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Background and Aim: This study aims to assess the potential association between NHHR and gout risk among the US adult
population.

Methods and Results: Utilizing data from the NHANES spanning from 2007 to 2018, we performed a cross-sectional analysis.
A weighted multivariable logistic regression model, generalized additive model (GAM) and a restricted cubic spline model were
applied to elucidate the association between NHHR and gout risk. In addition, subgroup and sensitivity analyses were conducted to
ensure the stability of our findings. This study cohort included 27,731 participants. Multivariate logistic regression analysis indicated
a significant correlation between NHHR and the likelihood of gout. This association was sustained after accounting for a range of
potential confounding confounders. The risk of gout was observed to escalate with increasing quartiles of NHHR quartiles, with a 67%
increased risk in the fourth quartile. Both RCS and curve fitting results indicated a J-shaped relationship between NHHR and gout. The
association remained significant in several subgroup analyses. The interaction test did not yield statistically significant effects on this
association.

Conclusion: The NHHR is nonlinearly correlated with the risk of gout in US adults. Further investigation research into the role of
NHHR in gout could offer new perspectives on the prevention and treatment of gout. However, additional large-scale prospective
studies are necessary to validate and reinforce these results.

Keywords: non-high-density lipoprotein cholesterol to high-density lipoprotein cholesterol, gout, National health and nutrition
examination survey, cross-sectional study

Introduction

Gout, a form of inflammatory arthritis precipitated by hyperuricemia (HUA), is characterized by the deposition of
monosodium urate crystals in the joints and soft tissues.' The etiology of gout is multifactorial, with dysregulated
uric acid metabolism and impaired renal excretion identified as pivotal factors®>* The United States bears a high
burden of gout, with the highest age-standardized prevalence rates globally.* The Global Burden of Disease Study
2019 has reported a significant increase in the annual incidence rate from 38.71 to 45.94 cases per 100,000 people
between 1990 and 2019, predominantly affecting men.” Gout is not only marked by severe joint pain but also
frequently comorbid with conditions such as obesity, metabolic syndrome, osteoporosis, hyperlipidemia, chronic
kidney disease, type 2 diabetes mellitus, and obstructive sleep apnea.®’ These comorbidities amplify the disease’s
impact, increasing the risk of morbidity and mortality.® Moreover, gout has been established as an independent risk
factor for cardiovascular diseases, with higher cardiovascular mortality rates observed in affected individuals.’
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Given the substantial impact of gout on quality of life, delineating its risk factors is imperative for enhancing
treatment strategies and guiding the development of novel therapeutics.

Gout is usually associated with elevated blood uric acid levels alongside metabolic disturbances, such as insulin
resistance and hyperlipidemia, which are risk factors for atherosclerosis.'® These metabolic derangements are reflected in
lipid abnormalities, including elevated triglycerides (TG), total cholesterol (TC), and low-density lipoprotein cholesterol
(LDL-C) levels, and reduced high-density lipoprotein cholesterol (HDL-C).'” High cholesterol levels are known to exacer-
bate inflammatory responses, potentially influencing the initiation and progression of chronic metabolic diseases like gout."!
Studies have shown a strong association between blood uric acid and lipid profiles, with non-HDL-C recognized as a critical
predictor of cardiovascular events'> The nexus between uric acid and dyslipidemia is further underscored by findings that
longer durations of gout and lower HDL-C levels are associated with an increased risk of gouty attacks, with low serum
HDL-C levels remaining a significant predictor even after adjusting for confounding factors."?

The non-high-density lipoprotein cholesterol to high-density lipoprotein cholesterol ratio (NHHR) is an emer-
ging metric that provides a comprehensive assessment of atherogenic and anti-atherogenic lipid particles.'* NHHR
has demonstrated superior predictive capabilities for various metabolic diseases over traditional lipid parameters,

5 7 insulin resistance and

including cerebrovascular disease,'> coronary atherosclerosis,'® chronic kidney disease'
metabolic syndrome.'® Given the metabolic breadth of gout’s impact, investigating the relationship between
NHHR and gout is of significant interest. The current understanding of this association remains limited. To
address this knowledge gap, we conducted a cross-sectional study using data from the National Health and

Nutrition Examination Survey (NHANES) to explore the correlation between NHHR and the risk of gout.

Materials and Methods

Study Design and Participants
The National Health and Nutrition Examination Survey (NHANES), conducted by the National Center for Health
Statistics (NCHS), is a cross-sectional survey designed to assess the health and nutritional status of the civilian
noninstitutionalized population in the United States. It employs a multistage sampling strategy to collect interview,
examination, and laboratory data from participants. The NHANES protocol is approved by the NCHS Research Ethics
Review Board, and informed consent is obtained from each participant. Data are publicly accessible via the NHANES
website (https://www.cdc.gov/nchs/nhanes/)."”

For this study, we utilized six cycles of NHANES data from 2007 to 2018, encompassing 59,744 participants. The
inclusion criteria were adults aged 20 years or older. Exclusions were applied for participants with missing data on TC,

HDL-C, gout diagnosis, covariates including BMI, race, marital status, poverty income ratio (PIR), education, physical
activity (PA), diabetes, hypertension, smoking status, alcohol use, steroid use, and statin use, as well as for pregnant
women. The participant selection process is detailed in Figure 1.

Assessment of NHHR

The NHHR served as the primary independent variable in this study. NHHR was calculated using the formula: NHHR =
Non-HDL-C/HDL-C. Non-HDL-C = total cholesterol (TC) — HDL-C, where Non-HDL-C was determined by subtracting
HDL-C from TC. Lipid profiles were analyzed using enzymatic tests on an automated biochemical analyzer, with TC and
HDL-C levels measured according to standardized procedures.

Definition of Gout
Gout diagnosis was ascertained through NHANES home interviews, where participants were asked whether a doctor or
health professional had ever diagnosed them with gout. Affirmative responses were considered indicative of gout.

Assessment of Covariates
A comprehensive set of covariates known to influence gout risk was selected, including demographic and health-related
factors. These covariates comprised gender (female, male), age, race (Mexican American, non-Hispanic White, non-
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59,744 individuals of NHANES in
2007-2018

A 4

34,770 individuals aged >=20years old

Missing TC, HDL-C data(N=3,393)
» Missing gout data (N=29)
Pregnant individuals(N=331)

31,017 individuals

Missing data for BMI, Race, Marital, PIR,
Education, Hypertension Diabetes, PA

A 4

—Y Hypertension and eGFR (N=3,286)
Final analysis
(N=27,731)
Non-gout Gout
(N=26,404) (N=1,327)

Figure | Flowchart of the participant selection from NHANES 2007-2018.

Hispanic Black, Other race), education (Less than 9th grade, 9—11th grade, High school graduate, Some college, College
graduate or above), body mass index (BMI, kg/mz) categorized as underweight (<18.50), normal (18.50-25), overweight
(25-30), or obese (>30), marital (Married, Never married, Widowed, Separated, Living with partner, Divorced), income-
to-poverty ratio (PIR, 0-1.29, 1.30-3.49, >3.50), physical activity (PA, MET-min/week), total cholesterol (TC, mmol/L),
high-density lipoprotein cholesterol (HDL-C, mmol/L), Non-HDL-C (mmol/L), smoke (current, former, never), alcohol
(yes, n0),° hypertension (yes, no), diabetes (yes, no), steroid use (yes, no), statin use (yes, no), estimated glomerular
filtration rate (eGFR, mL/min/1.73m?).?!

PA was data were derived from the Physical Activity questionnaire (PAQ) in NHANES. Based on these values,
participants are categorized into three groups: no PA (<60), Low intensity PA (60-2880), and High intensity PA
(>2880).%%** Medication use in the past 30 days was ascertained through questionnaire responses, with the use of statin
lipid-lowering drugs and steroidal lipid-lowering drugs categorized accordingly. For detailed descriptions of these
variables (Table S1), the NHANES website serves as the reference source.

Statistical Analyses

Analyses were conducted using R Software (V.4.3.2), with statistical significance defined as P < 0.05. We use multiple
imputation to fill in missing data. Given the complex survey design of NHANES, all analyses were weighted to account
for the multistage sampling strategy. The sampling weight was calculated by the following formula: WM12YR = 1/
6*MEC2YR. (MEC2YR is the 2-year sample weight in each survey period; WM12YR is the sample weight calculated
after combining the six periods).

Weighted means + standard deviation was used to report continuous variables, while categorical variables were
expressed as frequencies and percentages. Student’s ¢-test and chi-square test were used to compare baseline character-
istics between participants with and without gout. Multivariate logistic regression was employed to evaluate the
association between NHHR and gout, with models adjusted for potential confounders. Three models were specified:
model 1 (unadjusted), model 2 (adjusted for age, gender, and race), and model 3 (fully adjusted for all covariates). The
relationship between NHHR and gout was further explored using generalized additive model (GAM) and restricted cubic
spline (RCS) regression to assess for nonlinearity. The piecewise regression model and logarithmic likelihood ratio test
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were was applied to define intervals and identify threshold effects. Receiver operating characteristic (ROC) curve
analysis were applied to measure the efficacy of using non-HDLc, HDL-c, TC and the NHHR to determine the risk of
developing gout.

Subgroup analyses were conducted to ensure the consistency of findings across different demographic and clinical
subgroups. Sensitivity analyses were also performed, including assessments in participants without chronic kidney
disease (CKD) and an unweighted logistic analysis for all participants to test the robustness of the results.

Results

Participants’ Baseline Characteristics

A total of 27,731 participants were included from the NHANES, a group that is representative of approximately
194.6 million noninstitutionalized US residents. The baseline characteristics of the study population, stratified by gout
status, are presented in Table 1. Among the participants 1327 had gout (4.70%), and 26,404 did not. Gout was more
prevalent among males (68.26%) than females (31.74%). Gout patients were significantly older, with a mean age of 60.98

Table | Weighted Baseline Characteristics of Included Participants

Characteristics Total Non-Gout Gout P value
N=27731 N=26404 N=1327
Gender, n (%) < 0.001
Female 14146(51.30) 13,748(52.13) 398(31.74)
Male 13585(48.70) 12,656(47.87) 929(68.26)
Age (year), meantSD 47.55+0.25 46.99+0.25 60.98+0.48 < 0.001
Age group, n (%) < 0.001
20-39 9157(35.94) 9079(37.14) 78(7.42)
40-59 9301(37.92) 8940(38.05) 361(34.91)
60-79 7583(21.96) 6882(20.89) 701(47.24)
=80 1690(4.18) 1503(3.92) 187(10.43)
Race, n (%) < 0.001
Mexican American 4051(8.20) 3964(8.40) 87(3.47)
Non-Hispanic White 11879(67.99) 11,216(67.74) 663(73.86)
Non-Hispanic Black 5638(10.39) 5295(10.32) 343(12.06)
Other race 6163(13.42) 5929(13.54) 234(10.61)
Marital, n (%) < 0.001
Divorced 3116(10.42) 2945(10.37) 171(11.54)
Living with partner 2211(7.98) 2163(8.15) 48(4.02)
Married 14319(55.60) 13,515(55.15) 804(66.16)
Never married 4982(17.94) 4889(18.42) 93(6.55)
Separated 940(2.39) 896(2.41) 44(2.08)
Widowed 2163(5.66) 1996(5.49) 167(9.66)
Education, n (%) 0.250
Less than 9th grade 2755(5.08) 2615(5.06) 140(5.67)
9—IIth grade 3800(10.14) 3610(10.12) 190(10.78)
High school graduate 6319(22.89) 5982(22.81) 337(24.65)
Some college 8306(31.61) 7918(31.59) 388(32.19)
College graduate or above 6551(30.28) 6279(30.43) 272(26.70)
BMI (kg/m?), n (%) < 0.001
Normal 7504(27.81) 7306(28.45) 198(12.38)
Underweight 433(1.52) 422(1.56) 11(0.46)
Obese 10702(37.78) 9986(36.96) 716(57.35)
Overweight 9092(32.90) 8690(33.03) 402(29.81)
(Continued)
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Table | (Continued).

Characteristics Total Non-Gout Gout P value
N=27731 N=26404 N=1327
PIR, n (%) 0.682
0-1.29 8945(21.78) 8518(21.81) 427(22.29)
1.30-3.49 10,424(35.41) 9925(35.47) 499(33.96)
23.50 8362(42.81) 7961(42.87) 401(43.74)
PA, n (%) < 0.001
No PA 7403(22.19) 6918(21.80) 485(31.34)
Low intensity PA 11758(44.67) 11,229(44.81) 529(41.39)
High intensity PA 8570(33.14) 8257(33.39) 313(27.27)
Diabetes, n (%) < 0.001
No 23777(89.37) 22,911(90.09) 866(72.29)
Yes 3954(10.63) 3493(9.91) 461(27.71)
Hypertension, n (%) < 0.001
No 15880(62.17) 15,599(63.74) 281(24.77)
Yes 11851(37.83) 10,805(36.26) 1046(75.23)
Smoke, n (%) < 0.001
Current 5653(19.61) 5432(19.81) 221(15.09)
Former 6727(24.82) 6177(24.13) 550(41.58)
Never 15338(55.53) 14,782(56.06) 556(43.33)
Alcohol, n (%) < 0.001
No 15751(54.71) 14,895(59.97) 856(71.43)
Yes 8963(35.82) 8649(40.03) 314(28.57)
Steroid.use, n (%) < 0.001
No 27369(98.84) 26,086(98.96) 1283(96.95)
Yes 351(1.12) 307(1.04) 44(3.05)
Statin.use, n (%) < 0.001
No 22310(82.53) 21,542(83.50) 768(60.40)
Yes 5410(17.43) 4851(16.50) 559(39.60)
eGFR (mL/min/1.73m*)mean£SD 94.20+0.32 94.9740.33 75.86+0.75 < 0.001
NHHRmean+SD 2.93+0.02 2.91+0.02 3.27+0.07 < 0.001
TC (mmol/L)mean+SD 5.00£0.01 5.00£0.01 4.86+0.05 0.010
Non-HDL-C (mmol/L)mean+SD 3.6210.01 3.62+0.01 3.62+0.05 0910
HDL-C (mmol/L)mean+SD 1.38+0.01 1.38+0.01 1.24+0.02 < 0.001

+ 0.48 years, compared to non-gout participants with a mean age of 46.99 + 0.25 years (p < 0.001). A higher proportion
of gout patients were current or former smokers and had a lower prevalence of alcohol consumption compared to those
without gout. Additionally, individuals with gout more frequently had hypertension, were less physically active, more
likely to have diabetes, and more likely to be obese. The mean values for key metabolic parameters were as follows:
estimated glomerular filtration rate (eGFR) was 94.20 + 0.32 mL/min/1.73m?, total cholesterol (TC) was 5.00 +
0.01 mmol/L, high-density lipoprotein cholesterol (HDL-C) was 1.38 £+ 0.01 mmol/L, non-HDL-C was 3.62 +
0.01 mmol/L, and the non-high-density lipoprotein cholesterol to high-density lipoprotein cholesterol ratio (NHHR)
was 2.93 £+ 0.02. There were no significant differences in education level and poverty income ratio (PIR) between
participants with and without gout (p > 0.05).

Association of NHHR With Gout

Weighted multivariate logistic regression analysis, was conducted to evaluate the association between NHHR and the
presence of gout. As detailed in Table 2, in the continuous model, both the unadjusted (OR = 1.14; 95% CI: 1.09-1.19;
P < 0.001) and the minimally adjusted model (OR = 1.15; 95% CI: 1.09-1.21; P < 0.001) demonstrated a significant
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Table 2 The Association Between NHHR and Gout

Gout

OR (95% CI) P value

Model |

Model 2

Model 3

Continuous
Non-HDL-C
HDL-C
NHHR
Categories
Ql

Q2

Q3

Q4

P for trend

1.00(0.93,1.09) 0.906
0.38(0.27,0.54) <0.001
1.14(1.09,1.19) <0.001

I[Ref]

1.07(0.86,1.32) 0.559
1.20(0.92,1.57) 0.172
1.68(1.33,2.11) <0.001

<0.001

1.00(0.92,1.09) 0.965
0.41(0.29,0.58) <0.001
1.15(1.09,1.21) <0.001

I[Ref]

1.02(0.81,1.28) 0.876
1.14(0.86,1.52) 0.343
1.67(1.30,2.15) <0.001
<0.001

1.04(0.95,1.13) 0.383
0.61(0.41,0.91) 0.007
1.21(1.08,1.35) <0.001

I [Ref]
0.91(0.72,1.15) 0.424
0.92(0.70,1.22) 0.563
1.29(1.00,1.66) 0.050
0019

Notes: Data are presented as OR (95% Cl). Model |, unadjusted covariates. Model 2, adjusted for gender, age
and race. Model 3, PIR, PA, marital, education, BMI, diabetes, hypertension, smoke, alcohol, steroid.use, statin.
use were further adjusted based on the previous model. NHHR was converted from a continuous variable to
a categorical variable (quartile): QI, Ist quartile; Q2, 2nd quartile; Q3, 3rd quartile; Q4, 4th quartile.

positive association between NHHR and gout. This association persisted and remained robust in the fully adjusted model
(OR = 1.21; 95% CI: 1.08-1.35; P < 0.001), indicating that for each unit increase in NHHR, there is a 21% increase in

the odds of having gout.

For sensitivity analysis, NHHR was categorized into quartiles. Participants in the highest quartile clearly faced
a greater risk, with a 0.67-fold increase compared to those in the lowest quartile (OR = 1.67, 95% CI: 1.67-2.15, P <
0.001). In both the unadjusted and minimally adjusted models, participants in the second and third quartiles of NHHR
also showed an increased risk of gout, but only participants in the fourth quartile were statistically significant. However,
in the fully adjusted model, while the risk estimates were elevated, they did not reach statistical significance (Table 2).
Based on the ROC curve results, the areas under the curve (AUCs) for the NHHR, non-HDL-c, and HDL-c were 61.16%,
49.70%, and 38.80%, respectively (Figure 2).
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=== Non_HDL.C
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Figure 2 ROC results.
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Smooth Curve Fitting and Threshold Effect Analysis

A four-knot restricted cubic spline analysis revealed a non-linear dose-response relationship between NHHR and the risk
of gout (P for non-linearity <0.001) (Figure 3). Figure 4 shows the results of smooth curve fitting based on the
generalized additive models. Interestingly, the results showed a J-shaped relationship between NHHR after logarithmic
transformation and the risk of gout across the entire population, with a turning point before the risk of gout changes less
with the increase of NHHR levels. After reaching the turning point, the increase in NHHR levels led to an increased risk
of gout prevalence. The maximum likelihood method was used to find the turning point of 0.31 for the smoothing curve,
adjusted for sex, age, race and the results are shown in Table 3.

Subgroup Analysis and Interaction Testing

Subgroup analyses revealed varying associations between NHHR and gout across different demographic and clinical
subgroups. In gender-stratified analyses, a significant positive correlation was observed among females across all models.
However, in males, no significant association was found in the unadjusted and partially adjusted models (OR = 1.03; 95%
CI: 0.97-1.09, p=0.301). When stratified by age, a significant positive correlation was noted for participants aged 20-59
years, whereas for those aged 80 years and above, the association was not statistically significant in any model (Table 4).

P non-linearity< 0.001

log odds

0.0 05 1.0
IgNHHR

Figure 3 The RCS curve of the association between IgNHHR and gout among all participants. RCS regression was adjusted for age, gender, race.
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0.4

Risk of Gout

0.0 0.5 1.0 15
IgNHHR

Figure 4 Smooth curve plot: LgNHHR levels and gout. Plot was adjusted for age, gender, race. The red curve is the actual fitted curve, and the upper and lower two blue
dashed lines represent the 95% confidence interval.

Analyses by smoking and drinking status showed robust positive correlations between NHHR and gout in non-
smokers (both never and former smokers) and non-drinkers across all models. Additionally, a significant relationship was
observed in participants using steroid drugs (p<0.001).

To assess the stability of the observed associations, interaction testing was conducted, as depicted in Figure 5. The
results indicated that subgroups defined by age group (20-39, 40-59, 60-79, >80 years), race, body mass index, marital
status, poverty income ratio (PIR), education, physical activity (PA), diabetes, hypertension, smoking, alcohol consump-
tion, steroid use, and statin use did not significantly influence the relationship between NHHR and gout (P interaction >
0.05). However, a significant interaction was identified between hypertension, gender, and NHHR (P interaction < 0.05),
suggesting that the effect of NHHR on gout risk may vary by these factors.

Sensitivity Analysis

Sensitivity analyses were conducted to assess the robustness of the relationship between NHHR and gout risk after excluding
participants with chronic kidney disease (CKD).?* In the weighted fully adjusted categorical model, the association between
NHHR and gout was not statistically significant for the second (Q2: OR =0.87; 95% CI, 0.64—1.15, P=0.291), third (Q3: OR =
0.90; 95% CI, 0.63—1.29, P=0.567), and fourth (Q4: OR = 1.32; 95% CI, 0.94-1.85, P=0.104) quartiles (Table 5).

Table 3 Threshold Effect of NHHR Levels on Gout

NHHR | Adjusted p(95% Cl) | P value | Log Likelihood

Ratio Test
All data | 1.18 (0.67,1.69) <0.001 0.005
<0.31 | —0.25 (—1.31,0.81) 0.647
20.31 | 1.66 (1.08,2.24) <0.001

Note: Adjusted for age, gender, and race.
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Table 4 Subgroup Analysis for the Association Between NHHR and Gout

NHHR OR (95% CI)
Model | Model 2 Model 3
Gender Female 1.25(1.14,1.38) | 1.27(1.15,1.40) 1.17(1.05,1.29)
<0.001 <0.001 0.003
Male 1.03(0.97,1.09) | 1.12 (1.06,1.18) | 1.09(1.02,1.16)
0.301 <0.001 0.010
Age group 20-39 1.28(1.13,1.45) | 1.22(1.09,1.36) 1.19(1.05, 1.36)
<0.001 <0.001 0.032
40-59 1.19(1.11,1.28) | 1.16(1.07,1.27) 1.13(1.03,1.24)
<0.001 <0.001 0.010
60-79 1.12(1.04,1.20) | 1.09(1.01,1.17) 1.04(0.95,1.13)
0.002 0.033 0.418
>80 1.15(0.98,1.35) | 1.13(0.96,1.34) 1.06(0.86, 1.31)
0.082 0.147 0.560
BMI (kg/m?) | Underweight | 1.09(0.62,1.93) | 1.16(0.63, 2.14) | 1.95(0.43,8.95)
0.756 0.636 0.380
Normal 1.25(1.07,1.45) | 1.14(0.96, 1.36) | 1.17(0.95, 1.44)
0.006 0.141 0.144
Obese 1.09(1.03,1.15) | 1.12(1.06,1.19) 1.14(1.07,1.22)
0.004 <0.001 <0.001
Overweight | 0.97(0.86,1.10) | 1.01(0.89,1.14) 1.02(0.91,1.15)
0.664 0.904 0.718
Alcohol No 1.15(1.08,1.22) | 1.19(1.12,1.27) 1.14(1.07,1.22)
<0.001 <0.001 <0.001
Yes 1.17(1.09,1.26) | 1.13(1.03,1.23) 1.05(0.96,1.16)
<0.001 0.007 0.286
Smoke Never 1.15(1.07,1.23) | 1.15(1.06,1.24) 1.11(1.01,1.22)
<0.001 0.006 0.018
Former 1.15(1.07,1.23) | 1.19(1.10,1.30) 1.13(1.03,1.24)
<0.001 <0.001 0.010
Current 1.12(1.0,1.25) 1.12(1.00,1.26) 1.07(0.94,1.22)
0.055 0.052 0.304
Steroid.use | No 1.15(1.10,1.20) | 1.17(1.11,1.22) 1.12(1.05,1.18)
<0.001 <0.001 <0.001
Yes 0.86(0.63,1.19) | 0.90(0.63, 1.28) | 0.85(0.54, 1.34)
0.366 0.527 0.461

Notes: Data are presented as OR (95% CI). Model |, unadjusted covariates. Model 2, adjusted for
gender, age and race. Model 3, PIR, PA, marital, education, BMI, diabetes, hypertension, smoke,
alcohol, steroid.use, statin.use were further adjusted based on the previous model. In the subgroup
analysis stratified by gender and age group, the model is not adjusted for gender and age, respec-
tively. The results of each model calculated separately for each level of variable used for the

stratification.

Additionally, unweighted logistic regression for all participants revealed a positive association between NHHR and
gout (OR = 1.09; 95% CI, 1.05-1.13, P<0.001), which is consistent with primary analysis, suggesting the observed
relationship between NHHR and gout risk is stable and reliable, even after accounting for potential confounders and
excluding individuals with CKD.

Discussion

This cross-sectional study for the first time revealed a positive correlation between the NHHR and the prevalence of gout,
even after adjusting for a multitude of confounding variables. Interestingly, we found a J-shaped correlation between
NHHR and gout risk. Notably, the prevalence of gout was substantially higher in males (68.26%) compared to females
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Subgroup Acute phase OR(95%CD P for interaction
Gender <0.001
female —— 1.25(1.14,1.38)
male - 1.03(0.97,1.09)
Age 0.208
20-39 —.— 1.28(1.13,1.44)
40-59 - 1.19(1.11,1.28)
60-79 - 1.12(1.04,1.20)
>=80 | . 1.15(0.98,1.35)
Race 0.054
Mexican american —_— 1.19(1.08,1.31)
Non-Hispanic Black He— 1.05(0.95,1.17)
Non-Hispanic White - 1.18(1.11,1.25)
Other race - 1.09(1.01,1.16)
BMI 0.048
normal - 1.25(1.07,1.45)
obese - 1.09(1.03,1.15)
overweight . 0.97(0.86,1.10)
underweight - 1.09(0.62,1.93)
Marital B 0.226
Married - 1.15(1.09,1.22)
Nefver married 1.27(1.10,1.46)
Widowed da 1.09(0.93,1.27)
separated s 0.98(0.83,1.16)
Living with partner 1.15(1.03,1.29)
Divorced - 1.06(0.92,1.21)
PIR ™ 0.970
0-1.29 - 1.14(1.07,1.21)
1.30-3.49 1.14(1.06,1.23)
=3.50 - 1.15(1.06,1.25)
Education - 0.103
Less than 9th grade 0.98(0.85,1.14)
9-11th grade —— 1.14(1.05,1.24)
High school graduate H- 1.08(1.00,1.16)
Some college b 1.21(1.12,1.30)
College graduate or above H- 1.15(1.02,1.29)
PA = 0357
no PA 1.08(1.00,1.17)
Low intensity PA il 1.17(1.08,1.26)
High intensity PA : 1.15(1.07,1.24)
Diabetes 0.097
1o - 1.15(1.09,1.22)
yes | 1.06(0.97,1.15)
Hypertension 0.013
1o r-— 1.20(1.11,1.30)
yes - 1.07(1.01,1.13)
Smoke 0.900
never _— 1.15(1.07,1.23)
former - 1.15(1.06,1.23)
current | m 1.11(1.00,1.25)
Alcohol 0.158
no - 1.15(1.08,1.22)
yes - 1.17(1.09,1.26)
Steroid.use 0.061
1o - 1.15(1.10,1.20)
yes —at 0.86(0.63,1.19)
Statin.use 0.265
1o - 1.20(1.14,1.26)
yes - 1.13(1.03,1.24)
0 1 2

Figure 5 Subgroup analysis of the association between NHHR and gout.

(31.74%), a disparity potentially attributed to the uric acid-lowering effect of estrogen®> Age was also identified as
a significant factor, with the prevalence of gout increasing with advancing years. The association between NHHR and
gout was consistent across various subgroups, including age, race, BMI, education, marital status, physical activity,
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Table 5 Sensitivity Analyses

OR (95% CI) | P value | P for Trend
Non-CKD participants (weighted) 0.076
Ql I[Ref]
Q2 0.87(0.64,1.15) | 0.291
Q3 0.90(0.63,1.29) | 0.567
Q4 1.32(0.94,1.85) | 0.104
All participants (unweighted) 1.09(1.05,1.13) | <0.001

Notes: Adjusted for age, gender, race, BMI, PA, marital, PRI, education, alcohol, smoke, steroid
use, statin use, diabetes, and hypertension.

diabetes, smoking status, and use of statins and steroids. Subgroup analyses confirmed the stability of these findings
across different demographic and clinical settings. The sensitivity analyses further bolstered the robustness of our
findings. While the association remained significant in the unweighted analysis including all participants, it became non-
significant when individuals with chronic kidney disease (CKD) were excluded, indicating the potential influence of
CKD on the observed relationship.

NHHR, a novel lipid ratio, has emerged as a valuable tool for assessing atherogenic lipids and has been increasingly
recognized as a biomarker for various diseases through extensive studies utilizing the NHANES database.'***?’
Although our study is among the first to investigate the relationship between NHHR and gout, previous research has
established links between gout and lipid-related factors.”®* Dyslipidemia has been associated with a higher prevalence
and incidence of gout, and patients with gout often exhibit a history of dyslipidemia.’® Notably, Mak et al have
demonstrated that low serum HDL-C levels are a strong predictor of gouty attacks,' a finding supported by the notion
that the acute phase response can influence lipid profiles.”' Our study’s design aimed to mitigate this confounding effect,
leading to the conclusion that serum HDL-C levels are not significantly affected by the acute phase response associated
with gouty attacks.

Our findings also highlight the influence of other factors strongly associated with gout, such as male gender, non-
Hispanic black race, obesity, low poverty income ratio (PIR), diabetes, hypertension, and physical inactivity. The lower
prevalence of gout in women may be due to the protective effect of estrogen on uric acid excretion.*® PIR, a reflection of
socioeconomic status, has been implicated as a risk factor for gout, potentially due to its impact on healthcare access and
treatment adherence.”® Furthermore, bariatric surgery has been shown to reduce the incidence of gout in obese subjects
by 40%,>* underscoring the role of obesity in gout development. Mendelian randomization studies have reinforced the
causal link between increased BMI and elevated serum uric acid levels, thereby increasing gout risk.> >’ Alcohol
consumption, known to increase blood uric acid levels, also emerged as a significant risk factor for gout.*®

The relationship between physical activity and gout is complex, with varying intensities and frequencies of exercise
exerting differential effects on gout risk. Mild to moderate exercise has been shown to reduce serum uric acid levels
through anti-inflammatory mechanisms, while vigorous exercise can lead to a transient increase in blood uric acid
levels****- Similarly, observational studies have indicated that hypertensive patients are at an increased risk of developing
gout.*' This shows that a healthy lifestyle plays an important role in the prevention of gout.

Dyslipidemia is posited to influence the inflammatory response, a key component in the pathogenesis of gout, by
modulating the activity of the NLRP3 inflammasome and the subsequent release of interleukin 1p.**** This underscores
the importance of lipid metabolism in the development of gout and suggests that NHHR, as a novel lipid ratio, may serve
as a more effective tool for assessing the impact of lipid metabolism on gout risk.

Strengths and Limitations

The present study offers several notable strengths. Its foundation on the NHANES database provides a robust platform
for generalizing findings to the broader US noninstitutionalized population, bolstered by strict adherence to the NHANES
sampling and weighting protocols. This enhances the external validity of our results. Additionally, by focusing on the
NHHR as a potential marker for gout prevalence, our study sheds light on the significance of lipid metabolism in gout
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pathogenesis, a relatively underexplored area. The meticulous control for a wide array of confounding covariates,
selected based on prior research, further strengthens the reliability and validity of our findings. Moreover, the large
sample size and comprehensive data collection contribute to the robustness of our results.

However, our study is not without limitations. The reliance on self-reported data for gout diagnosis and medication
use could introduce recall bias, potentially affecting the accuracy of our estimates. The cross-sectional design limits
our ability to infer causality and establish temporality between NHHR and gout. Additionally, we were unable to
account for certain variables such as detailed medication histories, including anti-gout drugs like allopurinol or
diuretics, which could influence uric acid levels. Despite our efforts to adjust for known confounders, residual or
unmeasured confounding factors may persist. Lastly, the predominance of American participants in our study suggests
that our findings may not be directly generalizable to other racial or ethnic groups, underscoring the need for future
research in diverse populations.

Conclusion

In summary, this study adds to the burgeoning evidence linking NHHR to an increased risk of gout among US adults. It
provides a fresh perspective on disease prevention, gout symptom reduction, and scientific health management for
American adults. It underscores the clinical relevance of NHHR as a predictor of gout and highlights the importance of
examining the interplay between lipid metabolism and gout within the context of population health. The cross-sectional
nature of our study, however, calls for further research to confirm the causality of this association and explore the
underlying mechanisms. Longitudinal studies and investigations in diverse populations will be crucial to validate our
findings and expand our understanding of the relationship between NHHR and gout.
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