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A B S T R A C T   

Aims: Chronic kidney disease (CKD) represents a global health concern, disproportionately affecting the elderly 
with heightened cardiovascular risk. The emerging focus on the gut microbiota’s role in CKD pathophysiology 
represents a pivotal area in nephrology; however, the evidence on this topic is limited. This observational 
prospective study, in the framework of the PREDIMED-Plus trial, investigates associations between gut micro
biota composition and the 1-year trajectory of CKD in 343 participants aged 55–75 years with high cardiovas
cular risk. 
Materials and methods: Kidney function was assessed at baseline and at 1-year of follow-up through the estimated 
glomerular filtration rate based on cystatin C (eGFR-CysC) and CKD defined by eGFR-CysC <60 mL/min/1.73 
m2. Participants were grouped based on their 1-year CKD trajectory: Group 1 maintained normal status or 
improved from CKD to normal, while Group 2 maintained CKD or worsened from normal to CKD. Fecal 
microbiota composition was assessed through 16S sequencing. 
Key findings: We observed differences in gut microbiota composition between CKD trajectory groups. Notably, the 
baseline relative abundance of Lachnoclostridium and Lachnospira, both butyrate-producing genera, was lower in 
participants maintaining or progressing to CKD. Longitudinally, a decrease in Lachnospira abundance was 
associated with CKD progression. The improved Chao1 index after 1-year follow-up suggests a link between 
enhanced microbial richness and stable/better kidney function. 
Significance: The findings underscore the potential of gut microbiota analysis in non-invasively monitoring CKD, 
especially in older populations, and hint at future interventions targeting gut microbiota to manage CKD pro
gression. Further research is needed for causal relationships and generalizability.   

1. Introduction 

Chronic kidney disease (CKD) is a global health concern, with recent 
data indicating a prevalence between 8 and 16 % [1], constantly 
increasing particularly among elderly individuals at high risk of car
diovascular complications [2]. This condition, characterized by a 
persistent abnormal kidney function (estimated glomerular filtration 
rate (eGFR) <60 mL/min/1.73 m2 and albuminuria ≥30 mg/g), ranks as 

the 16th leading cause of reduced life years worldwide [1], and is 
associated with elevated morbidity and premature death, representing a 
substantial economic burden on healthcare. This underscores the global 
health impact of CKD, particularly in older populations, and highlights 
the need for a comprehensive understanding of the disease to implement 
suitable preventive measures. 

In this regard, the potential causal role of gut microbiota alterations, 
also known as dysbiosis, in the pathophysiology of CKD represents a 
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prominent and innovative topic in nephrology literature [3]. Studies in 
rodent models showed that gut dysbiosis contributes to the development 
of kidney disease [4]. Furthermore, studies in humans also suggest that 
the gut microbiota alpha and beta-diversity may differ between pop
ulations with and without CKD. However, speculation arises about 
whether these differences contribute to the observed higher eGFR 
decline and disease progression risk in CKD patients, or if CKD itself 
leads to gut dysbiosis, given their bidirectional relationship [5,6]. 

Active research areas focus on understanding the consequences of 
gut microbiota composition and diversity variations on CKD develop
ment and progression. Moreover, these aspects may not be fully covered. 
In fact, some limitations of the available evidence need to be addressed: 
(i) most previous studies are cross-sectional rather than longitudinal 
studies; (ii) the vast majority of studies on this topic mainly measured 
kidney function (i.e., eGFR) using serum creatinine rather than Cystatin 
C (CysC), which is often considered a more accurate marker unaffected 
by sex, age, protein intake, and muscle mass [7]; (iii) earlier research 
focused on adults or middle-aged individuals with CKD, encompassing 
those at advanced CKD stages and end-stage kidney disease. However, it 
did not specifically include vulnerable elderly individuals with under
lying comorbid conditions such as obesity/overweight and metabolic 
syndrome (MetS), where distinct profiles of gut microbiota have been 
previously documented [8]. Recently, Peters et al. also suggested that 
the relationship between kidney function, kidney damage, and the gut 
microbiome depends on diabetes status [9]. Finally, there have been 
few, if any, studies conducted in Mediterranean elderly populations, 
where individuals’ socio-demographic and lifestyle traits (e.g., dietary 
habits, physical activity, smoking status, medication use, and so on) may 
protect against kidney function decline and in turn, reflect differences in 
their gut microbiome [10]. However, previous studies poorly accounted 
the influence of these relevant confounders when establishing the as
sociation between gut microbiota and CKD. Further research is needed 
to clarify the role of gut microbiota in CKD development and 
progression. 

Therefore, the aim of the present observational study, in the frame
work of the PREDIMED-Plus (Prevención con Dieta Mediterránea-Plus) 
randomized trial, was to examine the baseline and longitudinal associ
ations of gut microbiota composition and diversity with CKD progres
sion, assessed through eGFR based on cystatin C (eGFR-CysC), in a large 
Spanish cohort of older individuals at high cardiovascular risk, within 
the context of a weight-loss lifestyle intervention. 

2. Methods 

2.1. Study design and participants 

The present study, conducted within the framework of the 
PREDIMED-Plus randomized clinical trial using an observational pro
spective design, includes 343 participants from the Reus recruiting 
center. These participants had available fecal microbiota 16S data and 
information regarding eGFR-CysC at baseline and after 1-year of follow- 
up. The trial is described in detail in the Supplemental Material. 

2.2. General assessments, anthropometric measurements, and blood 
biochemical parameters 

Further details on this part of the methodology are provided in the 
Supplemental Material. 

2.3. Kidney disease markers and outcome assessment 

Further details on this part of the methodology are provided in the 
Supplemental Material. 

The main outcome of interest for the present study was CysC-based 
CKD 1-year trajectory. Participants were considered to have CKD 
when eGFR-CysC was lower than 60 (mL/min/1.73). Study population 

was stratified in two groups according to CKD 1-year trajectory: par
ticipants who maintained their status as normal or improved their status 
from CKD to normal after 1 year (Group 1), or participants who main
tained CKD or worsened their status from normal to CKD after 1 year 
(Group 2). 

2.4. Stool samples collection, fecal bacterial DNA extraction, and 16S 
amplicon sequencing 

Further details on this part of the methodology are provided in the 
Supplemental Material. 

2.5. Statistical analyses 

A detailed description of the statistical analyses conducted is pro
vided in the Supplemental Material. 

The clinical characteristics of the study population were described 
according to groups of CKD 1-year trajectory, and between-group dif
ferences were tested with Pearson’s chi-squared test or Student’s inde
pendent samples t-test. The overall microbiota structure (alpha diversity 
and beta diversity) and differentially abundant taxa (at the genus level) 
were the primary exposure of this study. The statistical analyses were 
adjusted for: the PREDIMED-Plus study group (intervention group, 
control group), age categories (below the median, ≤65 years old; above 
the median, >65 years old), sex, smoking status (former smoker, never 
smoker, smoker), previous diagnosis of hypertension, hypercholester
olemia, and type 2 diabetes, BMI categories (overweight, BMI =
25–29.9 kg/m2; obesity, BMI ≥ 30 kg/m2), MedDiet adherence score 
categories (high, 10 to 17; medium, 7 to 9; low, 2 to 6), and use of 
angiotensin II receptor antagonists (ARA II) and angiotensin-converting 
enzyme (ACE) drugs. The association between CKD 1-year trajectory 
groups and baseline and 1-year changes in calculated alpha diversity 
indexes Chao1, Shannon, and Simpson [11–13] was assessed through 
linear regression. Beta diversity was evaluated using Euclidean distance 
over log-ratio transformed genus counts (Aitchison distance) [14]. 
Permutational multivariate analysis of variance (PERMANOVA) tested 
differences in Aitchison distance between CKD 1-year trajectory groups 
cross-sectionally and longitudinally. Principal component analysis 
(PCA) was employed to visualize between-group and between-time 
variation. The differential abundance of fecal microbiota features 
across CKD 1-year trajectory groups was explored cross-sectionally and 
longitudinally using general linear models. 

3. Results 

3.1. General characteristics of the study population 

The flow diagram in the Supplementary Fig. S1 indicates how the 
final sample size was obtained. 

The baseline characteristics of the study population were described 
according to CKD 1-year trajectory groups (Table 1). From a total of 343 
participants, 253 subjects were included in Group 1 (maintained normal 
or improved their status from CKD to normal after 1 year), and 90 
subjects in Group 2 (maintained CKD or worsened their status from 
normal to CKD after 1 year). Participants in Group 1 were younger than 
participants in Group 2 (64.0 ± 4.8 versus 66.9 ± 5.1 years old). In 
addition, due to the kidney disease status, subjects in Group 2 had higher 
baseline levels of CysC (1.3 ± 0.2 mg/L), and lower eGFR-CysC (54.6 ±
10.5 mL/min/1.73 m2) compared to subjects in Group 1 (1.0 ± 0.1 mg/ 
L, and 79.0 ± 14.6 mL/min/1.73 m2). 

Follow up changes according to CKD 1-year trajectory groups are 
reported in Supplementary Table S1. 

3.2. The baseline fecal microbiota and groups of CKD 1-year trajectory 

We did not observe significant differences in calculated alpha 
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diversity indices Chao1, Simpson, and Shannon between groups of CKD 
1-year trajectory (Supplementary Tables S2-S4). Principal components 
calculated over baseline taxonomic counts showed that the top 2 axes 
account for 11.1 % and 7.0 % of the total variation respectively (Sup
plementary Fig. S2). We observed significant variance (P = 0.026) in the 

fecal microbiota population, with groups of CKD 1-year trajectory 
explaining 0.5 % of all variance (Table 2). 

The relative abundance of Lachnoclostridium genus was significantly 
lower (β coef. = − 0.521, P < 0.001, FDR = 0.022) in Group 2 compared 
with Group 1 of CKD 1-year trajectory (Fig. 1A). Similarly, the relative 
abundance of Lachnospira genus was significantly lower (β coef. =
− 0.567, P < 0.001, FDR = 0.022) in Group 2 compared with Group 1 of 
CKD 1-year trajectory (Fig. 1B). On the other hand, we did not observe 
any differentially abundant pathway between groups of CKD 1-year 
trajectory. 

3.3. Fecal microbiota changes and groups of CKD 1-year trajectory 

The alpha diversity index Chao1 decreased (− 0.5 ± 20.0) in those 
subjects belonging to Group 2 after 1 year (β coef. = − 5.255, P = 0.046) 
(Fig. 2). No between-group significant differences were shown for 
Simpson and Shannon indices (Supplementary Tables S5-S6). We did not 
observe significant variance in gut microbiota population explained by 
groups of CKD 1-year trajectory assessed longitudinally through PER
MANOVA (Supplementary Table S7). Principal components calculated 
over baseline and 1-year taxonomic counts showed that the top 2 axes 
account for 11.0 % and 6.8 % of the total variation respectively (Sup
plementary Fig. S3). 

The relative abundance of Lachnospira genus was decreased (β coef. 
= − 0.434, P = 0.001, FDR = 0.084) in Group 2 compared with Group 1 
of CKD 1-year trajectory after 1 year (Fig. 3). No differences in pathways 
for the 1-year change were observed between groups of CKD 1-year 
trajectory. 

4. Discussion 

Our study explored both the cross-sectional and longitudinal 

Table 1 
Baseline characteristics of the study population according to chronic kidney 
disease (CKD) 1-year trajectory groups.   

Group 1 
(n = 253) 

Group 2 
(n = 90) 

Total 
(n = 343) 

P value 

Women 107 (42.3) 45 (50.0) 152 
(44.3)  

0.206 

Age (years) 64.0 ± 4.8 66.9 ± 5.1 64.8 ±
5.1  

< 0.001 

Intervention group 135 (53.4) 43 (47.8) 178 
(51.9)  

0.363 

Smoke Status     0.006 
Former smoker 113 (44.7) 25 (27.8) 138 

(40.2)  
Never smoker 116 (45.8) 48 (53.3) 164 

(47.8)  
Smoker 24 (9.5) 17 (18.9) 41 (12.0)  

Hypercholesterolemia 
prevalence 

165 (65.2) 61 (67.8) 226 
(65.9)  

0.660 

Hypertension prevalence 199 (78.7) 79 (87.8) 278 
(81.0)  

0.058 

Type 2 diabetes prevalence 40 (15.8) 22 (24.4) 62 (18.1)  0.068 
Obesity (BMI ≥ 30 kg/m2) 194 (76.7) 69 (76.7) 263 

(76.7)  
0.998 

ARA II use 60 (23.7) 30 (33.3) 90 (26.2)  0.121 
ACE inhibitors use 91 (36.0) 34 (37.8) 125 

(36.4)  
0.437 

Adherence to MedDiet     0.921 
High (10 to 15) 68 (26.9) 24 (26.7) 92 (26.8)  
Medium (7 to 9) 76 (30.0) 29 (32.2) 105 

(30.6)  
Low (2 to 6) 109 (43.1) 37 (41.1) 146 

(42.6)  
Physical activity (METs/day) 366.2 ±

340.2 
360.7 ±
369.0 

364.8 ±
347.5  

0.896 

HDL cholesterol (mg/dL) 48.7 ±
11.6 

47.7 ±
11.6 

48.4 ±
11.6  

0.512 

LDL cholesterol (mg/dL) 120.6 ±
28.9 

118.3 ±
30.0 

120.0 ±
29.1  

0.527 

TG (mg/dL) 173.3 ±
110.1 

175.0 ±
87.6 

173.8 ±
104.6  

0.893 

FPG (mg/dL) 118.2 ±
22.0 

120.4 ±
26.0 

118.8 ±
23.1  

0.450 

Insulin (mU/mL) 20.1 ±
10.5 

20.2 ±
13.5 

20.1 ±
11.4  

0.941 

Glycated hemoglobin (% 
over total) 

6.0 ± 0.7 6.1 ± 0.9 6.0 ± 0.8  0.252 

DBP (mmHg) 82.9 ± 8.6 81.2 ± 9.1 82.5 ±
8.7  

0.103 

Urinary creatinine (mg/dL) 104.6 ±
53.0 

93.3 ±
43.8 

101.7 ±
50.9  

0.052 

UACR (mg/g) 16.8 ±
46.2 

21.9 ±
52.2 

18.1 ±
47.8  

0.403 

CysC (mg/L) 1.0 ± 0.1 1.3 ± 0.2 1.1 ± 0.2  < 0.001 
eGFR-CysC (mL/min/1.73 

m2) 
79.0 ±
14.6 

54.6 ±
10.5 

72.6 ±
17.3  

< 0.001 

BMI, body mass index; ARA II, angiotensin II receptor antagonists; ACE, 
angiotensin-converting enzyme; MedDiet, Mediterranean diet; METs, metabolic 
equivalents; HDL, high density lipoprotein; LDL, low density lipoprotein; TG, 
triglycerides; FPG, fasting plasma glucose; DBP, diastolic blood pressure; UACR, 
urine albumin-to-creatinine ratio; CysC, cystatin C; eGFR-CysC, estimated 
glomerular filtration rate based on cystatin C. Groups of CKD 1-year trajectory 
defined including participants who maintained their status as normal or 
improved their status from CKD to normal after 1 year (Group 1), or participants 
who maintained CKD or worsened their status from normal to CKD after 1 year 
(Group 2). Data represented as number (% within CKD 1-year trajectory groups) 
or mean ± standard deviation. Differences between groups assessed by Pear
son’s chi-squared test or independent samples t-test. P < 0.05 deemed 
significant. 

Table 2 
Result of permutational multivariate analysis of variance (PERMANOVA) con
ducted to assess differences in Aitchison distance, calculated over baseline 
counts, between groups of chronic kidney disease (CKD) 1-year trajectory.   

Df Sum of sqs R2 F P value 

CKD 1-y trajectory group  1  158.373  0.005  1.602  0.018 
PREDIMED-Plus study group  1  70.070  0.002  0.709  0.899 
Smoke status  2  230.595  0.007  1.167  0.166 
Type 2 diabetes  1  225.363  0.007  2.280  0.005 
Sex  1  153.863  0.005  1.557  0.022 
BMI category  1  94.744  0.003  0.959  0.512 
Age category  1  134.084  0.004  1.357  0.088 
MedDiet adherence category  2  209.937  0.006  1.062  0.300 
Hypertension  1  77.634  0.002  0.786  0.793 
Hypercholesterolemia  1  111.813  0.003  1.131  0.269 
ARA II  1  97.659  0.003  0.988  0.445 
ACE  1  92.311  0.003  0.934  0.555 
Residual  327  32,318.367  0.947   
Total  342  34,120.154  1   

Df, degrees of freedom; BMI, body mass index; MedDiet, Mediterranean diet; 
CKD, chronic kidney disease; ARA II, angiotensin II receptor antagonists; ACE, 
angiotensin-converting enzyme. Groups of CKD 1-year trajectory defined 
including participants who maintained their status as normal or improved their 
status from CKD to normal after 1 year (Group 1), or participants who main
tained CKD or worsened their status from normal to CKD after 1 year (Group 2). 
PERMANOVA was conducted to assess longitudinally differences between the 
interaction term group*time, setting participants’ IDs as a variable within which 
to constrain permutations. Model adjusted for the PREDIMED-Plus study group 
(intervention group, control group), age categories (below the median, ≤ 65 
years old; above the median, > 65 years old), sex, smoking status (former 
smoker, never smoker, smoker), prevalence of hypertension, hypercholester
olemia, and type 2 diabetes, BMI categories (overweight, BMI = 25–29.9 kg/m2; 
obesity, BMI ≥ 30 kg/m2), MedDiet adherence score categories (high, 10 to 17; 
medium, 7 to 9; low, 2 to 6), use of ARA II and ACE drugs. Results with P < 0.05 
were considered significant. 
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relationships between CKD, classified according to eGFR-CysC, and gut 
microbiota in elderly individuals at high cardiovascular risk, within the 
context of a weight-loss lifestyle intervention. We observed differences 
in the gut microbiota between groups of CKD 1-year trajectory. In
dividuals who either maintained CKD or progressed from normal to CKD 

Fig. 1. Baseline differentially abundant taxa between groups of chronic kidney disease (CKD) 1-year trajectory. Groups of CKD 1-year trajectory defined including 
participants who maintained their status as normal or improved their status from CKD to normal after 1 year (Group 1), or participants who maintained CKD or 
worsened their status from normal to CKD after 1 year (Group 2). Multivariable association tested with generalized liner model, with Group 2 as reference, adjusted 
for the PREDIMED-Plus study group (intervention group, control group), age categories (below the median, ≤65 years old; above the median, >65 years old), sex, 
smoking status (former smoker, never smoker, smoker), prevalence of hypertension, hypercholesterolemia, and type 2 diabetes, body mass index (BMI) categories 
(overweight, BMI = 25–29.9 kg/m2; obesity, BMI ≥ 30 kg/m2), Mediterranean diet adherence score categories (high, 10 to 17; medium, 7 to 9; low, 2 to 6), use of 
angiotensin II receptor antagonists (ARA II), use of angiotensin-converting enzyme (ACE) drugs. Values in y axe indicate log-transformed relative abundance of 
genera with FDR < 0.1. 

Fig. 2. Difference in Chao1 alpha diversity index 1-year change between 
chronic kidney disease (CKD) 1-year trajectory groups. Groups of CKD 1-year 
trajectory defined including participants who maintained their status as 
normal or improved their status from CKD to normal after 1 year (Group 1), or 
participants who maintained CKD or worsened their status from normal to CKD 
after 1 year (Group 2). Differences tested with linear regression, with Group 2 
as reference, and model adjusted for the PREDIMED-Plus study group (inter
vention group, control group), age categories (below the median, ≤65 years 
old; above the median, >65 years old), sex, smoking status (former smoker, 
never smoker, smoker), prevalence of hypertension, hypercholesterolemia, and 
type 2 diabetes, body mass index (BMI) categories (overweight, BMI = 25–29.9 
kg/m2; obesity, BMI ≥ 30 kg/m2), Mediterranean diet adherence score cate
gories (high, 10 to 17; medium, 7 to 9; low, 2 to 6), use of angiotensin II re
ceptor antagonists (ARA II), use of angiotensin-converting enzyme (ACE) drugs. 
Results with P < 0.05 were considered significant. 

Fig. 3. Longitudinal multivariable association between differentially abundant 
taxa and groups of chronic kidney disease (CKD) 1-year trajectory. Groups of 
CKD 1-year trajectory defined including participants who maintained their 
status as normal or improved their status from CKD to normal after 1 year 
(Group 1), or participants who maintained CKD or worsened their status from 
normal to CKD after 1 year (Group 2). Association tested with generalized liner 
model, with Group 2 as reference, adjusted for the time between baseline and 
follow-up, the PREDIMED-Plus study group (intervention group, control group), 
age categories (below the median, ≤65 years old; above the median, >65 years 
old), sex, smoking status (former smoker, never smoker, smoker), prevalence of 
hypertension, hypercholesterolemia, and type 2 diabetes, body mass index 
(BMI) categories (overweight, BMI = 25–29.9 kg/m2; obesity, BMI ≥ 30 kg/ 
m2), Mediterranean diet adherence score categories (high, 10 to 17; medium, 7 
to 9; low, 2 to 6), use of angiotensin II receptor antagonists (ARA II), use of 
angiotensin-converting enzyme (ACE) drugs. Participants’ ID was specified as 
random effect. Values in y axe indicate log-transformed relative abundance of 
genera with FDR < 0.1. 
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status, exhibited a lower relative abundance of butyrate-producing 
genera from Lachnospiraceae family, Lachnoclostridium and Lachno
spira at baseline. Furthermore, we observed a decrease in gut microbiota 
richness and in the relative abundance of genus Lachnospira in in
dividuals who either maintained CKD or progressed from normal to CKD 
status after one year. 

Similarly, differences in the overall gut microbial composition, 
including alterations in Lachnospiraceae abundance, have been 
observed between controls and patients with CKD [5]. A systematic 
review proposed by Zhao and colleagues aimed to profile the gut 
microbiota in patients with CKD [15]. The 67 % of the studies consid
ered, reported lower gut microbiota richness, whereas the 91 % reported 
distinct bacterial composition in patients compared to healthy controls 
[15]. In addition, Lachnospiraceae were described less abundant in CKD 
patients [15]. 

Members of the Lachnospiraceae family, anaerobic organisms in the 
Clostridium order, convert plant-based polysaccharides into short-chain 
fatty acids like butyrate [16]. Butyrate plays a crucial role in overall 
health, by preserving the intestinal epithelium, influencing the immune 
system, and affecting different metabolic pathways in various organs 
[17]. A reduction in butyrate-producing bacteria in the gut has been 
associated with several noncommunicable diseases like type 2 diabetes, 
obesity, and cardiovascular diseases [18]. Additionally, a decrease in 
these bacteria can promote the growth of harmful gut pathogens by 
weakening the body’s natural resistance to colonization [18]. In the 
specific context of CKD, Lachnospira has been already identified as po
tential biomarker [19]. Accordingly, a meta-analysis focusing on gut 
microbiota alterations in membranous nephropathy showed that the 
abundance of Lachnospira was markedly depleted in patients compared 
to healthy controls [20]. Furthermore, higher Lachnospira abundance 
has been observed in control groups compared to patients with CKD. Gut 
microbiota alterations become more pronounced from CKD stage 3b 
(eGFR between 30 and 44 mL/min per 1.73 m2) onwards, and persists 
even after renal replacement therapy [16]. 

Together with Lachnospira, we also observed lower abundance of 
Lachnoclostridium in subjects who either maintained CKD or progressed 
from normal to CKD status. Regarding Lachnoclostridium, literature show 
more controversial results, as it has been found depleted [21,22], but 
also enriched [23,24] in patients with CKD. The ability of Lachnoclos
tridium to produce butyrate from dietary fibers could in part explain its 
potential beneficial impact on kidney function. On the other hand, 
Lachnoclostridium it has been identified as microbial trimethylamine 
(TMA) producing genera [25]. The association between TMA N-oxide 
(TMAO) and kidney disease is supported by a study in animal models 
showing elevated TMAO levels, which are linked to reduced kidney 
function and increased mortality risk, partially explaining the observed 
literature discrepancy [26]. 

Interestingly, while baseline comparisons showed a variance in 
microbiota between the two CKD trajectory groups, the longitudinal 
analysis revealed a decrease in Lachnospira abundance in the group with 
worsening CKD. This suggests a potential role of Lachnospira in the 
progression of CKD, especially in the context of dietary interventions. It 
also indicates that changes in gut microbiota may not just be a conse
quence of CKD but could actively contribute to its progression. As 
emphasized by Wehedy et al., there is a two-way interaction between 
CKD and the gut microbiome [27]. Changes in gut microbiota can 
impact kidney health by promoting inflammation and accumulating 
uremic toxins, while CKD can lead to an imbalance in gut bacteria [27]. 

The observed differences in the gut microbial composition between 
groups of CKD 1-year trajectory suggest that changes in the microbiota 
are associated with the progression or improvement of CKD. This re
inforces the concept that gut microbiome composition is crucial CKD 
dynamics, with alterations potentially contributing to CKD progression 
or being influenced by changes in kidney function [28,29]. 

The observed 1-year increase in the Chao1 alpha diversity index in 
individuals of Group 1 suggests a possible link between improved gut 

microbial richness and stable or better kidney function. This supports 
the idea that a diverse gut microbiome benefits overall and renal health 
[30], contributing to evidence that gut microbiota diversity may play a 
role in the progression and management of CKD [30]. 

The absence of significant changes in other diversity indices and the 
lack of differential abundant metabolic pathways over one year suggest 
a complex interplay between gut microbiota composition and CKD, 
which is not solely explained by changes in microbial diversity or 
functional potential. This complexity underscores the need for further 
research to unravel the mechanisms behind these associations and their 
implications for CKD management. 

Our study adds to the evidence linking gut microbiota to CKD and its 
progression, suggesting that monitoring and modulating gut microbiota 
could be crucial managing CKD, particularly in older populations. This 
aligns with previous research indicating a link between gut dysbiosis 
and kidney disease [31]. Our findings also highlight the potential of gut 
microbiome analysis as a non-invasive tool for monitoring CKD pro
gression, especially when traditional biomarkers like eGFR based on 
serum creatinine are less reliable [32]. 

A study by Jiang et al., explored the relationship between eGFR-CysC 
and gut microbiota in patients with End-Stage Renal Disease (ESRD), 
finding that levels of Cystatin C, along with markers like BUN and 
creatinine, were significantly higher in ESRD patients compared to 
healthy controls, and eGFR was reduced. The study also analyzed the 
diversity and distribution of gut microbiota in these patients, demon
strating a significant relationship between kidney function and gut 
microbiota composition [33]. Our study’s reliance on eGFR-CysC for 
evaluating kidney function sets our research apart, as eGFR-CysC is 
considered more accurate in certain populations, especially the elderly, 
and less influenced by external factors like muscle mass compared to 
creatinine-based measures [34]. This approach adds robustness to our 
findings about the relationship between CKD progression and gut 
microbiota changes, underscoring the relevance of using eGFR-CysC in 
CKD studies, particularly in older adults, for more precise assessments of 
kidney function and its association with gut health. 

Strengths of our study include the use of eGFR-CysC for kidney 
function assessment, which offers greater accuracy in elderly pop
ulations. The longitudinal design and integration of microbiome analysis 
add depth to our understanding of CKD progression. 

However, an important limitation of this study is the lack of causal 
relationship establishment between microbiota changes and CKD pro
gression. The observational nature of the study design aimed to identify 
associations but limits the ability to infer causality. Although significant 
associations between gut microbiota composition and CKD trajectory 
were found in our study, we acknowledge the absence of a causal rela
tionship between gut microbiota changes and CKD progression. None
theless, our findings offer valuable insights, which can help the 
development of future studies, that should employ experimental designs 
to manipulate gut microbiota composition and measure the effects on 
CKD progression. 

To address this limitation, future experiments could employ ran
domized controlled trials to restore levels of Lachnoclostridium and 
Lachnospira and evaluate their effects on CKD progression. Specifically, 
participants with CKD could be randomly assigned to receive probiotics 
supplementations weather a control group would receive a placebo. By 
monitoring changes in gut microbiota composition and CKD biomarkers 
over time, researchers could assess weather restoring specific microbiota 
levels can causally impact CKD progression. This approach would allow 
to establish a causal relationship, providing more robust evidence for the 
potential of gut microbiota analysis in non-invasively monitoring CKD. 

Further, animal models of CKD could be used to investigate causality. 
Germ-free or antibiotic-treated rodents could be colonized with micro
biota from CKD patients or specific strains like Lachnoclostridium and 
Lachnospira. By observing the effects on kidney function and pathology, 
researchers could infer causality and explore underlying mechanisms. 

Other limitations include the limited generalizability of the findings 
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to other populations and the use of 16S rRNA sequencing, which pro
vides taxonomic information at the genus level but lacks functional in
sights. Future studies should include more diverse study populations and 
integrate metagenomic and metabolomic analyses alongside taxonomic 
profiling to understand the functional impact of microbiota on CKD. 

In conclusion, our study highlights the complex relationship between 
CKD and gut microbiota, particularly in elderly individuals at high 
cardiovascular risk. The use of cystatin C-based eGFR as a more accurate 
measure of renal function, along with the analysis of microbiome 
changes over one year, provides valuable insights into the gut-kidney 
axis. Our findings suggest potential associations between specific gut 
bacteria, such as the genera Lachnoclostridium and Lachnospira, and CKD 
progression. Future possibilities stemming from our study include 
exploring interventions targeting gut microbiota to manage or slow 
down CKD progression. Investigating the causal relationships between 
specific microbiota changes and CKD in diverse populations could pro
vide new insights. Further research into the gut-kidney axis might lead 
to novel diagnostic tools or therapeutic strategies, especially focusing on 
the role of cystatin C and gut microbiome diversity in CKD. Potential 
future interventions could involve modulating the gut microbiota to 
reduce uremic toxin production, decrease inflammation, and improve 
kidney function. Additionally, fecal microbiota transplantation from 
healthy individuals to those with CKD warrants future exploration, as it 
may help in to restore a balanced gut microbiota composition. These 
insights open avenues for future research focused on gut microbiota as 
both a therapeutic target and diagnostic tool in CKD management.. 
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