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Abstract  Objective: Adherence to fluid restrictions is critical in patients undergoing hemodialysis (HD). 
However, limiting fluid intake is the most stressful aspect of treatment in this population. This study aimed to 
determine the level of fluid control and its predictors among patients undergoing HD. Methods: A cross-sectional 
study was conducted with a convenience sample of 110 patients treated in two HD centers in Türkiye, using an 
information form and the Fluid Control in Hemodialysis Patients Scale (FCHPS). Multivariate linear regression 
analysis with backward elimination was performed to examine the predictors of fluid control. Results: The mean 
FCHPS total score (47.26 ± 13.82) was slightly lower than a moderate level of fluid control. The body mass index 
(BMI; unstandardized β = −0.44, 95% Confidence Interval (CI) [-0.80, -0.07], p = 0.021), the interdialytic weight 
gain (IWG; unstandardized β = −7.24, 95% CI [-9.20, -5.29], p < 0.001), and the Visual Analog Scale (VAS) thirst 
score (unstandardized β = −0.84, 95% CI [-1.68, -0.01], p = 0.043) were independent predictors for the FCHPS 
scores, after controlling for all other independent variables. Approximately 57.8% of the variance in fluid control 
was explained by BMI, IWG, and the VAS thirst score. Conclusion: The study revealed that fluid control is a 
challenging issue for patients undergoing HD. The patients with higher BMI, IWG, and thirst intensity were more 
likely to have difficulty with fluid control. A greater understanding of fluid control and its related factors could 
contribute to developing tailored interventions. 
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1. Introduction 

Currently, hemodialysis (HD) is widely used for end-
stage renal disease in the world [1]. Similarly, the data 
obtained in Türkiye indicates that HD is used more 
frequently (71.2%) than other treatment regimens (24.7% 
renal transplantation, and 4.1% peritoneal dialysis). In 
addition, cardiovascular diseases are the leading cause of 
death in patients undergoing HD, accounting for 46.3% of 
all deaths [2]. 

One of the main parameters of cardiovascular morbidity 
and mortality in this population is fluid overload [3,4]. 
Fluid or volume overload (hypervolemia), which is also 
related to decreased quality of life and increased 
healthcare costs [4], is defined as “an excess of 
extracellular fluid beyond the body's homeostatic capacity 
which manifests as increased total body water leading to 
venous and pulmonary congestion” [3, p. 1]. Therefore, 
adherence to diet and fluid restrictions is critical in 
patients undergoing HD. However, limiting fluid intake is 
the most stressful and challenging aspect of HD treatment 
[4,5,6,7,8]. The prevalence of nonadherence with fluid 
restriction varies in the literature, depending on 

methodological differences or measurement methods used. 
A meta-analysis of studies published between 2000 and 
2020 reported that the worldwide prevalence of 
nonadherence with fluid restriction in patients undergoing 
HD was 60.6%, ranging from 50.0% and 70.7% [9]. 

Several studies have also demonstrated that 
nonadherence with fluid restrictions was more common 
among younger [6,10,11], males, smokers [11], and 
patients with lower levels of perceived social support 
[5,11]. Many factors contribute to adherence to fluid 
restriction in patients undergoing HD, but the results of 
relevant studies are contradictory. For example, Kugler et 
al. [11] demonstrated an increased nonadherence rate to 
fluid restriction among patients with longer HD duration, 
whereas other studies found no such association [5,10]. 
Kara [6] also indicated that married patients were likelier 
to have nonadherence to fluid restrictions, while Halle  
[10] suggested that unmarried patients were more at risk 
for nonadherence. Another study showed that 
nonadherence to fluid restrictions was associated with 
salt-restricted diet-related beliefs [5]. Furthermore, in the 
limited number of studies conducted on fluid control in 
patients undergoing HD, fluid control was found to be 
influenced by various factors, including gender, education 
level, marital status, illness perception [12], age, body 
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mass index (BMI), interdialytic weight gain (IWG), 
sodium intake control [13], nonadherence with diet and 
fluid restrictions [14], auricular acupressure [4], and 
education programs [4,15]. 

Consequently, maintaining rigorous fluid control is an 
increasing health concern for every patient undergoing 
HD [4,12,13,14], and innovative approaches for 
improving fluid management are recommended [3,16]. 
Although there are many studies on adherence to fluid 
restriction in this population, there are very few studies on 
fluid control. Therefore, the purpose of this study was to 
determine the level of fluid control and its predictors 
among patients undergoing HD.  

2. Methods 

2.1. Design 
This study used a cross-sectional design. The 

participants were a convenience sample of 130 patients 
from two HD centers in Türkiye. The study population 
included patients aged ≥18 years who were undergoing 
maintenance HD for at least 1 month (4 hours, thrice-
weekly) and were able to communicate in Turkish. 
Patients comorbid with major mental or neurological 
disorders or cancer, and those with unstable clinical status, 
were excluded. Of the 118 eligible patients, 110 (56.4% 
male) agreed to participate in this study (response rate: 
93.2%). Figure 1 presents the Strengthening the Reporting 
of Observational Studies in Epidemiology (STROBE) 
flow diagram of the study design.  

The minimum required sample size was estimated using 
the “a priori sample size calculator for multiple regression” 
[17]. Based on an anticipated effect size of f2 = 0.15 
(medium), an alpha of 0.05, a power of 80%, and the 
number of predictors of five, the minimum sample size 
was computed as 91. In this study, the total sample size 
was increased to 110 patients to account for dropouts 
during the study. 

 
Note: STROBE: Strengthening the Reporting of Observational Studies in 
Epidemiology. 

Figure 1. STROBE flow diagram of the study design. 

 

2.2. Measures  

2.2.1. Demographics and Disease Characteristics 
Based on the relevant literature, an information form 

was prepared in the present study. The demographic 
characteristics consisted of age, gender, marital status, 
education level, employment status, income level, living 
arrangement, smoking history, and alcohol consumption. 
In addition, the disease characteristics were examined, 
including dialysis vintage, the presence of other chronic 
diseases, self-rated health (SRH), thirst intensity, the 
presence of residual urine output, height, pre-dialysis and 
post-dialysis weight, pre-dialysis systolic and diastolic 
blood pressure, urea reduction ratio (URR), and single 
pool Kt/V (spKt/V) values. In this study, SRH was 
evaluated by a question with a 4-point Likert scale and 
dichotomized into two groups: good (good/very good) 
versus poor (fair/bad). The patients rated their sensation of 
thirst since the last dialysis session using a Visual Analog 
Scale (VAS), ranging from 0 (none) to 10 (worst possible). 
The IWG was calculated by subtracting pre-dialysis 
weight from post-dialysis weight of the prior session. The 
BMI was also calculated from the measurements of height 
and pre-dialysis weight (kg/m2).  

2.2.2. Fluid Control 
“The Fluid Control in Hemodialysis Patients Scale 

(FCHPS)” was developed by Albayrak and Cinar [14] to 
assess the fluid control in Turkish patients undergoing HD. 
The scale consists of 24 items and three subscales, 
including knowledge, behaviors, and attitudes. It is a 3-
point Likert scale (1 = Don’t agree, 2 = Indecisive, 3 = 
Agree). The scale score is calculated after reversing the 
scores on the nine negative items. The possible range of the 
total score of FCHPS is 24–72, with a higher score 
indicating better fluid control. The Cronbach’s alpha 
coefficient for the overall scale was found to be 0.88 in the 
original scale development study [14] and 0.90 in this study. 

2.3. Ethical Considerations 
The Non-Interventional Research Ethics Committee of 

Health Sciences University approved the study (date: 25 
September 2018, decision number: 18/213), which was 
performed according to the ethical standards of the Helsinki 
Declaration (2013). Written informed consent was also 
obtained from all patients before inclusion in the study. 

2.4. Data Collection 
Between January and February 2019, face-to-face 

interviews were performed using a structured 
questionnaire during the midweek HD session, and all 
interviews lasted for about 15 minutes. The medical 
records were reviewed to obtain information about clinical 
variables and laboratory values. 

2.5. Data Analysis 
All statistical analyses were performed using the  
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Statistical Package for Social Sciences (SPSS) (version 
21.0). Descriptive statistics such as mean (M), median, 
standard deviation (SD), frequency distributions, and 
percentages were calculated for data analysis. The one-
sample Kolmogorov-Smirnov test was used to assess the 
normality of the study sample. Statistical differences 
between continuous variables were analyzed by the 
Student’s t-test (a parametric test) or the Mann–Whitney 
U-test (a non-parametric test) when comparing two 
independent groups. The difference between the three 
groups for income level was assessed with the Kruskal-
Wallis test, followed by pairwise comparisons with the 
Mann-Whitney U test, with a Bonferroni correction 
(significance level set at p < 0.017). The relationships 
between the study variables were determined by Pearson’s 
correlation coefficient (a parametric test) or Spearman’s 
rank correlation coefficient (a non-parametric test). A p-
value less than 0.05 was accepted to be statistically 
significant.  

Multivariate linear regression analysis with backward 
elimination was performed to investigate independent risk 
factors for fluid control. The categorical variables in the 
multiple regression models were income level, alcohol 
consumption, and the presence of residual urine output. 
The continuous variables were age, BMI, IWG, and the 
VAS thirst score. The normality of the residuals was also 
confirmed using Q-Q plots. The presence of 
multicollinearity was assessed using tolerance (< 0.20) 
and variance inflation factor values (> 10) in the multiple 
regression models [18]. The lowest tolerance value in the 
regression models was 0.57, and the highest variance 
inflation factor value was 1.76, suggesting that 
multicollinearity was unlikely in these models. 

The power value of the final multiple regression model 
was calculated using the “post-hoc statistical power 
calculator for multiple regression” [17] based on the 
following parameters: the probability level (value = 0.05), 
the sample size (n = 110), the number of predictors (n = 3) 
and the observed R2 (squared multiple correlation) for the 
model (value = 0.59). The observed power value of the 
final multiple linear regression model was 1.0 and 
sufficient for the analyses. 

3. Results  

3.1. Demographics and Disease 
Characteristics 

The mean age of the patients was 58.75 ± 15.36 years 
(range = 25-90), and the median dialysis vintage was 36 
months (67.54 ± 73.08, range = 1-336). Most patients 
were nonsmokers (78.2%) and nondrinkers (93.6%). 
Ninety-four patients (85.5%) had a comorbid disorder 
(51.8% hypertension, 27.3% diabetes, 10.0% cardiac 

disease, and 10.9% other). The mean VAS score for thirst 
was 3.93 ± 2.66 (range = 0-10). Further characteristics of 
the study group are available in Table 1 and Table 2. 

3.2. Fluid Control and Comparison of Its by 
Demographics and Disease 
Characteristics  

The mean total FCHPS score of the patients was 47.26 
± 13.82 (range = 24-72), which is slightly below the 
midpoint (48.00) of the scale. The differences in the 
FCHPS total scores by characteristics of the patients were 
evaluated using appropriate statistical methods (see Table 
1). There was a significant difference between the mean 
FCHPS total scores by income levels (χ2 = 6.40, p = 
0.041). Pairwise comparisons revealed that the FCHPS 
total score of patients with adequate income was higher 
than both that of patients with moderate income and 
inadequate income (z = -2.17, p = 0.030; z = -2.02, p = 
0.044, respectively), but the p-values were greater than the 
significance level of 0.017, which means that these 
variables were not statistically significant. Moreover, the 
FCHPS total scores were significantly higher in patients 
who did not consume alcohol (z = -2.05, p = 0.040) and 
those who had residual urine output (t = 4.81, p < 0.001) 
(Table 1). 

As shown in Table 2, Pearson’s correlation coefficients 
showed a significant positive correlation between the 
FCHPS total score of patients undergoing HD and the age 
variable (r = 0.22, p = 0.019), and negative correlations 
with the BMI (r = -0.31, p = 0.001), and IWG (r = −0.74, 
p < 0.001). A significant positive correlation was also 
found between the FCHPS total score and the VAS thirst 
score by Spearman’s rho correlation coefficient (r = −0.52, 
p < 0.001). 

3.3. Predictors of Fluid Control 
Multivariate linear regression analysis was conducted to 

assess the relationship between the FCHPS scores and 
potential predictors (see Table 3). In the present study, 
income level, alcohol consumption, the presence of residual 
urine, age, BMI, IWG, and the VAS thirst score were 
included in the analysis. The final model was statistically 
significant in predicting fluid control, F (3, 106) = 50.70, p 
< 0.001. In the final model, the BMI (unstandardized β = 
−0.44, 95% Confidence Interval (CI) [-0.80, -0.07], p = 
0.021), the IWG value (unstandardized β = −7.24, 95% CI 
[-9.20, -5.29], p < 0.001), and the VAS thirst score 
(unstandardized β = −0.84, 95% CI [-1.68, -0.01] p = 0.043) 
were determined as important predictors for the FCHPS 
scores, after controlling for all other independent variables. 
These three variables accounted for 57.8% of the variance 
in fluid control (adjusted R2 = 0.578).  

Table 1. Descriptions of Participant Characteristics and Comparison of the FCHPS Scores by These Characteristics (N = 110) 

Variables n (%) 
FCHPS 

M (SD) ta, zb, χ2c p 
Gender     
Female 48 (43.6) 46.31 (13.62) t = -0.64 0.526 
Male 62 (56.4) 48.00 (14.03)   

Marital status     
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Married 81 (73.6) 47.43 (14.09) t = 0.22 0.828 
Unmarried 29 (26.4) 46.79 (13.28)   

Education level     
Literate/primary school (5 years) 62 (56.4) 45.29 (12.22) t = -1.72 0.089 

Secondary school or greater (≥ 6 years) 48 (43.6) 49.81 (15.41)   
Employment status     

Working 20 (18.2) 46.45 (15.93) t = -0.29 0.773 
Not working 90 (81.8) 47.44 (13.40)   
Income level     

Adequate 40 (36.4) 51.40 (13.74) χ2 = 6.40 0.041 
Moderate 59 (53.6) 45.64 (13.12)   

Inadequate 11 (10.0) 40.90 (14.83)   
Living arrangement     
Living with family 100 (90.9) 47.15 (13.80) z = -0.32 0.751 

Living alone 10 (9.1) 48.40 (14.69)   
Smoking history     
Current smoker 24 (21.8) 45.67 (15.38) t = -0.59 0.559 

Never smoked/ former smoker 86 (78.2) 47.71 (13.42)   
Alcohol consumption     

Yes 7 (6.4) 35.71 (12.65) z = -2.05 0.040 
No 103 (93.6) 48.05 (13.60)   

Caregiver     
Present 98 (89.1) 47.30 (13.92) z = -0.19 0.848 
Absent 12 (10.9) 47.00 (13.61)   

Comorbidity     
Yes 94 (85.5) 47.08 (13.51) z = -0.67 0.505 
No 16 (14.5) 48.38 (15.95)   

Self-rated health     
Good 28 (25.5) 46.18 (14.55) t = -0.46 0.645 
Poor 82 (74.5) 47.63 (13.64)   

Residual urine output     
Yes 37 (33.6) 55.38 (9.97) t = 4.81 < 0.001 
No 73 (66.4) 43.15 (13.73)   

Note: FCHPS Fluid Control in Hemodialysis Patients Scale, M mean, SD standard deviation. aStudent's t-test bMann-Whitney U test cKruskal-Wallis 
test 

Table 2. Means, Standard Deviations, Ranges, Medians, and Comparison of the FCHPS Scores by Various Parameters (N = 110) 

Variables M (SD) Range Median 
FCHPS 

ra p 
Age 58.75 (15.36) 25-90 59.00 0.22 0.019 

Dialysis vintage (months) 67.54 (73.08) 1-336 36.00 -0.07 0.453 
BMI (kg/m2) 24.88 (4.74) 15.49-43.52 24.23 -0.31 0.001 
SBP (mmHg) 128.27 (14.71) 90-160 130.00 -0.19 0.054 
DBP (mmHg) 77.36 (7.74) 50-100 80.00 -0.05 0.629 

spKt/V 1.70 (0.24) 0.84-2.04 1.74 0.08 0.439 
URR (%) 74.82 (6.87) 50.0-92.0 75.00 0.00 0.997 

IWG 2.31 (1.16) 0.10-5.50 2.00 -0.74 < 0.001 
Intensity of thirst (VAS) 3.93 (2.66) 0-10 3.00 -0.52 < 0.001 

Note: BMI body mass index, SBP systolic blood pressure, DBP diastolic blood pressure, spKt/V single-pool Kt/V, URR urea reduction rate, IWG 
interdialytic weight gain, VAS visual analog scale, M mean, SD standard deviation  
a Pearson's correlation coefficient was used to calculate p-values, except for the intensity of thirst (VAS) (Spearman's correlation coefficient, r). 

Table 3. Effects of Various Variables on Fluid Control Based on Multivariate Linear Regression Analysis (N = 110) 

Variablesª β SE 95% Cl p 
Higher BMI -0.44 0.19 -0.80- -0.07 0.021 
Higher IWG -7.24 0.99 -9.20- -5.29 < 0.001 
Higher thirst -0.84 0.41 -1.68- -0.01 0.043 

Note: SE standard error, CI confidence interval, BMI body mass index, IWG interdialytic weight gain. 
ªThis table includes only the final model as determined by the multivariate linear regression analysis with backward elimination. 
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4. Discussion 

It is underlined that the identification of fluid 
management in patients undergoing HD is needed to make 
tailored interventions [6,9,19]. However, there is currently 
sparse evidence about fluid control and its related factors 
in this population. This study represents a comprehensive 
evaluation of the impact of demographics and disease 
characteristics on fluid control among patients undergoing 
HD. The study revealed that fluid control in patients 
undergoing HD is below a moderate level. Our results also 
indicated that significant predictors of fluid control are 
biological variables, including the BMI, IWG, and thirst 
intensity.  

The mean total FCHPS score of our sample was 47.26 
± 13.82, which was lower than that found in previous 
studies. In a methodological study conducted in Türkiye, 
the total FCHPS score for patients undergoing HD was 
relatively high (56.55 ± 6.37) [14]. In another Turkish 
study, the effect of an education program on patients’ 
adherence to diet and fluid restrictions was examined. The 
overall baseline FCHPS scores for the intervention and 
control groups were calculated as 50.08 ± 5.81 and 50.53 
± 5.44, respectively [15]. Furthermore, in a quasi-
experimental study in South Korea, the mean total 
baseline FCHPS scores for the experimental, comparison, 
and control groups were found as 50.32 ± 6.04, 51.22 ± 
5.81, and 52.61 ± 6.24, respectively [4]. In a cross-
sectional study in China, Zhang et al. [12] reported that 
the mean total FCHPS score of the patients was a 
“moderate level”. Our findings are also consistent with a 
study conducted in Brazil by Nerbass et al. [13], which 
assessed fluid control by a self-reported scale ranging 
from 0 to 10. The researchers found that many patients 
(56.0%) perceived considerable difficulty in control of 
fluid intake (score: > 6) [13]. Our results are noteworthy 
because they demonstrate that patients undergoing HD 
struggle with control of their fluid management. Despite 
the increased interventions in recent years, adherence to 
fluid restriction in patients undergoing HD remains poor, 
which could in turn negatively affect their health 
outcomes [6,9,20,21]. Effective interventions should, 
therefore, be developed to increase fluid control in this 
population.  

Our results demonstrated that patients with higher BMI 
were more likely to have worse fluid control and had a 
higher risk of developing fluid overload. This finding is 
consistent with Nerbass et al's [13] study, reporting that 
patients with a higher BMI >23 kg/m2 perceived higher 
difficulty in controlling fluid intake than other patients. 
However, a recent study by Jagodage et al. [19] revealed 
that patients with higher IWG were more likely to have 
abnormal BMI (overweight/obese or underweight). Our 
findings may have resulted from several reasons. For 
example, in other studies among patients undergoing HD, 
higher values of BMI were found to be associated with 
increased thirst [7] and thirst distress [22]. Interestingly, 
clinical evidence also indicates that obese patients 
undergoing HD not only have a lower prevalence of 
hypertension but also achieve better blood pressure 
control and survival rates. This phenomenon is suggested 
to be associated with more effective sequestration of 
excess extracellular fluid volume in this patient group 

compared to their lean counterparts, as well as with 
increased release of the renalase enzyme, which 
metabolizes catecholamines, from muscle mass [23]. The 
reasons underlying our findings remain unclear, and 
further studies are needed.  

As expected, our results indicated that patients with 
higher IWG were more likely to have difficulty with fluid 
control. This finding is congruent with the results reported 
by previous studies. Kara [6] demonstrated that 
nonadherence to the prescribed diet and fluid restrictions 
was positively associated with patients’ IWG values. 
Similarly, Nerbass [13] found that patients’ perceived 
difficulty in control of fluid intake was positively 
associated with their IWG. One of the tools proposed to 
monitor the fluid status of patients undergoing HD is 
clinical assessment with measurement of dry weight, 
blood pressure, and a fluid status check [22,24]. The IWG 
is the product of fluid retention resulting from metabolic 
processes, dietary habits, and fluid consumption. 
Nonadherence with salt restriction and excessive fluid 
intake are considered primary contributors to IWG [8,25]. 
Therefore, a patient-centered approach is important to 
provide IWG control and fluid management [8,19]. 

Another important finding in our study was that patients 
who suffered from higher levels of thirst were more likely 
to have worse fluid control. In contrast, a recent study 
suggested that increased thirst was not associated with 
higher IWG [26]. Our findings were parallel to the results 
of other studies, indicating that both thirst and thirst 
distress were positively associated with IWG [22,27,28]. 
It is well known that fluid intake in patients undergoing 
HD is influenced by many biological variables, such as 
thirst sensation, which leads to large IWG by inducing 
nonadherence with fluid restriction [22,28]. This finding 
in our study may have been influenced by confounding 
factors. For example, salivary glands may be affected due 
to both kidney diseases and diabetes, potentially leading to 
decreased saliva secretion or xerostomia, which may 
contribute to thirst and play a role as a powerful stimulus 
for fluid intake [25,29]. In our study, 27.3% of the patients 
had diabetes as a comorbidity. Healthcare professionals 
should support these patients to improve their fluid control. 
The relationship between fluid control and thirst should be 
examined further. 

The main limitations of this study include the use of a 
convenience sample that may not be representative of the 
total population and self-reported data to measure fluid 
control. Another limitation of this study is the use of a 
cross-sectional design, which does not allow for causal 
interpretations among the study variables. The study 
limitations prevent the generalization of our results to all 
Turkish patients undergoing HD. Follow-up studies 
should be undertaken to ascertain the potential impact of 
time on patients’ fluid control. 

5. Conclusions 

In this study, fluid control is a challenging issue in 
patients undergoing HD. This study demonstrated that 
patients with higher BMI, IWG, and thirst intensity were 
more likely to have difficulty with fluid control. Our 
findings highlight the importance of designing tailored 
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interventions that take into account the parameters that 
contribute to fluid control in patients undergoing HD. 
Implementing these interventions to increase fluid control 
in patients may contribute to their health and well-being. 
Longitudinal studies are required to verify our findings 
and to clarify the causal processes that underlie them. 
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