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Background: Nutritional status can be an important, dynamic determinant of clinical outcomes in kidney transplant recip-
ients. This study investigated the trajectory and potential classes of the prognostic nutritional index (PNI) in
kidney transplant recipients using a latent class growth model (LCGM), and assessed their predictive role in re-
nal allograft function.

Material/Methods: This retrospective study included 257 kidney transplant recipients who received treatment in a tertiary hos-
pital in Anhui Province from January 2019 to November 2020. Their data were collected at each 4 timepoints:
TO (pre-surgery, using the results of the recipient’s most recent laboratory test prior to transplant), T1, T2, and
T3 (1, 6, and 12 months, respectively after transplant surgery). The LCGM was conducted using Mplus 8.4, and
a multiple linear regression model was employed to examine the ability of PNI trajectory to predict renal al-
lograft function.

Results: Using LCGM, 2 classes of PNI patterns best fit the sample: the low PNI slow growth group (C1, n=122,47.5%)
and the high PNI fast growth group (C2, n=135, 52.5%). The linear regression showed that being a woman and
being in the high PNI fast growth group were negative predictors of a high creatinine level (B=-35.946, P<0.001;
B=-15.147, P=0.023).

Conclusions: There were 2 trajectories of PNI in the sample, with lower creatinine values 1 year after transplantation in the
high PNI fast growth class. The initial level and developmental rate of PNI can positively predict renal allograft
function. PNI may serve as a prognostic marker for renal allograft function in kidney transplant recipients.
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Introduction

Kidney transplantation is currently regarded as being a bet-
ter kidney replacement therapy for treatment of patients with
end-stage renal disease than hemodialysis or peritoneal dial-
ysis [1]. In 2020, the annual number of kidney transplant re-
cipients (KTRs) in China was 11037, second only to the United
States [2]. However, the number of patients on the waiting list
continues to rise, and the demand for kidney transplants far
exceeds the supply of available organs. Therefore, improving
the long-term survival rate of grafts and reducing the need for
re-transplantation are of paramount importance. Maintaining
renal allograft function is the key to minimizing the complica-
tions associated with advanced chronic kidney disease (CKD)
and improving patient survival [3]. However, KTRs may face
many health problems because of chronic rejection, immuno-
suppression, and complications, which can seriously affect the
survival of the transplanted kidney [4]. It is critical to accurate-
ly predict the renal allograft function and to look for influenc-
ing factors so that suitable interventions can be implemented.

In addition to post-transplant complications such as rejec-
tion and infection, nutritional status may be a significant de-
terminant of clinical outcomes in KTRs [5]. Although KTRs
are no longer subject to most dietary restrictions after trans-
plantation and may experience increased appetite, potential-
ly improving their nutritional status, the use of immunosup-
pressants and glucocorticoids can promote gastrointestinal
discomfort, lead to dysbiosis, and interfere with nutrient ab-
sorption. Simultaneously, these medications can also contrib-
ute to dyslipidemia, glucose metabolism disorders, and other
complications [6]. Studies have shown that extremes of body
mass index (BMI) (both obesity and underweight) are associ-
ated with poorer survival and graft function in KTRs [7]. In a
study involving 451 KTRs, nearly 80% were classified as being
at moderate to high risk of malnutrition. Patients with higher
risk of malnutrition were associated with lower graft survival
rates and higher incidence of infections [8]. Furthermore, mal-
nutrition in KTRs is an important factor in the development
of complications and can affect renal allograft function [9].

The prognostic nutritional index (PNI) is a marker determined
by the serum albumin level and lymphocyte count in the pe-
ripheral blood and can reflect both the nutritional and immune
status of the patient [10]. Compared with other nutritional as-
sessment tools, PNI is a simple and objective indicator, suitable
for rapid assessment of nutritional status [11]. In recent years,
the PNI has attracted increased attention in the field of kidney
disease. Studies have suggested that the PNl is an independent
prognostic factor for CKD [12,13]. A large-sample retrospec-
tive study of patients with CKD demonstrated that a low PNI
was associated with higher all-cause mortality [14]. Another
study demonstrated that a higher PNI is associated with a
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reduced risk of all-cause mortality and cardiovascular mortal-
ity in hemodialysis patients, and found that PNI is a stronger
predictor of mortality than serum albumin levels or total lym-
phocyte count [15]. Among KTRs with COVID-19, those with
a lower PNI exhibited a higher mortality rate [16]. More and
more researches have utilized the PNI as a marker of immu-
nonutrition to predict disease progression and outcomes [17].

A study that tracked PNI trends in KTRs showed that PNIs stabi-
lized after an initial increase in the post-transplant period [18],
but it did not further investigate and explore the heterogene-
ity in the development of the PNI within samples. In practice,
the trajectory of change in the PNI can vary among individu-
als and there may be different subgroups of PNI trends. The
latent class growth model (LCGM) is a statistical method that
offers significant advantages over traditional growth curves or
multilevel models in analyzing longitudinal data. Specifically,
it not only assesses overall trends but also accounts for pop-
ulation heterogeneity, enabling a more nuanced understand-
ing of variation patterns within individuals or groups [19]. It
assumes the existence of several qualitatively different class-
es within a group, allowing for more accurate characterization
of the trajectory of variables [20].

Understanding the trajectories of the PNI, especially in the ear-
ly post-transplantation period, is key to understanding mech-
anisms behind changes in the nutritional and immune status
of KTRs and the implementation of preventative strategies. In
this study, we sought to characterize the trajectories of the PNI
of KTRs by using an LCGM and explored the predictive abil-
ity of different trajectories of PNI in renal allograft function.

This study had 2 hypotheses:

H1. There are different trajectories of the PNI in KTRs over
time.

H2. The initial level and developmental rate of the PNI can be
used to predict renal allograft function.

Material and Methods

Design and Sample

This was a retrospective study. We chose subjects who had re-
ceived a kidney-only transplant at our center between January
2019 and November 2020. The inclusion criteria were: (1) 18
years of age or older, (2) followed up regularly at our outpa-
tient department for more than 1 year after the operation, (3)
complete clinical data and follow-up information. The exclu-
sion criteria were: (1) acute rejection or graft failure during the
data collection period, (2) received exogenous insulin within
24 hours of exogenous albumin infusion at the time of collec-
tion of laboratory indicators [21], (3) severe edema or acute
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inflammatory states at the time of laboratory data collection.
Severe edema was defined as edema extending to the super-
ficial tissues of the entire body, accompanied by deep-tissue
depression after pressing with the thumb, and a slow recovery
period or worse [22,23]. The acute inflammatory state, defined
by elevated levels of C-reactive protein (CRP) (>10 mg/L) [24],
may originate from either infectious or sterile causes. As there
are no explicit sample size requirements for LCGM [20], based
on the inclusion and exclusion criteria within the research pe-
riod, we collected information on 257 patients.

Ethical Consideration

This study was approved by the Ethics Committee of the First
Affiliated Hospital of the University of Science and Technology
of China (approval no. 2022-RE-416) and conformed to the pro-
visions of the Declaration of Helsinki. The data for the study
were obtained through a retrospective review of a database;
therefore, the requirement for informed consent was waived.

Measurements

The following data were collected on all subjects: age, sex,
level of education, marital status, height, weight, residence,
source of the transplanted kidney, dialysis-related data, com-
plications, and laboratory data history (serum creatinine lev-
els, serum albumin levels, lymphocyte count). PNI=10xserum
albumin (g/dL)+0.005xtotal lymphocyte count (/mL). Direct
measurement of glomerular filtration rate (GFR) using exog-
enous filtration markers (eg, inulin) is the criterion standard
for estimating kidney function. However, the methods used
to measure GFR are complex and costly. Serum creatinine is
a widely used endogenous biomarker reflecting GFR. Its con-
centration is negatively correlated with GFR and indirectly re-
flects GFR [25]. In addition, creatinine is easy and inexpensive
to measure. Given the realities of follow-up of KTRs, creati-
nine was used as an index to assess the function of the trans-
planted kidney in this study.

Data Collection

Trained researchers used a comprehensive database known as
the Hospital Information System, which has all data we need-
ed to use. Laboratory data were collected at each time point:
TO (pre-surgery, using the results of the recipient’s most recent
laboratory test prior to transplant), and T1, T2, and T3 (1, 6,
and 12 months, respectively, after surgery). The 2019 Chinese
guidelines for post-kidney transplant follow-up [26] categorize
follow-up into 3 phases: early (within 3 months after transplant),
intermediate (3-6 months after transplant), and long-term (be-
yond 6 months after transplant). Combining the frequency and
focus of follow-up, postoperative months 1, 6, and 12 were
selected as the timepoints for PNI measurement in this study.
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Data Analysis

Microsoft Excel 2019 was used for entering the data, and IBM
SPSS V.26 was used for analyzing the statistical data. Mean,
standard deviation, percentages, and frequency counts were
used for the descriptive statistics. The trajectories of the PNI
of the KTRs were classified using LCGM. Mplus 8.4 was used
for the LCGM. The analysis used the Akaike information criteri-
on (AIC), the Bayesian information criterion (BIC), the adjusted
BIC (aBIC), entropy, the Lo-Mendell-Rubin (LMR) likelihood ra-
tio test, and the bootstrapped likelihood ratio test (BLRT) test
to determine the number of latent classes. The optimal class
model was determined based on the principle that “higher en-
tropy, lower AIC, BIC, and aBIC, and significant P values for both
LMR and BLRT resulted in a better model fit” [27]. Meanwhile,
the number of people in each subgroup should not be less than
5% of the total number of people in this study. SPSS 26.0 soft-
ware was used to analyze the characteristics of different tra-
jectories of PNI. A multiple linear regression was performed
to investigate the relationship between different trajectories
of PNI and renal allograft function in KTRs.

Results

General Information of the KTRs

A total of 257 KTRs were analyzed in this study. Most of the
participants were male (75.5%). They ranged in age from 18
to 55years, and their mean (SD) age was 32.54 (7.31) years.
Their BMI ranged from 15.82 to 33.77 kg/m?, and their mean
(SD) BMI was 21.82 (3.37) kg/m?2. All of these KTRs had received
a living donor transplant from a matched relative. The preop-
erative comorbidities among KTRs were: hypertension (225
cases), diabetes (1 case), heart disease (1 case), hypertension
combined with heart disease (7 cases), hypertension combined
with diabetes (1 case), and hypertension combined with cere-
brovascular disease (3 cases: 1 brainstem hemorrhage and 2
cerebral infarctions). More information on the condition and
characteristics of the patients is given in Table 1.

Trajectories of the PNI of KTRs

Table 2 lists the mean, SD, and Pearson correlation coefficient
matrix for the PNI at the 4 measurement timepoints. The re-
sults show a positive pairwise correlation (P<0.01) between the
PNI values at the 4 measurement time points, reflecting the
continuity of developmental change. The mean of the 4 mea-
surements tended to increase and then decrease.

Prior to conducting the LCGM, we had to decide how to code
time. Data were collected at the following assessment points:
pre-surgery, 1 month after surgery, 6 months after surgery, and
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Table 1. Sociodemographic and clinical characteristics of the KTRs (n=257).

Characteristics n (%)
Sex
Male 04 755
Female 6 3 77777777777777777777777777777777777 245 77777777777777777
Level o education
Primary school and below 2 3 7777777777777777777777777777777777777 89 77777777777777777
jnior highschood 123 77777777777777777777777777777777777 479 77777777777777777
Senior high school or technical secondary school 5 0195 77777777777777777
College and above 6 1 77777777777777777777777777777777777 237 77777777777777777
Marital status
Maried 7 6 77777777777777777777777777777777777 296 77777777777777777
Single 7 665
Other o 39
Residence
Rwal a8 83
Urban s 7
Dialysis-related data
Hemodialysis 182 77777777777777777777777777777777777 708 77777777777777777
Peritoneal dialyss 5 0195 77777777777777777
Combined dialysis 5 7777777777777777777777777777777777777 19 77777777777777777
Nodialyss 2 0 7777777777777777777777777777777777777 78 77777777777777777
Preoperative comorbidies
N v 74
Yes 28 026

KTRs — kidney transplant recipients.

Table 2. Descriptive statistics and correlations among the PNI at the 4 measurement timepoints.

M (SD) TO-PNI
TO-PNI 47.18 (5.47) 1
CTeen 5786 (760) 023"
Dt 5772 568 036"
CTen 5686 (605) | 026

T1-PNI T2-PNI T3-PNI
1
0.47* 1
0.49* 0.53* 1

SD - standard deviation; PNI — prognostic nutritional index; * P<0.01

12 months after surgery. Thus, we chose to freely estimate
the remaining factor loadings to reflect times that might not
follow a standard mathematical shape. Model fit was evalu-
ated based on AIC, BIC, aBIC, LMR, BLRT, and entropy values
in Mplus, to determine the number of classes comparing k-1
models. The LCGM model with 3 classes had slightly better
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AIC, BIC, aBIC, and entropy values than did the model with 2
classes (Table 3). However, LMR and BLRT are used to exam-
ine whether the k-class models are a significant improvement
over the k-1 class models in terms of fit, and are an important
reference for model acceptance. Also, in principle, a model is
only considered for acceptance if the LMR is significant. The
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Table 3. Indicators of fit for models with 1-3 latent classes for PNI.

Class AIC BIC aBIC
1 6659.49 6687.89 6662.52
”””””” 2 esoss1 654785 651298
”””””” 3 ea6007 651876 647438

Entropy LMR BLRT Proportion
/ / / /
oss oor o 047053
o0 016 0 owse30ss

PNI — prognostic nutritional index; AIC = Akaike information criterion; BIC — Bayesian information criterion; aBIC — sample size-
adjusted BIC; LMR — Lo-Mendell-Rubin; BLRT — bootstrapped likelihood ratio test.
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Figure 1. Trends and latent classes of PNI in KTRs. PNI — prognostic nutritional index; KTRs — kidney transplant recipients. The times
represented by TO, T1, T2 and T3, are pre-surgery and 1, 6, and 12 months after surgery, respectively.

LMR and BLRT values for the model with 2 classes were both
less than 0.05 and the entropy value was 0.66, making the
model acceptable. Therefore, the model containing 2 classes
was selected for this study.

The mean value of the intercept describes the average initial
state of the individual. The mean of the slope reflects the av-
erage growth rate between timepoints. The significance of the
mean of the intercept and the mean of the slope represents
the difference in the initial level and the growth rate, respec-
tively [28]. Based on the trajectories shown in Figure 1, KTRs
were classified into 2 distinct groups: a low PNI slow growth
group (Class 1[C1]; intercept: 44.67; slope: 9.25), characterized
by lower initial PNI values and a slower rate of increase over
time, and a high PNI fast growth group (Class 2[C2]; intercept:
49.44; slope: 12.01), characterized by higher initial PNI values
and a faster rate of increase over time. Consequently, the KTRs
were divided into C1 (n=122, 47.5%) and C2 (n=135, 52.5%).
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The Predictive Role of PNI Trajectory on Serum Creatinine
Levels

The KTRs serum creatinine levels of T3 measurements ranged
from 55 to 294 pmol/L, and their mean (SD) creatinine level
was 110.95 (39.07) umol/L. Age, sex, BMI, PNI trajectory, level
of education, marital status, residence, dialysis-related data
and preoperative comorbidities were the independent vari-
ables, with T3 serum creatinine as the dependent variable.
Since sex, PNI trajectory, level of education, marital status,
residence, preoperative comorbidities and type of dialysis are
categorical variables, dummy variables were set for each cat-
egorical variable to perform multiple linear regression analy-
ses. The results of the multiple linear regression model showed
that sex and PNI trajectory were determinants of serum creat-
inine level. Women (B=-35.95, P <0.001) and the high PNI fast
growth group (B=-15.15, P=0.023) were more likely to have a
lower level of creatinine. These results are presented in Table 4.
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Table 4. Results of the multiple linear regression model.

Age (Year) -0.56 0.58
CBMikgm) 087 098
CPNRclass2 as1s 664
women 3595 719
* junior high school - a0 1148

ts:cnr:::ircgllgs:cscca:zglr;;chool 13.39 13.21

College and above 1.10 13.22
Maried 173 846
 Othermarital status %73 1782
 Residence-Urban 878 871
'""r:léoéc;';;&;t'{&é};;h"&r'i;a&}'t}é; """""""" = . e
 Peritoneal dialysis 7 795
© Combined dialysis - e 258
Nodialysis 0 1174
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0.334 -1.69 0.58
0.372 =21/ 1.05
0.023 -28.23 -2.06
<0.001 -50.11 -21.78
0.883 -24.30 2091
0.312 -12.63 39.42
0.934 -24.94 27.14
0.167 -4.93 28.39
0.135 -8.38 61.83
0.314 -8.37 25.93
0.870 -24.87 21.05
0.141 -27.41 3.92
0.942 -46.11 42.84
0.989 -23.28 22.97

Cl — confidence interval; SE — standard error; BMI — body mass index; PNI — prognostic nutritional index.

Discussion

Previous studies of KTRs’ nutritional status were mostly cross-
sectional. Gradually, KTRs’ level of health, dose of immunosup-
pressants and psychological status are constantly changing,
which leads to a change in KTRs’ nutritional status. Therefore,
this study not only explored how the PNI of KTRs changed over
time from before the surgery to 1 year after surgery, but also
plotted their trajectories. By using LCGM, we identified 2 tra-
jectory groups in KTRs, and named them the “low PNI slow
growth group” and the “high PNI fast growth group”.

Two trajectories demonstrated a similar shape, and the PNI
of the KTRs show a trend of increasing and then decreasing
within 1 year. Compared to the preoperative PNI values, the
PNI improved significantly at 1 month postoperatively. From
6 months postoperatively, the PNI values tended to decrease
slowly but remained higher than before transplantation. This
indicated that transplantation significantly improved the nu-
tritional status of patients with end-stage renal disease and
that this status was maintained over a certain period of time.
Our study found a similar trend to that of a Japanese longitu-
dinal study of PNI in KTRs [18]. The PNI at 1 month after kid-
ney transplantation was almost equal to the preoperative PNI
and then gradually increased until 12 months after the opera-
tion, when it began to slowly decline. Our study showed that
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the inflection point at which PNI values changed from a rapid
increase to a slow decrease was at 6 months postoperatively,
which may be related to the fact that the immunosuppressive
dose was at a maintenance level at this time, and the recipi-
ent’s body gradually recovered its ability to resist infection and
stabilized its immune and nutritional status [26]. Furthermore,
such a discrepancy could arise because of a “honeymoon pe-
riod”, termed as such because studies have shown that the
level of health and quality of life of KTRs show an initial trend
towards improving followed by a slow decline. The time of
“honeymoon period” has been controversial. A study dem-
onstrated that KTRs experienced significant improvements in
physical functioning and the physical domains of health-relat-
ed quality of life (HRQOL) domains during the first postopera-
tive year [29]. Another study suggested that there is a greater
likelihood of frailty 2.5 years after kidney transplantation [30].

In our study, the linear regression analysis results showed
that female sex was an independent predictor for postopera-
tive creatinine values. It is well known that women generally
have lower baseline serum creatinine levels [31], so this will
not be discussed in the present paper. We also found that be-
ing in the high PNI fast growth group and having lower cre-
atinine values were protective factors for renal allograft func-
tion. Lower PNI means decreased lymphocytes and serum
albumin. Albumin is a major circulating protein that plays a
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number of biological roles, such as maintaining osmotic pres-
sure and transporting a variety of molecules. Although albu-
min is not a reliable indicator of nutritional status, it can be
considered as a complementary tool in assessing nutritional
health. Its concentration can be affected by the patient’s flu-
id status, systemic inflammation, the presence and extent of
proteinuria and other conditions [32]. A cohort study of CKD
patients showed a negative and non-linear association be-
tween serum albumin and renal function decline, as well as
renal prognosis. Serum albumin levels decline was closely re-
lated to poor renal prognosis and renal function decline [33].
It has also been reported that severe pretransplant hypoalbu-
minemia is an independent risk factor for graft loss [34], and
B cell lymphopenia was negatively correlated with the progres-
sion of CKD[35]. Previous studies on the PNI of those who had
undergone a solid organ transplant indicated that preopera-
tive low PNI was an independent risk factor for a poor prog-
nosis [36,37]. Our study indicated that both the preoperative
PNI and the dynamically changing level of PNI are highly like-
ly to affect the prognosis. In addition, a higher initial PNI lev-
el was linked to a faster growth rate in the 2 PNI trajectories
in this study. The correlation and mechanism of the initial PNI
value with the PNI growth rate have yet to be further explored.

PNI may be a useful marker of prognosis in KTRs, as it is a
comprehensive marker that integrates immune, nutritional,
and chronic inflammation. Although a lower PNI can be in-
fluenced by non-nutritional factors, hypoalbuminemia is of-
ten associated with malnutrition [17]. The Expert Consensus
on Accelerated Perioperative Rehabilitation Management of
Kidney Transplantation in China (2018) clearly states that pre-
transplantation nutritional assessments and post-transplanta-
tion monitoring of nutritional status will facilitate rapid post-
transplantation recovery [38]. An investigation conducted in
China revealed that the prevalence of malnutrition among
KTRs at the time of hospital discharge was 42.0% [39]. In a
retrospective study, Orazio et al observed that only 35% of the
KTRs received nutritional care in accordance with the guide-
lines [40]. Therefore, we recommend continuous monitoring
of PNI in KTRs, targeted intervention based on different PNI
trajectories, and the provision of phased and individualized
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nutritional support. Particular attention should be paid to the
intake of immune-related micronutrients, such as vitamin D
[32]. Furthermore, the implementation of dynamic monitoring
of drug concentrations is imperative to avert excessive sup-
pression of lymphocytes. In summary, to improve the progno-
sis of KTRs, the prevention and timely correction of low pro-
tein and/or lymphocyte levels are crucial.

The small sample size and retrospective and single-center de-
sign are limitations of this study. Nutritional status and renal
allograft function should be assessed not only by PNI and cre-
atinine, but also by malnutrition inflammation score, skinfold
measurements, and estimated GFR [32]. Due to lack of data,
these indicators could not be examined in this study. To con-
firm our findings, prospective cohort studies with longer fol-
low-up and larger sample sizes are needed.

Conclusions

This study found 2 trajectories of PNI in the sample by LCGM,
and detected that the high PNI fast growth group had lower
creatinine levels 1 year after transplantation. The initial level
and developmental rate of PNI can positively predict renal al-
lograft function. In follow-up work, we will explore an optimal
cutoff value for PNI in KTRs and population characteristics of
different trajectories of PNI, to identify KTRs at particular risk
in advance and provide early intervention.
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