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Background: Cystatin C (Cys) is considered to be a better marker than serum creatinine in assessing kidney function, pre-
dicting cardiovascular events, and all-cause mortality. It seems to be associated with nutritional status in the
general population, but little is known about kidney transplant recipients (KTRs). This study aimed to explore
the relationship between dietary balance index and serum Cys in KTRs.

Material/Methods: In a cross-sectional study, 215 KTRs completed an FFQ questionnaire and information on serum Cys. Dietary
intake was assessed using the Food Frequency Questionnaire (FFQ). Dietary Balance Index 2016 (DBI-16) edi-
tion scores were calculated as an indicator of dietary quality. Data on the patient’s serum Cys were obtained
through the hospital information system.

Results: The majority of KTRs were male (75.34%), 76.74% were aged 18-44 years, and 79.53% were abnormal serum
Cys. Dairy (z=-2.161, P<0.05), meat (z=-2.578, P<0.05), and dietary diversity (z=-3.393, P<0.05) in the normal
group were higher than those in the abnormal group, and the dietary quality distance (DQD) score (t=-2.264,
P<0.05) was lower than that in the abnormal group. After adjusting for confounders, a low-quality diet was a
risk factor for maintaining the normal level of serum Cys (OR 3.022, 95% Cl 1.263-7.231, P<0.05).

Conclusions: The present study suggested that KTRs with a high dietary quality might be associated with normal serum Cys
levels. Dairy, meat, and varied diet seems to impact the serum Cys levels of KTRs. Dietary imbalances were
prevalent among KTRs.
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Background

In recent years, the number of patients with end-stage kidney
disease in China has increased each year [1,2]. The long-term
survival rate of those who have received a kidney transplant
is much higher than for those who undergo dialysis treat-
ment; therefore, a kidney transplant has become the first-
choice treatment for those with end-stage kidney disease [3,4].
According to the World Health Organization Global Donor and
Transplantation Database, 65,116 kidney transplants were per-
formed worldwide in 2017 [5]. The Chinese Kidney Transplant
Scientific Registry showed that China ranked second in the
number of kidney transplants performed in 2020, at more than
150,000 [6]. Although the 1-year survival rate for those who
have received a transplanted kidney is as high as 95% after ex-
isting surgical, immunosuppression, and monitoring protocols
are followed, the long-term survival of kidney transplant recip-
ients (KTRs) has not significantly improved [7]. Studies have
shown that cardiovascular disease, rejection, diabetes, infec-
tion, and other complications after transplantation seriously
affect the long-term prognosis and quality of life of KTRs [8].

Serum cystatin C(Cys) is considered to be a better marker than
serum creatinine in assessing kidney function, predicting car-
diovascular events, and all-cause mortality [9-12]. In addition,
serum Cys is a reliable biochemical indicator for detecting
kidney function and identifying risk factors for postoperative
transplantation kidney function in KTRs [13-15]. Studies have
showed that a serum Cys -based equation is a better predictor
of allograft function than a creatinine-based equation and is a
good proxy for monitoring allograft function [16]. HoSkova et
al showed that the level of serum Cys can predict acute kidney
injury after transplantation [17]. Serum Cys is not only affect-
ed by age, sex, race, and smoking, but is also likely affected by
diet [15]. Magnusson et al confirmed that serum Cys seems to
be related to metabolic syndrome, but metabolic syndrome is
easily affected by dietary factors [18]. Vallianou et al found that
the increase in Mediterranean diet score in healthy people is
related to the decrease of serum Cys level, which means that
the Mediterranean diet can reduce serum Cys levels, thus re-
ducing vascular risk [19]. Ludwig-Borycz et al found that in the
elderly, consumption of milk, eggs, and meat is related to the
level of serum Cys, and organic food consumption can reduce
the level of serum Cys [20]. What’s more, studies have shown
effective nutritional management is the best strategy for pro-
longing graft survival, improving graft kidney function, and re-
ducing all-cause mortality in KTRs [21]. However, little is known
about the relationship between serum Cys and diet in KTRs.

Recent research on nutrition in KTRs has focused on the intake
of nutrients or foods and how this relates to control of complica-
tions [22-24]. Two US longitudinal studies have shown that diet
quality seems to be associated with serum Cys in the elderly,
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with high-quality diets leading to healthier serum cystatin C out-
comes, but less research has been conducted on the relation-
ship between diet quality and serum Cys in KTRs [25,26]. Studies
have shown that due to the complexity of diets, dietary quali-
ty is a more reliable nutritional monitoring indicator than nutri-
tion [27]. It is very important to use reliable indicators of dietary
quality to evaluate the relationship between diet and disease.
In recent years, various dietary evaluation indicators have been
developed around the world. Examples are the desirable dietary
pattern (DDP), the healthy eating index (HEI), and the dietary
quality index (DQI), which are based on Western dietary pat-
terns. The diet balance index-16 (DBI-16) is based on the dietary
guidelines and the balanced diet pagoda for Chinese residents.
Its advantage is that it can evaluate dietary quality as a whole
and can also evaluate the deficiency and excess of dietary in-
take, and it has been widely used to evaluate dietary quality of
all kinds of people in China [28]. Thus, it provides better guid-
ance for the target population in preventing the occurrence of
nutrition-related diseases. In the present study, we aimed to as-
sess the dietary quality of KTRs using the DBI-16, and to explore
the relationship between dietary quality and serum Cys in KTRs.

Material and Methods

Participants

Through the convenience sampling method, patients who
were revisited in the kidney transplant outpatient clinic of the
First Affiliated Hospital of University of science and technol-
ogy of China were selected as subjects from October 2020 to
April 2021. Based on Kendall’s proposal that the sample size
of studies on variables influencing factors is at least 5 to 10
times the number of variables, a total of 21 variables in this
study, calculated according to the sample size is 10 times the
number of variables, this study needed at least 210 patients.
There were 228 KTRs who volunteered to participate in the
study, and those with incomplete information were excluded,
resulting in 215 participants. The participants were recipients
of single-kidney transplants. Exclusion criteria were: (1) recipi-
ents of multi-organ transplants, (2) patients with language dis-
orders, (3) patients with cognitive impairment, (4) daily en-
ergy intake exceeded the usual permissible ranges of 500 to
3500 kcal/d for women and 800 to 4000 kcal/day for men.

Study Design

This was a cross-sectional study. Prior to the formal survey, 2 in-
vestigators were uniformly trained by a faculty member special-
izing in nutrition. After patients presented themselves at the KTR
clinic, the researchers collected their demographic information
and dietary data using a questionnaire. These patients’ medical
records were obtained through the hospital information system.
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The participating patients were taken to a quiet consultation
room where the researchers interviewed the patients face-to-
face using a questionnaire that was completed on the spot by
the researcher. To accurately assess the patient’s intake of vari-
ous foods, the researcher showed the patient the mold of a food
container as a reference. The interview took approximately 30
minutes per patient, and it took approximately 10 minutes to ex-
tract the laboratory test reports related to kidney function. The
2 researchers then entered the data from the completed ques-
tionnaire and the laboratory data into an Excel spreadsheet. The
data were then handed over to the data analysis team. The data
analysis team did not know the patients’ identifying informa-
tion and thus could not relate the data to individual patients.

Questionnaire
Demographic Data

Demographic information included age, sex, height, place of
residence, education, weight, height, history of smoking and
alcohol consumption, source of the transplanted kidney, time
since transplantation, mode of dialysis prior to kidney trans-
plantation, and drug treatment plan. We calculated a volume
body mass index (BMI) and, in accordance with the reference
standard for the Chinese population, patients were divided
into an underweight group (BMI <18.5), a normal weight group
(18.5< BMI <24), and an overweight group (BMI >24). We clas-
sified age according to the World Health Organization’s crite-
ria for age groups as a youth (18-44 years) and middle-aged
(45-59 years). The drug treatment plan included a tacrolimus
treatment plan and a cyclosporine treatment plan.

Dietary Intake Information

The Food Frequency Questionnaire (FFQ) [29], which has been
validated for reliability, was used in combination with food
molds to collect information on the patient’s dietary intake
in the past year by means of face-to-face interviews. The FFQ
questionnaire was based on foods with high intake frequen-
cy as determined by the 2002 China National Nutrition Survey
and adjusted for the dietary habits of the local population. A
total of 131 different kinds of food were included. We classi-
fied these foods into 9 categories: cereals, vegetables, fruits,
dairy products, legumes, animal foods, aquatic foods, eggs,
and pure energy foods. We also added the categories of ed-
ible oils and spices. Oils and spices were assessed based on
the patient’s monthly consumption list.

DBI-16 [28]
The DBI-16 is an effort to evaluate dietary quality more ratio-

nally under the guidance of the Dietary Guidelines for Chinese
Residents published in 2016. It contains 8 food indicators,
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namely (range of values) (1) Cereals (-12-12) (2) Fruits and
vegetables (vegetables 6-0, fruits 6-0); (3) Dairy and soybeans
(dairy 6-0, soybeans 6-0); (4) Animal foods (meat 4-4, fish 4-0,
eggs 4-4); (5) Pure energy foods (cooking oil 0-6, alcohol 0-6);
(6) Condiments (sugar 0-6, salt (0-6); (7) Varied diet (-12-0);
and (8) water (-12-0). If data on water consumption are lacking,
they could be ignored in the evaluation. A varied diet was cal-
culated based on 12 food groupings: rice, pasta, coarse grains
and potatoes, dark vegetables (>500 ug carotenoids per 100 g
of vegetables), light vegetables (<500 ug carotenoids per 100
g of vegetables), fruits, soy products, dairy products, livestock,
poultry, eggs, and fish and shrimp.

The low bound score (LBS) of the scale is the sum of the ab-
solute values of all negatively assigned index scores, reflect-
ing inadequate dietary intake, and ranges from 0 to 60. The
high bound score (HBS) of the scale is the sum of all positive-
ly assigned index scores, reflecting excessive dietary intake,
and ranges from 0 to 38. The dietary quality distance (DQD)
is the sum of the absolute values of each index, reflecting di-
etary imbalance. A score of 0 indicates good dietary intake
(Suitable), a score that is below 20% of the total score indi-
cates good dietary intake (More suitable), and a score that is
20-40% of the total score indicates acceptable dietary intake
(Low level), a score that is 40-60% of the total score indicates
poor dietary intake (Medium level), and a score that is more
than 60% of the total score indicates the worst dietary intake
(High level), also defined as poor dietary quality [30]. Data on
water and sugar were lacking, so scores for added sugar and
drinking water were not accounted for [31].

Serum Cys

We extracted data on the serum Cys of the KTRs from the
hospital information system. These medical reports were ob-
tained from the Department of Laboratory Medicine. Serum
Cys was detected using an immunoturbidimetric method in
a Siemens ADVIA 2400 instrument. The normal range for se-
rum Cys is 0.59 to 1.03 mg/L; this range was obtained from
the fourth edition of the China National operational protocol
for clinical testing [32].

Statistical Methods

Data were analyzed using SPSS 26.0. The y? test was used
to detect differences in rates of general demographic infor-
mation (eg, age, sex, BMI). The Shapiro-Wilk U test was used
to assess normality (eg, DBI scores). Mann-Whitney U test is
used to detect the differences between groups with abnor-
mal distribution (eg, cereals, vegetables, fruits), and the t test
was used to compare the differences between groups with a
normal distribution (eg, DQD score). Subject work character-
istic curves (ROC) were constructed to obtain DBI-16 dietary
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Table 1. Characteristics of the study participants as stratified by the serum cystatin C index.

Sex Male (n=162)

BMI Thin (<18.5) (n=26)
Normal (18.5-24) (n=129)
Overweight (>24) (n=60)
Smoking Never (=157

Source of transplanted
kidney

Time after kidney n.a.
transplantation (Months)

Cyclosporine treatment plan (n=60)

* P<0.05; ** x2 value; *** t value; n.a. — not applicable.

quality distance score cut-offs, and patients were divided into
relatively low and high dietary quality groups [33]. Variables to
be adjusted were selected based on clinical relevance or sig-
nificance (P<0.05) in the univariate analysis. Logistic regres-
sion models were constructed to examine the relationship be-
tween overall dietary quality and serum Cys.

Results

Characteristics of the Participants

A total of 215 KTRs were investigated. They consisted of 162
(75.34%) males and 53 (24.65%) females; 165 (76.74%) of
whom were aged 18 to 44 and 70 (32.56%) aged 45 to 59; 26
(12.10%) had a BMI of <18.5 kg/m?, 129 (60.00%) had a BMI
of <18.5 kg/m?, and 60 (27.91%) had a BMI of >24 kg/m?; 157
(73.02%) had never been smokers, 47 (21.86%) were former
smokers, and 11 (5.12%) were current smokers; 117 (54.42%)
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24 (14.8) 138 (85.2) 12.89** <0.001*

20 (37.7) 33 (62.3)

40 (21.6) 125 (78.4) 1.089** 0.297
433y 2% 867)

7 (26.9) 19 (73.1) 2.863* 0.239

29 (22.5) 100 (77.5)

8 (13.3) 52 (86.7)

32 (20.4) 125 (79.6) 2.116** 0.351

8 (17.0) 39 (83.0)

4 (36.4) 7 (63.6)

18 (18.4) 80 (81.6) 0.487** 0.485
””””” % (220 91 (7.8

10 (29.4) 24 (70.6) 1.986** 0.159

34 (18.8) 147 (81.2)
a4 Qos) 171 (795) 0215 0951
9 @09 34 (791) 0009 1000
””””” 31 (04) 121 (196)

4 (20.0) 16 (80.0)

42 (26.5) 113 (73.5)
—————————————————————————————————————————————————————————— 12.229*  <0.001*

2 (5.0) 58 (95.0)

engaged in physical activity and 98 (54.58%) did not engage in
physical activity. Of the KTRs, 181 (84.19%) had received their
kidney from a related living donor and 34 (15.81%) from a ca-
daveric donor; 98 patients (45.58%) had undergone their kidney
transplant surgery less than 1 year ago, 65 (30.23%) between
1 year and less than 3 years ago, and 52 (24.19%) 3 or more
years ago. There were 152 (70.70%) hemodialysis patients, 43
(20.00%) peritoneal dialysis patients, and 20 (9.30%) non-dial-
ysis patients before the transplant operation. Of the KTRs, 155
(72.09%) took tacrolimus orally and 60 (27.91%) took cyclo-
sporine orally. Sex (x2=12.89, P<0.001) and drugs (x?=12.229,
P<0.001) had an effect on serum Cys. Age, BMI, smoking, physi-
cal activity, source of the transplanted kidney, and preoperative
dialysis mode had no effect on serum Cys (P>0.05) (Table 1).

Dietary Intake and Dietary Quality Situation

Table 2 shows the scores for the DBI-16 components and the
percentage of participants with each score. Among patients
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Table 2. Scores for the DBI-16 components and the percentages of participants with each score in the 2 groups.

Score

Groups*
range

Components

Normal

16.96 4444 2982 234

Abnormal 0.58 5.85

(-12) (-10) (-8) (-6)

-(-11) -(-9) -(-7) -(-5 -(-3) -(-1) 2 -4 -6 -8

(-4) (-2) wm 6 6 @O 0 a1

-(10) -(12)

227 227 227 455

1136 77.27
13

7

* Representative is the serum Cys normal group versus the serum Cys abnormal group.

with normal serum Cys, there was an excessive intake of cereals
(97.72%), meat (68.18%), eggs (54.55%), and oil (54.54%), and
an insufficient intake of vegetables (54.54%), fruits (47.73%),
dairy products (90.91%), beans (84.09%), and fish (63.64%),
as well as an insufficiently varied diet (93.18%). Among pa-
tients with abnormal serum Cys, there was an excessive in-
take of cereals (98.81%), meat (52.04%), eggs (39.19%), and
oil (49.71%), and an insufficient intake of vegetables (43.85%),
fruits (56.14%), dairy products (93.57%), beans (73.68%), and
fish (70.76%), and also an insufficiently varied diet (97.66%).

Table 3 shows the distribution of the DBI-16 indicators among
the participants. An LBS score indicated insufficient food in-
take, with 6.82% of patients with serum Cys having moder-
ate or high food intake deficiency, in comparison to 14.62% of
patients with abnormal serum Cys. An HBS score was an indi-
cation of excessive food intake, with 54.55% of patients with

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

normal serum Cys having a higher food intake level, in com-
parison to 44.44% of patients with abnormal serum Cys. DQD
is an index that is used to evaluate the overall imbalance with
regard to dietary intake. Of patients with normal serum Cys,
38.64% had a moderate or high food intake imbalance, and
49.7% of patients with abnormal serum Cys had a moderate
or high food intake imbalance.

Comparison of DBI-16 Scores with Components Between
the 2 Groups

Table 4 shows the DBI-16 scores for each group. Dairy (z=-2.161,
P<0.05), meat (z=-2.578, P<0.05), and dietary diversity (z=-3.393,
P<0.05) in the normal serum Cys group were higher than those
in the abnormal serum Cys group, and the dietary quality dis-
tance (DQD) score (t=-2.264, P<0.05) was lower than that in
the abnormal group. Cereals, fruits, vegetables, beans, fish,
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Table 3. Distribution of DBI-16 indicators among the participants.

Diet quality distribution (%)

Variable Indicator Range

Groups*

Medium

suitable level level

Normal (n=44) 0.00 47.73 4545 6.82 0.00
Low bound g (0)-(H0) 777777
SEOTE Abnormal (n=171) 0.00 28.65 56.73 14.62 0.00
) Normal (n=44) 0.00 2.27 43.18 54.55 0.00
High
igh bound g (0)-(38) [EENEEENEEEEEEE . SESEEEEEEN . S
SCOC Abnormal (n=171) 0.00 2.34 53.22 43.27 1.17
DRtqalty o oy SO 000 227 ssos 3409 4S5
distance Abnormal (n=171) 0.00 0.00 50.29 46.78 2.92

* Representative is the serum Cys normal group versus the serum Cys abnormal group.

Table 4. A comparison of component DBI-16 scores between the groups.

Cystatin C

variable P value

Cereals 12 (11, 12) 12 (12, 12) -1.897** 0.058
 Vegetables 13,0 0(2,0 126 0.207
CRuits 02,0 1(4,0 Cazsee 0.079
CDay 3(4,-1) 5(6,-1) 2% 0.031*
~Soybeans 3(5,-2) 46,0 oe00™ 0.549
Meat 3049 101, 4) Casee 0.010*
CEsh 1(3,0 2030 s 0.200
g 11, 4) 0(1,3) Casiee 0.129
ol 100,2) 10,3 Co20% 0.842
Csat o0 00, 1) o020 0.984
 Varied diet 2(3,1) 3(4,2) REETC 0.001*
 Dietary quality distance (DQD) 304847.94 33.3417.36 226 0.034*

* P<0.05; ** z value; *** t value.

eggs, oil, and salt had no significant effect on the value of
cystatin C (P>0.05).

Binary Logistic Regression Analysis of the Potential
Association Between Dietary Quality and Serum Cys

According to the DBI-16 scale, less than 8% of patients had
a high-quality diet, and it was not possible to group patients
according to the quality of their diet (Table 3). Table 5 show
that the area under the ROC curve was 0.604, the sensitivi-
ty was 39.1%, and the specificity was 81.8% (P=0.034). We
used 45.5% of the DBI-16 dietary quality score (35.5 points)

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

to classify kidney transplant recipients into a lower-quali-
ty diet group and a higher-quality diet group. Those with a
DBI-16 dietary quality score of >35.5 were in the lower-quali-
ty diet group, and those with a score of 35.5 or lower were in
the higher-quality diet group.

Table 6 shows that using serum Cys as the dependent variable
and adjusting for sex and drugs, patients with a lower-quali-
ty diet were 3.071 times more likely to have abnormal serum
Cys than those with a higher-quality diet (OR 3. 022, 95% Cl
1.263-7. 231, P=0.013).
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Table 5. Subject Work Characteristics (ROC) curve results.

95% Cl

Test result AUC Standard e s Jorden
q Sensitivity Specificity
variable (Area under the curve) error Lower limit Upper limit Index
DQD 0.604 0.048 0.034* 0.510 0.697 0.392 0.818 0.210
* P<0.05.
Table 6. A logistic regression model of dietary quality and cystatin C in renal transplant recipients.
Cystatin C B S.E. Wald 2 OR 95% CI 4
Uncontrolled covariates 1.064 0.421 6.389 2.899 (1.270, 6.617) 0.011
Model 1* 1.106 0.445 6.169 3.022 (1.263, 7.231) 0.013

* Model 1 Adjustment for sex, drugs and time after kidney transplantation (Months); the higher-quality diet group was used as the

control group.

Table 7. Correlation analysis between components of DBI-16 and eGFR based on serum cystatin C(r).

Vegeta-

bles Fruits

Variable Cereals

Dairy Soybeans

Varied

Meat Fish Eggs oil Salt DQD

diet

eGFR -0.041 -0.107 0.123 0.128 0.065

0.141*

0.066 0.063 -0.106  -0.062 0.179** -0.168*

* P<0.05; ** P<0.001.

Correlation Analysis Between Components of DBI-16 and
eGFR Based on Serum Cystatin C

Table 7 shows that in the DBI-16 grouping score, meat (r=0.141,

P<0.05), varied diet (r=0.179, P<0.001), and DQD (r=0.168,
P<0.05) were related to eGFR based on cystatin C.

Discussion

This was a cross-sectional study to evaluate the association
of dietary quality with serum Cys in 215 kidney transplant re-
cipients attending the kidney transplant outpatient clinic of a
hospital in China. Of the whole sample, we observed that KTRs
with a low-quality diet were 3.022 times more likely to have
abnormal serum Cys than KTRs with a high-quality diet. The
DQD, dairy, meat, and varied diet scores of the 2 groups dif-
fered significantly. Dietary imbalances are common in KTRs. It
is likely that dietary quality is a limited risk predictor of serum
Cys abnormalities. Dairy, meat, and varied diet scores may be
protective of serum Cys.

Kidney transplantation as the preferred form of kidney replace-
ment therapy is both cost-effective and has survival advantages,
extending life expectancy by 7 to 11 years, depending on the
cause of kidney failure [34]. Dyslipidemia is a common com-
plication of kidney transplantation and can increase the risk of
cardiovascular complications, which are the leading cause of

This work is licensed under Creative Common Attribution-
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death in the transplant population [35]. Serum Cys has been
identified as a sensitive indicator of kidney dysfunction asso-
ciated with cardiovascular events [15]. Preventive measures in-
clude regular physical activity and a normal calorie diet with an
emphasis on vegetables, fruits, whole grains, legumes, healthy
sources of protein, and non-tropical vegetable oils [31]. Our
study found that KTRs with normal serum Cys had a higher in-
take of fruits and milk than KTRs with abnormal cystatin and
that the difference was statistically significant. This finding is
in line with that of the Wai et al study, which found that an in-
crease in fruit intake could delay kidney failure [35], and with
that of the Silva et al study, which found that dairy products
were beneficial for kidney excretion [36]. Qingging Cai et al
suggested that high meat intake is a risk factor for the func-
tioning of a transplanted kidney [23]. The association of dairy
products with cystatin C appears to be due in part to the po-
tentially protective components of dairy products, including
monounsaturated fat, polyunsaturated fat, phosphorus, mag-
nesium, calcium, and vitamin D [37]. Second, it is possible that
the fat content of some dairy products counteracts the bene-
ficial effects of other nutrients in dairy products. Further ob-
servational and experimental work is needed to explore the
underlying mechanisms behind this association. However, our
study found that the average meat intake was higher in kidney
transplant recipients with normal serum Cys than in KTRs with
abnormal serum Cys. There may be 3 reasons for this. First,
the overall meat intake of the population that we investigat-
ed was not excessive. Second, the diet of the population that
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we investigated was based mostly on cereals and vegetables,
in contrast to the meat-based dietary pattern observed in the
above study. Finally, the people we investigated generally did
not eat a lot of beans, dairy products, or fish, and their main
source of protein was red meat. However, inadequate protein
intake, increased nutritional losses, inflammation, oxidative
stress, and anabolic or catabolic disorders have been found
to lead to high glomerular filtration rates and abnormal kid-
ney function [38-40]. The association of meat foods and cys-
tatin C may be attributed to changes in circadian rhythms or
hormonal effects of diet. Toffaletti et al showed that cystatin
C appeared to decrease slightly after beef ingestion by some,
in agreement with the conclusion of our study [41]. There is
evidence that inflammation, thyroid hormone levels, and im-
munosuppressive drugs (eg, steroids) affect plasma cystatin
C concentrations, which have been reported to decrease in
patients with hyperthyroidism when treated with antithyroid
drugs, thyroid surgery, or radioiodine [42].

Dietary intake and dietary quality tests are more informa-
tive about the overall diet and clinical outcomes of KTRs [43].
Our study showed that dietary diversity scores were, on aver-
age, higher in the serum Cys normal group than in the serum
Cys abnormal group. A study found that dietary diversity im-
proved the nutritional status of KTRs, helped them to control
their weight, and thus influenced their clinical outcome [44].
Therefore, we speculate that dietary diversity is associated with
serum Cys, possibly due to the diverse diet being able to meet
the patient’s diverse nutritional requirements, contributing to
a healthier weight and better clinical outcomes. In addition, we
found that the dietary quality of the serum Cys normal group
was higher than that of the serum Cys abnormal group. The
lack of research on the overall quality of diets of KTRs makes
direct comparisons with other studies difficult, but Zhong et
al suggested that a high-quality diet is associated with a low-
er absolute long-term risk of cardiovascular disease and mor-
tality and a longer period of cardiovascular disease-free sur-
vival [45]. Cardiovascular disease is a common complication
that affects kidney function after kidney transplantation. The
main risk factors for cardiovascular disease are dyslipidemia,
weight gain, and increased blood glucose, which appear to be
related to diet [46]. We calculated the eGFR based on the val-
ues of serum cystatin C and did a Pearson correlation analysis
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between the eGFR and the values of the DBI-16 components. We
found that DQD scores were negatively correlated with eGFR,
but a higher DQD score indicates lower diet quality. The meat
and varied diet scores were positively correlated with eGFR.
Therefore, we speculate that higher dietary quality may be as-
sociated with lower risk factors of cardiovascular disease in-
fluencing the function of a transplanted kidney, which in turn
correlates with the levels of cystatin C.

The innovation in this study is the use of DBI-16 as an in-
dicator of dietary quality because DBI-16 can overcome the
limitations of traditional methods of assessing dietary quali-
ty. The limitations of this study are that this was a cross-sec-
tional survey of a small sample, and the use of a retrospec-
tive dietary survey method may have resulted in errors due
to the poor memory of patients. There is currently a dearth
of experimental studies on dietary quality and serum Cys in
relation to KTRs. Therefore, we cannot rule out biases in the
correlation between dietary quality and the risk of abnormal
levels of serum Cys. We suggest that in the future, investiga-
tors should focus on the impact of dietary quality on kidney
function and conduct experimental studies to further explore
the impact of dietary quality on serum Cys levels in KTRs. In
addition to this, the present study served as a cross-sectional
analysis, confounding factors are difficult to remove, and ob-
servational studies are needed with 1-year or longer follow-up.

Conclusions

We found that KTRs with a high dietary quality tend to have
normal serum Cys levels. Consuming dairy products and meat
and having a varied diet seems to impact the serum Cys lev-
els of KTRs. Dietary imbalances were prevalent among KTRs.
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