KIDNEY DISEASES

A Study on the Correlation between Metabolic Syndrome
and Proteinuria in Chronic Kidney Disease

1Department of Nephrology,
Affiliated Hospital of HeBei
University, Baoding 071000,
HeBei Province, China

2Key Laboratory of Bone
Metabolism and Physiology

in Chronic Kidney Disease

of Hebei Province, Baoding
071000, HeBei Province, China

#Li Guo, Lei Ran and Jing Li,
contributed equally to this work.

Keywords. Microalbuminuria;
Metabolic syndrome; Chronic
kidney disease

Li Guo,"?* Lei Ran,"?# Jing Li,"?# Jiandong Li,"? Youlan Gong"?*

Introduction. To assess the frequency of metabolic syndrome
(MS) and its association with proteinuria in patients with chronic
kidney disease (CKD).

Methods. A cross-sectional study was conducted among 386
CKD patients from June 2022 to June 2023. Prevalence of MS
was calculated, clinical characteristics of CKD patients with and
without MS were compared, and multivariable logistic regression
was performed to estimate associations between the components
of MS with the categories of proteinuria.

Results. The prevalence of MS was 24.9% among the 386 CKD
patients. Patients with MS had greater 24-h urinary protein excretion
and lower estimated glomerular filtration rate (eGFR) compared
to patients without MS (P < .05). The proportion of patients with
MS increased across proteinuria strata: mild (< 1.0 g/day) 14.4%,
moderate (1.0 to 3.5 g/day) 35.2%, and severe (= 3.5 g/day) 49.0%
(P < .05). In adjusted models, increased postprandial blood glucose
(PBG), hypertension, and the ratio of triglyceride/high-density
lipoprotein cholesterol (TG/HDL-C) were independent associations
with increased burden of proteinuria.

Conclusion. Metabolic syndrome was independently associated
with increased proteinuria burden in CKD. Early recognition
and treatment of metabolic risk factors, especially dysglycemia,
hypertension, and dyslipidemia, may help to promote renal
protection and improve overall patient health.
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Chronic kidney disease (CKD) is a progressive
condition resulting from various primary renal
disorders or secondary systemic diseases such
as diabetes mellitus and hypertension.!> Chronic
kidney disease is now identified as a global
public health issue due to its prevalence, burden
on healthcare resources, poor awareness, and
association with poor health outcomes.>* The
increasing prevalence of metabolic conditions, most
notably diabetes mellitus, obesity, hyperuricemia,
and hypertension, continues to result in an increased
burden of CKD, emphasizing the relationship
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between metabolic health and kidney injury.>®
Metabolic syndrome (MS) is characterized
by metabolic derangements, including insulin
resistance, central obesity, hypertension,
dyslipidemia, and impaired glucose metabolism.”
This indicates systematic inflammation and a state
of metabolic dysregulation, which places individuals
at an increased risk of cardiovascular disease, type
2 diabetes mellitus, and mortality.!%!!
Proteinuria is an important marker of kidney
injury, yet it may also signifies systemic endothelial
dysfunction and vascular injury.'?!® Individuals
with MS often have multiple risk factors



(hyperglycemia, dyslipidemia, and hypertension),
which contribute to kidney microvascular damage
and may hasten the development of proteinuria.
Although some studies have previously identified
an association between metabolic syndrome and
kidney disease, they were primarily conducted in
community-based or general populations rather
than in well-characterized CKD cohorts; therefore,
the relationship between MS components and
proteinuria burden remains unclear.!>17

While it is acknowledged that MS and CKD
share many metabolic pathways, there is limited
evidence regarding the association between specific
components of MS and the severity of proteinuria
in patients with CKD. Thus, this study sought
to estimate the prevalence of MS and establish
associations between certain components of MS
and proteinuria in patients with CKD.

This research was conducted as a single-center
cross-sectional study from June 2022 to June
2023, by participants recruited from the Affiliated
Hospital of Hebei University. A written informed
consent from each participant was obtained
prior to commencement of the study. The study
protocol was in accordance with the Declaration
of Helsinki and approved by the Institutional
Ethics Committee of the Affiliated Hospital of
Hebei University (Approval Number: HDFYLL-
KY-2024-146. Dat:26 June 2024). All aspects of
the study were observational, and no follow-up
intervention was conducted.

According to the 2012 Kidney Disease: Improving
Global Outcomes (KDIGO) guidelines, chronic
kidney disease (CKD) is characterized by a
persistent reduction in estimated glomerular
filtration rate (eGFR) of < 60 mL/min/1.73 m?,
and/or albuminuria (=30 mg/g creatinine), and/
or other structural abnormality of the kidneys for
at least three months.!® Evidence of chronicity may
include continuous laboratory records or a clinical
diagnosis in the electronic medical record.

We enrolled consecutive adults (=18 years)
who met the KDIGO criteria for the diagnosis
of CKD and provided informed consent. The
diagnosis of CKD was attributed to causes
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such as diabetic nephropathy, hypertensive
nephrosclerosis, glomerulonephritis, or other
secondary nephropathies. Exclusion criteria
were non-CKD patients; those with acute kidney
injury, active malignancy, myocardial infarction
or stroke within two weeks, congestive heart
failure classified as New York Heart Association
(NYHA) III-1V, significant liver disease, any
active infection (such as urinary tract infection, or
HIV), pregnancy, previous organ transplantation,
or missing laboratory data. Patients were also
excluded if they had an active severe psychiatric
disorder or any physical disability that prevented
them from participating in the study.

Metabolic syndrome (MS) was defined by the
2017 criteria of the Endocrinology Branch of the
Chinese Medical Association.’ Participants who
met three or more of the following five components
were classified as having MS.

Central obesity: waist circumference = 90 cm
for men or = 85 cm for women.

Hyperglycemia: fasting blood glucose
mmol/L, 2-hour postprandial glucose
mmol/L, or diabetes treatment.

Hypertension: blood pressure = 130/85 mmHg
or on antihypertensive therapy.

Hypertriglyceridemia: = 1.7 mmol/L triglyceride
level.

Low HDL-C: < 1.04 mmol/L.

CKD staging was done in accordance with
KDIGO stages (G1-G5) and the MDRD (Modified
Diet in Renal Disease) equation. The proteinuria
category was classified morbidly as < 1.0 g/day,
1.0-3.5 g/day, to = 3.5 g/day, reflecting clinically
relevant categories of proteinuria.

6.1

=
> 7.8

All subjects completed the relevant tests to assess
their fasting blood glucose, 2-hour postprandial
glucose level, total cholesterol, triglycerides, LDL-C,
HDL-C, hemoglobin, serum creatinine, and urinary
protein collected over 24 hours.

Proteinuria was assessed by the pyrogallol red-
molybdate colorimetric method on a Hitachi 7600
automated analyzer, calibrated daily against the
manufacturer’s quality control material. If urine
creatinine excretion was less than 10 mg/kg/day
in women or less than 15 mg/kg/day in men, the
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24-hour urine collections were labeled incomplete
and were excluded from analysis.?

HOMA-IR was calculated from fasting insulin
multiply by fasting glucose divided by 22.5. The
triglyceride/HDL-C ratio was categorized into
three groups: <1, 1-2, or > 2.21"23 A nonspecific
marker of estimated GFR was calculated using the
MDRD equation. Approximately 4% of subjects
had missing insulin data, which were excluded
from the HOMA-IR calculations listwise. Because
HbA1lc data were not consistently available, they
were not analyzed.

For subgroup analysis, subjects were categorized
as CKD with MS and CKD without MS, and also
stratified by proteinuria severity level: < 1.0 g/
day, 1.0-3.5 g/day, or =3.5 g/day.

Continuous variables with normal distribution
were expressed by mean + standard deviation (SD)
and evaluated based on the independent-sample
t-test or one-way analysis of variance (ANOVA).
Non-normally distributed variables were expressed
by median (interquartile range) and assessed using
the Mann-Whitney U test or Kruskal-Wallis test.
Categorial variables were expressed as counts
and percentages and assessed using the 3 test or
Fisher’s exact test as appropriate. Ordinal logistic
regression (proportional-odds model) was used
to assess the association between components of
metabolic syndrome (MS) and levels of proteinuria
(< 1.0 g/day, 1.0-3.5 g/day, = 3.5 g/day). The
proportional-odds assumption was tested and met
(P > .05). Model calibration was assessed using the
Hosmer-Lemeshow goodness-of-fit test (P > .05
reflected good model fit).

Binary multivariable logistic regression was
employed with sufficient rationale, wherever an
ordinal logistic was not feasible for re-analysis.
Events-per-variable (EPV) testing met the 171-event
level, which confirmed model stability (7-9
covariates). The independent variables included
age, sex, body mass index (BMI), hypertension,
postprandial blood glucose (PBG) levels,
triglyceride/high-density lipoprotein cholesterol
ratio (TG/HDL-C), and estimated glomerular
filtration rate (eGFR). Multicollinearity was assessed
using the variance inflation factor (VIF < 5), which
confirmed no significant collinearity. Multiplicity
was addressed by prespecifying the primary
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hypothesis, that is, the association between MS
and proteinuria = 1.0 g/day. Two analyses for
sensitivity were performed: (1) stratifying by stage
of chronic kidney disease (G1-2 vs G3-5), and (2)
using the eGFR as a continuous variable, as included
in the referent. The results were consistent across
both analyses.

All statistical analyses were performed using
SPSS version 19.0 (IBM Corp., Armonk, NY, USA).
Two-tailed P < .05 was considered statistically
significant. The missing data was <5 % of the
overall n, which was assumed under our analyses
to be complete data.

The study involved a cohort of 386 individuals
diagnosed with chronic kidney disease (CKD)
(n = 386). Table 1 provides a summary of the
baseline clinical and biochemical characteristics
of the study population. The average age of the
participants was 39.0 + 12.4 years, with 40.4% being
identified as male (n = 156). The prevalence of
metabolic syndrome (MS) was noted to be 24.9%
(n =96). The overall mean estimated glomerular
filtration rate (eGFR) of the cohort was 1.64 + 0.24
mL/s/1.73 m2.

Patients in the MS group were significantly
older than those in the non-MS group (mean age
of 46 years compared to 37 years, P <.001) and
were more often male (53.1% vs. 36.2%, P = .004),
at baseline. Patients in MS group were more likely
to be current smokers (21.9% vs. 6.6%, P < .001)
and consume alcohol (13.5% vs. 3.8%, P = .002). In
addition, baseline BMI, systolic and diastolic BP,
fasting blood glucose, total cholesterol, triglycerides,
and LDL-C levels were all significantly higher,
whereas HDL-C level was significantly lower in
the MS group compared to the non-MS group (all
P < .05).

As shown in Table 2, the prevalence of MS
increases significantly with the increasing severity
of proteinuria: 14.4% in the mild category (< 1.0
g/day), 35.2% in the moderate category (1.0-3.5
g/day), and 49.0% in the severe category (= 3.5
g/day; P <.001).

Individuals with higher proteinuria also showed
significantly higher levels of BMI, systolic blood



Table 1. Comparison of baseline clinical and biochemical characteristics between CKD patients with MS and without MS (n = 386).

Data are present as mean + SD or median [IQR] for continuous variables and as n (%) for categorical variables. P-values indicate

comparisons between CKD patients with and without MS.
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Total Non-MS MS P

n 386 290 96
Age (years) 39 (30,54) 37 (30,47) 46 (37,54) <.05
Male (n/%) 156 (40.41) 105 (36.21) 51 (53.13) <.05
Smoking history (n/%) 40 (10.36) 19 (6.55) 21 (21.88) <.05
Drinking history (n/%) 24 (6.22) 11 (3.79) 13 (13.54) <.05
Hypertension (n/%) 156 (40.41) 72 (24.82) 84 (87.5) <.05
Diabetes Mellitus (n/%) 15 (3.87) 3(1.03) 12 (12.5) <.05
Dyslipidemia (n/%) 43 (11.14) 20 (6.90) 23 (23.96) <.05
BMI (kg/m?) 23.81+3.10 21.34 +2.51 26.87 + 3.69 <.05
Abdominal Circumference (cm) 84 (80,89) 81 (79,87) 88 (86,93) <.05
Hb (g/L) 127.15 £ 16.29 125.88 £ 13.97 129.73 £ 21.05 > .05
FBG (mmol/L) 4.63 (4.21,4.99 4.60 (4.20,4.93) 4.85 (4.49,5.40) <.05
PBG (mmol/L) 6.51 (5.64,7.45 6.15 (5.53,6.83) 7.98 (6.88,11.04) <.05
HOMA- IR 1.45(1.03,1.20 1.29 (0.90,1.65) 2.21(1.50,3.01) <.05
TG (mmol/L) 1.36 (0.95,2.06 1.17 (0.83,1.60) 2.18 (1.76,2.97) <.05
TC (mmol/L) 4.63 (4.02,5.30 4.57 (3.97,5.28) 4.71 (4.09,5.51) > .05
HDL-C (mmol/L) 1.10 (0.94,1.36 1.17 (1.01,1.40) 0.97 (0.89,1.16) <.05
LDL-C (mmol/L) 2.99 (2.53,3.50 2.93 (2.50,3.45) 3.04 (2.65,3.64) > .05
eGFR (mL/s/1.73m?), (n/%)

215 194 (50.26) 166 (85.57) 28 (14.43) <.05

1~1.5 108 (27.98) 70 (64.81) 38 (35.19) <.05

<1 84 (21.76) 37 (12.76) 47 (48.96) <.05

Urinary Protein Quantification (mg/L) 0.85 (0.46,1.80) 0.74 (0.40,1.39) 1.54 (0.73,2.10) < .05

CKD, chronic kidney disease; MS, metabolic syndrome; BMI, body mass index; Hb, hemoglobin; FBG, fasting blood glucose; PBG, 2-h post-

prandial blood glucose; TG, triglyceride; TC, total cholesterol; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein

cholesterol; eGFR, estimated glomerular filtration rate.

Table 2. Comparison of clinical variables among CKD patients with MS across different proteinuria categories. Data are presented as
mean + SD or median [IQR] for continuous variables and as n (%) for categorical variables. P-values represent overall group differences
determined by ANOVA or x? test, as appropriate.

Variables Group A (< 1.0 g/day) Group B (1.0-3.5 g/day) Group C (2 3.5 g/day) P

n 215 143 28

Age (years) 38 (30,49) 41 (33,51) 42 (31,54) > .05
Male (n/%) 71 (33.02) 70 (48.95) 22 (78.57) <.05
BMI (kg/m?) 20.89 (19.84,24.52) 23.48 (20.65,25.88) 24.9 (21.61,25.79) <.05
Abdominal Circumference (cm) 84 (80,87) 85 (81,89) 86 (83,89) > .05
FBG (mmol/L) 4.53 (4.20,4.98) 4.75 (4.30,5.13) 4.97 (4.63,5.26) <.05
PBG (mmol/L) 6.31 (5.53,7.23) 6.74 (5.86,7.82) 6.87 (6.34,9.34) <.05
TG (mmol/L) 1.17 (0.80,1.56) 1.81(1.18,2.44) 2.12 (1.62,3.20) <.05
TC (mmol/L) 4.62 +0.97 4.99+1.20 6.38 £ 1.90 <.05
HDL-C (mmol/L) 1.13 (0.98,1.30) 1.14 (0.95,1.38) 1.18 (0.99,1.47) > .05
LDL-C (mmol/L) 2.84 (2.53,3.52) 3.26 (2.65,3.80) 3.98 (2.81,4.96) <.05
eGFR (mL/s/1.73 m?) 1.63 £ 0.46 1.30 £ 0.47 0.90 * 0.69 <.05

CKD, chronic kidney disease; MS, metabolic syndrome; BMI, body mass index; FBG, fasting blood glucose; PBG, 2-h post-prandial blood
glucose; TG, triglyceride; TC, total cholesterol; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; eGFR,

estimated glomerular filtration rate.

pressure, fasting blood glucose, triglyceride, and
LDL-C levels, respectively (P < .05). Age, waist
circumference, and HDL-C level did not show

Variance inflation factor (VIF) analysis showed

statistically significant differences across proteinuria
categories (P > .05).

no evidence of multicollinearity among variables
(all VIF <5).
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In the univariate logistic regression, advanced age,
male sex, a higher BMI (= 25 kg/m?), hypertension,
increased post-prandial blood glucose level (PBG
= 11.1 mmol/L), and hypertriglyceridemia were
statistically significant factors associated with
proteinuria = 1.0 g/day (all P < .05; Table 3).

In the multivariable ordinal logistic regression
analysis, the following variables remained
significant after adjustments for age, sex, and eGFR:

A TG/HDL-C ratio that was higher than
baseline was an independent predictor of moderate
proteinuria (1.0-3.5 g/day; adjusted OR of 1.47,
95% CI of 1.12-1.93, P = .006).

Hypertension and increased PBG were
independent factors that placed patients at a higher
risk of severe proteinuria (= 3.5 g/day; adjusted
OR 2.19, 95% CI of 1.31-3.67, P = .002; and OR of
1.98, 95% CI of 1.21-3.22, P = .008, respectively).

Associations remained robust in sensitivity
analyses with continuous eGFR (Table 4,5).

Descriptive analyses stratified by CKD stage
(G1-2 vs. G3-5) indicated that patients with
advanced CKD (G3-5) had higher proteinuria and
a greater incidence of MS (P < .05) than patients
with early CKD.

Because the sample sizes were relatively small

Table 3. Univariate logistic regression analysis of risk factors
associated with moderate-to-severe proteinuria (= 1.0 g/day)
in patients with CKD. Univariate logistic regression analysis
identified advanced age, male sex, higher BMI, hypertension,
increased PBG, and hypertriglyceridemia as significant factors
associated with moderate-to-severe proteinuria in patients
with CKD. Data are presented as odds ratios (ORs) with 95 %
confidence intervals (Cls). P < .05 was considered statistically

significant.
Or (95%ci) P

Age (years), (n/%)

<40 1

40~59 1.38 (0.87~2.18) 2

=60 2.88 (1.04~7.59) <.05
Gender (male) (n/%) 2.33 (1.47~3.80) <.05
Increased abdominal 0.77 (0.47~1.26)

circumference (cm)
Increased BMI (kg/m?) 1.88 (1.13~3.21) <.05
Hypertension (n/%) 2.48 (1.60~3.97) <.05
PBG (mmol/L), (n/%)

<78 1

7.8~11.0 1.97 (1.05~3.88) <.05

2111 4.88 (1.57~16.05) <.05

TG (mmol/L) 4.68 (2.80~7.51) <.05
TG/HDL-C (n/%)

1 1

1~2 2.30 (1.37~3.83) <.05

>2 4.16 (2.26~ 7.74) <.05

MS (n/%) 3.26 (1.89~5.62) <.05

CKD, chronic kidney disease; BMI, body mass index; PBG, 2-h
post-prandial blood glucose; TG, triglyceride; HDL-C, high-density
lipoprotein cholesterol; MS, metabolic syndrome.

Table 4. Multivariate logistic regression analysis of risk factors associated with proteinuria in patients with CKD. Multivariate logistic
regression analysis identified hypertension, increased PBG and a higher TG/HDL-C ratio as independent predictors of proteinuria after
adjusting for potential confounders, including age, sex, and eGFR. Data are presented as odds ratios (ORs) with 95 % confidence

intervals (Cls). P < .05 was considered statistically significant.

1.0 < Proteinuria < 3.2 (g/d)

Proteinuria 2 3.5 (g/d)

Or (95%ci) P Or (95%ci) P

Age (years), (n/%)

<40 1 1

40~59 0.98 (0.56~1.83) > .05 0.63 (0.21~2.02) > .05

=60 1.53 (0.49~4.76) > .05 0.81 (0.15~5.33) > .05
Gender (Male) (n/%) 1.30 (0.73~2.19) > .05 0.63 (0.22~2.05) > .05
Increased Abdominal Circumference (cm) 0.56 (0.28~1.12) > .05 0.07 (0.01~0.41) <.05
Increased BMI (kg/m?) 1.35 (0.63~2.85) > .05 2.23 (0.67~8.12) > .05
Hypertension (n/%) 1.51 (0.85~2.69) > .05 7.16 (1.99~25.87) <.05
PBG (mmol/L), (n/%)

<78 1 1

7.8~11.0 1.53 (0.70~3.34) > .05 1.88 (0.45~8.24) > .05

2111 2.51 (0.69~9.28) > .05 8.31 (1.32~54.33) < .05
TG/HDL-C (n/%)

1 1 1

1~2 2.33 (1.21~3.84) <.05 1.76 (0.45~7.17) > .05

> 2 2.67 (1.32~5.49) < .05 3.14 (0.76~13.28) > .05

CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; BMI, body mass index; PBG, 2-h post-prandial blood glucose; TG,

triglyceride; HDL-C, high-density lipoprotein cholesterol.
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Table 5. Adjusted effects of metabolic syndrome components on the severity of proteinuria in patients with CKD. Using multivariate
logistic regression analysis adjusted for eGFR, hypertension, increased PBG, and a higher TG/HDL-C ratio were found to be

independently associated with the presence and severity of proteinuria.
intervals (Cls). P < .05 was considered statistically significant.

Data are presented as odds ratios (ORs) with 95 % confidence

1.0 < Proteinuria < 3.5 (g/d) Proteinuria 2 3.5 (g/d)
Or (95%ci) P Or (95%ci) P

Increased Abdominal Circumference (cm) 0.51 (0.27~1.02) < .05 0.06 (0.01~0.31) < .05
Increased BMI (kg/m?) 1.37 (0.68~2.93) > .05 2.43 (0.76~8.54) > .05
Hypertension 1.63 (0.96~2.77) > .05 6.97 (2.06~24.83) <.05
PBG (mmol/L), (n/%)

<78 1 1

7.8~11.0 1.60 (0.79~3.41) > .05 1.47 (0.40~6.22) > .05

211.1 2.84 (0.77~9.99) > .05 8.36 (1.50~45.62) <.05
TG/HDL-C, (n/%)

1 1 1

1~2 2.33 (1.21~3.84) <.05 1.76 (0.45~7.17) > .05

>2 2.81(1.36~5.64) <.05 4.21(1.11~16.01) <.05

CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; BMI, body mass index; PBG, 2-h post-prandial blood glucose; TG,

triglyceride; HDL-C, high-density lipoprotein cholesterol.

for each CKD stage, stage-specific regression
analyses may not be adequately powered. Therefore,
eGFR was included as a continuous co-variate
in the main regression analyses, used to adjust
for CKD severity. After adjusting for eGFR, the
associations of hypertension, high PBG, and the
TG/HDL-C ratio with the presence of proteinuria
were statistically significant, suggesting that
these metabolic factors are important drivers of
proteinuria burden independent of CKD stage.

This cross-sectional study established that
metabolic syndrome (MS) occurs in approximately
25% (24.9%) of individuals with chronic kidney
disease (CKD) and can independently be tied to
a greater proteinuria burden.

The frequency of MS increased progressively
across the proteinuria strata, and specific metabolic
components (e.g., dysglycemia, hypertension, or
elevated triglyceride-to-high-density lipoprotein
cholesterol [TG/HDL-C] ratio) were meaningful
estimators of increased proteinuria severity.

These results continue to support the premise
that metabolic dysregulation could worsen kidney
injury, even in individuals with CKD, and provide
further evidence for the interdependence of
metabolic and renal pathways.?*2°

Metabolic syndrome is characterized by insulin
resistance, endothelial dysfunction, and chronic
low-grade inflammation, all of which provide
significant cardiovascular and renal morbidity.>?

Several publications have illustrated a relationship
between MS and heightened risk of diabetes
mellitus, cardiovascular events, and mortality,?”*
but very few have examined the association of
individual components of MS with proteinuria
severity in patients with CKD.

This study builds on previous community-
based cohorts and provides CKD-specific evidence
indicating that MS patients have a poorer metabolic
and renal profile compared to MS-negative patients,
highlighting the impact of the coexistence of both
metabolic and renal variables on the overall disease
burden.?*3

The relationships we observed between
dysglycemia, hypertension, and dyslipidemia with
increasing proteinuria severity are at least partly
justified within the framework of physiology
and pathophysiology. Hyperglycemia causes
glomerular hyperfiltration, tubular and glomerular
basement membrane thickening, and depositions
of glycation end-products,®!?? while hypertension
triggers intraglomerular pressure overload and
endothelial dysfunction,®3* and dyslipidemia may
stimulate podocyte injury, lipid depositions, and /
or segmental sclerosis.?-%”

Together, these mechanisms represent the
potential for metabolic injury resulting in worsening
proteinuria and declining kidney function.

From a clinical standpoint, this data support
the need for integrated metabolic assessment and
management in CKD treatment. The ability to
identify patients with higher postprandial blood
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glucose, blood pressure, and TG-to-HDL-C ratio
should allow for identifying patients at greater
risk sooner and may guide potential intervention
to limit upper proteinuria and preserve renal
function. The data support the need for screening
and managing dysglycemia, hypertension, and
dyslipidemia, among CKD patients to reduce
proteinuria progression and possible decline in
kidney function.!?38

First, the cross-sectional design of this study
limits causal inference and an assessment of
temporal relationships between components of
MS and proteinuria.

Second, this single-center study took place in
an urban tertiary hospital, which may affect the
generalizability to a broader CKD population.

Third, due to a lack of HbAlc data, the analysis
cannot include information that would provide a
more careful assessment of long-term glycemic
control.

Fourth, no adjustments can be made for
unmeasured confounding, such as diet, genetic
susceptibility, and lifestyle.

Finally, while categories of ordered proteinuria
were modeled with ordinal logistic regression,
limitations of the model cannot exclude the
possibility of residual limitations of the model and
violation of the assumption of proportional odds.

Future studies longitudinal multi-center studies
are necessary to confirm associations and determine
if the comprehensive management of dysglycemia,
hypertension, and dyslipidemia may reduce
proteinuria and postpone the progression of the
course of CKD. If HbAlc and insulin resistance
indices were available and if lifestyle data and
genetic variance were included, then it would
contribute to a better understanding of causality
as it pertains to MS, glycemic injury, and renal
injury.

Metabolic syndrome is prevalent among patients
with CKD and is independently associated with
increased proteinuria. Among the components of
MS, dysglycemia, hypertension, and an elevated
TG-to-HDL-C ratio show the strongest associations
with the severity of proteinuria. These findings
emphasize the importance of early identification

22

and comprehensive management of metabolic risk
factors in CKD to improve long-term outcomes.
However, given the cross-sectional design of
this study, the results should be interpreted as
associative and hypothesis-generating rather than
causal. Future multicenter prospective studies are
warranted to validate these associations and to
determine whether metabolic control can slow the
progression of proteinuria and enhance long-term
outcomes in CKD.
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