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Kt/V reach rate is associated with clinical outcome in incident peritoneal
dialysis patients
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ABSTRACT
Background: The urea clearance index (Kt/V) is an important index for predicting the clinical
outcome of peritoneal dialysis (PD) patients, but it changes with time depending on the clinical
condition. This study aimed to investigate the association between the Kt/V reach rate (defined
as the percentage of Kt/V measurements that reached � 1.70) and clinical outcome in incident
PD patients.
Methods: In this retrospective cohort study, 210 patients were enrolled from the First Affiliated
Hospital of Zhengzhou University from 1 January 2013 to 31 October 2019. The target Kt/V reach
rate in the first year was applied as the predictor variable. Kaplan-Meier survival curves were
drawn to evaluate differences in prognosis. The association between Kt/V reach rate and the
composite clinical outcome (death or transfer to hemodialysis) was tested by Cox regres-
sion analysis.
Results: The dialysis adequacy group (Kt/V reach rate 3/3 times) and the dialysis intermittent
adequacy group (1/3 or 2/3 times) had significantly better clinical outcomes than the dialysis
inadequacy group (0/3 times). There was no difference in clinical outcome between the lower-
rate group (reach rate 1/3 times) and the higher-rate group (2/3 times). Compared with the dialy-
sis inadequacy group, the dialysis intermittent adequacy group and dialysis adequacy group had
significantly lower risks of the composite outcome (HR 0.487, 95% CI 0.244–0.971, p¼ 0.041; HR
0.150, 95% CI 0.043–0.520, p¼ 0.003) in the fully adjusted analysis.
Conclusion: Higher Kt/V reach rates are associated with a better prognosis in incident
PD patients.
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Introduction

The approximately 272,000 peritoneal dialysis (PD)
patients worldwide account for 11% of the global dialy-
sis patients [1]. According to Chinese insurance claims
data, the total number of Chinese dialysis patients was
estimated to be 48,482 in 2017 [2]. Dialysis adequacy is
recognized as a crucial factor affecting prognosis in
continuous ambulatory peritoneal dialysis (CAPD)
patients. Evaluating the adequacy of PD plays an
important role in improving the quality of life and the
survival rate and reducing the technical failure rate.

As a key marker of dialysis adequacy and small sol-
ute removal, the importance of the urea clearance
index (Kt/V) has been widely acknowledged. The
International Society for Peritoneal Dialysis (ISPD) in
2006 [3] and the Kidney Disease Outcome Quality

Initiative (K/DOQI) in 2006 [4] both recommended that
the minimum target value of Kt/V be 1.70, as this may
have tremendous benefit for patients on PD.

However, with the deepening of research, the target
value of Kt/V and its relationship with prognosis
remains controversial [5,6]. ISPD in 2020 [7] stated that
there was a lack of high-quality evidence to prove the
impact of Kt/V on survival and mortality, and reaching
Kt/V> 1.70 may bring no survival advantage. Therefore,
the relationship of Kt/V with clinical outcome needs to
be further investigated.

In addition, Kt/V varies profoundly by residual renal
function (RRF) and the change of dialysis prescriptions.
Previous studies [8,9] using baseline or single-point Kt/
V to predict patient outcomes cannot reflect the effect
of Kt/V changes on prognosis. The Kt/V reach rate—the
percentage of Kt/V measurements that reach the set
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threshold—may be a more representative index to
assess the clinical status of PD patients, especially
patients whose Kt/V intermittently meets the standard.
At present, the effect of Kt/V reach rate on prognosis
is unclear.

In this cohort study, we retrospectively investigated
the target reach rate of Kt/V in the first year of incident
PD to evaluate its long-term effect on clinical outcome.
We hope that our findings can guide physicians to
choose the most beneficial treatments for their
PD patients.

Materials and methods

Participants

This was a single-center retrospective study. All patients
were initiated on CAPD for the first time from the PD
center of the First Affiliated Hospital of Zhengzhou
University from 1 January 2013 to 31 October 2019.
Exclusion criteria: (1) age <18 years; (2) duration of PD
<1 year; (3) patients on automated PD or intermittent
PD; (4) history of kidney transplantation; (5) active
systemic inflammatory disease; (6) combined with life-
threatening conditions, such as disseminated malig-
nancy or severe organ disease (heart, lung, and liver);
(7) loss to follow-up; and (8) no data about the
adequacy of dialysis (Kt/V) at 3, 6, or 12months in the
first year of CAPD.

All patients underwent PD catheterization (Tenckhoff
tube) in our hospital, using Baxter lactate dialysate
(Guangzhou, China) for CAPD, and were prescribed 2-L
bags of dialysate containing 1.5 or 2.5% dextrose, with
2–5 exchanges per day. The dialysis prescription was
changed according to the individual requirements as
determined during the follow-up. All patients were fol-
lowed until death, transfer to hemodialysis, or the end
of the study on 31 October 2020. The time was
recorded from the initiation of PD to the endpoint. This
study protocol complied with the Declaration of
Helsinki and was approved by the ethics committee of
the First Affiliated Hospital of Zhengzhou University
(approval: 2019-KY-361). Informed consent was not
necessary because the data analyzed were all from pre-
vious clinical cases, as a retrospective study.

Clinical data collection

Demographic and clinical information such as sex, age,
the underlying cause of end-stage renal disease (ESRD),
comorbidities (e.g., diabetes mellitus, hypertension, car-
diovascular disease), and the Charlson comorbidity
index (CCI) were collected at the initiation of PD.

Laboratory data were collected at 3, 6, and 12months
after the start of PD therapy, including body mass index
(BMI), systolic blood pressure (SBP), diastolic blood
pressure (DBP), hemoglobin, serum albumin, potassium,
phosphorus, calcium, intact parathyroid hormone
(iPTH), creatinine, uric acid, fasting glucose, total choles-
terol, triglyceride, low-density lipoprotein cholesterol
(LDL-C), high-density lipoprotein cholesterol (HDL-C),
24-h urine volume, RRF, and normalized protein cata-
bolic rate (nPCR). The transport characteristics of the
peritoneal membrane were evaluated by a standard
peritoneal equilibration test (PET) [10] and were
recorded within 3months after PD initiation.
Cardiovascular disease was defined as a history of
angina, class III-IV congestive heart failure, prior myo-
cardial infarction, coronary heart disease, cardiac
arrhythmia, cerebrovascular disease, or peripheral vas-
cular disease. RRF was calculated as the mean urea and
creatinine clearance from a 24-h urine collection [11].
nPCR was calculated by the formula: nPCR (g/kg/day) ¼
PCR � 0.58/V, PCR (g/day) ¼ 10.76 � (UNA þ 1.46),
where UNA (g/d) ¼ [24-h urine volume (L) � urine urea
nitrogen(mg/dL) þ 24-h dialysate volume (L) � dialys-
ate urea nitrogen (mg/dL)]/100. Total body water (V)
was determined by Watson’s formula [12]. The cause of
ESRD was obtained from the electronic medical record,
including pathological diagnosis or clinical diagnosis.
When this information was not available, the cause was
considered unknown.

Dialysis adequacy

Dialysis adequacy, for example, total Kt/V, total creatin-
ine clearance (Ccr), and renal Kt/V, were recorded at
least at 3, 6, and 12months after the start of PD. These
indices were calculated using the formula recom-
mended in the K/DOQI guidelines [4]. Adequate dialysis
was defined as total Kt/V� 1.70, based on the ISPD and
K/DOQI guidelines [3,4]. We defined the Kt/V reach rate
as the percentage of Kt/V measurements that reached
� 1.70 in the first year of PD. All patients were divided
into three groups by reach rate: the dialysis inadequacy
group (Kt/V reach rate 0/3 times), the dialysis adequacy
group (3/3 times), and the dialysis intermittent
adequacy group (1/3 or 2/3 times). We divided the dia-
lysis intermittent adequacy group into two subgroups.
Patients with a 2/3 Kt/V reach rate were classified as the
higher-rate group, whereas those with a 1/3 Kt/V reach
rate were classified as the lower-rate group.
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Clinical outcome

The clinical outcome was a composite endpoint includ-
ing all-cause mortality and conversion to permanent
hemodialysis. Clinical outcomes were obtained from
the medical records of the PD center or were followed
up by telephone at the end of the study. Overall sur-
vival time was defined as the months elapsed between
the first day of PD and death for any reason, transfer to
hemodialysis, or the end of the study in October 2020.

Statistical analyses

Data were analyzed using SPSS statistics software (ver-
sion 25.0) and GraphPad Prism 8.0. Time-averaged val-
ues of the laboratory indicators were used for statistical
analysis. The time-averaged values were the average
values of the indicators within the 12-month follow-up.
The normality of continuous measurement data was
tested by the Kolmogorov-Smirnov test. Continuous
variables are expressed as mean± standard deviation
for variables with a normal distribution and median
(interquartile range) for variables with a skewed distri-
bution. Categorical variables are expressed as number
(n) and percentage (%). Multiple-group comparisons
were analyzed by analysis of variance or the Kruskal-
Wallis nonparametric test. Kaplan-Meier survival curves
and log-rank tests were used to evaluate the signifi-
cance of differences in clinical outcome between
groups and subgroups. The Cox proportional hazard
regression model was used to determine the associa-
tions between different Kt/V categories and clinical out-
come. The results are reported as hazard ratios (HRs)
with 95% confidence intervals (95% CIs), which are rep-
resented graphically in forest plots. A p value of < 0.05
was considered statistically significant.

Results

Patient characteristics

From 1 January 2013 to 31 October 2019, a total of 521
patients received CAPD at our hospital. According to
the exclusion criteria, 210 patients were enrolled in the
study (Figure 1). The mean age of incident patients was
45 (37,51) years at the onset of PD. Among the patients,
122 (58.1%) were males. Their BMI was 22.6 (20.8,24.6)
kg/m2. The primary causes of ESRD and their propor-
tions were as follows: chronic glomerulonephritis
(55.7%), hypertensive renal damage (28.6%), diabetic
nephropathy (2.4%), polycystic kidney (8.1%), and
unknown (5.2%) (Table 1). Most PD patients had hyper-
tension at the beginning of dialysis (88.6%), some had

cardiovascular disease (28.6%), and only 3.3% of all
patients had diabetes mellitus. Demographic and clin-
ical characteristics, including the CCI, are shown in
Table 1.

Comparison of clinical indicators and dialysis
adequacy between the three groups

A comparison of clinical indicators and dialysis
adequacy between the three groups is presented in
Table 2. Most indicators were time-averaged values.
There were significant differences in BMI,

Figure 1. Flow chart of patient selection. APD: automated
peritoneal dialysis; HD: hemodialysis; IPD: intermittent periton-
eal dialysis; PD: peritoneal dialysis.

Table 1. Baseline demographic characteristics for all incident
PD patients.
Characteristic Value

Number of patients (n) 210
Age at time of PD (years) 45 (37–51)
Male (n %) 122 (58.1)
BMI (kg/m2) 22.6 (20.8–24.6)
Cause of ESRD (n %)
Chronic glomerulonephritis 117 (55.7)
Hypertensive renal damage 60 (28.6)
Diabetic nephropathy 5 (2.4)
Polycystic kidney 17 (8.1)
Others 11 (5.2)

Comorbidity (n %)
Hypertension 186 (88.6)
Diabetes mellitus 7 (3.3)
Cardiovascular disease 60 (28.6)

CCI (n %)
0–2 116 (55.2)
3–4 83 (39.5)
�5 11 (5.2)

Data were express as median (interquartile range) or num-
ber (percentage).
BMI: body mass index; CCI: Charlson comorbidity index; ESRD: end-stage
renal disease; PD: peritoneal dialysis.
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phosphorus, creatinine, nPCR, RRF, total Kt/V, renal
Kt/V, and 24-h urine volume between the three
groups. In the dialysis inadequacy group, patients
were younger and had higher BMI, higher SBP, lower
hemoglobin, higher phosphorus, higher creatinine,
lower nPCR, lower RRF, lower total Kt/V, lower renal
Kt/V, lower total Ccr, and lower 24-h urine volume
than the dialysis adequacy group and dialysis inter-
mittent adequacy group.

Kaplan-Meier survival analysis of groups
and subgroups

The overall median follow-up time was 24.75months
(range: 12.20–91.57months). During follow-up, 59
(28.10%) patients reached the composite endpoint,
including 14 (6.67%) who died and 45 (21.43%) who
were transferred to hemodialysis. The causes of death
were cardiovascular disease (3 patients), cerebrovascu-
lar accidents (2), systemic failure (2), infection (1), hyper-
kalemia (1), and unknown (5). The causes of transfer to
hemodialysis were inadequate dialysis in 27 patients,
PD-related infections in 15 patients, and technical fail-
ure in 3 patients. For the composite endpoint event,
Kaplan-Meier survival curves revealed that the overall

survival was significantly better in the dialysis adequacy
group and dialysis intermittent adequacy group than in
the dialysis inadequacy group. Further subgroup ana-
lysis showed no significant difference in overall survival
between the lower-rate group and the higher-rate
group (Figure 2).

Cox regression analysis prognostic factors

The results of Cox hazard regression analysis for the
clinical outcome (mortality or technical survival) are
summarized in Table 3 and are displayed in a forest
plot. Univariate Cox regression analysis indicated that
sex, time-averaged albumin, time-averaged phos-
phorus, time-averaged HDL-C, and Kt/V reach rate were
associated with the clinical outcome. By multivariate
Cox regression analysis, female sex (HR ¼ 0.397, 95% CI
¼ 0.184–0.856, p¼ 0.018), time-averaged albumin (HR
¼ 0.925, 95% CI ¼ 0.859–0.996, p¼ 0.040), time-aver-
aged HDL-C (HR ¼ 0.273, 95% CI ¼ 0.078–0.961,
p¼ 0.043), and Kt/V reach rate were independent pro-
tective factors. Patients with a 3/3 Kt/V reach rate had
the highest overall survival. Compared with the dialysis
inadequacy group, the dialysis adequacy group had an
85% lower risk of the composite endpoint (HR ¼ 0.150,

Table 2. Comparison of clinical parameters and dialysis adequacy among three groups.

Characteristics
Dialysis inadequacy group

(n¼ 37)
Dialysis intermittent adequacy group

(n¼ 124)
Dialysis adequacy group

(n¼ 49) p Value

Age (year) 40.30 ± 11.29 45.50 ± 11.14a 45.33 ± 11.91a 0.045
BMI (kg/m2)� 25.13 (22.79–27.27) 23.00 (20.89–24.35)a 21.80 (20.18–23.24)a,b <0.001
SBP (mmHg)� 151.33 (140.67–159.83) 141.67 (135.67–154.00)a 142.67 (137.17–148.17)a 0.006
DBP (mmHg)� 89.67 (84.67–98.00) 87.33 (82.17–94.50) 89.33 (84.33–95.50) 0.134
Hemoglobin (g/L)� 96.29 ± 14.56 103.44 ± 14.24a 108.06 ± 14.26a 0.001
Albumin (g/L)� 33.21 ± 4.11 33.83 ± 3.77 34.34 ± 3.74 0.402
Potassium (mmol/L)� 4.33 (3.86–4.62) 4.23 (3.93–4.59) 4.08 (3.79–4.48) 0.285
Phosphorus (mmol/L)� 1.85 (1.68–2.04) 1.65 (1.45–1.97)a 1.54 (1.33–1.73)a,b <0.001
Calcium (mmol/L)� 2.15 (2.04–2.25) 2.14 (2.03–2.24) 2.21 (2.11–2.33) 0.082
iPTH (pg/mL)� 210.77 (123.06–338.32) 225.95 (140.44–333.80) 227.73 (114.49–400.00) 0.798
Creatinine (lmol/L)� 1080.67 (1002.50–1245.42) 937.08 (770.33–1048.50)a 760.67 (626.35–854.48)a,b <0.001
Uric acid (lmol/L)� 364.00 (339.33–408.67) 377.83 (327.42–412.25) 337.67 (299.00–379.67)a,b 0.004
Fasting glucose (mmol/L)� 4.20 (3.88–4.61) 4.36 (3.95–4.85) 4.15 (4.01–4.71) 0.348
Total cholesterol(mmol/L)� 4.09 (3.61–4.34) 4.18 (3.64–4.90) 4.43 (3.80–4.96) 0.168
Triglyceride (mmol/L)� 1.02 (0.70–1.42) 1.12 (0.90–1.39) 1.13 (0.91–1.36) 0.192
LDL-C (mmol/L)� 2.43 (2.04–2.82) 2.69 (2.20–3.26) 2.78 (2.19–3.19) 0.220
HDL-C (mmol/L)� 1.14 (0.88–1.44) 1.13 (1.00–1.35) 1.16 (0.94–1.50) 0.802
nPCR (g/kg/d)� 1.00 (0.86–1.13) 1.18 (1.00–1.40)a 1.32 (1.07–1.62)a.b <0.001
RRF (mL/min/1.73 m2)� 1.84 (1.10–2.64) 2.71 (1.55–3.89)a 3.97 (2.93–5.90)a,b <0.001
D/Pcr 0.72 (0.68–0.85) 0.73 (0.65–0.81) 0.72 (0.63–0.86) 0.740
Total Kt/V (per week)� 1.38 (1.27–1.48) 1.71 (1.62–1.87)a 2.15 (1.98–2.37)a,b <0.001
Renal Kt/V (per week)� 0.34 ± 0.19 0.62 ± 0.30a 1.03 ± 0.44a,b <0.001
Total Ccr [L/(w�1.73 m2)]� 60.67 (51.35–66.68) 61.05 (52.96–73.35) 75.68 (64.73–93.63)a,b <0.001
Urine volume (L/24 h)� 0.88 (0.58–1.13) 1.10 (0.70–1.63)a 1.75 (1.22–2.17)a,b <0.001

Data were express as mean ± SD or median (interquartile range).
Dialysis inadequacy group: patients with a Kt/V reach rate of 0/3 times; Dialysis intermittent adequacy group: patients with a Kt/V reach rate of 1/3 or 2/
3 times; Dialysis adequacy group: patients with a Kt/V reach rate of 3/3 times. Kt/V reach rate: the percentage of Kt/V measurements that reached �
1.70 in the first of PD.
BMI: body mass index; Ccr: creatinine clearance; D/Pcr: dialysate/plasma creatinine ratio at 4 h; DBP: diastolic blood pressure; HDL-C: high-density lipopro-
tein cholesterol; iPTH: intact parathyroid hormone; Kt/V: urea clearance index; LDL-C: low-density lipoprotein cholesterol; nPCR: normalized protein cata-
bolic rate; RRF: residual renal function; SBP: systolic blood pressure.
Comparison of dialysis inadequacy group, ap < 0.05; comparison of dialysis intermittent adequacy group, bp < 0.05.�Time-averaged values.
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95% CI ¼ 0.043–0.520, p¼ 0.003) and the dialysis inter-
mittent adequacy group, 51.3% (HR ¼ 0.487, 95% CI ¼
0.244–0.971, p¼ 0.041).

Discussion

In this study, we examined the association of the total
Kt/V reach rate with clinical outcomes (death and tech-
nical survival) among incident PD individuals. Patients

Figure 2. (a) Kaplan-Meier curves of the three groups for overall survival. Group A (Dialysis inadequacy group): patients with a Kt/V
reach rate of 0/3 times; Group B (Dialysis intermittent adequacy group): patients with a Kt/V reach rate of 1/3 or 2/3 times; Group C
(Dialysis adequacy group): patients with a Kt/V reach rate of 3/3 times. (b) Kaplan-Meier curve of the two intermittent subgroups
for overall survival. Group 1 (lower-rate group): patients with a 1/3 Kt/V reach rate; Group 2 (higher-rate group): patients with a 2/3
Kt/V reach rate. Kt/V reach rate: the percentage of Kt/V measurements that reached � 1.70 in the first year of PD.

Table 3. Cox hazard regression analysis of characteristics and clinical outcome.

Parameters Univariate Multivariate 

HR (95%CI) P value HR (95%CI) P value

389.0)sraey(egA 0.960-1.007  0.166 0.989 0.962-1.017   0.429 

Sex (male=1; female=2) 0.357 0.196-0.650  0.001 0.397 0.184-0.856   0.018 

Diabetes comorbidity (no=1; yes=2) 1.546 0.477-5.007  0.468 2.317 0.629-8.543   0.207 

CVD comorbidity (no=1; yes=2) 0.898 0.497-1.622  0.721 0.889 0.459-1.721   0.726 

BMI (kg/m2)* 1.058 0.962-1.163  0.247 1.035 0.902-1.188   0.625 

SBP (mmHg)* 1.014 0.996-1.033  0.121 1.002 0.980-1.025   0.851 

Hemoglobin (g/L)* 0.989 0.972-1.006  0.212 1.013 0.992-1.035   0.235 

Albumin (g/L)* 0.934 0.873-1.000  0.050 0.925 0.859-0.996   0.040 

Phosphorus (mmol/L)* 2.274 1.093-4.734  0.028 1.333 0.545-3.262   0.529 

HDL-C (mmol/L)* 0.374 0.158-0.883  0.025 0.273 0.078-0.961   0.043 

Uric acid (umol/L)* 1.002 0.998-1.006  0.400 0.996 0.990-1.001   0.120 

RRF (mL/min/1.73 m2)* 0.865 0.746-1.004  0.056 0.927 0.773-1.112   0.416 

326.0rcP/D 0.178-2.177  0.458 0.867 0.166-4.534   0.865 

etarhcaerV/tK

dialysis inadequacy group  Reference  Reference   

dialysis intermittent adequacy group 0.426 0.239-0.759  0.004 0.487 0.244-0.971   0.041 

dialysis adequacy group  0.145 0.059-0.356 0.001 0.150 0.043-0.520   0.003 

Data were expressed as HR and 95% confidence interval (95% CI).
Dialysis inadequacy group: patients with a Kt/V reach rate of 0/3 times; Dialysis intermittent adequacy group: patients with a Kt/V reach
rate of 1/3 or 2/3 times; Dialysis adequacy group: patients with a Kt/V reach rate of 3/3 times. Kt/V reach rate: the percentage of Kt/V
measurements that reached � 1.70 in the first of PD.
BMI: body mass index; CVD: cardiovascular disease; D/Pcr: dialysate/plasma creatinine ratio at 4 h; HDL-C: high-density lipoprotein choles-
terol; Kt/V: urea clearance index; RRF: residual renal function; SBP: systolic blood pressure.�Time-averaged values.
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in the dialysis adequacy group and the dialysis intermit-
tent adequacy group had a significantly better progno-
sis than those in the dialysis inadequacy group. We
confirmed the impact of Kt/V and the target Kt/V reach
rate on clinical outcome. This is the first study to use
the target Kt/V reach rate to predict the prognosis of
PD patients.

The relationship between Kt/V and prognosis
remains controversial [5], including studies from China.
Szeto et al. [13] found that Kt/V was an independent
predictor of clinical outcome only for new CAPD cases,
not for prevalent cases. Lo et al. [14] showed that Kt/V
had no effect on clinical outcome, but clinical problems
and severe anemia were significantly increased in
patients with total Kt/V below 1.70. While, another large
multicenter study from China [15] confirmed that Kt/V
was independently associated with one-year mortality
in a prognostic model. Similar result was observed in a
recent study from Taiwan [9] that lower Kt/V was a risk
factor for mortality among PD patients. Differences in
the study population, study design, methods, length of
follow-up, outcome definitions, and level of baseline
RRF can partially account for the inconsistent results. In
this study, we used Kt/V reach rate as the grouping vari-
able to analyze the relationship between Kt/V and prog-
nosis. Our study is consistent with the finding by Szeto
et al. [13] that patients in the dialysis adequacy group
had better clinical outcomes than those in the dialysis
inadequacy group. Furthermore, the Kt/V reach rate
was associated with prognosis.

There are several possible reasons for the relation-
ship between Kt/V and prognosis. First, Kt/V is an
important quantitative index to evaluate small solute
clearance, and is known as one of the major determi-
nants of dialysis adequacy. Second, Kt/V has a protect-
ive effect on RRF preservation [16]. Patients with better
RRF have a better prognosis [17]. Third, it has been
reported that high Kt/V can reduce the incidence of
peritonitis [8]. Peritonitis is a major cause of death and
technique failure in PD patients. Fourth, Kt/V is
inversely correlated with over-hydration [18], promoting
the removal of fluid and sodium. Last but not least,
there is a positive association between Kt/V and hemo-
globin [16], which can improve the prognosis.
Unfortunately, we did not see a difference in clinical
outcome between the lower-rate group and the higher-
rate group. A plausible explanation is that good clinical
status weakens the effect of Kt/V on prognosis, since
there was no difference in clinical indicators between
the two groups except BMI, creatinine, and RRF (data
not shown).

Consistent with previous research results, we found
a relationship between higher albumin or HDL-C and
better prognosis. Albumin is an indicator of nutritional
status. Hypoalbuminemia is associated with decreased
immune function, an increased risk of peritonitis, vol-
ume overload, and RRF loss [19]. Previous studies have
shown that hypoalbuminemia is a valid predictor of
mortality and technique failure [9,15]. HDL-C can pro-
mote reverse cholesterol transport, protect endothelial
cells, and have anti-inflammatory and antioxidant
effects on the development of atherosclerosis [20]. Yao
et al. [21] suggest that HDL-C is correlated with a reduc-
tion in adverse cardiac and cerebral events in CAPD,
possibly leading to a better prognosis. Diabetes can
affect the prognosis of PD patients [8,15], but our study
did not find a significant correlation. One possible rea-
son is that comorbidities only represented the baseline
situation, and the proportion of patients with diabetes
was low (3.3%), leading to negative results. We also did
not find a relationship between age and prognosis. It
may be that the age of PD patients in this study was
relatively narrowly distributed and relatively young.
This probably represented a type II error.

This study also revealed that female sex was an inde-
pendent protective factor. The risk in female patients
was approximately 60% lower than that in male
patients, in line with Kitterer et al. [22]. This could be
attributed to more careful and standardized operation
procedures, better compliance, and less peritonitis in
females than males [22]. In addition, as the body sur-
face of females is genetically smaller than that of males,
a lower dialysis dose was needed to achieve sufficient
dialysis, which was beneficial for prognosis [23].

Patients in the dialysis inadequacy group were
younger, had higher BMI, had poorer RRF, and had sig-
nificantly more clinical problems, such as higher SBP,
lower hemoglobin, higher blood phosphorus, and lower
nPCR. Kt/V is negatively correlated with BMI and posi-
tively correlated with RRF and nPCR [16]. Lower hemo-
globin and higher blood phosphorus are presumably
related to renal endocrine dysfunction and a deterior-
ation of calcium-phosphate metabolism regulation,
which are results of poor RRF. RRF is important in PD
patients [17]. However, time-averaged RRF was not an
independent prognostic factor in our study. This may
be related to the decline in RRF with dialysis time, so
the protective effect of RRF gradually disappeared.
Wang et al. [24] found that RRF decline in the first year
of PD was an independent predictor of prognosis dur-
ing the first 3 years of PD therapy, while after more
than 3 years, RRF decline no longer correlated with clin-
ical outcomes. Another notable point is that patients
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were younger in the dialysis inadequacy group. Some
plausible explanations are as follows: First, young peo-
ple have higher resting energy expenditure. Resting
energy expenditure is negatively correlated with total
Kt/V [25]. Second, younger patients had poor RRF at the
start of PD due to the late initiation of dialysis. This
delay in the initiation of dialysis may have been due to
poor psychological acceptance of dialysis and a reluc-
tance to initiate dialysis, or to their strong tolerance to
toxins. Third, young people have worse compliance. An
irregular lifestyle and poor dietary control can affect the
therapeutic effect of PD. Some young patients refuse to
increase the dialysis dose to avoid impacting their
social lives or work during the dialysis interphase.

This study confirmed the long-term impact of dialy-
sis adequacy and Kt/V reach rate in the first year on the
prognosis of PD patients. Monitoring the change of Kt/
V had significant value during the period of PD therapy.
In our study, it had a longer observational period than
the 2–3 years of most short-term observational studies.
At least 27.62% (58/210) of patients were followed up
for more than 3 years, and the maximum follow-up dur-
ation was 91months. Our study does have several limi-
tations. First, it was a single-center study with relatively
few patients. Second, it was a retrospective study, so
there may be confounding factors. Third, we excluded
patients who had missing Kt/V data at 3, 6, or
12months in the first year of CAPD and patients with
endpoint events within 1 year to exclude the ‘sicker’
patients, which may have caused selection bias.
Moreover, the proportion of patients with diabetes was
low (3.3%), so the results may not be applicable to PD
patients with diabetes. Finally, most of the 210 patients
were in the dialysis intermittent adequacy group, lead-
ing to a bias from the uneven distribution of patients
between the different groups. Multicenter, large-sample
prospective cohort studies are still needed to confirm
the effect of total Kt/V on prognosis and the role
of RRF.

Conclusion

The target Kt/V reach rate has a long-term effect on the
clinical outcome of PD patients. A sustained Kt/V� 1.70
is crucial for maintaining a better prognosis in prevalent
PD patients. Our findings can provide a reference for
the prognosis and adjustment of dialysis prescriptions
of PD patients.
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