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Hyperphosphatemia is a common complication in patients with end-stage renal disease (ESRD). 

Hemodialysis remains the primary mode of phosphate elimination; however, the impact of 

demographic and clinical factors on individual patients' clearance is still being studied. 

Objective: To determine the mean change in serum phosphate levels before and after a single 

session of hemodialysis in patients with ESRD. Methods: This quasi-experimental study 

included 115 adult patients undergoing maintenance hemodialysis three times a week at the 

Department of Nephrology, Sir Ganga Ram Hospital, Lahore, between February and July 2025, 

and were recruited. Serum phosphate concentration was measured at the beginning and end of 

the dialysis session. The statistical analysis was performed using SPSS version 26.0, with 

signi�cance set at p<0.050. Results: Among the 115 patients (mean age, 46.5 years), a 

statistically signi�cant decrease in mean serum phosphate levels from 5.44 ± 1.71 mmol/L to 

2.53 ± 0.98 mmol/L was observed as a result of hemodialysis. Multivariate regression supported 

the view that the model explained 77.3% of the variance in phosphate reduction (R² = 0.773, 

p<0.001), with pre-dialysis levels being the only signi�cant independent predictor (β = -0.892, 

p<0.001). There was no statistically signi�cant in�uence of age, gender, or BMI on the magnitude 

of reduction (p>0.050). Conclusions: A single maintenance hemodialysis session signi�cantly 

reduced serum phosphate levels in patients with ESRD. Although reductions were observed 

across all demographic variables, the magnitude of reduction did not differ signi�cantly 

between these groups. 
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E n d - s t a g e  re n a l  d i s e a s e  ( E S R D )  i s  a  r i s i n g  b u t 
underreported national health problem in Pakistan, which 
has a signi�cant impact on the global burden of chronic 
kidney disease (CKD) [1, 2]. In the absence of a national 
nephrology registry, the incidence of new ESRD cases is 
estimated at 150 per million population per year, which 
p rov i d e s  a b o u t  1 6 ,0 0 0  n ew  c a s e s  p e r  ye a r  [ 3 ] . 
Hyperphosphatemia is a frequent biochemical imbalance 
in patients with ESRD and is linked to increased mortality 
and morbidity [4, 5]. Continuous high levels of serum 
phosphate can trigger cardiovascular calci�cation, 
secondary hyperparathyroidism, and renal osteodystrophy 
[6, 7]. Although hemodialysis helps remove phosphates to 
some degree, it is often insu�cient to reach target levels. 

Treatment of phosphate is generally achieved through a 
combination of dietary phosphorus restriction and oral 
phosphate binders; however, adherence to phosphate 
binder regimens is challenging for many patients because 
binders often contribute a high daily pill burden and require 
multiple tablets with meals, which can negatively impact 
compliance [8-10]. Past studies have shown that 
hemodialysis can signi�cantly reduce circulating 
phosphate levels. In one study, patients had elevated 
phosphate levels before dialysis, which decreased 
signi�cantly after dialysis. Over the next 10 years, the time 
series of blood phosphate levels in dialysis patients is 
expected to vary across regions. Between 2002 and 2012, 
the average phosphate levels decreased in Japan, Europe, 



and the United States. These levels have, however, 
changed in recent years, with the United States showing an 
increase, Europe a slight decrease, and Japan showing 
stable values [11, 12]. The current study results can guide 
the optimization of dialysis procedures and improve 
phosphate management among ESRD patients in Pakistan, 
where adherence to treatment and resource shortages 
remain a persistent issue. 
No study has compared phosphate rebound in Pakistani 
ESRD patients following dialysis or the effect of dietary 
phosphate intake, binder use, and dialysis e�ciency on 
phosphate control. The quasi-experimental design has no 
control group to make cause-and-effect conclusions, and 
the single-center setting of the Sir Ganga Ram Hospital has 
limits to cause and effect and generalization to other 
dialysis centers with different protocols and resources. 
This study aims to establish the average intradialytic 
variation in serum phosphate levels among hemodialysis 
patients, particularly in a local setting using modern high-
�ux dialyzers. 
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M E T H O D S

This quasi-experimental study was conducted at the 
Department of Nephrology, Sir Ganga Ram Hospital, 
Lahore, from February 2025 to July 2025. A sample size of 
115 patients was calculated using an expected mean 
difference in serum phosphate levels before and after 
hemodialysis of -2.57 ± 1.64 [11], with a 3% absolute 
precision and a 95% con�dence level. Non-probability 
consecutive sampling was used to select participants. 
Patients aged 18-70, of either gender, receiving regular 
hemodialysis (at least three sessions weekly) for chronic 
kidney disease were enrolled. CKD was de�ned by an eGFR 
below 15 ml/min/1.73m² or current dialysis treatment, 
regardless of eGFR. Those with active viral infections such 
as HIV, CMV, or HBV, and patients who had undergone 
parathyroidectomy, were excluded. Approval for the study 
was obtained from the hospital ethics committee (vide 
letter 168-FCPS-Nephro/IRB-ERC; dated 12th July 2024), 
and informed consent was taken from all participants. 
Basic demographic and clinical data, including name, age, 
gender, and body mass index, were recorded. Hemodialysis 
was performed through an arteriovenous �stula, with each 
session lasting four hours. The average ultra�ltration 
volume per session ranged between 2 and 2.5 liters. 
Biomocompatible capillary �lters (polysulfone F60 or F70, 
surface area 1.2-1.4 m²) of high �ux and high e�ciency were 
used, along with the 4008S dialysis machine (Fresenius 
Medical Care, Germany).  To determine serum phosphate 
levels, venous blood samples were collected at the start 
and end of each session via the venous line connected to 
the dialysis set. The difference in phosphate levels before 
and after dialysis was recorded on a predesigned pro forma.

All data were analyzed using SPSS version 26.0. Normality 
was assessed using the Shapiro–Wilk test, and parametric 
tests were applied accordingly. Differences in serum 
phosphate levels before and after dialysis were evaluated 
using the paired-samples t-test. The magnitude of 
phosphate reduction between gender groups was 
compared using an independent-samples t-test. In 
contrast, comparisons across age groups and BMI 
categories were performed using a one-way analysis of 
variance (ANOVA). Multiple linear regression analysis was 
conducted to determine whether age, gender, body mass 
index (BMI), and pre-dialysis phosphate levels were 
signi�cant independent predictors of phosphate 
reduction. A p-value<0.050 was considered statistically 
signi�cant.
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R E S U L T S

A total of 115 patients were included in the study. The mean 

age of participants was 46.5 ± 15.47 years. The mean body 

mass index was 21.51 ± 2.20 kg/m². Among the study 

population, 57 patients (49.6%) were female, and 58 

patients (50.4%) were male. The mean pre-dialysis serum 

phosphate level was 5.44 ± 1.71 mg/dL, and the post-dialysis 

level was 2.53 ± 0.98 mg/dL. A paired samples t-test 

revealed a statistically signi�cant reduction, with an 

average decrease of -2.91 ± 2.04 mg/dL (t (114) = 15.298, 

p<0.001). The �ndings present a comparison of pre-dialysis 

and post-dialysis serum phosphate levels across age 

groups, gender, and BMI categories using a paired-samples 

t-test. A statistically signi�cant reduction in serum 

phosphate levels was observed in all age groups following 

hemodialysis, as determined by paired-sample analysis. 

Among patients aged 18–30 years, the mean phosphate 

level decreased from 5.92 ± 1.60 mg/dL to 2.59 ± 0.88 mg/dL 

(p<0.001). In those aged 31–40 years, levels declined from 

5.83 ± 1.51 mg/dL to 2.46 ± 0.89 mg/dL (p<0.001). Patients 

aged 41–50 years showed a decrease from 5.03 ± 1.78 mg/dL 

to 2.55 ± 0.99 mg/dL (p<0.001). In the 51–60 years group, 

phosphate levels reduced from 5.20 ± 2.13 mg/dL to 2.49 ± 

1.14 mg/dL (p<0.001). Similarly, patients aged 61–70 years 

demonstrated a decline from 5.34 ± 1.38 mg/dL to 2.54 ± 

1.02 mg/dL (p<0.001). When strati�ed by gender, both 

female and male patients demonstrated signi�cant 

reductions in serum phosphate levels after dialysis. In 

female patients, the mean level decreased from 5.57 ± 1.88 

mg/dL to 2.48 ± 1.06 mg/dL (p<0.001). In male patients, 

levels declined from 5.32 ± 1.53 mg/dL to 2.58 ± 0.90 mg/dL 

(p<0.001). Across BMI categories, a signi�cant reduction 

was also observed. Underweight patients showed a 

decrease from 4.16 ± 0.32 mg/dL to 2.27 ± 1.31 mg/dL 

(p=0.010). Patients with normal BMI demonstrated a 

reduction from 5.41 ± 1.68 mg/dL to 2.54 ± 0.97 mg/dL 

(p<0.001). In overweight patients, phosphate levels 
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Table 1: Comparison of Pre- and Post-Dialysis Serum Phosphate Levels Across Demographic and BMI Categories

declined from 6.64 ± 2.33 mg/dL to 2.11 ± 0.66 mg/dL; however, this change was not statistically signi�cant (p=0.162). Obese 

patients showed a decrease from 8.09 ± 1.30 mg/dL to 2.93 ± 1.15 mg/dL (p<0.001) (Table 1).

Table 2: Comparison of Magnitude of Phosphate Reduction 

Across Gender, Age Groups, and BMI Categories

The results present the comparison of mean phosphate 

reduction (pre–post dialysis difference) across gender, age 

groups, and BMI categories. Independent samples t-test 

showed no statistically signi�cant difference in phosphate 

reduction between female (−3.09 ± 2.17 mg/dL) and male 

patients (−2.74 ± 1.90 mg/dL) (t (113) = −0.917, p=0.361), 

indicating that gender did not in�uence the magnitude of 

reduction. One-way ANOVA showed no signi�cant 

difference in mean phosphate reduction among age groups 

(F (4,110) = 0.775, p=0.544), with comparable reductions 

across all age groups. When analyzed by BMI category, one-

way ANOVA revealed a trend toward variation; however, the 

difference did not reach statistical signi�cance (F (3,111) = 

2.204, p=0.092). Although obese and overweight patients 

showed numerically greater reductions, these differences 

were not statistically signi�cant (Table 2).

p<0.001, with a substantial proportion of variance 

explained (R² = 0.773). The pre-dialysis phosphate level was 

the only signi�cant independent predictor of reduction (β = 

-0.892, p=0.001). The age, BMI, and gender did not have a 

signi�cant impact on the level of phosphate reduction 

(p>0.050) (Table 3).  
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Paired Sample t-testGroups n Pre-Dialysis (mg/dL) Post-Dialysis (mg/dL)

18–30 Years

31–40 Years

41–50 Years

51–60 Years

61–70 Years

Female

Male

Underweight

Normal

Overweight

Obese

25 (21.74%)

15 (13.04%)

22 (19.13%)

25 (21.74%)

28 (24.35%)

57 (49.57%)

58 (50.43%)

104 (90.43%)

6 (5.22%)

2 (1.74%)

3 (2.61%)

5.92 ± 1.60

5.83 ± 1.51

5.03 ± 1.78

5.20 ± 2.13

5.34 ± 1.38

5.57 ± 1.88

5.32 ± 1.53

4.16 ± 0.32

5.41 ± 1.68

6.64 ± 2.33

8.09 ± 1.30

2.59 ± 0.88

2.46 ± 0.89

2.55 ± 0.99

2.49 ± 1.14

2.54 ± 1.02

2.48 ± 1.06

2.58 ± 0.90

2.27 ± 1.31

2.54 ± 0.97

2.11 ± 0.66

2.93 ± 1.15

t(24) = 9.04, p<0.001

t(14) = 8.14, p<0.001

t(21) = 4.89, p <0.001

t(24) = 5.41, p<0.001

t(27) = 8.92, p<0.001

t(56) = 10.73, p<0.001

t(57) = 10.95, p<0.001

t(5) = 4.03, p=0.010

t(103) = 14.20, p<0.001

t(1) = 3.85, p=0.162

t(2) = 61.01, p<0.001

Age Groups

Gender

Body Mass Index

Age Group

Gender

BMI
Category

Groups
Difference

(Pre-post Dialysis),
Mean ± SD (mg/dL)

p-
value

Test
Statistic

Variables

18–30 Years

31–40 Years

41–50 Years

51–60 Years

61–70 Years

Female

Male

Normal

Underweight

Overweight

Obese

−3.34 ± 2.23

−3.37 ± 2.36

−2.48 ± 1.85

−2.71 ± 1.88

−2.80 ± 2.05

−3.09 ± 2.17

−2.74 ± 1.90

−2.87 ± 2.03

−1.89 ± 1.58

−4.53 ± 1.62

−5.16 ± 1.94

F (4,110)
= 0.775

T (113)
= −0.917

F (3,111)
= 2.204

0.544

0.361

0.092

The linear regression model produced a signi�cant 

prediction of change in phosphate, F (4,110) = 93.68, 

Table 3: Multiple Linear Regression Analysis for Predictors of 

Serum Phosphate Reduction

t-
value

p-
value

Standardised
Beta (β)

SD
Error

Unstandardized
B

Predictor
Variables

0.958

0.058

2.228

-18.476

0.028

<0.001

2.135

-1.064

—

-0.892

(Constant)

Pre-Dialysis
Phosphate

0.006

0.048

0.205

-0.515

0.844

0.041

0.608

0.401

0.968

-0.003

0.041

0.008

-0.024

0.044

0.002

Age

Body Mass Index

Gender

D I S C U S S I O N

In the current study, a single maintenance hemodialysis 

session resulted in a statistically signi�cant reduction in 

serum phosphate levels among patients with end-stage 

renal disease. The decline was consistently observed 

across all age groups, in both genders, and in most BMI 

categories. However, when the magnitude of phosphate 

reduction was compared across demographic and 

anthropometric groups, no statistically signi�cant 

differences were identi�ed. Multivariable analysis further 

demonstrated that the extent of phosphate reduction was 

independently predicted only by the pre-dialysis serum 

phosphate level, while age, gender, and body mass index 

were not signi�cant independent predictors. These 

�ndings indicate that although hemodialysis effectively 

lowers serum phosphate levels, the degree of reduction is 

primarily determined by baseline phosphate levels rather 
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than patient demographic characteristics. The regulation 

of phosphates is signi�cantly impaired in CKD patients, 

especially in ESRD, due to grossly impaired renal excretion 

[13, 14]. Hyperphosphatemia is common in this population 

and is associated with an increased risk of vascular 

calci�cation, secondary hyperparathyroidism, and left 

ventricular hypertrophy, which together increase 

cardiovascular morbidity and mortality. Accurate 

phosphate management is one of the pillars of CKD-related 

mineral and bone disorder management, as outlined in 

existing clinical guidelines. Current clinical practice 

guidelines recommend that in patients with CKD stages 

G3a to G5D, elevated serum phosphate levels should be 

reduced toward the normal range through a combination of 

dietary phosphate restriction, use of phosphate-lowering 

therapies, and optimization of dialysis regimens, with 

regular monitoring of phosphate as part of CKD-MBD 

management. Recent guideline updates emphasize 

individualized phosphate targets and reinforce the role of 

multidisciplinary management in achieving these goals. 

Although dialysis can aid in the elimination of phosphates, 

this mode is often insu�cient to achieve and maintain 

target serum concentrations [15-17]. As a result, most 

patients require additional measures, such as dietary 

restriction of phosphorus and the use of phosphate-

binding agents. Maintaining adequate phosphate control is 

also a clinical concern, particularly given non-adherence to 

complex binder regimens that require multiple daily doses 

with meals. The management of phosphate balance in 

dialysis patients involves optimizing dialysis performance 

and regularly monitoring nutrition and medication 

compliance [18, 19]. Current study observed a statistically 

signi�cant decrease in serum phosphate in the current 

study, with 115 patients on routine high-�ux hemodialysis, 

from a pre-dialysis mean of 5.44 ± 1.71 to a post-dialysis 

mean of 2.53 ± 0.98 mg/dL (p<0.001), and an average 

intradialytic change of 2.91 ± 2.04 mg/dL. These results 

support the use of modern high-e�ciency dialysis �lters in 

signi�cantly reducing serum phosphate in a single session. 

The extent of decrease was uniform across sex, age 

groups,  and body mass index groups.  However, 

underweight patients showed a slightly smaller mean 

decrease, possibly due to a lower total body phosphate 

burden or changes in distribution kinetics. The current 

study �ndings are consistent with previous studies 

evaluating phosphate kinetics during hemodialysis. A 

similar reduction was reported by Ardalan et al. from 5.24 ± 

1.83/dl to 2.72 ± 1.00/dl, with a mean difference of -2.52 ± 

1.64/dl, which is quite similar to the 2.91/dl change in our 

cohort [11]. Al-Khafaji et al. also found that phosphate levels 

decreased from 5.68 ± 1.64 to 4.17 ± 1.43 mg/dL after 

dialysis, whereas the remaining levels were higher than 

those reported in the current study [20]. This difference 

could be attributed to variations in dialyzer e�ciency, 

session duration,  dietar y phosphorus intake, or 

compliance with phosphate binders. Hamid et al. studied 

the long-term dialysis vintage and phosphate levels and 

found that they �uctuated over time: 4.7 ± 1.56 mg/dL in 

those with 10–15 years on dialysis, 5.1 ± 0.85 mg/dL in those 

with 15–20 years, and 4.4 ± 1.3 mg/dL in those over 20 years. 

Such trends can be indicative of adaptive changes in bone 

buffering capacity, nutrition, or remaining renal function 

with age [3]. The geographic and time-mediated changes 

in serum phosphate, as shown by the DOPPS study, include 

regional differences that have decreased gradually in 

Japan, Europe, and the United States between 2002 and 

2012, but have increased or levelled off in 2021. The present 

results (mean pre-dialysis level = 5.44 mg/dL) align with this 

international scenario and underscore the ongoing 

challenges in controlling phosphate levels, despite 

advancements in dialysis technology [12]. Elias et al. 

examined the kinetics of phosphate removal and found a 

sharp decline in the initial hour of dialysis; however, only 

25% of the total phosphate was removed during this period. 

Even though serum phosphate can be normalized early in 

the course of dialysis, a signi�cant proportion is retained, 

underscoring the importance of completing each session 

and the potential  role  of  adjunctive phosphate 

management [21]. Their �nding that patients with pre-

dialysis phosphate levels ≥5.5 mg/dL had higher overall 

phosphate removal is consistent with our results, which 

show larger decreases in younger and obese subgroups 

who might have higher initial phosphate levels. In a 

mathematically modelled analysis, Yu et al. reported a 

statistically signi�cant decrease from 2.00 ± 0.53 to 0.84 ± 

0.21 mmol/L, consistent with our �ndings and supporting 

the effectiveness of hemodialysis in reducing phosphate. 

The study also noted post-dialysis rebound, which was not 

considered in our present study [22]. Stremke et al. 

employed a novel methodology to evaluate phosphate 

rebound after dialysis in phosphate binder-free, 

controlled-diet patients. They found that in most 

participants, phosphate levels returned to more than 90 

per cent of pre-dialysis levels within 24 hours, indicating 

that although hemodialysis temporarily reduces serum 

phosphate, post-treatment phosphate is released into 

tissue compartments, thereby initiating a rebound effect 

[23]. This has clinical implications, suggesting that 

measurement of serum phosphates immediately after 

dialysis can underestimate the total body phosphate 

burden, which is not considered in this study but is critical 

in future studies. This can be used clinically, implying that 

serum phosphate levels following dialysis may not re�ect 

the total body phosphate burden, which was not 
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A single maintenance hemodialysis session signi�cantly 

reduced serum phosphate levels in patients with end-

stage renal disease. This reduction was consistently 

observed across all age groups, both genders, and most 

BMI categories in the pre–post comparison. However, the 

magnitude of phosphate reduction did not differ 

signi�cantly between age groups, genders, or BMI 

categories. Multivariable analysis further con�rmed that 

only the pre-dialysis serum phosphate level independently 

predicted the extent of reduction, whereas age, gender, 

and body mass index were not signi�cant independent 

determinants.
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considered in this research but is essential in future 

studies. These �ndings are relevant to the Pakistani 

setting, particularly the need for systematized monitoring 

of pre-dialysis phosphate levels, optimization of dialysis 

adequacy, dietary counselling, and prudent use of 

phosphate binders to improve control of mineral 

metabolism in the resource-limited clinical environment. 

Enhancing guideline-driven phosphate management may 

be one possible measure to reduce cardiovascular 

complications among patients with end-stage renal 

disease in local practice [2, 3].

The research was limited in several ways. Post-dialysis 

phosphate rebound was not assessed, which can occur due 

to the slow mobilization of phosphate from intracellular 

stores and bone to the extracellular space; thus, the 

sustainability of phosphate reduction after the dialysis 

session is unclear. Phosphorus intake in the diet and 

phosphate binder use were not documented or controlled, 

which may have in�uenced the pre-dialysis phosphate 

levels and changes.  Also, parathyroid hormone and vitamin 

D measurements were not done, which limits the overall 

evaluation of mineral metabolism.  In Pakistan, the 

management of ESRD and phosphate control is often 

challenged by limited access to phosphate binders, 

�nancial constraints, inconsistent dietary counselling, and 

variability in dialysis resources, which may affect the 

generalizability of �ndings to routine clinical practice. The 

factorial designs used should measure the relative effect 

of dietary phosphate restriction, binder adherence, and 

dialysis parameters in total phosphate management.
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