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Association between the NHHR
and hepatic steatosis and liver
fibrosis: a population-based study

Xiaoxian Yang?, Haiyi Yan?, Rui Guo* & Yan Chen?™*

Non-alcoholic fatty liver disease (NAFLD) is strongly associated with dyslipidemia, and the non-
high-density lipoprotein cholesterol to high-density lipoprotein cholesterol ratio (NHHR) is a more
comprehensive indicator of lipids. This study aimed to investigate the association between NHHR and
hepatic steatosis and liver fibrosis. The 2017-2020 national health and nutrition examination survey
(NHANES) dataset was used for the cross-sectional survey. NHHR was calculated by lipid profiling, and
the controlled attenuation parameter (CAP) and liver stiffness measurement (LSM) were determined by
vibration-controlled transient elastography (VCTE). Multiple linear regression models were used to test
the linear association between NHHR and hepatic steatosis and liver fibrosis. Fitted smoothing curves
and threshold effect analysis were used to describe the nonlinear relationships. This population-based
study included 6575 adults (=18 years). After adjusting for covariates, we found a U-shaped association
between NHHR and hepatic steatosis, with a breakpoint of 1.26. There was a negative association

on the left side of the breakpoint (OR [95% CI] - 24.31 [- 43.92, - 4.70]) and a positive association on
the right side of the breakpoint (OR [95% ClI] 3.82 [2.05, 5.59]). There was no significant association
between NHHR and liver fibrosis. In addition, subgroup analyses and interaction tests showed stable
results. In summary, NHHR has a U-shaped association with hepatic steatosis and no significant
association with liver fibrosis. Keeping NHHR below 1.26 may be an effective option to reduce the risk
of hepatic steatosis. NHHR is a more efficient and cost-effective marker for NAFLD surveillance that
can be utilized in future clinical practice.
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Non-alcoholic fatty liver disease (NAFLD) is a globally prevalent chronic liver disease affecting more than
25% of the world’s population and one of the leading causes of serious liver disease, with annual healthcare
costs in the United States directly attributable to NAFLD amounting to $100 billion'~>. Hepatic steatosis is
considered to be one of the main features of NAFLD, and prolonged and abnormal accumulation of fat in the
liver cytoplasm may lead to severe destruction of hepatocytes, which may develop into liver fibrosis, cirrhosis,
and even hepatocellular carcinoma®’. Hepatic steatosis and liver fibrosis are two fundamental aspects of the
physiopathological progression of NAFLD and are important factors in analyzing the course of NAFLD.
Therefore, assessing the degree of hepatic fibrosis and steatosis is crucial for the clinical prognosis and evaluation
of patients with NAFLD®°. VCTE is a noninvasive test with good accuracy and is now widely used for screening
NAFLD!®. CAP and LSM are used to assess hepatic steatosis and liver fibrosis, respectively!!-!3.

NAFLD is closely associated with dyslipidemia, and in previous studies of dyslipidemia in NAFLD, only
some of the lipids have often been detected or elucidated'*!°, resulting in conflicting results regarding the role
of a single lipid species in promoting hepatic fat accumulation!”!8. In recent years, many studies have explored
the relationship between nontraditional lipid markers such as non-HDL-C and NAFLD and found them to be
strongly correlated!®2!.

NHHR is a newly discovered index for assessing atherosclerotic lipid combinations, and non-HDL-C is
defined as total cholesterol (TC) minus HDL-C. Compared with traditional lipid parameters, it explains the dual
role of HDL-C and non-HDL-C and avoids the limitations of previous monolipid studies. NHHR is associated
with and has predictive value for a variety of diseases including diabetes, nephropathy, and cardiovascular
disease??~%4. A study in a Japanese population indicated that NHHR was independently associated with NAFLD?.
A study in a Chinese population also showed that NHHR was an independent predictor of NAFLD?. Another

IXiyuan Hospital of China Academy of Chinese Medical Sciences, No.1 Xiyuan Playground, Haidian District,
Beijing, China. ZFirst Clinical Medical College, Nanjing University of Chinese Medicine, Nanjing, China. "“email:
hefeng0309@126.com

Scientific Reports | (2025) 15:8462 | https://doi.org/10.1038/s41598-025-90818-2 nature portfolio


http://www.nature.com/scientificreports
http://crossmark.crossref.org/dialog/?doi=10.1038/s41598-025-90818-2&domain=pdf&date_stamp=2025-3-11

www.nature.com/scientificreports/

study compared non-HDLC with NHHR and found that NHHR was a better predictor in Chinese patients with
NAFLD?. These studies suggest that NHHR is a tool with higher diagnostic and predictive value for NAFLD
compared with traditional lipid markers, but most of these studies only explored the association between NHHR
and the risk of developing NAFLD, without exploring changes in hepatic steatosis and liver fibrosis.

Therefore, this study, based on findings from previous studies, aims to explore the association between
NHHR and hepatic steatosis and liver fibrosis in US adults, providing new perspectives for the assessment and
management of NAFLD.

Methods

Study population

This study used data from NHANES, and the protocol of the NHANES study conformed to the ethical guidelines
of the 1975 Declaration of Helsinki and was approved by the National Center for Health Statistics (NCHS)
Research Ethics Review Board, with each study participant signing an informed consent form. All detailed
NHANES study designs and data are publicly available at www.cdc.gov/nchs/nhanes/.

This study included data from 2017 to 2020. A total of 15,560 participants were sampled for the study, from
which 5862 subjects with missing CAP or LSM data, 1074 heavy drinkers who drank 4 or more drinks per day,
198 patients with Hepatitis B or C, 660 subjects with missing NHHR data, and 1191 subjects under the age of 18
were excluded. Finally, 6575 participants were included in this study (Fig. 1).

Study variables

Definition of NHHR

As previously described in the literature?>?5, NHHR represents the ratio of non-HDL-C to HDL-C. Non-HDL-C
is determined by subtracting HDL-C from TC levels.

Assessment of hepatic steatosis and liver fibrosis

A simple, noninvasive ultrasound technique called vibration-controlled transient elastography (VCTE) is used
to evaluate the degree of hepatic steatosis and fibrosis in patients. LSM is used to assess the degree of liver
stiffness, with higher LSM values suggesting more liver fibrosis, and CAP is used to assess liver fat content, with
higher CAP values suggesting more hepatic steatosis.

Based on several previous studies, we concluded that a CAP>274 dB/m is indicative of hepatic steatosis,
and a CAP>302 dB/m is severe hepatic steatosis?**’. Fibrosis grade was determined by LSM, and fibrosis
grades > F2 (8.2 kPa) were considered clinically significant hepatic fibrosis, > F3 (9.7 kPa) advanced fibrosis, and
>F4 (13.6 kPa) cirrhosis®"3,

Selection of covariates

The following covariates were included in this study: age, gender, race, marital status, Socioeconomic status,
physical activity (<450 MET-min/week, =450 MET-min/week), smoking status, depression status, body mass
index (BMI), and waist circumference (WC). Laboratory parameters included triglyceride(TG), fasting blood
glucose (FBG), hemoglobin Alc (HbAlc), alanine aminotransferase (ALT), and aspartate aminotransferase
(AST). Chronic diseases include diabetes, hypertension, and serious cardiovascular disease (CVD), defined as
yes or no. CVD was based on a physician’s diagnosis of coronary heart disease, heart attack, congestive heart
failure, angina, and stroke.

Statistical analysis

Statistical studies were conducted using the statistical computing and graphing software R (version 4.1.3) and
EmpowerStats (version: 4.2). Appropriate NHANES sampling weights were used for all statistical analyses.
Means + standard deviation (SD) were used for continuous variables and percentages were used for categorical
variables.  values and 95% confidence intervals between NHHR and CAP and LSM were calculated using
multiple linear regression analysis. Multivariate regression analyses were constructed using three models: model
1: unadjusted for variables; model 2: adjusted for gender, age, and race; and model 3: adjusted for all covariates.
For further sensitivity analyses, we categorized NHHR into tertiles to assess its robustness. Smooth curve fitting
was used to address nonlinearities, and a threshold effects analysis model was used to determine the presence of
thresholds and breakpoints (K). Finally, subgroup analyses and interaction effect tests were performed to see if
the findings were heterogeneous. Results were considered statistically significant at P<0.05.

Results

Baseline characteristics of participants

After screening a total of 6575 adults > 18 years of age were included in this study. The mean age of the participants

was 48.49 £ 17.78, with 54.70% females and 45.30% males. 63.53% were non-Hispanic whites. The mean + SD for

CAP, LSM, and NHHR were 262.61 +62.59 (dB/m), 5.76 +4.56 (kPa), and 2.71 + 1.41, respectively.
Supplementary Materials 1 lists the clinical characteristics of participants with NHHR tertile as the

stratification variable. All clinical characteristics were statistically significant (P<0.05) except socioeconomic

status. Participants in the highest tertile of NHHR were more likely to be male and to have higher values of CAP,

LSM, ALT, AST, HbAlc, FBG, TG, WC, and BMI than participants in the lowest tertile.

Association between NHHR and CAP
Table 1 shows the association between NHHR and CAP. We found a significant positive association between
NHHR and CAP in Model 1, Model 2, and Model 3. In the fully adjusted Model 3, for every 1 unit increase in
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Fig. 1. Flowchart of the sample selection from NHANES 2017-2020.

NHHR, CAP rises by 3.2 units (B [95% CIJ: 3.20 [1.48, 4.92]). When we transformed NHHR into a categorical
variable (tertiles), we found that the positive association between NHHR and CAP persisted (B [95% CI]: 11.78
[7.05, 16.51]).

In addition, we performed a smoothed curve-fitting test, which showed a nonlinear association between
NHHR and CAP (Fig. 2). A threshold analysis was then performed, and a breakpoint of 1.26 was calculated. On
the left side of the breakpoint, NHHR was negatively correlated with CAP ([95% CIJ: -24.31 [-43.92, -4.70]),
while on the right side of the breakpoint, it showed a positive correlation ($[95% CIJ: 3.82 [2.05, 5.59]) (Table 2).

Association between NHHR and LSM
Table 3 shows the association between NHHR and LSM. We found a significant positive association between
NHHR and LSM in Model 1 and Model 2, but no statistically significant correlation between the two in the
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CAP(dB/m)
250 350 400

200

300

B(95%CI)*
Tertile Model 1° Model 2¢ Model 3¢
Continuous | 12.89 (11.87,13.91) | 11.78 (10.76, 12.80) | 3.20 (1.48, 4.92)
Categories
Tertile 1 Reference Reference Reference

Tertile2 | 25.41 (21.92,28.90) | 22.55 (19.15, 25.96) | 6.09 (2.07, 10.10)
Tertile3 | 53.33 (49.87, 56.79) | 49.47 (46.01, 52.93) | 11.78 (7.05, 16.51)
Pfortrend | <0.0001 <0.0001 <0.0001

Table 1. Association between NHHR and CAP. In sensitivity analysis, NHHR was converted from a
continuous variable to a categorical variable (Tertile). *p(95CI): effect size (95% confidence interval). dModel 1
adjust for None. “Model 2 adjust for Gender, Age, and Race. Model 3 adjust for all variables.

0 5 10 15 20 25
NHHR

Fig. 2. Smoothed curve fit plot between NHHR and CAP.

fully adjusted Model 3. When we transformed NHHR into a categorical variable (tertiles), NHHR in the highest
tertile remained positively correlated with LSM in Modell and Model 2, but the opposite result occurred in
Model 3, where NHHR and LSM were negatively correlated. As NHHR increased, LSM values in the highest
tertile decreased compared to the lowest tertile ([95% CIJ: -0.57 [-1.00, -0.14]).
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B(95%CI), P-Value
*Model 1 3.20 (1.48,4.92)
®Model 2
Breakpoint(K) 1.26
OR1(<10.24) -24.31 (-43.92, -4.70)
OR2(>10.24) 3.82(2.05, 5.59)
Log likelihood ratio | 0.006

Table 2. Threshold effect analysis of NHHR on CAP using two-piecewise linear regression model. *“Model 1:
Standard linear model. "Model 2: Two-piecewise linear model. Adjust for all variables. Significant values are in
bold.

B(95%CI)
Tertile Model 1 Model 2 Model 3
Continuous | 0.23 (0.15,0.31) | 0.18 (0.10,0.26) | -0.09 (-0.25, 0.07)
Categories
Tertile 1 Reference Reference Reference

Tertile2 | 0.02(-0.25,0.29) | -0.08 (-0.35,0.19) | -0.69 (-1.06, -0.33)
Tertile3 | 0.79 (0.53,1.06) | 0.60 (0.33,0.88) | -0.57 (-1.00, -0.14)
Pfortrend | <0.0001 <0.0001 0.0184

Table 3. Association between NHHR and LSM. In sensitivity analysis, NHHR was converted from a
continuous variable to a categorical variable (Tertile). Significant values are in bold.

The smoothed curve fitting test showed a nonlinear association between NHHR and LSM (Fig. 3). Threshold
analysis calculated a breakpoint of 2.69. On the left side of the breakpoint, NHHR was negatively correlated with
LSM (B[95% CI]: -0.62 [-0.93, -0.31]), whereas on the right side of the breakpoint, the two were not statistically
significant ($[95% CIJ: 0.17 [-0.03, 0.38]) (Table 4).

Subgroup analysis

To assess whether the association between NHHR and CAP, LSM was influenced by a particular baseline
characteristic. We performed subgroup analyses and interaction tests stratified by gender, age, race, degree of
hepatic steatosis, and degree of liver fibrosis. The results showed that none of these covariates had a significant
effect on the association between NHHR and CAP and LSM (P for interaction>0.05). It is worth noting that
the association between NHHR and CAP and LSM remained stable after we graded hepatic steatosis and liver
fibrosis in detail (Supplementary material 2).

Discussion

In this study, we found the following results: (1) There is a U-shaped correlation between NHHR and hepatic
steatosis with a breakpoint of 1.26. On the left side of the breakpoint, NHHR is negatively correlated with CAP,
while on the right side of the breakpoint, it is positively correlated. (2) There was no significant association
between NHHR overall and LSM. However, the threshold analysis identified a breakpoint (2.69) where NHHR
was negatively correlated with LSM on the left side of the breakpoint, while on the right side, it showed an
increasing trend, but not statistically significant. (3) Subgroup analyses and interaction tests showed that the
associations of NHHR with CAP and LSM were not affected by confounders and the results were stable.

Our findings identified a U-shaped association between NHHR and CAP. Notably, the breakpoint 1.26
might be the critical value for the occurrence of hepatic steatosis, and when NHHR exceeded 1.26, the value
of CAP subsequently increased, which suggests that NHHR can be an effective predictor of the risk of hepatic
steatosis and suggests that keeping our NHHR below 1.26 might be a good choice to reduce the risk of hepatic
steatosis. In addition, we also found that there is a nonlinear correlation between NHHR and LSM. To the left
of the breakpoint 2.69, an increase in NHHR is associated with a decrease in LSM, and this negative correlation
stops when NHHR exceeds 2.69, and LSM begins to show a non-significant upward trend. Although we cannot
conclude from this result that 2.69 is the turning point of LSM from decreasing to increasing, it seems to suggest
that the value of 2.69 may have a special meaning that is worth noting.

The pathogenesis of NAFLD is complex, and it is now generally accepted that disturbances in the balance of
cholesterol metabolism are the main cause of the development of NAFLD, and dyslipidemia due to abnormalities
in hepatic cholesterol metabolism is an extremely important risk factor®*-*¢. High cholesterol can lead to
activation of liver X receptors (LXR), which promotes very low density lipoprotein (VLDL) secretion, increases
low density lipoprotein (LDL) levels, and induces hepatic steatosis®’. A clinical study showed that abnormalities
in fatty acid oxidation and VLDL secretion can induce severe lipid oxidation and oxidative DNA damage and
lead to the development of NAFLD®. It has also been found that non-HDL-C better reflects pro-atherosclerotic
lipoproteins containing apolipoprotein B compared to VLDL, MDI, and LDL?’, and a multidimensional study
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Fig. 3. Smoothed curve fit plot between NHHR and LSM.

B(95%CI), P-Value
Model 1 -0.09 (-0.25, 0.07)
"Model 2
Breakpoint(K) 2.69
OR1(<10.24) -0.62 (-0.93,-0.31)
OR2(>10.24) 0.17 (-0.03, 0.38)
Log likelihood ratio | <0.001

Table 4. Threshold effect analysis of NHHR on LSM using a two-piecewise linear regression model. *Model 1:
Standard linear model. "Model 2: Two-piecewise linear model. Adjust for all variables. Significant values are in
bold.

demonstrated that lowering non-HDL-C and LDL reduces the prevalence of non-alcoholic steatohepatitis
and fibrosis®. In addition, insulin resistance is also a non-negligible part of the pathogenesis of NAFLD.
Hyperinsulinemia and hyperglycemia state will cause adipocytes to release more free fatty acids, promote a large
amount of hepatic VLDL synthesis and secretion, and accelerate hepatic fat accumulation*!*2. These findings
suggest that the pathogenesis of NAFLD is inextricably linked to the abnormalities of various components of
blood lipids and that attention to lipid profiles is of great significance in the monitoring of NAFLD.
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NHHR identifies a full range of lipid disorders and is also a better predictor of cardiovascular, metabolic
syndrome, and insulin resistance*>*4, and can be easily obtained simply by measuring lipid profiles. In this study,
we found that there is a significant association between NHHR and CAP, and regulating NHHR may affect the
development process of NAFLD. NHHR can be regulated by a variety of factors, and some studies have found
that vitamin D deficiency increases the risk of dyslipidemia, and the vitamin D level in the high NHHR group
was significantly lower than that of the low NHHR group, which suggests that taking care of supplementation
with a variety of vitamin D in daily life may have a positive effect on NHHR and thus on liver disease?>.
Combined with previous studies®®=?’, we can infer that NHHR might be a more efficient and cost-effective
indicator for NAFLD monitoring, which could provide a new approach to assessing and managing NAFLD.

Finally, we performed subgroup analyses and interaction tests, which showed that NHHR was not affected
by factors such as gender, age, race, degree of hepatic steatosis, and liver fibrosis, and the results obtained were
stable. This demonstrates that NHHR is a stable index for assessing the association of lipids with hepatic steatosis
and liver fibrosis.

Our study has several strengths. First, we explored the association between NHHR and hepatic steatosis and
hepatic fibrosis in U.S. adults, the first known study to do so, which is innovative. Second, we included a large
sample size and adjusted for known confounding covariates, strengthening the generalizability and reliability of
the findings. Third, we performed subgroup analyses and interaction tests to verify the stability of the results.
However, this study has some limitations. First, the cross-sectional design of this study limits the causal inference
between NHHR and hepatic steatosis and liver fibrosis, and more rigorous randomized controlled trials are
needed to further validate the exploration. Second, although we adjusted for many important covariates, we
could not eliminate the effects of other possible confounding variables. Third, although we chose the currently
widely recognized VCTE for the diagnosis of NAFLD, the accuracy is still not as good as the liver histopathology
diagnosis. Our findings should be interpreted with caution.

Conclusion

In summary, NHHR has a U-shaped association with hepatic steatosis and no significant association with liver
fibrosis. Keeping NHHR below 1.26 may be an effective option to reduce the risk of hepatic steatosis. NHHR is
a more efficient and cost-effective marker for NAFLD surveillance that can be utilized in future clinical practice.

Data availability
The datasets supporting the conclusions of this article are available in the NHANES repository, https://www.cd
c.gov/nchs/nhanes/.
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