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Association of fresh vegetable @
and salt-preserved vegetable consumptions
with estimated glomerular filtration rate
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Abstract

Objective This study aimed to investigate the relationship between the consumption of fresh and salt-preserved
vegetables and the estimated glomerular filtration rate (eGFR), which requires further research.

Methods For this purpose, the data of those subjects who participated in the 2011-2012 and 2014 surveys of the
Chinese Longitudinal Healthy Longevity Survey (CLHLS) and had biomarker data were selected. Fresh and salt-
preserved vegetable consumptions were assessed at each wave. eGFR was assessed using the Chronic Kidney Disease
Epidemiology Collaboration (CKD-EPI) equation based on plasma creatinine. Furthermore, a linear mixed model was
used to evaluate associations between fresh/salt-preserved vegetables and eGFR.

Results The results indicated that the median baseline and follow-up eGFRs were 72.47 mL/min/1.73 m” and 70.26
mL/min/1.73 m?, respectively. After applying adjusted linear mixed model analysis to the data, the results revealed
that compared to almost daily intake, occasional consumption of fresh vegetables was associated with a lower eGFR
(B=-2.23,95% Cl: -4.23,-0.23). Moreover, rare or no consumption of salt-preserved vegetables was associated with a
higher eGFR (3=1.87, 95% Cl: 0.12, 3.63) compared to individuals who consumed salt-preserved vegetables daily.
Conclusion Fresh vegetable consumption was direct, whereas intake of salt-preserved vegetables was inversely

associated with eGFR among the oldest subjects, supporting the potential benefits of diet-rich fresh vegetables for
improving eGFR.
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Introduction

The prevalence of chronic kidney disease (CKD) generally
increases with age owing to nephron loss and a decline in
the glomerular filtration rate (GFR). The estimated GFR
(eGFR) assumes a widely recognized role as a marker that
plays a pivotal role in evaluating overall kidney health
and diagnosing various renal disorders. Its significance
is rooted in its capacity to offer clinicians a quantita-
tive measurement of the glomeruli’s filtration efficiency,
thereby assisting in the early detection and continuous
monitoring of conditions like CKD, acute kidney injury,
and other renal pathologies. The elderly population with
CKD exhibits an elevated risk of cardiovascular disease
[1] and end-stage renal disease [2], which are major
causes of mortality [3]. Delaying CKD progression has a
significant beneficial impact on patients and the health-
care system. Diet plays a pivotal role in promoting health,
however, some dietary habits can exacerbate the accelera-
tion of kidney function decline and the incidence of CKD
[4]. Dietary patterns characterized by high consumption
of plant-based foods, vegetables, fruits, and fresh foods
are thought to be inversely associated with CKD [5-7].
However, it is unknown whether a single component of
these diets, such as a higher intake of vegetables, is asso-
ciated with improved kidney function. Vegetarian diets
may decrease the production of uremic toxins and reduce
salt intake and acid overload. An early study conducted
in older Americans with CKD stage 4 suggested that
increasing fruit and vegetable consumption might lower
net endogenous acid excretion [8], which minimizes indi-
vidual nephron workload and slows the progressive loss
of kidney function [9, 10]. However, a prospective cohort
study in a large Dutch population found no association
between vegetable intake and renal function decline [11].
Such inconsistencies in previous studies warrant a re-
examination of the associations between vegetable intake
and kidney function in the Asian elderly population.

In contrast, high salt intake may increase urine protein
levels and is recognized as a risk factor for reduced kid-
ney function [12—14], mainly by adversely affecting blood
pressure and vascular health [15]. The primary food
sources of sodium are seasonings and vegetables such as
salt-preserved vegetables. Salting is one of the most com-
mon and oldest methods of food preservation in China
and is appreciated by people, especially the elderly. A
study of Chinese adults suggested that excessive salt-pre-
served food, but not other unhealthy dietary behaviors,
deteriorate renal function in patients with diabetes [16].
However, in a study of 9229 Korean participants, fer-
mented vegetables were not significantly associated with
CKD risk [5]. In addition, a study performed with the
US population from 2001 to 2006 revealed that higher
sodium intake was associated with lower odds of CKD
[17]. Hence, there is inconclusive evidence regarding
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whether dietary sodium consumption can affect and how
sodium affects kidney function decline.

Given the limited and inconsistent evidence on the
relationship between fresh and salt-preserved vegetables
and renal function, particularly among the elderly, we
examined the prospective association between the two
vegetable types and renal function in older people in
China.

Methods

Design and participants

The data used in this longitudinal study were derived
from the Chinese Longitudinal Healthy Longevity Sur-
vey (CLHLS), the details of which have been previously
described [18]. Since 1998, seven rounds of follow-up
surveys were conducted in 2000, 2002, 2005, 2008—2009,
2011-2012, 2014, and 2018-2019. The response rate for
each survey wave was approximately 90%. The CLHLS
replaced deceased participants with new participants in
the follow-up waves to maintain a sufficient sample size.
In addition, blood tests were conducted, and blood sam-
ples were collected from consenting participants during
three waves: 2008—2009, 2011-2012, and 2014.

Due to the notable loss of participants during the
period spanning from 2008 to 2014, resulting in an esca-
lated attrition rate, introduces the possibility of signifi-
cant bias exerting influence upon the study’s findings.
The current study utilized data from 2011 to 2014 wave of
the CLHLS. The study’s inclusion criteria encompassed
participants aged 60 to 113 who had blood test data avail-
able for the estimation of kidney function. Participants
without information about their dietary habits at base-
line or follow-up blood tests for kidney function, as well
as individuals with baseline renal disease (self-reported
diagnosis by a doctor at a level II or above hospital), were
excluded from the study.

Fresh vegetable and salt-preserved vegetable intake

Information on wusual dietary habits was collected
through face-to-face interviews with trained research
staff. The question about fresh vegetable intake consisted
of “how often do you eat fresh vegetables at present?”
The answer choices included “almost daily’;, “almost daily
except in winter’, “occasionally’, and “rarely or never”
We considered consuming fresh vegetables “almost
daily” and “almost daily except in winter” as “high fresh
vegetable intake”, “occasionally” and “rarely or never”
as “low fresh vegetable intake” The question about salt-
preserved vegetables included “how often do you eat
salt-preserved vegetables at present?” the answer choices
included “almost daily’; “at least once weekly’, “at least
once per month’, “occasionally” and “rarely or never” We
combined the responses of “at least once weekly”, “at least
once per month” and “occasionally” and labeled them as
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“occasionally”. We considered consuming salt-preserved
vegetables “almost daily” as “high salt-preserved vegeta-

ble intake”, “occasionally” and “rarely or never” as “low
salt-preserved vegetable intake”.

Estimated glomerular filtration rate
Venous blood was collected in heparin anticoagulant
vacuum tubes and centrifuged at 20 °C at 2500 rpm
for 10 min. Plasma was isolated and frozen at -20 °C,
shipped on wet ice to the central laboratory at Capital
Medical University in Beijing and stored at -80 °C until
further analysis. The serum creatinine levels were mea-
sured using the picric acid method. All the laboratories
engaged in the investigation underwent a standardization
and certification program. Both the baseline and follow-
up measurements were conducted within the same labo-
ratory setting [19].

The eGFR was calculated using the Chronic.

Kidney Disease-Epidemiology Collaboration equation
[20]:

eGFR=141 x min(Scr/x, 1) X  max(Scr/x,
1)71209%0.9934¢ x 1.018 [if female] x 1.159 [if black].

Where Scr=serum creatinine, k is 0.7 for females and
0.9 for males, a is -0.329 for females and —0.411 for
males, min indicates the minimum of Scr/x or 1, and max
indicates the maximum of Scr/x or 1.

Covariates

Covariates in this study comprised sociodemographic
information: age (year), sex (men and women), educa-
tion level (no schooling/some schooling, defined as one
year of schooling or more), body mass index (kg/m?),
residence (urban or rural), marital status (married or
unmarried), economic status (rich, fair, poor); lifestyle-
related variables: smoking status (current smoker, former
smoker, or nonsmoker), alcohol consumption (current
drinker, former drinker, or nondrinker), exercise status
(current, former, or non-exerciser), vitamins consump-
tion (vitamins A/C/E); health status involving a self-
reported history of hypertension (yes or no), diabetes
mellitus (yes or no), pneumonia (yes or no) and heart
disease (yes or no), and other parameters such as albu-
min, urea nitrogen, urea acid, lipid profiles (triglycerides,
high-density lipoprotein cholesterol (HDL-C), low-den-
sity lipoprotein cholesterol (LDL-C) and total cholesterol,
and high-sensitivity C-reactive protein.

Statistical analysis

We first described the baseline characteristics of the
study population by vegetable and salt-preserved veg-
etable intake. Continuous variables were tested for nor-
mality and for the homogeneity of variance using the
Kolmogorov-Smirnov test and Levene homogeneity of
variance test, respectively. Analysis of variance (ANOVA)
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was used for normally distributed variables with equal
population variance, and the non-parametric (Krus-
kal-Wallis) test was used for non-parametric variables.
Categorical variables are demonstrated as frequencies
with proportions and were compared using Pearson’s
Chi-square test. We used linear mixed model to inves-
tigate eGFR and their relationships with fresh and salt-
preserved vegetables. To further expand our findings,
we explored potential effect modification by fresh and
salt-preserved vegetable intake and performed a sub-
group analysis. Three models were run for each primary
independent variable: (1) a crude model (model 1); (2) a
model adjusted for age, sex, residence, married status,
level of education, economics, physical activity, BMI,
fruit intake, meat intake, fish intake, egg intake, vitamin
intake, smoking, drinking, hypertension, diabetes, heart
disease, respiratory disease, and urinary albumin (model
2); and (3) fresh vegetable intake (for salt-preserved
vegetable analysis) or salt-preserved vegetable intake
(for fresh vegetable analysis) to investigate the possible
mediating roles of each other (model 3). To explore the
impact of vegetables on eGFR, we employed Spearman
correlation analysis to examine the correlations between
vegetable consumption, hs-CRP, and eGFR. Overall,
missing data were uncommon, no more than 5% of the
data for any variable, and multiple imputations were used
to reduce bias due to missing covariate data. All statisti-
cal analyses were performed using R (version 3.6.1), with
p-values less than 0.05 considered statistically significant.

Results

Characteristics of the study population

A flowchart outlining participant enrollment in this
study is provided in Fig. 1, and the baseline characteris-
tics of participants according to the frequency of fresh
vegetable intake and the frequency of salt-preserved
vegetable intake are reported in Table 1. At baseline, the
median (IQR) age of the selected population was 82.00
(72.00-91.00) years, among which 51.4% were females.
The baseline eGFR was calculated to be 72.47 mL/
min/1.73 m?, whereas the follow-up eGFR was noted as
70.26 mL/min/1.73 m% Compared with participants who
consumed fresh vegetables almost daily, those who con-
sumed fresh vegetables almost daily except winter, occa-
sionally and rarely/never were significantly more likely to
be older, illiterate, living in rural, general economic sta-
tus, unmarried, with no exercise, having lower albumin,
higher triglycerides, high-density lipoprotein cholesterol,
low-density lipoprotein cholesterol, and lower diastolic
pressure. The characteristics in the salt-preserved vegeta-
ble group were similar to those in the fresh group.
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2439 older participants with
blood test data in 2011 wave

121 participants without
baseline creatinine data or
dietary habits

A 4

2318 older participants in 2011
wave

.| 7 participants with baseline
renal disease

\4

2311 participants with follow-
up creatinine data in 2014 wave

925 participants without
creatinine data during
follow-up

A

y

1386 participants were included
in the final analysis

Fig. 1 Flowchart of study population

Associations of fresh and salt-preserved vegetable
consumptions with eGFR

Table 2 depict the associations between the intake of
fresh and salt-preserved vegetables and eGFR. In the
multivariable-adjusted model, compared to participants
who consumed fresh vegetables almost daily, those who
consumed occasionally had a lower eGFR (f=-2.23, 95%
CI: -4.23, -0.23). However, owing to the small sample
size, no association was found between rarely/never
consumed fresh vegetables and eGFR. On the contrary,
participants who rarely/never consumed salt-preserved
vegetables were associated with a higher eGFR (f=1.87,
95% CI: 0.12, 3.63), compared with those who consumed
salt-preserved vegetables almost daily. Furthermore, cor-
relation analysis revealed correlation coefficients of 0.022
(P=0.048) between vegetables and hs-CRP, and 0.151
(P<0.001) between hs-CRP and eGFR.

Associations of a combination of fresh and salt-preserved
vegetables with eGFR

All participants were categorized into four sub-groups
based on fresh vegetables and salt-preserved vegetables,
that is, low fresh vegetable intake+high salt-preserved
vegetable intake (n=16), low fresh vegetable intake+low
salt-preserved vegetable intake (n=205), high fresh
vegetable intake+high salt-preserved vegetable intake
(n=174), and high fresh vegetable intake+low salt-pre-
served vegetable intake (n=991). As illustrated in Table 3,
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compared to the group with low fresh and high salt-pre-
served vegetable intake, the other three groups displayed
higher eGFR. In participants with high salt-preserved
vegetable intake, a low eGFR (p=-5.71, 95% CI: -11.34,
-0.73) was found in participants who had a lower intake
of fresh vegetables. However, no statistically significant
associations were found in the low salt-preserved veg-
etable intake, low fresh vegetable intake, and high fresh
vegetable intake subgroups.

Discussion

In this population-based cohort of the elderly, it was
observed that lower consumption of fresh vegetables was
associated with a lower eGFR. Nevertheless, this associa-
tion was significant only in those with high salt-preserved
vegetable intake. Moreover, compared to participants
who consumed salt-preserved vegetables almost daily,
those who rarely or never consumed had a higher eGFR.

Our findings agree with those of previous studies that
examined the effect of plant foods on kidney function. A
cohort study of 432,732 individuals from a UK biobank
demonstrated that higher vegetable intake was associ-
ated with a higher eGFR, with a causal link between them
[21]. In a Japanese study of 2,755 participants, moder-
ate vegetable juice consumption was associated with a
lower decline in eGFR compared to the rare consumption
group [22]. Another study in Japanese adults depicted
that dietary patterns characterized by vegetables, fish,
fruit, bean products, and rice were inversely associated
with annual changes in eGFR [23]. These studies dem-
onstrate that a plant-based diet has a renal-protective
effect. Our findings extended the evidence of the benefi-
cial effects of vegetable intake on kidney function in the
elderly population.

Several mechanisms may explain the relationship
between vegetables and renal function. Oxidative stress
is the primary mechanism involved in kidney disease
progression. Vegetables are rich in fiber, bioactive phyto-
chemicals, and antioxidants that may reduce the levels of
classic inflammatory biomarkers such as C-reactive pro-
tein (CRP) [24]. According to a multi-ethnic atheroscle-
rosis cohort study, a diet rich in fruits, vegetables, whole
grains, and fish had an inverse association with inflam-
matory indicators, including CRP and E-selectin [24, 25].
Our study additionally indicates that individuals who
maintain a regular vegetable consumption pattern exhibit
lower levels of hs-CRP compared to those with sporadic
vegetable consumption habits. It is of particular interest
that hs-CRP exhibits a negative correlation with esti-
mated eGFR, further highlighting the potential implica-
tions of dietary choices on renal health. Additionally, an
acid-producing diet has been reported to exert a severe
halt on kidney function [9, 26], while low-to-moderate
certainty evidence suggests that alkali supplementation
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Table 1 Baseline characteristics of 1386 participants according to fresh and salt-preserved vegetable intakes

Fresh vegetable intakes Salt-preserved vegetable intakes

Variables Almost Except Occasionally Rarely or P Almost Occasionally Rarely or P
everyday winter(n=549) (n=107) never(n=>56) everyday (n=783) never(n=417)
(n=674) (n=186)

Age, years 81.0(71.0-90.0) 80.0(71.0-91.0) 89.0(80.0-  88.0(80.3— <0001  790(71.0-89.0) 81.0(71.0-  84.0(74.0-94.5) <0.001

96.0) 97.8) 91.0)

Sex 0.008 0.033

Male 323(47.9) 288(52.5) 44(41.1) 18(32.1) 88(47.3) 403(51.5) 182(43.6)

Female 351(52.1) 261(47.5) 63(58.9) 38(67.9) 98(52.7) 380(48.5) 235(56.4)

BMIkg/m? 21.73+435 2149+357 20914318 21.34+438 0226 2231+396 21674392  20.99+4.02 <0.001

Education <0.001 <0.001

No schooling 345(51.2) 334(60.8) 81(75.7) 40(71.4) 89(47.8) 435(55.6) 276(66.2)

Some schooling  329(48.8) 215(39.2) 26(22.3) 16(28.6) 97(52.2) 348(44.4) 141(33.8)

Residence 0.008 0.135

Urban 132(19.6) 78(14.2) 9(8.4) 9(16.1) 23(124) 141(18.0) 64(15.3)

Rural 542(80.4) 471(85.8) 98(91.6) 47(83.9) 163(87.6) 642(82.0) 353(84.7)

Economic status <0.001 0.013

Rich 126(18.7) 67(12.2) 6(5.6) 3(54) 41(22.0) 112(14.3) 49(11.8)

Fair 495(73.4) 432(78.7) 80(74.8) 49(87.5) 125(67.2) 603(77.0) 328(78.7)

Poor 53(7.9) 50(9.1) 21(19.6) 4(7.1) 20(10.8) 68(8.7) 40(9.6)

Married status <0.001 0.050

Married 343(50.9) 265(48.3) 32(29.9) 12(21.4) 102(54.8) 366(46.7) 184(44.1)

Unmarried 331(49.1) 284(51.7) 75(70.1) 44(78.6) 84(45.29) 417(53.3) 233(55.9)

Fruit intake <0.001 <0.001

Almost everyday — 287(42.6) 229(41.7) 6(5.6) 17(17.9) 72(38.7) 329(42.0) 131(31.4)

Occasionally 223(33.1) 231(42.1) 78(72.9) 7(12.5) 64(34.4) 321(41.0) 154(36.9)

Rarely or never 164(24.3) 89(16.2) 23(21.5) 39(69.6) 50(26.9) 133(17.0) 132(31.7)

Meat intake <0.001 0.001

Almost everyday  277(41.1) 104(18.9) 21(19.6) 23(41.1) 53(28.5) 227(29.0) 145(34.8)

Occasionally 375(55.6) 418(7.1) 78(72.9) 32(57.1) 120(64.5) 536(68.5) 247(59.2)

Rarely or never 22(3.3) 27(4.9) 8(7.5) 1(1.8) 13(7.0) 20(2.6) 25(6.0)

Fish intake <0.001 <0.001

Almost everyday  79(11.7) 19(3.5) 3(2.8) 3(54) 21(11.3) 48(6.1) 35(84)

Occasionally 533(79.1) 467(85.1) 92(86.0) 42(75.0) 149(80.1) 670(85.6) 315(75.5)

Rarely or never 62(9.2) 63(11.5) 12(11.2) 11(19.6) 16(8.6) 65(8.3) 67(16.1)

Egg intake <0.001 <0.001

Almost everyday — 234(34.7) 198(36.1) 21(19.6) 19(33.9) 78(41.9) 258(33.0) 136(32.6)

Occasionally 377(55.9) 330(60.1) 75(70.1) 29(51.8) 98(52.7) 487(62.2) 226(54.2)

Rarely or never 63(9.3) 21(3.8) 11(10.3) 8(14.3) 10(5.4) 38(4.9) 55(13.2)

Vitamin intake 0.771 <0.001

Almost everyday — 17(2.5) 15(2.7) 3(2.8) 1(1.8) 5(2.7) 16(2.0) 15(3.6)

Occasionally 72(10.7) 53(9.7) 11(10.3) 2(3.6) 8(4.3) 103(13.2) 27(6.5)

Rarely or never 585(86.8) 481(87.6) 93(86.9) 53(94.6) 173(93.0) 664(84.8) 375(89.9)

Smoking 0.097 0.308

Current 148(22.0) 107(19.5) 16(15.0) 4(7.1) 43(23.0) 162(20.7) 70(16.8)

Past 58(8.6) 53(9.7) 7(6.5) 6(10.7) 18(9.6) 7109.1) 35(84)

Never 468(69.4) 389(70.9) 84(78.5) 46(82.1) 126(67.4) 550(70.2) 312(74.8)

Drinking status 0.069 <0.001

Current 126(18.7) 103(18.8) 9(84) 5(8.9) 44(23.7) 148(18.9) 51(12.2)

Past 44(6.5) 36(6.6) 5(4.7) 3(54) 19(10.2) 48(6.1) 21(5.0)

Never 504(74.8) 410(74.7) 93(86.9) 48(85.7) 123(66.1) 587(75.0) 345(82.7)

Exercise 0.001 0477

Current 141(20.9) 70(12.8) 14(13.1) 3(54) 32(17.12) 134(17.1) 62(14.9)

Past 13(1.9) 13(2.4) 1(0.9) 1(1.8) 2(1.1) 14(1.8) 12(2.9)

Never 520(77.2) 466(84.9) 93(86.0) 52(92.9) 152(81.7) 635(81.1) 343(82.3)
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Table 1 (continued)
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Fresh vegetable intakes

Salt-preserved vegetable intakes

Hypertension 0.713 0.342

Yes 405(60.1) 325(59.2) 61(57.0) 37(66.1) 111(59.7) 456(58.2) 261(62.6)

No 269(39.9) 224(40.8) 46(43.0) 19(33.9) 75(40.3) 327(41.8) 158(37.4)

Diabetes mellitus 0493 0.536

Yes 53(7.9) 36(6.6) 11(10.3) 3(54) 15(8.1) 62(7.9) 26(6.2)

No 621(92.1) 513(93.4) 96(89.7) 53(94.6) 171(91.9) 721(92.1) 391(93.8)

Pneumonia 0.657 0463

Yes 50(7.4) 45(8.2) 8(7.5) 2(3.6) 12(6.5) 56(7.2) 37(8.9)

No 624(92.6) 504(91.8) 99(92.5) 54(96.4) 174(93.5) 727(92.8) 380(91.1)

Heart disease 0.095 0.001

Yes 58(8.6) 39(7.1) 13(12.1) 101.8) 27(14.5) 51(6.5) 33(7.9)

No 616(91.4) 510(92.9) 94(87.9) 55(98.2) 159(85.5) 732(93.5) 384(92.1)

Albumin, g/L 41.3(37.9-444) 40.9(38.2-43.8) 39.7(36.9- 39.7(3.7-427) <0.001  42.8(39.6-46.0) 40.9(37.8- 404(37.4-430) <0.001

41.8) 44.0

Urinary albumin 4.4(0.7-16.7) 4.9(0.9-13.6) 53(1.2-114) 49(1.0-94) 0914 4.9(0.9-19.6) 47(0.8-15.2) 4.7(0.7-11.2)  0.586

Hs-CRP, mg/L 0.8(04-2.1) 0.9(04-2.1) 1.2(05-3.0) 09(05-12) 0.046 0.7(04-1.5) 0.9(04-23) 09(04-2.5) 0.008

Urea, mmol/L 6.4(5.2-7.6) 6.5(5.4-7.8) 6.6(54-76) 64(57-73) 0535 6.1(5.0-7.5) 6.5(5.5-7.7) 64(52-7.6) 0.066

Urea acid, umol/L  286.8(239.4— 271.9(220.1- 273.7(2273- 260.8(221.9- 0.005 273.6(218.4— 2829(234.6— 273.7(230.3- 0.195
349.2) 331.4) 3239) 348.2) 333.7) 344.0) 3389)

Triglycerides, 0.9(0.6-1.3) 0.8(0.6-1.2) 0.8(0.6-1.1)  0.8(0.5-1.1)  0.004 0.8(0.6-1.2) 0.9(0.6-1.2) 0.80(0.6-2.5) 0483

mmol/L

HDL-C, mmol/L 13(1.1-1.6) 1.2(1.0-1.5) 12(1.0-14) 1.2(1.0-15 0031 13(1.1-1.6) 1.2(1.0-15)  1.3(1.1-1.5) 0.047

LDL-C, mmol/L 2.5(1.9-3.0) 2.6(2.1-3.1) 25(2.2-29) 26(22-33) 0047 2.5(2.1-3.0) 2.52.0-3.1)  25(20-3.1) 0.350

Total cholesterol,  4.3(3.7-5.0) 4.3(3.7-5.0) 42(3.7-48) 44(36-50) 0338 4.4(3.7-4.9) 43(3.7-49) 4.3(3.7-5.0) 0.388

mmol/L

SBP, mmHg 140.0(125.0- 140.0(122.5- 137.5(122.5- 143.0(127.5- 0.179 140.0(125.3- 139.0(125.0- 140.0(125.0- 0.386
156.0) 152.1) 149.0) 160.0) 159.0) 154.8) 152.5)

DBP, mmHg 80.0(70.0-90.0) 80.0(70.0-90.0) 80.0(72.5- 80.0(75.0—- 0.011 80.0(75.0-90.0) 80.0(73.0— 80.0(70.0-90.0) 0.759

90.0) 90.0) 90.0)

Glucose, mmol/L  4.3(3.5-5.1) 45(3.8-5.1) 45(3.7-52) 43(36-49) 0.008 4.4(3.7-4.9) 45(3.8-5.2) 4.3(3.5-5.1) 0.005

Baseline_eGFR, 73.1(59.3-83.7) 73.5(60.8-85.7) 64.0(54.3— 66.1(51.3— <0.001 77.6(622-87.1) 72.6(57.1- 70.3(56.4-80.9) <0.001

ml/min /1-73 m? 75.0) 81.1) 83.8)

Follow-up_eGFR,  71.2(58.8-83.6) 71.1(57.8-83.7) 67.8(54.9- 57.9(47.8- <0.001  71.6(59.5-82.7) 69.6(56.8— 70.8(58.0-82.0) 0.549

ml/min/1.73 m? 77 .4) 73.3) 83.2)

BMI, body mass index; CRP, C-reactive protein; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; SBP, systolic blood pressure;

DBP, diastolic blood pressure; eGFR, estimated glomerular filtration rate

slows down the rate of kidney function decline in CKD
patients [27]. Vegetables are abundant in alkaline ions
and are therefore considered to prevent chronic acidosis,
which is beneficial for kidney function. In a randomized
controlled study of stage 3 CKD patients, compared with
patients with usual care, those with vegetable and fruit or
bicarbonate supplementation had a lesser eGFR decline
[28]. Consequently, dietary supplementation with alka-
line food may preserve eGFR. Furthermore, individuals
who incorporate a higher frequency of vegetables into
their dietary intake may exhibit a greater propensity for
maintaining healthier lifestyles and a heightened aware-
ness and willingness to proactively manage chronic dis-
eases such as hypertension and diabetes, both of which
have significant implications for kidney function. Within
the scope of this study, our findings also revealed an
association between regular vegetable consumption and

lowered diastolic blood pressure as well as reduced blood
glucose levels.

This study also observed that rarely/never consumption
of salt-preserved vegetables was associated with a higher
eGFR. Our results agree with the conclusions of the
Chang Gung Memorial Hospital study, which indicated
that excessive salt-preserved food was positively associ-
ated with rapid renal function decline in diabetic patients
[16]. Generally, salt-preserved vegetables contain high
levels of salt. Higher dietary sodium intake has a devas-
tating effect on kidney function and is associated with
CKD development [29]. The potential mechanisms might
include increased oxidative stress by decreasing the renal
expression of superoxide dismutase and modulating
renal transforming growth factor-band nitric oxide by
directly affecting the endothelium [30, 31]. However, in
the Korean genome and epidemiology study, fermented
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Table 2 Regression coefficients (95%Cls) for the associations
between fresh and salt preserved vegetable intakes and eGFR

Variables Model 1 Model 2 Model 3
Fresh Vegetables
Almost everyday Reference Reference Reference
Except winter 0.18(-1.20, -1.18(-2.36,  -1.16(-
1.56) 0.01) 233,
0.02)
Occasionally -531(-7.64, -217(-417, -2.23(-
-2.98) -0.17) 4.23,
-0.23)
Rarely or never -6.97(-1045, -2.89(-5.84, -3.26(-
-3.50) 0.07) 6.22,
-0.32)
Salt-preserved vegetables
Almost everyday Reference Reference Reference
Occasionally -2.29(-4.18,  -1.03(-261, -0.82(-
-040) 0.54) 240,
0.75)
Rarely or never -164(-3.72,  1.58(-0.16, 1.87(0.12,
043) 333) 3.63)

Model 1, no adjustment; model 2. Age, sex, residence, married status, level of
education, economics,

physical activity, BMI, fruit intake, meat intake, fish intake, urinary albumin, egg
intake, vitamin intake,

smoking, drinking, hypertension, diabetes, heart disease and respiratory
disease; Model 3 vegetable

(for salt preserved vegetables analysis) or salt preserved vegetables (for
vegetables analysis)

vegetable intake revealed insignificant association with
incidents of a decline in eGFR (eGFR<60 mL/min/1.73
m?)®. In addition to high sodium intake, the author spec-
ulated that the fermented vegetables contained healthy
microbes, such as lactobacilli and bifidobacterium. CKD
patients tend to have a decreased percentage of beneficial
microbes in the gut; hence, pre- or probiotic supplemen-
tation improves kidney functions [5, 32]. Therefore, pro-
biotics exert a protective effect that may counteract the
damage caused by high sodium intake. However, no sig-
nificant association between occasional consumption of
salt-preserved vegetables and eGFR was observed in this
study.

In addition, the results were recombined from the data
of two variables: fresh and salt-preserved vegetables. The
results indicated that compared to people with two risk
factors (low fresh vegetable intake and high salt-vege-
tables intake), those with only one risk factor or no risk
factors demonstrated a higher eGFR. In addition, the
association between eGFR with fresh vegetables were
significant among people consuming salt-preserved veg-
etables almost daily. In this study, 13.4% of the elderly
reported a daily intake of salt-preserved vegetables. Salt-
preserved vegetables are widely regarded in Chinese cul-
ture as components of a lifestyle and are often consumed
by the elderly [33].Future studies using more refined
measures that consider both the quantity and frequency
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of salt-preserved vegetable intake are warranted to exam-
ine their effects on kidney function.

This study also encountered certain limitations. First,
measures on fresh and salt-preserved vegetable intakes
were coarse which relied on a few questions regarding
consumption frequency. Detailed information regard-
ing these quantities should be collected. Admittedly,
this crude categorization is subjective, and self-reported
dietary intake may be subject to recall bias and reporting
errors. Additionally, this study had a relatively small sam-
ple size and short follow-up period, which may restrict
the decline in eGFR. This could have underestimated
the association between fresh vegetable intake, salt-
preserved vegetable intake, and eGFR. Chronic diseases
were self-reported; hence, their prevalence was relatively
low. Therefore, residual confounding may persist in these
associations after adjusting for chronic diseases. Finally,
because vegetable intake, especially salt-preserved veg-
etables, represents only a few parts of China, the findings
might not be generalizable to other populations.

In conclusion, this study observed an additive effect of
fresh vegetable intake and salt-preserved vegetable intake
on eGFR in the elderly population in China. Our results
suggest that limiting salt-preserved vegetable intake
and their replacement with fresh or other forms of pre-
served vegetables should be encouraged while promoting
healthy vegetable consumption. This conclusion must be
validated by future studies, such as those investigating
the effects of the quantity of fresh vegetables and salt-
preserved vegetables on the degree of kidney function in
longitudinal follow-ups.
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Table 3 Associations between fresh vegetable intake, salt preserved vegetable intake, and eGFR under different stratifications

n Model 1 Model 2
Fresh vegetables +salt preserved vegetables In this "n" column, the original

numbers represented cases of

participants(each participant hav-

ing two follow-ups), and now they

have been changed to frequencies.

The modified data represents the

final results
Low fresh vegetable intake + high salt-preserved 16 Reference Reference
vegetable intake
Low fresh vegetable intake + low salt-preserved 205 13.77(6.91,20.62) 6.02(0.37,11.67)
vegetable intake
High fresh vegetable intake + high salt-preserved 174 6.46(-042, 13.35) 4.16(-1.51,9.83)
vegetable intake
High fresh vegetable intake + low salt-preserved 991 11.51(4.84,18.18) 562(0.11,11.13)
vegetable intake
Fresh vegetables
Low fresh vegetable intake
High salt-preserved vegetable intake 16 Reference Reference
Low salt-preserved vegetable intake 205 6.51(0.33,12.69) 3.65(-1.96, 9.26)
High fresh vegetable intake
High salt-preserved vegetable intake 174 Reference Reference
Low salt-preserved vegetable intake 991 -2.26(-4.17,-0.34) -0.32(-1.92,1.27)
Salt-preserved vegetables
Low salt-preserved vegetable intake
High fresh vegetable intake 991 Reference (The nextthree Reference

columns shifted one grid to
the right)

Low fresh vegetable intake 205 -5.04(-7.08,-3.01) -1.50(-3.25, 0.25)
High salt-preserved vegetable intake
High fresh vegetable intake 174 Reference Reference
Low fresh vegetable intake 16 -13.7(-20.22, -7 .26) -5.71(-11.34,-0.73)

Model 1, no adjustment; model 2. Age, sex, residence, married status, level of education, economics, physical activity,

BMI, fruit intake, meat intake, fish intake, urinary albumin, egg intake, vitamin intake, smoking, drinking, hypertension,

diabetes, heart disease and respiratory disease
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