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Introduction: Fatty liver disease is potentially linked to chronic kidney disease

(CKD), yet the association between the Framingham Steatosis Index (FSI) and

CKD remains uncharted. Our study thoroughly investigated the correlation

between FSI and CKD, aiming to elucidate the underlying links between these

two conditions.

Methods: The relationship between FSI and CKD was evaluated using a

weighted multivariate logistic regression model, and the curvilinear relationship

between FSI and CKD was explored through smooth curve fitting. We engaged

a recursive partitioning algorithm in conjunction with a two-stage linear

regression model to determine the inflection point. By conducting stratified

analyses, the heterogeneity within subpopulations was explored.

Results: In the fully adjusted Model 3, which accounted for all covariates,

the odds ratios (ORs) (95% CI) for the association between FSI and CKD

were 1.01 (0.97, 1.06), indicating no significant statistical association. Sensitivity

analysis confirms the stability of the relationship between FSI and CKD. Smooth

curve fitting discloses a non-linear association between FSI and CKD. The

two-piecewise linear regression model, applied to explore this non-linearity,

identified an inflection point at an FSI value of −3.21. Below this threshold,

the OR (95% CI) was 0.25 (0.17, 0.37), signifying an inverse correlation between

FSI and CKD. Above the inflection point, the OR (95% CI) was 1.19 (1.13, 1.25),

suggesting a positive correlation. In the stratified curve analysis, the results were

essentially consistent with the overall findings, except for the subgroups with

BMI > 30 and age > 50.

Conclusion: We found a curvilinear relationship between FSI and CKD.

KEYWORDS

Framingham Steatosis Index, chronic kidney disease, curvilinear, NHANES, cross-
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1 Introduction

Chronic kidney disease (CKD) stands as a significant challenge
to global health, with approximately 700 million people worldwide
currently affected, and this figure is continuing to grow (1).
Predictive models suggest that CKD could emerge as the fifth
leading cause of mortality by 2040 (2). Beyond its high incidence,
CKD engenders a spectrum of severe health issues and outcomes.
Research has firmly established links between CKD and conditions
such as frailty, cardiovascular complications, and renal failure
(3, 4). Furthermore, recent studies have highlighted associations
between CKD and various metabolic markers, including residual
cholesterol, the waist triglyceride index, and the triglyceride-
glucose index (5–7).

The Framingham Steatosis Index (FSI) emerged from a
comprehensive cross-sectional study conducted by Long MT
and colleagues in 2016, which involved 1,181 subjects. Through
a meticulous stepwise regression analysis, the study identified
demographic and clinical factors, as well as biochemical markers
associated with hepatic steatosis (8). This index stands as a
economical, and efficient tool for the detection of individuals
with hepatic steatosis. In clinical studies, FSI has demonstrated
remarkable effectiveness. Research has confirmed that the FSI
serves as a dependable predictive marker for non-alcoholic fatty
liver disease (NAFLD) (9). Moreover, the FSI has exhibited its
efficacy in identifying metabolic associated fatty liver disease
(MAFLD) within Eastern populations (10). In addition, a cohort
study has highlighted a correlation between the FSI and the risks of
cardiovascular (CV) diseases and mortality (11).

Current literature demonstrates a significant association
between steatohepatitis (SLD) and CKD, with advanced liver
fibrosis being linked to CKD (12). Both MAFLD and alcoholic liver
disease (ALD) have been shown to have independent associations
with the development of CKD (13). Additionally, the fatty liver
index (FLI), another biomarker for fatty liver disease, has been
validated for identifying individuals at high risk for CKD events
(14). CKD has been correlated with hypertension and diabetes (15).
However, the relationship between FSI—a robust surrogate marker
for hepatic steatosis that incorporates hypertension and diabetes—
and CKD remains unexplored. Our objective is to leverage data
from the U.S. National Health and Nutrition Examination Survey
(NHANES) spanning from 2005 to 2020 for a cross-sectional
analysis to clarify the connection between FSI and CKD. This study
aims to evaluate the potential of FSI as a predictive indicator for the
risk of CKD events.

2 Materials and methods

2.1 Study participants

Our research utilizes data from the U.S. NHANES, covering
eight survey cycles from 2005 to 2020. It includes a wide
array of information such as demographics, lifestyle habits,
physical measurements, and blood biochemistry, all of which
were collected via in-home interviews, mobile examination centers
(MECs), and lab tests. This database is publicly accessible,
requiring no special permissions for researchers to utilize the data.

The National Center for Health Statistics Research Ethics Review
Board granted approval for the study protocol. Consequently, all
participants offered their written informed consent. To ensure
participant privacy, all personally identifiable information was
anonymized. During data processing, we excluded 33,914 subjects
under the age of 18, 30,381 participants with missing data on
gender, age, hypertension, diabetes, triglycerides (TG), Aspartate
aminotransferase (AST), alanine aminotransferase (ALT), and BMI,
and 159 individuals lacking CKD data, resulting in a final study
cohort of 21,296 subjects (Figure 1).

2.2 Study variables

2.2.1 Definition of CKD
CKD definition adheres to the guidelines provided by

the Kidney Disease: Improving Global Outcomes (KDIGO)
Glomerular Diseases Work Group. A diagnosis of CKD is
warranted with the fulfillment of one or more of the following
conditions for a period of 3 months or more: (1) an estimated
glomerular filtration rate (eGFR) that is persistently below
60 mL/min/1.73 m2, as determined by the CKD Epidemiology
Collaboration (CKD-EPI) creatinine equation. (2) A urine
albumin-to-creatinine ratio (UACR) that surpasses the threshold of
30 mg/g (16).

2.2.2 Definition of FSI
Our research is anchored on the formula meticulously derived

by Long MT and collaborators in their 2016 study (8). The FSI
was determined using the formula: FSI = −7.981 + 0.011 ×

age (years)-0.146 × sex (female = 1, male = 0) + 0.173 ×

BMI (kg/m2) + 0.007 × triglycerides(mg/dl) + 0.593 ×

hypertension (yes = 1, no = 0) + 0.789 × diabetes
(yes = 1, no = 0) + 1.1 × ALT/AST ratio ≥ 1.33(yes = 1, no = 0).
AST, ALT and TG were meticulously assessed by specialists, who
were trained in accordance with the rigorous standards set by the
National Center for Health Statistics (NCHS) and executed under
the guidance of the Centers for Disease Control and Prevention
(CDC) protocols. The blood lipid levels were measured from
peripheral blood samples collected in the morning after at least 8 h
of fasting. Enzymatic methods were used to determine the serum
levels of TG and AST. Determine serum or plasma ALT levels
employing a kinetic rate assay.

2.2.3 Assessment of other variables
CDC meticulously gathered comprehensive participant

data through computer-assisted personal interviews, covering
demographics, lifestyle practices, self-reported health statuses,
physical dimensions, and biochemical indices. Our analysis
meticulously scrutinized key demographic factors, such as age,
gender, ethnicity, educational attainment, marital status, and the
income-to-poverty ratio. Lifestyle elements, including smoking
and drinking habits as well as recreational activities, were also
considered. Self-reported health data concentrated on prevalent
conditions like diabetes, hypertension, and cardiovascular
disease, with a particular focus on BMI for anthropometric
assessment. Biochemical data assessing liver, kidney, and metabolic
health, including gamma-glutamyl transferase (GGT), TG, high-
density lipoprotein cholesterol (HDL-C), low-density lipoprotein
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FIGURE 1

Flow chart of sample selection from the 2005–2020.

cholesterol (LDL-C), serum uric acid (SUA), blood urea nitrogen
(BUN), ALT, AST, serum creatinine (SCR), and urinary albumin
(UA), with the latter being collected directly from the participants
on-site. Smoking status was classified into three distinct categories:
"Never" was defined as having smoked fewer than 100 cigarettes
in one’s lifetime; "Former" referred to those with a previous
smoking history who had since quit; and "Now" was designated
for individuals who continued to smoke (17). Participation in
recreational activities was binary, recorded as either "Yes" or
"No." Diabetes (including pre-diabetes) was diagnosed based on
meeting any of the following criteria: (1) fasting blood glucose
levels above 7.0 mmol/L; (2) glycosylated hemoglobin (HbA1c)
levels at or exceeding 6.5%; (3) random blood glucose levels of
at least 11.1 mmol/L; (4) 2-h oral glucose tolerance test (OGTT)
glucose levels reaching or surpassing 11.1 mmol/L; (5) a formal
diagnosis of diabetes by a healthcare provider; (6) impaired fasting
glucose (IFG) ranging from 6.11 to 7.0 mmol/L or impaired glucose
tolerance (IGT) with OGTT levels between 7.7 and 11.1 mmol/L.
Hypertension was identified through one or more of the following

conditions: (1) systolic blood pressure readings of 140 mmHg
or higher; (2) diastolic blood pressure readings of 90 mmHg or
higher; (3) the current use of antihypertensive medications; (4)
self-reported hypertension. Alcohol consumption levels were
categorized as follows: "Heavy" drinking was characterized for
women as three or more drinks daily or four or more drinks on a
single occasion, and for men as four or more drinks daily or five
or more on a single occasion, with binge drinking occurring on at
least 5 days per month. "Moderate" drinking was defined as two
drinks daily for women and three for men, with binge drinking
happening on at least 2 days per month. "Mild" drinking involved
one drink per day for women and two for men. "Never" drinking
was applied to those who had fewer than 12 drinks in their lifetime,
while "Former" drinkers were individuals with a history of alcohol
consumption but who no longer drank. Cardiovascular disease
(CVD) was ascertained using a medical history questionnaire that
recorded whether participants had been diagnosed by a physician
with conditions such as coronary artery disease, congestive heart
failure, or had a history of heart attack (18).
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2.3 Statistical analysis

The study data were appropriately weighted to accurately reflect
the broader demographic. Participants were classified into groups
with or without CKD, based on their baseline characteristics. In
presenting the data, continuous variables including age and BMI
were reported with means and standard errors, whereas categorical
variables such as gender and smoking status were presented as
percentages of the overall sample. In order to investigate the
relationship between FSI and CKD, we utilized weighted logistic
regression analyses. The results were expressed in terms of odds
ratios (ORs) and their respective 95% confidence intervals (95%
CIs), providing a measure of association and precision. To affirm
the reliability of the relationship between FSI and CKD, we
performed a linear trend test and carried out sensitivity analyses.
Furthermore, to examine the potential for a non-linear association
between FSI and CKD, we conducted a restricted cubic spline
analysis. Ultimately, to identify the inflection point of curvilinear,
we employed a recursive algorithm coupled with a two-stage linear
regression model. Stratified analysis was employed to assess the
presence of specific populations.

3 Results

3.1 Baseline characteristics

Table 1 delineates the demographic and clinical characteristics
of the study participants. Notably, those with CKD exhibit
significantly higher levels of age, BMI, TG, SUA, SCR, BUN, UA,
GGT, and FSI. Conversely, they display lower income to poverty
ratios, educational attainment and LDL-C. Within CKD patient
population, there is a notably higher proportion of women, as
well as individuals who are divorced, widowed, or separated, and
those who do not engage in leisure activities. Furthermore, a
predisposition toward CVD, diabetes, and hypertension is more
pronounced among participants with CKD.

3.2 Association of FSI and CKD

As shown in Table 2, in the unadjusted Model 1, the ORs for
FSI were 1.26 (95% CI 1.23, 1.28), indicating a 26% increased risk
for CKD with each unit rise in FSI. Following adjustment for age,
sex, and ethnicity in Model 2, the ORs reduced to 1.20 (95% CI
1.18, 1.23), corresponding to a 20% increased risk of CKD per
unit increase in FSI. Upon further comprehensive adjustment in
Model 3, which included variables such as educational attainment,
poverty income ratio, marital status, smoking behavior, recreational
activities, LDL-C, HDL-C, SUA, SCR, BUN, and the presence of
diabetes, hypertension, and CVD, the ORs were attenuated to 1.01
(95% CI 0.97, 1.06), suggesting no significant link between FSI and
CKD risk.

Sensitivity analyses, using Q1 as the reference, showed ORs
(95% CI) of 0.82 (0.68, 0.99) for Q2, 0.76 (0.62, 0.93) for Q3, and
0.87 (0.69, 1.09) for Q4. These results hint at a possible non-linear
relationship between FSI levels and the development of CKD.

TABLE 1 Baseline characteristics of participants.

No CKD
(n = 17533)

With CKD
(n = 3763)

P-value

Age (year) 44.96 ± 16.18 60.37 ± 17.69 <0.0001

Sex (%) <0.0001

Female 49.80 57.26

Male 50.20 42.74

Race/ethnicity (%) 0.0009

Mexican American 8.79 8.29

Non-hispanic white 66.71 67.11

Non-hispanic black 10.40 12.48

Other hispanic 6.01 4.94

Other race 8.10 7.18

Marry status (%) <0.0001

Never married 18.73 10.30

Married/Living with
partner

65.00 58.08

Divorced/Widowed/
Separated

16.27 31.61

Education status (%) <0.0001

Less than high
school

4.79 9.20

High school 33.73 41.03

More than high
school

61.48 49.77

Drinking status (%) <0.0001

Never 10.05 15.70

Mild 38.20 36.99

Moderate 18.76 13.17

Heavy 22.57 13.93

Former 10.42 20.21

Recreational activity
(%)

<0.0001

No 43.83 59.31

Yes 56.17 40.69

Smoking status (%) <0.0001

Never 55.61 51.95

Now 20.04 16.84

Former 24.35 31.21

CVD (%) <0.0001

Yes 6.58 25.75

No 93.42 74.25

Diabetes (%) <0.0001

Yes 28.55 59.12

No 71.45 40.88

Hypertension (%) <0.0001

Yes 31.69 67.00

No 68.31 33.00

(Continued)
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TABLE 1 (Continued)

No CKD
(n = 17533)

With CKD
(n = 3763)

P-value

Income to poverty
ratio

3.05 ± 1.64 2.66 ± 1.59 <0.0001

BMI (kg/m2) 28.79 ± 6.79 30.30 ± 7.89 <0.0001

TG(mmol/L) 1.35 ± 1.10 1.59 ± 1.29 <0.0001

FSI −1.40 ± 1.71 −0.68 ± 1.87 <0.0001

HDL-C (mmol/L) 1.40 ± 0.41 1.40 ± 0.48 0.5393

LDL-C (mmol/L) 2.94 ± 0.90 2.77 ± 0.98 <0.0001

SUA (µmol/L) 320.57 ± 78.69 356.84 ± 99.08 <0.0001

SCR (µmol/L) 74.53 ± 15.11 98.80 ± 76.50 <0.0001

BUN (mmol/L) 4.62 ± 1.45 6.38 ± 3.29 <0.0001

UA(mg/L) 9.66 ± 9.64 203.80 ± 779.29 <0.0001

GGT (U/l) 26.76 ± 32.41 35.04 ± 66.69 <0.0001

AST (U/l) 24.79 ± 20.22 23.01 ± 16.64 <0.001

ALT (U/l) 24.64 ± 19.33 25.17 ± 16.33 0.032

P (continuous variables): calculated by weighted linear regression model. P (categorical
variables): calculated by weighted chi-square test.

When stratified by sex, a significant positive association
between FSI and CKD was observed among males across all models,
with an OR (95% CI) of 1.14 (1.05, 1.23) in the fully adjusted Model
3. However, for females, the association was significantly inverse in
Model 3, with an OR (95% CI) of 0.94 (0.88, 1.00). BMI-stratified
analysis revealed a significant inverse correlation between FSI and
CKD in individuals with a BMI ≤ 30 in the fully adjusted Model
3, while an opposite, significant positive correlation was noted in

those with a BMI > 30. Age-stratified analysis demonstrated no
significant correlation between FSI and CKD across all age groups
in the fully adjusted Model 3.

We have delved into an in-depth analysis to elucidate the non-
linear relationship between FSI and CKD, rigorously controlling
for all covariates. As depicted in Figure 2, the smooth curve we
have plotted substantiates the presence of a non-linear association
between FSI and CKD. Utilizing a two-piecewise linear regression
model, a key inflection point was discerned at −3.21. Below this
threshold, the OR (95% CI) of 0.25 (0.17, 0.37) signifies a notably
inverse correlation. Conversely, above the inflection point, the
OR (95% CI) of 1.19 (1.13, 1.25) suggests a significant positive
correlation, further elaborated in Table 3. In the stratified analysis,
we noted significant differences in the age and BMI subgroups,
whereas other results were largely consistent (Figure 3). Within
the BMI stratification, participants with a BMI greater than 30
exhibited a linear positive correlation between FSI and CKD. In
contrast, those with a BMI of 30 or lower showed a curvilinear
relationship, which was in line with the overall findings. For
participants over the age of 50, the curvilinear relationship between
FSI and CKD had an inflection point at −1.52. Prior to this
inflection point, the OR with its 95% CI was 1.39 (1.17, 1.66),
reflecting a significant positive correlation. Post-inflection, the OR
(95% CI) was 1.06 (0.98, 1.16), indicating no significant correlation.
Notably, the inflection point for this cohort was markedly lower
compared to other groups.

4 Discussion

Based on our comprehensive knowledge, this is the inaugural
large-sample study to investigate the association between FSI

TABLE 2 Association of FSI and CKD.

Exposure Model 1
OR (95% CI)

P-value Model 2
OR (95% CI)

P-value Model 3
OR (95% CI)

P-value

FSI 1.26 (1.23, 1.28) <0.0001 1.20 (1.18, 1.23) <0.0001 1.01 (0.97, 1.06) 0.5874

FSI quartile

Q1 Reference Reference Reference

Q2 2.05 (1.81, 2.31) <0.0001 1.02 (0.90, 1.17) 0.7229 0.82 (0.68, 0.99) 0.0366

Q3 2.82 (2.51, 3.17) <0.0001 1.25 (1.10, 1.42) 0.0008 0.76 (0.62, 0.93) 0.0070

Q4 3.66 (3.27, 4.11) <0.0001 2.01 (1.77, 2.27) <0.0001 0.87 (0.69, 1.09) 0.2284

P for trend <0.0001 <0.0001 0.4649

Sex

Female 1.25 (1.22, 1.28) <0.0001 1.15 (1.11, 1.18) <0.0001 0.94 (0.88, 1.00) 0.0458

Male 1.27 (1.23, 1.31) <0.0001 1.29 (1.25, 1.34) <0.0001 1.14 (1.05, 1.23) 0.0009

BMI

≤30 1.37 (1.32, 1.43) <0.0001 1.09 (1.04, 1.14) 0.0004 0.73 (0.64, 0.83) <0.0001

>30 1.28 (1.24, 1.33) <0.0001 1.31 (1.26, 1.37) <0.0001 1.11 (1.03, 1.19) 0.0074

Age

≤50 1.21 (1.18, 1.25) <0.0001 1.23 (1.19, 1.28) <0.0001 1.00 (0.93, 1.08) 0.9432

>50 1.20 (1.16, 1.23) <0.0001 1.20 (1.17, 1.24) <0.0001 0.98 (0.92, 1.04) 0.4987

Model 1: no adjustment. Model 2: adjusted for age, gender, and race. Model 3: adjusted for gender, age, race, hypertension, family income to poverty ratio, education level, smoking status,
marriage status, drinking status, physical activity, LDL-C, HDL-C, SUA, SCR, BUN, diabetes, and CVD. In the subgroup analyses, which are stratified by sex, BMI, or age, the model does not
incorporate adjustments for the stratification variables themselves.
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FIGURE 2

The association between FSI and CKD. We adjusted for gender, age, race, family income to poverty ratio, education level, smoking status, marry
status, drinking status, physical activity, LDL-C, HDL-C, SUA, SCR, BUN, diabetes, and CVD.

TABLE 3 Threshold effect analysis of FSI on CKD using a two-piecewise
linear regression model.

Outcome: Inflection
point

OR (95%
CI)

P-value

Total <−3.21 0.25 (0.17, 0.37) <0.0001

> −3.21 1.19 (1.13, 1.25) <0.0001

Sex

Female <−3.25 0.36 (0.23, 0.58) <0.0001

> −3.25 1.07 (1.00, 1.15) 0.0518

Male <−3.31 0.14 (0.06, 0.37) <0.0001

> −3.31 1.35 (1.26, 1.46) <0.0001

Age

≤50 <−3.16 0.31 (0.21, 0.46) <0.0001

> −3.16 1.30 (1.20, 1.42) <0.0001

>50 <−1.52 1.39 (1.17, 1.66) 0.0002

>−1.52 1.06 (0.98, 1.16) 0.1617

BMI

≤30 <−3.28 0.22 (0.14, 0.34) <0.0001

> −3.28 1.13 (1.03, 1.25) 0.0112

We adjusted for gender, age, race, family income to poverty ratio, education level, smoking
status, marry status, drinking status, physical activity, LDL-C, HDL-C, SUA, SCR, BUN,
diabetes, and CVD.

and the likelihood of CKD. Our analysis, after meticulously
accounting for all potential confounding factors, uncovered a non-
linear association between FSI and CKD. The trend revealing

the inverse relationship between FSI and CKD at lower values
of FSI, followed by a positive correlation at higher values,
was pronounced and statistically significant. Utilizing a two-
piecewise linear regression model, we pinpointed an inflection
point at an FSI score of −3.21. Below this threshold, the
odds ratio (OR) (95% CI) was 0.25 (0.17, 0.37), indicating
a significant inverse correlation. Above the inflection point,
the risk of CKD increased by 19% for each unit rise in
FSI, with an OR (95% CI) of 1.19 (1.13, 1.25). The distinct
association observed before and after the inflection point is
of significant statistical consequence, underscoring the intricate
interplay between FSI and CKD.

The computation of FSI is intricate, incorporating demographic
details, biochemical markers, and clinical parameters, including
age, sex, BMI, triglyceride levels, hypertension, diabetes, ALT,
and AST. To date, the relationship between FSI and CKD in
a clinical context has not been explored. Nevertheless, studies
examining the links between these individual elements and
CKD have demonstrated considerable advancement. Research
has demonstrated that increased ALT levels are linked to
CKD, and a reduced AST/ALT ratio is associated with CKD
(19). With the progression of CKD, there is a significant
reduction in serum transaminase levels (20). The study by
Qin S et al., utilizing multivariate analysis, established age
and diabetes as independent risk factors for CKD (21).
Furthermore, a meta-analysis conducted by Ardavani et al.
corroborated that diabetes and hypertension elevate the risk
of CKD (22).

While the precise pathophysiological mechanisms linking CKD
development to FSI remain unclear, several possibilities have
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FIGURE 3

The association between FSI and CKD stratified by gender, age, and BMI. (A) Female; (B) male; (C) age ≤ 50; (D) age > 50; (E) BMI ≤ 30; (F) BMI > 30.
We adjusted for gender, age, race, family income to poverty ratio, education level, smoking status, marry status, drinking status, physical activity,
LDL-C, HDL-C, SUA, SCR, BUN, diabetes, CVD and hypertension. In subgroup analyses, the model is not adjusted for the stratification variables
themselves.

been postulated. Inflammation, glucose metabolism dysregulation,
and lipid metabolism disturbances are considered crucial in the
interplay between FSI and CKD.

Hypertension, obesity, elevated ALT/AST ratios, and TG
can initiate inflammatory responses that result in damage
to both glomeruli and renal tubules. With the advancement
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of CKD, there is a notable decline in serum transaminase
levels, potentially associated with vitamin B6 deficiency, the
accumulation of lactic acid and uremic toxins, the induction of
hepatocyte growth factor, and fluid retention (23). Hypertension
may stimulate endothelial cell (EC) activation and subsequent
dysfunction, precipitating inflammatory reactions (24). Obesity
activates insulin resistance and pro-inflammatory signaling
pathways, thereby triggering inflammation (25). An increased
ALT/AST ratio is indicative of insulin resistance and acts
as a biomarker for systemic inflammation and oxidative
stress (26). The cytotoxic effects of TG can exacerbate lipid
accumulation within cells. Fat-derived factors, including leptin,
tumor necrosis factor-alpha (TNF-α), and angiotensin II, promote
the advancement of oxidative stress and inflammation. These
inflammatory responses ultimately culminate in damage to the
renal glomeruli and tubules (27). Insulin resistance, induced
by the aforementioned factors, can activate the sympathetic
nervous system, promote sodium retention, and downregulate
the natriuretic peptide system, culminating in impaired renal
physiology and the progression of CKD (28). Conversely, the
decline in renal function may exacerbate insulin resistance
(29), resulting in hyperglycemia, hypertriglyceridemia, and
hypertension (30). Furthermore, CKD can impair the metabolism
of very-low-density lipoprotein (VLDL), reduce the activity
of lipoprotein lipase (LPL), and consequently elevate TG
levels (31).

Research indicates that the TyG-BMI index, encompassing
BMI, TG, and glucose levels, correlates more robustly with the
incidence of CKD in female. In contrast, another investigation
revealed that, the disease progression is more rapid in male
CKD patients, a disparity potentially attributable to the effects
of sex hormones (32, 33). Additionally, significant variations in
inflammation, oxidative stress, and insulin resistance are observed
across different genders and age groups (34, 35). These factors could
plausibly elucidate the observed disparities.

Our data is sourced from the NHANES database, which
is well-regarded for its stringent data collection protocols and
extensive sampling, thereby lending substantial credibility and
reliability to our research findings. By employing various analytical
methods, including multiple regression equations, stratified
analyses, threshold effects, and curve fitting, we have thoroughly
examined the connection between FSI and CKD, meticulously
exploring how this relationship manifests differently among
various demographic groups. However, our study has its inherent
limitations. Firstly, as a cross-sectional observational study, it
does not confirm a causal relationship between FSI and CKD,
highlighting the need for longitudinal studies to determine
causality and the chronological order of events. Secondly, despite
considering a comprehensive array of covariates, there may
still be unmeasured confounding factors that could influence
the relationship between FSI and CKD, such as individual
lifestyle choices and genetic propensities. Thirdly, variations in
socioeconomic status and access to healthcare may also affect
the research outcomes. Through concerted efforts, our objective
is to elucidate the potential mechanisms underlying the FSI and
CKD association.

5 Conclusion

By leveraging NHANES data from 2005 to 2020, this study
has identified a non-linear association between FSI and CKD,
with a critical inflection point at an FSI value of −3.21. This
complex interplay emphasizes the pivotal role of demographic
and clinical factors in the assessment of CKD risk. Given the
intricacy of FSI, a standardized approach to CKD management
may not suffice. Instead, there is an accentuated need for
individualized interventions that include lifestyle adjustments,
chronic disease management, and lipid profile modulation.
Moreover, the observed variations in the FSI-CKD association
across different demographic groups highlight the imperative for
customized management strategies. These interventions are crucial
not only for preventing or decelerating CKD progression but also
for elevating the overall quality of care for at-risk individuals,
with the ultimate goal of enhancing patient outcomes across
various populations.
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