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SUMMARY

Background: The non-high-density lipoprotein cholesterol-to-high-density lipoprotein cholesterol ratio (NHHR)
has emerged as a novel lipid biomarker with potential relevance to nonalcoholic fatty liver disease (NAFLD), yet
its role remains underexplored.

Methods: Utilizing data from the National Health and Nutrition Examination Survey (NHANES) spanning 2017
through 2023, we investigated the relationship between NHHR and NAFLD. NHHR values were log-transformed
(LnNHHR) to achieve normal distribution. Multivariate logistic regression and restricted cubic spline (RCS)
models were applied to examine the association between NHHR and both NAFLD and hepatic fibrosis. Robust-
ness was evaluated through subgroup and sensitivity analyses.

Results: NHHR levels were significantly elevated in individuals with NAFLD and hepatic fibrosis compared to
those without (p < 0.001). Multivariate logistic regression indicated a positive correlation between increased
LnNHHR and NAFLD risk [odds ratio (OR): 2.94, p < 0.001], whereas no significant association was found with
hepatic fibrosis (OR: 1.02, p = 0.870). Participants in the highest LnNHHR quartile (Q4) had a 3.09-fold higher
likelihood of NAFLD compared to those in the lowest quartile (Q1) [95% confidence interval (CI): 2.60 - 3.67, p <
0.001]. However, no significant trend was observed for hepatic fibrosis across quartiles (p > 0.05). RCS analysis
revealed a J-shaped relationship between LnNHHR and both NAFLD (pinteraction < 0.001) and hepatic fibrosis
(Pinteraction = 0.006). Stratified analyses further demonstrated that NHHR’s impact on NAFLD varied across age
groups (Pinteraction = 0.024), while its effect on hepatic fibrosis differed by education level (pinteraction = 0.048).
Conclusions: NHHR is strongly linked to an increased risk of NAFLD, suggesting that improving NHHR levels
may help mitigate hepatic steatosis.
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Email:  yaoqianshu004@163.com Nonalcoholic fatty liver disease (NAFLD) is character-

ized by hepatic steatosis affecting at least 5% of liver
tissue in the absence of significant alcohol consumption
or other identifiable causes of fat accumulation [1]. The
global prevalence of NAFLD was estimated at 25% in
2016, rising to over 30% by 2019 [2], and is projected
Manuscript accepted May 19, 2025 to become the leading cause of chronic liver disease
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worldwide [3]. This increase is driven by the growing
prevalence of metabolic risk factors and an aging popu-
lation, which are expected to more than double the bur-
den of advanced NAFLD-related conditions between
2016 and 2030 [4]. As a progressive disorder, NAFLD
can advance to non-alcoholic steatohepatitis (NASH),
liver fibrosis, cirrhosis, and hepatocellular carcinoma,
often coexisting with diabetes, cardiovascular disease,
and chronic kidney disease, significantly increasing
mortality risk [5,6]. Its pathogenesis is complex and in-
fluenced by metabolic dysfunction, gut microbiota, ge-
netic and epigenetic factors, and environmental expo-
sures [7]. Early detection and evaluation of NAFLD and
liver fibrosis are crucial for tracking disease progression
and guiding therapeutic decisions [8]. Given the current
lack of effective pharmacological treatments, non-inva-
sive approaches for diagnosing and staging liver fibrosis
are particularly valuable.

Dyslipidemia is a common feature in NAFLD, typically
presenting as elevated triglycerides (TG) and low-densi-
ty lipoprotein cholesterol (LDL-C) alongside reduced
high-density lipoprotein cholesterol (HDL-C). Hepatic
cholesterol accumulation is also recognized as a key
driver of NAFLD progression [9]. Additionally, the dis-
ease is often linked to increased circulating atherogenic
lipids and lower HDL-C levels [9,10]. Previous studies
have established associations between NAFLD and
lipid parameters such as remnant cholesterol [11], HDL-
C [12], and non-HDL-C [13], suggesting that the ratio
of non-HDL-C to HDL-C (NHHR) may serve as a po-
tential marker for assessing NAFLD and hepatic fibro-
sis risk. Notably, NHHR has demonstrated superior pre-
dictive value over traditional lipid metrics in evaluating
abdominal aortic aneurysm [14] and cardiovascular dis-
ease [15]. Furthermore, it has been identified as an inde-
pendent risk indicator for conditions such as diabetes
[16] and metabolic syndrome [17], underscoring its rel-
evance in metabolic disease assessment. However, the
relationship between NHHR and liver steatosis or fibro-
sis remains inadequately explored.

To address this gap, our study leveraged data from the
National Health and Nutrition Examination Survey
(NHANES) to investigate the association between
NHHR and both hepatic steatosis and fibrosis in adults.

MATERIALS AND METHODS

Study population

This analysis utilized data from the combined NHANES
survey cycles spanning 2017 through 2023, encompass-
ing 27,493 participants. After applying exclusion crite-
ria - including minors, individuals lacking vibration-
controlled transient elastography (VCTE) results, those
with hepatitis B surface antigen positivity, missing
NHHR or covariate data, hepatitis C antibody or RNA
positivity, a history of chronic or autoimmune hepatitis,
and heavy alcohol consumption (> 4 drinks/day) - a to-
tal of 8,350 participants were included in the final anal-

ysis. The detailed participant selection process is illus-
trated in Figure 1.

NHHR calculation

NHHR was derived from lipid profile measurements.
Non-HDL-C levels were calculated by subtracting
HDL-C from total cholesterol (TC). The NHHR was
then obtained by dividing non-HDL-C by HDL-C.

Assessment of NAFLD and hepatic fibrosis

VCTE was performed using the FibroScan®-equipped
model 502 touch, operated by trained NHANES person-
nel. Hepatic steatosis was assessed via the controlled at-
tenuation parameter (CAP), while liver stiffness mea-
surement (LSM) was used to evaluate hepatic fibrosis.
Based on prior research, NAFLD was diagnosed when
CAP values met or exceeded 274 dB/m, with severe ste-
atosis defined at a threshold of 302 dB/m. Fibrosis se-
verity was categorized as F2, F3, or F4, corresponding
to LSM thresholds of 8.2, 9.7, and 13.6 kPa, respective-
ly. An LSM value of > 8.2 kPa was considered indica-
tive of hepatic fibrosis (stage > F2) [18].

Covariates

Covariates were carefully selected based on their estab-
lished relevance in prior literature. Demographic vari-
ables included gender, age, and race, while socioeco-
nomic and lifestyle factors encompassed education lev-
el, poverty-to-income ratio (PIR), body mass index
(BMI), and waist circumference. Additionally, smoking
status and medical histories of diabetes mellitus (DM)
and hypertension were extracted from NHANES to en-
sure a comprehensive analytical framework.

Statistical analyses

Baseline characteristics of the study population were
stratified by NAFLD and hepatic fibrosis status. Contin-
uous variables were summarized as medians with inter-
quartile ranges (IQR), while categorical variables were
expressed as frequencies and percentages.

Weighted multivariable logistic regression models were
employed to assess the relationship between NHHR and
the presence of NAFLD and hepatic fibrosis. Odds ra-
tios (OR) and their corresponding 95% confidence in-
tervals (CI) were reported to quantify the strength of
these associations. To evaluate linear trends, NHHR
was divided into quartiles, with the lowest quartile serv-
ing as the reference group. NHHR values were log-
transformed (LnNHHR) to achieve normal distribution.
Three regression models were constructed: Model 1 was
unadjusted, Model 2 was adjusted for age, gender, and
race, while Model 3 incorporated additional adjustments
for PIR, education level, BMI, waist circumference,
smoking status, DM, and hypertension.

To explore potential non-linear associations between
NHHR and NAFLD or hepatic fibrosis, restricted cubic
spline (RCS) regression analysis was conducted. Sub-
group analyses and interaction tests were performed to
assess variations across demographic and clinical sub-
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Figure 1. The flowchart of the participants screened from the NHANES.

groups.
Sensitivity analyses were conducted to validate the ro-
bustness of our findings. First, the receiver operating
characteristic (ROC) curve analysis (data not shown)
determined LnNHHR cutoff values of 0.838 and 0.897,
which were subsequently treated as binary variables.

In a secondary sensitivity analysis, participants with hy-
percholesterolemia (defined as non-HDL-C > 160
mg/dL) were excluded.
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All statistical analyses were performed using R version
4.3.3 (R Foundation for Statistical Computing, Vienna,
Austria), with a two-sided p-value < 0.05 considered
statistically significant.
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Figure 2. Dose-response relationships of NHHR and the risk of NAFLD and hepatic fibrosis.
A Dose-response of NHHR and NAFLD. B Dose-response of NHHR and hepatic fibrosis. The odds ratio and 95% confidence interval were ad-

justed for gender, age, poverty-to-income ratio, education level, body mass index, waist circumference, smoking status, diabetes mellitus, and
hypertension.
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A Characteristics Count Percentage OR (95% C1) p-value p for interaction
Overall 8,350 100 —— 2.93 (2.56,3.36) <0.001
Gender 0.180
Female 5326 638 —— 2.77(2.33,3.30) <0.001
Male 3,024 362 —— 3.10(2.47,3.88) <0.001
Age 0.024
<60 5237 627 — 3.23(2.69.3.88) <0.001
> 60 3,113 373 —— 2.34(1.90, 2.89) <0.001
PIR 0.935
=13 6435 771 —— 2.89(2.47,3.39) <0.001
<13 1915 229 —_—— 3.06(2.31,4.05) <0.001
Education 0.895
< High School 2,787 334 — 3.03(2.41,3.80) <0.001
> College 5,563  66.6 —— 2.88(2.43,3.43) <0.001
Smoking 0.420
Never 5133 615 — 3.02(2.51,3.62) <0.001
Past 1,966 235 — 2.98(2.27,3.91) <0.001
Current 1,251 15.0 e 2.50(1.79,3.48) <0.001
BMI 0.152
<25 2,207 264 —_—— 2.38(1.67,3.38) <0.001
25-30 2,668 320 —e——  3.50(2.80.4.39) <0.001
>30 3475 416 —— 2.42(1.98,2.97) <0.001
Race 0.871
Non-Hispanic White 3,968  47.5 — 2.68(2.18,3.31) <0.001
Other races 4382 525 —— 3.03 (2.53.3.64) <0.001
Diabetes mellitus 0.204
No 6909 827 —— 2.76 (2.36,3.22) <0.001
Yes 1,441 173 —e——  3.36(2.48,4.56) <0.001
Hypertension 0.520
No 4,857 582 — 2.88 (2.38,3.49) <0.001
Yes 3493 418 —— 2.91(2.39,3.55) <0.001
o 1 25 5
B Characteristics Count Percentage OR (95% CI) p-value p for interaction
Overall 8,350 100 —— 1.04 (0.98, 1.12) 0.209
Gender 0.566
Female 5326 638 — 1.02 (0.92,1.12) 0.754
Male 3,024 362 —— 1.08 (0.98, 1.19) 0.116
Age 0.993
<60 5237 627 — 1.05(0.96,1.14) 0314
=60 3,113 373 —_—— 1.04 (0.94, 1.15) 0.464
PIR 0.872
>13 6,435 771 —— 1.04 (0.96, 1.12)  0.367
<13 1915 229 —_— 1.06 (0.93, 1.22) 0.390
Education 0.051
< High School 2,787 334 — 0.98 (0.87, 1.09) 0.654
> College 5,563  66.6 —— 1.09 (1.00, 1.19)  0.044
Smoking 0917
Never 5,133 615 — 1.02 (093, 1.12)  0.628
Past 1,966 235 —_— 1.06 (0.93, 1.20) 0.388
Current 1,251 15.0 — 1.08 (0.94, 1.25) 0.276
BMI 0.046
<25 2,207 264 —_— 0.80 (0.61, 1.04)  0.090
25-30 2,668  32.0 — 1.08 (0.93,1.24) 0.307
>30 3475 416 — 1.08 (1.00, 1.17)  0.053
Race 0.692
Non-Hispanic White 3,968  47.5 —— 1.03 (0.94,1.13)  0.547
Other races 4382 525 —— 1.06 (0.96, 1.16) 0.259
Diabetes mellitus 0.125
No 6,900 827 — 1.00 (0.91, 1.09) 0.918
Yes 1,441 173 — 1.09 (0.99, 1.20) 0.092
Hypertension 0.905
No 4,857 582 —_—— 1.05(0.94,1.17) 0.413
Yes 3493 418 — 1.03 (0.95,1.13) 0.445
0.6 1 1.4

Figure 3. Subgroup analysis of the association between NHHR with NAFLD (A) and hepatic fibrosis (B).

Each stratification was adjusted for gender, age, poverty-to-income ratio, education level, body mass index, waist circumference, smoking
status, diabetes mellitus, and hypertension.
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RESULTS

Population characteristics

Table S1 provides a comprehensive summary of the
demographic and clinical characteristics of the study
population, stratified by NAFLD and hepatic fibrosis
status. The median age of participants was 52 years
(IQR: 37 - 65), with 36.2% being male. NAFLD was
diagnosed in 3,464 individuals (41.5% of the cohort),
while hepatic fibrosis was present in 798 individuals
(9.6%). The median NHHR was significantly elevated
in individuals with NAFLD (2.84, IQR: 2.15 - 3.72) and
hepatic fibrosis (2.66, IQR: 1.94 - 3.52) compared to
those without these conditions (NAFLD: 2.15, IQR:
1.64 - 2.84; hepatic fibrosis: 2.39, IQR: 1.78 - 3.19;
both p <0.001).

Participants with NAFLD or hepatic fibrosis tended to
be older (NAFLD: 55 vs. 49 years; hepatic fibrosis: 58
vs. 51 years) and were more frequently female
(NAFLD: 59.6% vs. 40.4%; hepatic fibrosis: 58.9% vs.
41.1%). Additionally, these individuals exhibited higher
BMI, greater waist circumference, and an increased pre-
valence of DM and hypertension compared to those
without NAFLD or hepatic fibrosis.

Association between NHHR and NAFLD and hepa-
tic fibrosis

Table S2 summarizes the relationship between NHHR
and the risks of NAFLD and hepatic fibrosis. In contin-
uous model analyses, NHHR was significantly associ-
ated with an increased risk of NAFLD in the unadjusted
(OR: 4.77), partially adjusted (OR: 4.98), and fully ad-
justed models (OR: 2.94; all p < 0.001). However, the
association between NHHR and hepatic fibrosis was
statistically nonsignificant in the fully adjusted model
(OR: 1.02, p=0.870).

Stratified analysis by NHHR quartiles indicated that in-
dividuals in the highest quartile (Q4) had a 3.09-fold
greater risk of NAFLD in the fully adjusted model (95%
CI: 2.60 - 3.67, p < 0.001) compared to those in the
lowest quartile (Q1). Conversely, NHHR in Q4 did not
significantly differ from Q1 regarding hepatic fibrosis
risk (95% CI: 0.77 - 1.30, p > 0.990).

To further explore the potential dose-response relation-
ship, an RCS model was applied. The analysis revealed
a J-shaped association between NHHR and NAFLD
risk, with a significant deviation from linearity (pPnon-lincar
< 0.001) (Figure 2A). The threshold analysis (Table S3)
identified an inflection point at 0.885 for LnNHHR.
Below this threshold, an increase in LnNHHR was sig-
nificantly associated with NAFLD risk (p = 0.012),
while above this threshold, each unit increase in
LnNHHR corresponded to a 3.16-fold rise in NAFLD
risk (OR: 3.16, 95% CI: 2.40 - 4.17, p < 0.001).

A similar J-shaped trend was observed for hepatic fibro-
sis risk, with significant non-linearity (Pron-lincar = 0.006)
(Figure 2B). Below the inflection point of 0.885,
LnNHHR was not significantly linked to hepatic fibro-
sis risk (p = 0.160). However, above this threshold, each

unit increase in LnNHHR was associated with a 54%
increase in hepatic fibrosis risk (OR: 1.54, 95% CI: 1.04
-2.29,p=0.031).

Subgroup and sensitivity analyses

To ensure the robustness of our findings, stratified ana-
lyses and interaction tests were conducted to evaluate
the association between NHHR and NAFLD/hepatic fi-
brosis across various demographic subgroups, including
gender, age, PIR, education level, smoking status, BMI,
race, DM, and hypertension. The association between
NHHR and NAFLD remained consistent across all sub-
groups (all p < 0.05). Notably, significant interactions
were observed between NHHR and age for NAFLD risk
(Pinteraction < 0.05) (Figure 3A) and between NHHR and
education level for hepatic fibrosis risk (Figure 3B).

A sensitivity analysis was performed by excluding par-
ticipants with hypercholesterolemia. The association be-
tween NHHR and NAFLD remained statistically signi-
ficant (OR: 1.95, 95% CI: 1.72 - 2.20, p < 0.001),
whereas no significant relationship was observed for he-
patic fibrosis (OR: 1.02, 95% CI: 0.87 - 1.19, p = 0.980)
in the fully adjusted model when NHHR was treated as
a binary variable (Table S4). Similarly, in the highest
NHHR quartile (Q4), a strong association with in-
creased NAFLD risk persisted (OR: 2.78, 95% CI: 2.22
- 3.49, p < 0.001), while no significant link was found
for hepatic fibrosis (OR: 0.96, 95% CI: 0.77 - 1.21, p =
0.720) in the fully adjusted model.

DISCUSSION

This large-scale study, encompassing 8,350 adults, ex-
amined the relationship between NHHR and the risk of
NAFLD and hepatic fibrosis in a nationally representa-
tive U.S. population. Our findings suggest that elevated
NHHR is significantly associated with an increased risk
of NAFLD, even after adjusting for multiple covariates,
whereas no significant link was observed with hepatic
fibrosis. This association remained robust across vari-
ous demographic subgroups, including gender, age,
PIR, education level, smoking status, BMI, race, DM,
and hypertension. Furthermore, sensitivity analyses ex-
cluding individuals with hypercholesterolemia reaf-
firmed the strong correlation between NHHR and
NAFLD risk.

Previous studies have also identified a positive associa-
tion between NHHR and NAFLD, although they were
primarily conducted outside the U.S. In a cross-section-
al analysis of 7,759 Chinese children and adolescents
(aged 2 - 8 years), Yang et al. [19] reported a significant
correlation between NHHR and NAFLD prevalence
(p < 0.001), with an OR of 1.83 for individuals in the
highest NHHR tertile compared to the lowest. Addition-
ally, NHHR demonstrated superior discriminatory pow-
er in diagnosing NAFLD, with AUC values of 0.787 for
boys and 0.763 for girls, both significantly higher than
those of non-HDL-C and HDL-C (p < 0.001). Similarly,
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in a longitudinal study of 16,173 initially NAFLD-free
participants, Gao et al. [20] found that higher NHHR
levels were associated with increased cumulative
NAFLD incidence, with HRs of 1.3 and 1.5 for the sec-
ond and third tertiles, respectively, over a five-year fol-
low-up. Notably, NHHR also exhibited stronger predic-
tive capability than non-HDL-C, with an AUC of 0.705
versus 0.656. These findings, in conjunction with our
own, underscore NHHR’s potential as a predictive
marker for NAFLD. Unlike prior studies that relied on
single-center cohorts, our analysis leveraged a national-
ly representative dataset, enhancing the generalizability
of our results to the broader U.S. population.

Despite the well-established role of hepatic fibrosis in
NAFLD progression, our study did not detect a signifi-
cant association between NHHR and hepatic fibrosis
risk. Fibrosis results from an imbalance between fibro-
genesis and fibrolysis, ultimately leading to extracellu-
lar matrix accumulation when fibrogenesis predomi-
nates [8]. The limited research on NHHR’s relationship
with hepatic fibrosis makes direct comparisons chal-
lenging. However, prior studies have linked lower
HDL-C levels, a component of NHHR, to adverse out-
comes in chronic liver disease. Rao et al. [21] reported
that decreased HDL-C levels indicate hepatic fibrosis
and are associated with poor prognoses in liver disease
patients. Similarly, in individuals with NAFLD and liv-
er fibrosis, low HDL-C has been implicated in an in-
creased risk of hepatocellular carcinoma [22]. Given
HDL-C’s antioxidant properties and role in reverse cho-
lesterol transport, it is a key factor in NAFLD pathogen-
esis [23]. Variations in study design, diagnostic criteria
for NAFLD, sample size, and ethnic differences may
contribute to the inconsistencies observed across
studies.

In our study, age, gender, PIR, education level, smoking
status, BMI, race, DM, and hypertension were consid-
ered as potential stratification factors when assessing
NHHR’s association with NAFLD and hepatic fibrosis.
Notably, age was the only factor that significantly mod-
ified the NHHR-NAFLD relationship. Participants
younger than 60 years exhibited a higher OR for
NAFLD, consistent with prior research [20]. While
hypercholesterolemia has been linked to increased
NAFLD risk [24], excluding individuals with hypercho-
lesterolemia in our sensitivity analysis did not alter the
significance of our findings, reinforcing the robustness
of NHHR as an independent predictor of NAFLD.

Strengths and limitations

This study has several key strengths. The use of a large,
nationally representative sample from NHANES en-
hances the reliability of our findings, minimizing ran-
dom variability and improving generalizability. Further-
more, the comprehensive adjustment for a wide range of
demographic and lifestyle factors strengthens the validi-
ty of our conclusions.

Nonetheless, certain limitations must be acknowledged.
First, the cross-sectional study design precludes causal
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inferences regarding NHHR’s role in NAFLD develop-
ment. Second, despite controlling for multiple con-
founders, the possibility of residual confounding due to
unmeasured variables cannot be entirely excluded.
Third, as our sample consisted of U.S. adults, the find-
ings may not be directly generalizable to other popula-
tions or ethnic groups. Future studies involving diverse
cohorts are warranted to confirm these results.

CONCLUSION

Our findings establish a positive correlation between
NHHR and NAFLD risk, highlighting NHHR’s poten-
tial as a novel predictive marker. However, no signifi-
cant association was found between NHHR and hepatic
fibrosis. Strategies to regulate NHHR may have clinical
implications in NAFLD prevention. Further longitudi-
nal studies and randomized controlled trials are needed
to validate our findings and explore NHHR’s utility as a
predictive biomarker for NAFLD.
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