiac function and survival in hemodialysis

patients. PLoS One. 2015, 10:e0135691. 10.1371/journal.pone.0135691
3. Sinha AD, Agarwal R: Setting the dry weight and its cardiovascular implications . Semin Dial. 2017, 30:481-8.

10.1111/sdi.12624
4. de Zeeuw D, Janssen WM, de Jong PE: Atrial natriuretic factor: its (patho)physiological significance in

humans. Kidney Int. 1992, 41:1115-33. 10.1038/ki.1992.172
5. Lauster F, Heim JM, Drummer C, Fülle HJ, Gerzer R, Schiffl H: Plasma cGMP level as a marker of the

hydration state in renal replacement therapy. Kidney Int Suppl. 1993, 41:57-9.
6. Cheriex EC, Leunissen KM, Janssen JH, Mooy JM, van Hooff JP: Echography of the inferior vena cava is a

simple and reliable tool for estimation of 'dry weight' in haemodialysis patients. Nephrol Dial Transplant.
1989, 4:563-8.

7. Wabel P, Chamney P, Moissl U, Jirka T: Importance of whole-body bioimpedance spectroscopy for the
management of fluid balance. Blood Purif. 2009, 27:75-80. 10.1159/000167013

8. Chamney PW, Krämer M, Rode C, Kleinekofort W, Wizemann V: A new technique for establishing dry
weight in hemodialysis patients via whole body bioimpedance. Kidney Int. 2002, 61:2250-8. 10.1046/j.1523-
1755.2002.00377.x

9. Patel RV, Matthie JR, Withers PO, Peterson EL, Zarowitz BJ: Estimation of total body and extracellular water
using single- and multiple-frequency bioimpedance. Ann Pharmacother. 1994, 28:565-9.
10.1177/106002809402800501

10. Katzarski K, Charra B, Laurent G, Lopot F, Divino-Filho JC, Nisell J, Bergström J: Multifrequency
bioimpedance in assessment of dry weight in haemodialysis. Nephrol Dial Transplant. 1996, 11 Suppl 2:20-
3. 10.1093/ndt/11.supp2.20

11. Assimon MM, Flythe JE: Definitions of intradialytic hypotension. Semin Dial. 2017, 30:464-72.
10.1111/sdi.12626

12. Inrig JK: Intradialytic hypertension: a less-recognized cardiovascular complication of hemodialysis . Am J
Kidney Dis. 2010, 55:580-9. 10.1053/j.ajkd.2009.08.013

13. Wizemann V, Wabel P, Chamney P, et al.: The mortality risk of overhydration in haemodialysis patients .
Nephrol Dial Transplant. 2009, 24:1574-9. 10.1093/ndt/gfn707

14. Onofriescu M, Hogas S, Voroneanu L, Apetrii M, Nistor I, Kanbay M, Covic AC: Bioimpedance-guided fluid
management in maintenance hemodialysis: a pilot randomized controlled trial. Am J Kidney Dis. 2014,
64:111-8. 10.1053/j.ajkd.2014.01.420

15. Vega A, Abad S, Macías N, et al.: Any grade of relative overhydration is associated with long-term mortality
in patients with stages 4 and 5 non-dialysis chronic kidney disease. Clin Kidney J. 2018, 11:372-6.
10.1093/ckj/sfy018

16. Vega A, Quiroga B, Abad S, Ruiz C, López-Gómez JM: Study on overhydration in dialysis patients and its
association with inflammation. Nefrologia. 2014, 34:579-83. 10.3265/Nefrologia.pre2014.Jun.12422

17. Machek P, Jirka T, Moissl U, Chamney P, Wabel P: Guided optimization of fluid status in haemodialysis
patients. Nephrol Dial Transplant. 2010, 25:538-44. 10.1093/ndt/gfp487

18. Hur E, Usta M, Toz H, et al.: Effect of fluid management guided by bioimpedance spectroscopy on
cardiovascular parameters in hemodialysis patients: a randomized controlled trial. Am J Kidney Dis. 2013,
61:957-65. 10.1053/j.ajkd.2012.12.017

19. Stefánsson BV, Brunelli SM, Cabrera C, et al.: Intradialytic hypotension and risk of cardiovascular disease .
Clin J Am Soc Nephrol. 2014, 9:2124-32. 10.2215/CJN.02680314

20. The USRDS dialysis morbidity and mortality study: Wave 2. United States Renal Data System . Am J Kidney

2022 Mathilakath et al. Cureus 14(9): e29509. DOI 10.7759/cureus.29509 5 of 6

https://dx.doi.org/10.1053/j.ajkd.2013.06.011
https://dx.doi.org/10.1053/j.ajkd.2013.06.011
https://dx.doi.org/10.1371/journal.pone.0135691
https://dx.doi.org/10.1371/journal.pone.0135691
https://dx.doi.org/10.1111/sdi.12624
https://dx.doi.org/10.1111/sdi.12624
https://dx.doi.org/10.1038/ki.1992.172
https://dx.doi.org/10.1038/ki.1992.172
https://scholar.google.com/scholar?q=intitle:Plasma cGMP level as a marker of the hydration state in renal replacement therapy
https://scholar.google.com/scholar?q=intitle:Echography of the inferior vena cava is a simple and reliable tool for estimation of %27dry weight%27 in haemodialysis patients
https://dx.doi.org/10.1159/000167013
https://dx.doi.org/10.1159/000167013
https://dx.doi.org/10.1046/j.1523-1755.2002.00377.x
https://dx.doi.org/10.1046/j.1523-1755.2002.00377.x
https://dx.doi.org/10.1177/106002809402800501
https://dx.doi.org/10.1177/106002809402800501
https://dx.doi.org/10.1093/ndt/11.supp2.20
https://dx.doi.org/10.1093/ndt/11.supp2.20
https://dx.doi.org/10.1111/sdi.12626
https://dx.doi.org/10.1111/sdi.12626
https://dx.doi.org/10.1053/j.ajkd.2009.08.013
https://dx.doi.org/10.1053/j.ajkd.2009.08.013
https://dx.doi.org/10.1093/ndt/gfn707
https://dx.doi.org/10.1093/ndt/gfn707
https://dx.doi.org/10.1053/j.ajkd.2014.01.420
https://dx.doi.org/10.1053/j.ajkd.2014.01.420
https://dx.doi.org/10.1093/ckj/sfy018
https://dx.doi.org/10.1093/ckj/sfy018
https://dx.doi.org/10.3265/Nefrologia.pre2014.Jun.12422
https://dx.doi.org/10.3265/Nefrologia.pre2014.Jun.12422
https://dx.doi.org/10.1093/ndt/gfp487
https://dx.doi.org/10.1093/ndt/gfp487
https://dx.doi.org/10.1053/j.ajkd.2012.12.017
https://dx.doi.org/10.1053/j.ajkd.2012.12.017
https://dx.doi.org/10.2215/CJN.02680314
https://dx.doi.org/10.2215/CJN.02680314
https://scholar.google.com/scholar?q=intitle:The USRDS dialysis morbidity and mortality study%3A Wave 2. United States Renal Data System


Dis. 1997, 30:67-85.

2022 Mathilakath et al. Cureus 14(9): e29509. DOI 10.7759/cureus.29509 6 of 6


	Prevalence of Overhydration in Patients on Maintenance Haemodialysis As Determined by Body Composition Monitor and Effects of Attaining Target Dry Weight
	Abstract
	Introduction
	Materials And Methods
	Results
	TABLE 1: Baseline characteristics in overhydrated and non-overhydrated groups
	TABLE 2: Effect on variables before and after attaining dry weight in the overhydrated group

	Discussion
	Limitations

	Conclusions
	Additional Information
	Disclosures
	Acknowledgements

	References


