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Abstract

Background Preserved ratio impaired spirometry (PRISm) refers to a form of lung function deterioration, and pre-
vious studies have established the association with Chronic Obstructive Pulmonary Disease (COPD). Research

has also shown the association between COPD and lipid metabolism disturbances. Despite these findings, the asso-
ciation between lipid metabolism markers and PRISm remains poorly understood.

Methods This analysis was conducted on the 2007-2012 data from the National Health and Nutrition Examination
Survey (NHANES), including a total of 9,431 participants. The Non-High-Density Lipoprotein Cholesterol to High-Den-
sity Lipoprotein Cholesterol Ratio (NHHR) was calculated based on lipid profiles, and PRISm patients were classified
according to pulmonary function tests. To explore the association between NHHR and PRISm, multivariable logistic
regression analysis was used.

Results A strong linear association was observed between NHHR and PRISm. In Adjusted Model 2, the weighted
multivariable logistic regression analysis revealed that each unit increase in NHHR increased the chance of develop-
ing PRISm by 8% (OR:1.08, 95%Cl:1.01-1.16, P=0.039).Participants within the highest NHHR tertile demonstrated

a 1.36-fold increased likelihood of presenting with PRISm compared to those in the lowest NHHR tertile (OR:1.36, 95%
Cl: 1.01-1.83, P=0.048). Additionally, weighted Restricted Cubic Spline affirmed a linear association between NHHR
and PRISm (P for non-linearity =0.637), while clear non-linear associations were found between NHHR and FEV,% pre-
dicted (P for non-linearity =0.010) and FEV,/FVC (P for non-linearity =0.023). Subgroup analysis and interaction tests
revealed a significant interaction effect among different waist circumference categories (P for interaction =0.020).
Notably, in individuals without abdominal obesity, NHHR showed a strong positive association with PRISm (OR=1.23,
95% Cl: 1.07-1.42, P=0.01).

Conclusion These results indicate that NHHR is positively associated with PRISm and is significantly associated
with the decline in lung function. This study offers distinctive perspectives that may contribute to the avoidance
and management of early-stage pulmonary dysfunction.
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Background

Preserved ratio impaired spirometry (PRISm) is diag-
nosed when an individual has a normal FEV,/FVC but
lower lung volumes as measured by spirometry (FEV,/
EVC>0.7, FEV,<80% predicted) [1]. In 2023, this term
was officially adopted by the Global Initiative for Chronic
Obstructive Lung Disease (GOLD) as a replacement for
the "unclassified" category [2], offering a clear under-
standing of the diminished ventilatory efficiency seen in
these patients. The concept’s introduction is supported
by clinical evidence showing that these patients may
quickly progress to Chronic Obstructive Pulmonary Dis-
ease (COPD) [3]. Nevertheless, not all PRISm patients
will acquire COPD [4, 5], and the condition’s revers-
ibility highlights the importance of early intervention
to manage lung function deterioration. Epidemiological
data indicates that PRISm affects between 5 and 20% of
the population [6-11]. Without timely intervention, the
progression of these cases could significantly increase
the prevalence of COPD, thus placing a greater strain
on social and healthcare systems. Research also shows
that PRISm is strongly association with a range of other
health conditions, including asthma [12], chronic kidney
disease [13], metabolic disorders [14], cardiovascular dis-
eases [15], and diabetes [16].

The Association between lipid metabolism disorders
and impaired lung function is multifaceted. Evidence
suggests that abnormalities in triglyceride (TG) and high-
density lipoprotein cholesterol (HDL-C) levels may play
a role in the decline of lung function [17]. A reduction
in HDL-C is strongly associated with an increase in the
release of inflammatory mediators [18]. Moreover, lipid
metabolism disorders lead to the buildup of lipid per-
oxidation products, which cause damage to airway tis-
sues [19]. Even more importantly, obesity resulting from
lipid metabolism disruptions limits chest expansion and
increases airway resistance [20, 21]. However, most of
the research so far has focused on severe or irreversible
stages of lung dysfunction, with limited studies address-
ing early-stage lung impairment. This study primar-
ily explores the association between early lung function
decline and lipid metabolism disorders, with the goal of
controlling disease progression at an early stage.

The non-high-density lipoprotein cholesterol to high-
density lipoprotein cholesterol ratio (NHHR) is a novel
biomarker for assessing atherosclerotic lipid composition
[22]. In recent years, it has proven to be a valuable pre-
dictive marker in diseases such as angina pectoris [23],
diabetes [24], cancer [25], and obstructive sleep apnea
[26]. Unlike the LDL-C/HDL-C ratio, which primarily
reflects cholesterol transport [27], and the TG/HDL-C
ratio, which is associated with insulin resistance and tri-
glyceride-rich lipoproteins [28], NHHR provides a more
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integrated assessment of lipid metabolism. Notably, it
offers enhanced sensitivity in evaluating high-density
lipoprotein cholesterol metabolism. Population-based
studies have confirmed its superior ability to predict car-
diovascular risk, systemic inflammation, and metabolic
dysfunction.

In the screening and assessment of PRISm, NHHR may
prove to be a useful instrument. Research has shown that
PRISm patients often exhibit abnormal lipid levels [29].
Dyslipidemia can intensify oxidative stress, promote
endothelial dysfunction, and ultimately lead to lung tissue
damage, all of which may accelerate PRISm progression.
NHHR has been closely associated with systemic inflam-
mation, a key contributor to airway and parenchymal
remodeling in PRISm [15]. Furthermore, NHHR-related
lipid imbalances may impair pulmonary microvascular
function, reduce lung compliance and exacerbating ven-
tilation-perfusion mismatch, thereby increasing cardio-
vascular risk in PRISm patients. Interestingly, a growing
body of cohort studies has reported a higher incidence
of cardiovascular disease in PRISm patients [30, 31]. As
a result, understanding the association between PRISm
and cardiovascular metabolism is crucial for assessing
its prognosis and remains an important area of ongoing
research. While these findings require further confirma-
tion, some researchers suggest that lipid metabolism dis-
orders could be an underlying mechanism contributing
to the decline in lung function in PRISm patients [32].

This research evaluated the association between
NHHR, lung function indices, and PRISm using data
from a representative sample from the National Health
and Nutrition Examination Survey (NHANES) datasets.

Materials and methods

Study cohort

This research employed data spanning three distinct
periods (2007-2012) from the NHANES database for a
cross-sectional analysis of United States (U.S.) adults.
Health and demographic data were collected from the
general U.S. population through a complex random
sampling approach. All NHANES datasets used in this
study were approved by the Ethical Review Board of the
National Center for Health Statistics, with informed con-
sent obtained from every participant [33]. Initially, 30,442
participants were screened, and after applying the exclu-
sion criteria, 9,431 eligible individuals were included. The
following are the exclusion criteria:1) age under 20 years
(n=12,729); 2) missing height data (n=2846); 3) missing
pulmonary function data (n=3,531); 4) pulmonary func-
tion quality control below grade B (n=1,747); 5) FEV,/
FVC<0.7 (n=1,512); 6) missing total cholesterol (TC) or
HDL-C data (n=486); 7) use of lipid-lowering medica-
tions for at least 180 days (n=160). These factors could
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affect either lung function or lipid metabolism, poten-
tially confounding the association between NHHR and
lung function [34] (Fig. 1).

Exposure definition

In this study, NHHR [22] was treated as the exposure var-
iable, calculated based on the participants’ lipid profiles.
The formula used for calculation is: (TC-HDL)/HDL. The
NHHR data were divided into three categories: Q1 (rep-
resenting low levels), Q2 (representing moderate levels),
and Q3 (representing high levels) for additional research.

Outcome definition

PRISm is characterized by a reduced predicted value
of Forced Expiratory Volume in 1 s (FEV;%) while the
ratio of Forced Expiratory Volume in 1 s to Forced Vital
Capacity (FEV,/FVC) remains preserved [1], and was
used as the outcome variable in this study. We collected
pulmonary function data and used the NHANES III
equations to derive predicted lung volume measurements
for various racial groups. The crucial pulmonary function
parameters include FEV; and FVC [35]. All pulmonary

participants from NHANES
2007-2012 (n=30442)
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function tests in this study were performed by well-
trained technicians in accordance with the guidelines of
the American Thoracic Society (ATS). The test quality
was categorized from A to F (Supplementary Table 1). To
enhance data accuracy and reliability, only tests meeting
ATS data collection criteria with a quality control grade
of B or higher were included.

Covariates

According to previous studies [36, 37], factors related
to lipid metabolism and lung function were considered.
These include five categories: (1) Demographic charac-
teristics: age, sex, race, educational attainment, marital
status, poverty-to-income ratio (PIR). (2) Body measure-
ments: body mass index (BMI) and waist circumference
(WCQC). (3) Inflammatory and biochemical markers: white
blood cell count (WBC), lymphocyte count, alanine ami-
notransferase (ALT), aspartate aminotransferase (AST),
total bilirubin (TB) and glycated hemoglobin (HBA1Ic).
(4) Lifestyle factors: smoking status and alcohol habit. (5)
Comorbidities: hypertension, diabetes, heart failure, cor-
onary heart disease, cancer, arthritis, chronic respiratory

Fig. 1 Flowchart of the study participants

.| excluded age<20 years old
7 (n=12729)
A 4
n=17713
.| excluded missing data on
v height (n=846)
n=16867
excluded participants without
»  spirometry exanination or
) 4 quality below graded B (n=5278)
n=11589
excluded participants with
> airflow obstruction
) 4 (FEV4/FVC <0.70, n =1512)
n=10077
.| excluded missing data for
v ”| HDL-C (n=486) and TC (n=0)
n=9591
excluded participants taking
> steatogenie medications
) 4 for at least 180 days (n=160)
finally included (n=9431)
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diseases, and recent infection episodes. Further details on
these covariates are provided in Supplementary Table 2.

Statistical analysis

This study is a large-scale cross-sectional analysis,
designed in accordance with the Strengthening the
Reporting of Observational Studies in Epidemiology
guidelines. Following the recommendations from the
Centers for Disease Control and Prevention, all statisti-
cal analyses were conducted using weights. The missing
data for covariates was evaluated, revealing that the miss-
ing values were less than 5%. Consequently, we employed
chained equations for multiple imputations to address
the missing covariates and randomly selected one data-
set from the five imputed datasets for analysis. Continu-
ous variables were analyzed using weighted t-tests and
are presented as means with standard deviations (SD),
while categorical variables were assessed with chi-square
tests and are shown as percentages (%). Additionally, a
weighted multivariable logistic regression model was
constructed to assess the association of NHHR with
PRISm, results reported as odds ratios (OR) and 95%
confidence intervals (CI). This study also established
three models: an Unadjusted Model that does not adjust
for any covariates, an Adjusted Model 1, which accounts
for baseline demographic factors such as age, sex, race,
marital status, education attainment, PIR, BMI, and WC,
and an Adjusted Model 2, which incorporates a com-
prehensive set of covariates, including lifestyle factors
(alcohol habit and smoking status), metabolic and cardio-
vascular conditions (hypertension, diabetes, heart fail-
ure, and coronary heart disease), comorbidities (cancer,
arthritis, and chronic respiratory diseases), recent infec-
tion episodes, and laboratory parameters (WBC, lym-
phocyte count, ALT, AST, TB and HBA1c). To explore
potential linear or nonlinear association among NHHR,
PRISm, and lung function, weighted restricted cubic
splines (RCS) analysis were employed. Furthermore, to
investigate whether PRISm is influenced by other factors,
this study conducted weighted subgroup analyses and
interaction tests to determine if the association between
NHHR and PRISm was consistent across populations.
This study used R software (version 4.4.2) for all statis-
tical analyses. P-value < 0.05 were considered significant.

Results

Baseline characteristics

Over the three cycles between 2007 and 2012, a total
of 9,431 eligible participants were selected from the
NHANES database. The overall prevalence of PRISm was
found to be 8.62%. Within the study participants, 47.00%
were male, and the median age was 43 years.
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When participants were stratified by NHHR tertiles,
those in the Q3 group exhibited a greater tendency to be
male, around 44 years old, and more likely to have a part-
ner. They also tended to have a lower socioeconomic sta-
tus, characterized by lower income and education levels.
Compared to the Q1 group, the prevalence of obesity in
the Q3 group more than doubled. Significant variations
were also observed in inflammatory and biochemical
markers. In terms of lifestyle and comorbidities, indi-
viduals in the Q3 group were more likely to have a his-
tory of smoking and were at greater risk of conditions
such as hypertension, diabetes, and arthritis. Moreover,
PRISm was significantly more prevalent in the Q3 group
than in the Q1 group (P<0.05). Lung function param-
eters, including FVC and FEV;, also showed significant
disparities, with participants in the Q3 group presenting
higher FVC and FEV, values than those in the Q1 group
(P<0.05). Further details are available in Table 1. The
total weighted sample size in this study was 131,602,235
individuals, categorized into Ql, Q2, and Q3 groups
based on NHHR levels, Supplementary Table 3 provides
the weighted participant counts for each group.

A stratified comparison of participant characteristics
based on the presence of PRISm showed that Individu-
als with PRISm tended to be older and had lower income
and education levels. Metabolically, they were more likely
to be obese, especially with abdominal obesity, and had
a higher prevalence of abnormal glycated hemoglobin
levels. Their inflammatory markers were also generally
elevated compared to the general population. In terms
of lifestyle, they were less likely to consume alcohol but
more likely to have a history of smoking. Additionally,
they had a greater likelihood of comorbid conditions,
including hypertension, diabetes, arthritis, coronary
heart disease, heart failure, and chronic respiratory dis-
eases. Moreover, PRISm patients had higher NHHR
indices, with most of them falling into the Q3 group of
NHHR levels, as shown in Supplementary Table 4.

Likelihood of PRISm occurring is associated with NHHR

This study demonstrated a significant association
between NHHR and PRISm. In the weighted multi-
variable logistic regression analysis, Unadjusted Model
revealed that each 1-unit increase in NHHR was associ-
ated with a 16% increased risk of developing PRISm (95%
CI: 1.10, 1.22, P<0.001). Upon Adjusted Model 1, the risk
remained elevated by 11% (95% CI: 1.03, 1.19, P=0.005).
In Adjusted Model 2, each point increase in NHHR was
associated with an 8% increase in the incidence of PRISm
(95% CI: 1.01, 1.16, P=0.039). Stratification by NHHR
tertiles (Q1, Q2, Q3) showed that in Adjusted Model 2,
participants in Q3 had 1.36 times higher odds of pre-
senting with PRISm than those in Q1 (95% CI: 1.01, 1.83,
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Table 1 Baseline study population characteristics (weighted)
Characteristic Total (n=9431) Q1(n=3144) Q2 (n=3144) Q3 (n=3143) P-value
Sex (%) <0.001
Male 4433 (47.00%) 1027 (32.67%) 1467 (46.66%) 1939 (61.69%)
Female 4998 (53.00%) 2117 (67.33%) 1677 (53.34%) 1204 (38.31%)
Age (year) 43 [31, 56] 40 [28, 56] 44 [31,57] 44 [34,55.25] <0.001
Race (%) <0.001
Mexican American 1663 (17.63%) 426 (13.55%) 544 (17.30%) 693 (22.05%)
Other Hispanic 1083 (11.48%) 298 (9.48%) 385 (12.25%) 400 (12.73%)
Non-Hispanic White 3934 (41.71%) 1315 (41.83%) 1270 (40.39%) 1349 (42.92%)
Non-Hispanic Black 1907 (20.22%) 782 (24.87%) 660 (20.99%) 465 (14.79%)
Other Race 844 (8.95%) 323(10.27%) 285 (9.06%) 236 (7.51%)
Poverty-to-income ratio (%) <0.001
<1 1959 (20.77%) 664 (21.12%) 607 (19.31%) 688 (21.89%)
>=1,<=3 3809 (40.39%) 1166 (37.09%) 1278 (40.65%) 1365 (43.43%)
>3 3663 (38.84%) 1314 (41.79%) 1259 (40.04%) 1090 (34.68%)
Marital status (%) <0.001
Married/Living with Partner 5693 (60.36%) 1726 (54.90%) 1896 (60.31%) 2071 (65.89%)
Without Partner 3738 (39.64%) 1418 (45.10%) 1248 (39.69%) 1072 (34.11%)
Educational attainment (%) <0.001
Less than high school 2229 (23.63%) 593 (18.86%) 738 (23.47%) 898 (28.57%)
High School Grad/GED or equivalent 2054 (21.78%) 600 (19.08%) 699 (22.23%) 755 (24.02%)
Above high school 5148 (54.59%) 1951 (62.05%) 1707 (54.29%) 1490 (47.41%)
Body mass index (%) <0.001
<=249 I<<_:]/m2 2600 (27.57%) 1460 (46.44%) 735 (23.38%) 405 (12.89%)
>249,<=299 kg/m2 3169 (33.60%) 921 (29.29%) 1126 (35.81%) 1122 (35.70%)
>299 kg/m2 3662 (38.83%) 763 (24.27%) 1283 (40.81%) 1616 (51.42%)
Waist circumference (%) <0.001
Male <102 cm, female <88 cm 4238 (44.94%) 1868 (59.41%) 1298 (41.28%) 1072 (34.11%)
Male> =102 cm, female > =88 cm 5193 (55.06%) 1276 (40.59%) 1846 (58.72%) 2071 (65.89%)
HBATC (%) <0.001
<5.7% 6264 (66.42%) 2366 (75.25%) 2086 (66.35%) 1812 (57.65%)
>=57% 3167 (33.58%) 778 (24.75%) 1058 (33.65%) 1331 (42.35%)
ALT (U/L) 26.551+22.501 22459+22.401 25.583+16911 31.613+26.233 <0.001
AST (U/L) 26312+19.589 25433422959 25424412321 28.078+21.630 <0.001
Bilirubin (total), umol/L 12.754+5.103 12.926+5.238 12.639+4.883 12699+5.178 0.582
White blood cell (1000 cells/ul) 7.115+£2316 6.631+1.960 7.077 +2.090 7.638+2.715 <0.001
Lymphocyte (1000 cells/ulL) 2.164+0.778 2016+0.672 2.159+0.819 2.318+0.804 <0.001
Smoking status (%) <0.001
Yes 3898 (41.33%) 1134 (36.07%) 1272 (40.46%) 1492 (47 47%)
No 5533 (58.67%) 2010 (63.93%) 1872 (59.54%) 1651 (52.53%)
Alcohol habit (%) 0.104
> =12 drinks/year 7077 (75.04%) 2329 (74.08%) 2310 (73.47%) 2438 (77.57%)
<12 drinks/year 2354 (24.96%) 815 (25.92%) 834 (26.53%) 705 (22.43%)
Hypertension (%) <0.001
Yes 3134 (33.23%) 877 (27.89%) 1075 (34.19%) 1182 (37.61%)
No 6297 (66.77%) 2267 (72.11%) 2069 (65.81%) 1961 (62.39%)
Diabetes (%) 0.015
Yes 899 (9.53%) 263 (8.37%) 317 (10.08%) 319 (10.15%)
No 8532 (90.47%) 2881 (91.63%) 2827 (89.92%) 2824 (89.85%)
Heart failure (%) 0.225
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Table 1 (continued)
Characteristic Total (n=9431) Q1(n=3144) Q2 (n=3144) Q3 (n=3143) P-value
Yes 123 (1.30%) 36 (1.15%) 50 (1.59%) 37 (1.18%)
No 9308 (98.70%) 3108 (98.85%) 3094 (98.41%) 3106 (98.82%)
Coronary heart disease (%) 0.170
Yes 160 (1.70%) 49 (1.56%) 50 (1.59%) 61 (1.94%)
No 9271 (98.30%) 3095 (98.44%) 3094 (98.41%) 3082 (98.06%)
Arthritis (%) 0.004
Yes 1899 (20.14%) 583 (18.54%) 662 (21.06%) 654 (20.81%)
No 7532 (79.86%) 2561 (81.46%) 2482 (78.94%) 2489 (79.19%)
Cancer (%) 0.560
Yes 541 (5.74%) 194 (6.17%) 172 (5.47%) 175 (5.57%)
No 8890 (94.26%) 2950 (93.83%) 2972 (94.53%) 2968 (94.43%)
Chronic respiratory diseases (%) 0.307
Yes 1225 (12.99%) 435 (13.84%) 392 (12.47%) 398 (12.66%)
No 8206 (87.01%) 2709 (86.16%) 2752 (87.53%) 2745 (87.34%)
Recent infection episodes (%) 0.547
Yes 362 (3.84%) 114 (3.63%) 115 (3.66%) 133 (4.23%)
No 9069 (96.16%) 3030 (96.37%) 3029 (96.34%) 3010 (95.77%)
FEV,/FVC (%) 80.50+5.40 81.20+5.80 80.20£5.30 80.00+£4.90 <0.001
FEV, (%) 98.00+13.30 99.90+13.50 97.80+13.20 96.30+13.00 <0.001
FVC (ml) 3949.39+1054.35 384247 +1022.77 392847+1067.32 4077.28+£1059.34 <0.001
FEV, (ml) 317534+859.67 3118.82+853.88 314856+ 866.42 3258.66+852.59 <0.001
PRISm (%) <0.001
Yes 813 (8.62%) 221 (7.03%) 273 (8.68%) 319(10.15%)
No 8618 (91.38%) 2923 (92.97%) 2871 (91.32%) 2824 (89.85%)

P=0.048). This association remained statistically signifi-
cant in both Adjusted Model 1 and Unadjusted Model,
with trend tests across all models consistently confirming
significance (Table 2).

The linear and nonlinear associations between NHHR,
PRISm, and lung function parameters

This study applied weighted RCS analysis to exam-
ine the likely linear association between NHHR and
PRISm in Adjusted Model 2. The outcomes show
a linear association between NHHR and PRISm (P

Table 2 The association between NHHR and PRISm (weighted)

for non-linearity=0.637), indicating that each unit
increases in NHHR, the risk of PRISm rises proportion-
ally (Fig. 2A). This study also analyzed the association
between NHHR and lung function parameters. NHHR
showed a linear association with FVC and FEV, (NHHR
and FEV;: Fig. 2B; NHHR and FVC: Fig. 2C), while there
was a clear nonlinear association between NHHR and
FEV,% predicted value as well as FEV,/FVC (NHHR
and FEV,/FVC: Fig. 2D; NHHR and FEV,%: Fig. 2E).
More specifically, when the NHHR was at low to mod-
erate levels, changes in FEV,/FVC and predicted FEV,%

Unadjusted Model

Adjusted Model 1 Adjusted Model 2

Outcome variables OR (95%Cl), P-value

NHHR 1.16(1.10,1.22),<0.001  1.11(1.03,1.19), 0.005
NHHR Tertiles

Q1 Reference Reference

Q2 1.28(1.00,1.63), 0.052 1.12(0.86,1.47),0.084
Q3 1.76(1.38,2.26),<0.001 1.45(1.08,1.95),0.014

P for trend <0.001 0.011

1.08(1.01,1.16), 0.039

Reference
1.08(0.83,1.45), 0.591
1.36(1.01,1.83),0.048
0.039
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Fig. 2 Exposure-response associations for NHHR and PRISm derived by restricted cubic spline modeling (weighted). A A linear association
exists between NHHR and PRISm. B A linear association exists between FEV, and PRISm. C A linear association exists between FVC and PRISm. D
A non-linear association exists between NHHR and FEV,/FVC. E A non-linear association exists between NHHR and FEV, %

were relatively stable. However, when NHHR surpassed
2.775, the decline in lung function metrics accelerated
significantly, indicating an accelerated risk. This result
remained consistent after adjusting for all confounders,
reinforcing that NHHR not only serves as a linear indi-
cator of early PRISm risk but also reflects the complex,
nonlinear dynamics of lung function decline (Fig. 2).

Subgroup analysis

We evaluated the association between PRISm and NHHR
across different populations using weighted interaction
tests and subgroup analysis. The subgroup analysis based
on waist circumference revealed a significant interaction
effect (P for interaction =0.020). Specifically, among indi-
viduals without abdominal obesity, NHHR showed a sig-
nificant positive association with PRISm (OR=1.23, 95%
CI: 1.07-1.42, P=0.010). However, this association was
not statistically significant in individuals with abdominal
obesity. In contrast, stratified analyses based on demo-
graphic, lifestyle, and clinical factors—including sex, race,
marital status, education attainment, PIR, BMI, smoking
status and alcohol habit, as well as histories of hyper-
tension, diabetes, heart failure, coronary heart disease,
chronic respiratory diseases, recent infection episodes,
arthritis, and cancer—showed no significant variation in

the NHHR-PRISm association (P for interaction >0.05).
This suggests that the association between NHHR and
PRISm is generally stable across different subgroups,
with a significant interaction observed only in the waist
circumference-based analysis (Table 3).

Discussion

This large cross-sectional cohort analysis, which included
9,431 participants from the 2007-2012 NHANES data-
base, found a strong independent association between
NHHR and PRISm. In multivariable logistic regression
analysis, each one-unit increase in NHHR was strongly
associated with the incidence of PRISm. Furthermore,
RCS analyses indicated a strong linear association
between NHHR and PRISm in all subjects, whereas the
association with lung function indices (the FEV,/FVC
and FEV,% predicted) showed a significant non-linear
trend. Specifically, Subgroup analyses and interaction
tests further enhanced the reliability of these findings.
Subgroup analysis and interaction testing confirmed a
significant interaction effect across different WC cat-
egories. The association between NHHR and PRISm was
stronger and positively associated with individuals with-
out abdominal obesity.
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Table 3 Subgroup analysis of association between NHHR and PRISm risk(weighted)

NHHR PRISm

Subgroup OR (95%(Cl) P-value P for interaction

Sex (%) 0.119
Male 1.16(1.07,1.27) <0.01
Female 0.96 (0.86, 1.08) 048

Race (%) 0612
Mexican American 1.01(0.86, 1.19) 0.87
Other Hispanic 1.00(0.82,1.23) 097
Non-Hispanic White 1.09 (0.99, 1.20) 0.06
Non-Hispanic Black 1.04(0.89,1.22) 0.58
Other Race 1.13(0.93,1.38) 0.19

Educational attainment (%) 0.504
Less Than high school 1.04 (0.90, 1.19) 0.60
High school grad/GED or equivalent 1.06 (0.88,1.27) 0.53
Above high school 1.11(1.01,1.22) 0.03

Poverty-to-income ratio (%) 0.065
<1 1.21(1.08,1.36) <0.01
>=1,<=3 1.01 (0.89, 1.15) 082
>3 1.08 (0.96, 1.22) 0.19

Marital status (%) 0.866
Married/Living with partner 1.08 (099, 1.19) 0.07
Without partner 1.05 (0.90, 1.22) 0.52

Body mass index (%) 0.284
<=249 kg/mZ 1.17 (0.96, 1.44) 0.12
>24.9,< =299 kg/m? 1.12(0.95,1.32) 0.16
>299 I<g/m2 1.05(0.96, 1.15) 0.30

Waist circumference (%) 0.020
Male <102 cm, female <88 cm 1.23(1.07,142) 0.01
Male> =102 cm, female > =88 cm 1.03(0.94,1.12) 0.54

HBATc (%) 0.976
<57% 1.07(0.95, 1.20) 0.26
>=57% 1.07 (0.95,1.22) 0.25

Alcohol habit (%) 0.364
yes 1.10(1.00, 1.21) 0.05
no 1.03(0.89,1.18) 0.72

Smoking status (%) 0.793
Yes 1.11(0.99, 1.24) 0.07
No 1.04 (0.93,1.16) 0.49

Hypertension (%) 0316
Yes 1.04(0.92,1.17) 0.55
No 1.11(0.99, 1.24) 0.06

Diabetes (%) 0.381
Yes 1.03 (0.88, 1.20) 0.71
No 1.09 (1.01,1.18) 0.03

Heart failure (%) 0.823
Yes 0.92(0.56, 1.53) 0.75
No 1.08 (1.01, 1.16) 0.04

Coronary heart disease (%) 0.103
Yes 0.78(0.48,1.27) 0.26

No 1.08 (1.01, 1.16) 0.03
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Table 3 (continued)
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NHHR PRISm

Subgroup OR (95%(Cl) P-value P for interaction

Arthritis (%) 0.761
Yes 1.11(0.98,1.27) 0.1
No 1.08(1.00, 1.17) 0.05

Cancer (%) 0.529
Yes 0.91 (0.68, 1.23) 0.53
No 1.09(1.01,1.17) 0.03

Chronic respiratory diseases (%) 0.562
Yes 1.12(0.96,1.31) 0.13
No 1.07 (0.98, 1.16) 0.11

Recent infection episodes (%) 0.098
Yes 1.02 (0.79,1.33) 0.85
No 1.09(1.01,1.17) 0.03

PRISm, an unstable state of lung function, is primar-
ily characterized by impaired lung capacity [15, 38].
However, the underlying mechanisms of PRISm remain
unclear, and there are no established methods for early
clinical prevention. Nuria and colleagues found [39] low
eosinophil levels and high glycated hemoglobin were
observed in the PRISm population, pointing to the pos-
sibility that metabolic abnormalities may be more promi-
nent than typical inflammatory responses in this group.
This finding challenges the conventional view that asso-
ciates wheezing and asthma-related inflammation as
the primary pathological mechanism. Additionally, our
research revealed that NHHR has a significant impact on
airflow limitation and reduced lung capacity, suggesting
that NHHR may serve as a more sensitive indicator of
lung function changes prior to the onset of PRISm. Cur-
rent research indicates that COPD progresses through
multiple stages [40], with the longitudinal decline in FEV,
serving as an early indicator of the transition from GOLD
stage 0 (early COPD) to clinical COPD [41]. This pattern
of lung function decline mirrors the characteristics seen
in PRISm.

Unlike previous studies, this is the first study to estab-
lish an association between NHHR, an indicator reflect-
ing both atherosclerotic and protective aspects of lipid
metabolism, and PRISm. Previous research has primarily
focused on the association between standard lipid indi-
cators and cardiovascular and metabolic disorders; how-
ever, growing evidence suggests that lipid metabolism
disorders may also affect lung function [42-45]. Specific
lipid molecules can regulate lung tissue cells in a man-
ner that is dependent on cell type [46], which may have
varied impacts on lung function impairment. Moreo-
ver, lung function decline is often accompanied by lipid

metabolism disturbance [47]. Similarly, early declines
in lung function tend to show signs of lipid metabolism
disruption, and these metabolic abnormalities are closely
associated to the severity of chronic lung disorders and
the possibility of severe exacerbations. In a large-scale
cross-sectional investigation conducted by Lucia Ces-
telli [12], baseline risk factor analysis found that obesity
was more prevalent in the PRISm group than in those
with normal lung function, which is consistent with our
findings. Obesity, as a marker of disruptions in lipid
metabolism, shows a significant positive association with
PRISm, prompting us to place more emphasis on the role
of lipid metabolism in this group of lung function abnor-
malities. Furthermore, previous research [1] has shown
that individuals with PRISm tend to have higher BMI
and an increased prevalence of diabetes, which aligns
with our findings. This suggests that PRISm, as a form
of lung function decline, may overlap with metabolic
dysfunction.

Moreover, this study revealed that NHHR showed a
stronger association with PRISm in individuals without
abdominal obesity, whereas the association was not sig-
nificant in those with abdominal obesity. This suggests
that NHHR fluctuations may serve as a better indicator
of lipid metabolism-related lung function impairment
in individuals without abdominal obesity. Abdominal
obesity is commonly associated with metabolic com-
plications such as diabetes and coronary artery dis-
ease [48, 49]. These individuals are not only affected
by lipid metabolism disorders but also by other meta-
bolic disturbances, which may weaken the predictive
value of NHHR in this group. Conversely, among those
without abdominal obesity, NHHR appears to be more
sensitive to early lung function decline. This could be
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attributed to its role in promoting inflammation and
oxidative stress, which may impair endothelial function
and pulmonary microcirculation, ultimately reflecting
underlying lipid metabolism disturbances. These find-
ings underscore the importance of further evaluating
this biomarker as a potential indicator of early lung
function impairment, particularly in individuals with-
out abdominal obesity. Future studies should explore
whether monitoring NHHR levels could aid in identi-
fying high-risk individuals and guiding early preventive
interventions. To summarize, the affiliation associating
lipid metabolism and lung function is intricate, while
regulating lipid levels may provide potential therapeu-
tic strategies for improving lung health.

HDL-C is an important component of NHHR and has
a regulatory effect on early lung function damage. Stud-
ies indicate that the association between HDL-C and
pulmonary function parameters mainly involves pro-
cesses such as modulation of the inflammatory micro-
environment, maintenance of oxidative stress balance,
and protection of the vascular endothelium. HDL-C
regulates lipid homeostasis in type II alveolar epithe-
lial cells and modulates inflammatory factor production
in lung stroma [50], demonstrating significant bio-
logical effects. Moreover, the antioxidant properties of
HDL-C help reduce oxidative stress levels and protect
lung parenchymal cells from damage caused by reac-
tive oxygen species [51]. NHHR serves as a key marker
of HDL-C metabolic status, a decrease in NHHR may
reflect either a reduction in HDL-C or an increase in
non-HDL-C, appears to diminish these protective
effects, promoting systemic inflammation and oxidative
stress, impairing alveolar repair, and contributing to the
onset of PRISm. A large-scale study has shown a sig-
nificant positive association between HDL-C and lung
function parameters [52]. However, in Reed’s research
[53], HDL-C in COPD patients increased in the later
stages of the disease, which is consistent with our find-
ings and is associated with complications in advanced
COPD and medication use. This might also be associ-
ated with the heterogeneity of COPD, while PRISm, as
an early form of lung function impairment, maintains
relatively consistent characteristics in its association
with lipid metabolism dysfunction. Additionally, pro-
atherogenic lipoproteins also contribute to NHHR, and
elevated levels are closely associated with endothelial
dysfunction, potentially accelerating atherosclerosis
through increased oxidative stress and inflammation
[54]. Given that numerous large cohort studies [6, 14,
15, 29] have indicated that PRISm is associated with an
increased risk of cardiovascular mortality, and some
studies [12] have reported a higher prevalence of heart
disease in PRISm patients with impaired lung function,
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these findings further support the association between
NHHR and PRISm.

Strengths and limitations

The primary strength of this study lies in its use of a large-
scale prospective cohort design, coupled with weighted
analytical methods that appropriately account for a range
of potential confounding factors. Utilizing nationally rep-
resentative data and incorporating sample weights, this
study provides an exhaustive analysis into the association
among NHHR, PRISm, and lung function in U.S. adults.
Notably, it is the first to discover a substantial linear asso-
ciation between NHHR and PRISm.

Still, this research has a few limitations. Because of
the cross-sectional nature of the study, we cannot draw
causal conclusions about the association between NHHR
and PRISm. While we adjusted for multiple confound-
ers, the potential impact of residual confounding factors,
and unmeasured inflammatory markers—cannot be fully
excluded. Future randomized controlled trials are needed
to establish the causal association between lipid metab-
olism disturbances and lung function decline and to
assess whether targeting NHHR through treatment could
improve the course of PRISm.

Conclusion

In this study, elevated NHHR levels were found to be
associated with a higher prevalence of PRISm and were
strongly associated with impaired lung function. There-
fore, monitoring NHHR levels provides a viable method
for early identification of abnormal lipid metabolism and
decreased lung function.
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