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Abstract

Background Elevated serum uric acid (SUA) levels may be associated with hy-
pertriglyceridemia; however, prospective cohort studies investigating the im-
pact of longitudinal SUA trajectory changes on new-onset hypertriglyceridemia
remain scarce. Objective To investigate the association between longitudinal
SUA trajectory changes and new-onset hypertriglyceridemia. Methods A total
of 3871 construction workers who underwent physical examinations at Shiyan
Tiejian Hospital from 2015 to 2020 were enrolled as study participants. Gen-
eral information, physical examination data, and laboratory test results were
collected. A group-based trajectory model (GBTM) was constructed to cate-
gorize participants’ uric acid trajectories. Linear trend 2 test was applied to
examine the linear trend of hypertriglyceridemia incidence density across SUA
strata. Generalized estimating equation model (GEE) was utilized to analyze
the relationship between various indicators and hypertriglyceridemia. Results
GBTM classification revealed that Group 1 trajectory displayed low SUA fluc-
tuation levels (250~350 mol/L), Group 2 displayed medium SUA fluctuation
levels (>350~450 mol/L), and Group 3 displayed high SUA fluctuation levels
(>450 mol/L). Based on trajectory characteristics, the three groups were sequen-
tially designated as low-fluctuation group (n=1103), medium-fluctuation group
(n=2141), and high-fluctuation group (n=627). Linear trend 2 test results
demonstrated that hypertriglyceridemia incidence density increased with ascend-
ing uric acid fluctuation levels ( 2=146.728, P<0.001). Comparisons among the
three groups revealed statistically significant differences in age, total cholesterol
(TC), triglycerides (TG), SUA, creatinine (Cr), systolic blood pressure (SBP),
diastolic blood pressure (DBP), and BMI (P<0.05). GEE analysis results in-
dicated that TC, Cr, SBP, DBP, fasting blood glucose, and BMI were influ-
encing factors for hypertriglyceridemia development (P<0.05). Using the low-
fluctuation group as reference, both the medium-fluctuation group [RR=2.294,
95%CI (1.834, 2.868)] and high-fluctuation group [RR=3.012, 95%CI (2.295,
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3.953)] exhibited increased risk of hypertriglyceridemia (P<0.05). Conclusion
Hypertriglyceridemia incidence density increases with elevated uric acid trajec-
tories, and elevated uric acid trajectory represents a risk factor for hypertriglyc-
eridemia development. Maintaining SUA fluctuations within the normal range
may help reduce the risk of developing hypertriglyceridemia.
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Abstract

Background

High serum uric acid (SUA) levels may be associated with hypertriglyceridemia,
but prospective cohort studies examining the effect of longitudinal trajectory
changes in SUA on new-onset hypertriglyceridemia remain scarce.

Objective
To investigate the correlation between longitudinal SUA trajectories and new-
onset hypertriglyceridemia.

Methods

A total of 3,871 construction workers who underwent physical examinations
at Shiyan Tiejian Hospital between 2015 and 2020 were enrolled as study sub-
jects. General demographic data, physical examination results, and laboratory
test findings were collected. Group-based trajectory modeling (GBTM) was
employed to categorize SUA trajectories. Linear trend 2 tests were used to
examine the linear trend in hypertriglyceridemia incidence density across SUA
strata. Generalized estimating equation (GEE) models were applied to analyze
relationships between various indicators and hypertriglyceridemia.

Results

GBTM identified three distinct trajectory groups: Group 1 exhibited low SUA
fluctuation levels (250-350 mol/L), Group 2 showed medium SUA fluctuation
levels (>350-450 mol/L), and Group 3 displayed high SUA fluctuation
levels (>450 mol/L). Based on these trajectory characteristics, the groups
were designated as the low-fluctuation group (n=1,103), medium-fluctuation
group (n=2,141), and high-fluctuation group (n=627). Linear trend 2 tests
revealed that hypertriglyceridemia incidence density increased with rising
SUA fluctuation levels (2=146.728, P<0.001). Significant differences were
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observed among the three groups in age, total cholesterol (TC), triglycerides
(TG), SUA, creatinine (Cr), systolic blood pressure (SBP), diastolic blood
pressure (DBP), and BMI (P<0.05). GEE analysis demonstrated that TC,
Cr, SBP, DBP, fasting blood glucose, and BMI were influencing factors for
hypertriglyceridemia development (P<0.05). Using the low-fluctuation group
as reference, both the medium-fluctuation group [RR=2.294, 95%CI (1.834,
2.868)] and high-fluctuation group [RR=3.012, 95%CT (2.295, 3.953)] showed
elevated risks of hypertriglyceridemia (P<0.05).

Conclusion

Hypertriglyceridemia incidence density increases with elevated SUA trajectories,
and rising SUA trajectories represent a risk factor for new-onset hypertriglyc-
eridemia. Maintaining SUA fluctuations within the normal range may help
reduce the risk of developing hypertriglyceridemia.

Keywords: Hypertriglyceridemia; Hyperuricemia; Dyslipidemias; Group-
based trajectory model; Risk factors

Introduction

Hypertriglyceridemia is an extremely common form of dyslipidemia character-
ized by elevated serum triglyceride levels. It represents a significant risk factor
for metabolic syndrome components including hypertension, coronary heart dis-
ease, atherosclerosis, and diabetes, as well as acute pancreatitis. However, hy-
pertriglyceridemia often presents without obvious symptoms and is frequently
overlooked, underscoring the importance of identifying predictive factors. Uric
acid is the final product of purine metabolism, though whether elevated serum
uric acid (SUA) promotes hypertriglyceridemia development remains inconclu-
sive. An early cross-sectional study identified an association between SUA and
hypertriglyceridemia but could not establish causality [1]. Two recent cohort
studies examined SUA’ s effect on new-onset hypertriglyceridemia using baseline
SUA quartiles from single time-point measurements, finding that elevated SUA
levels may increase hypertriglyceridemia risk [2-3]. However, single time-point
measurements fail to capture how SUA fluctuations over time affect outcome
accuracy.

Group-based trajectory modeling (GBTM) is a longitudinal data analysis tech-
nique that identifies and groups individuals following similar trajectories in re-
peated measures data. GBTM overcomes single-measurement limitations, and
its scientific validity and feasibility have been demonstrated in other medical
cohort studies [4-6], though it has not yet been applied to research on SUA and
hypertriglyceridemia associations. This study utilized 6-year physical examina-
tion data from construction workers at Shiyan Tiejian Hospital to construct
a prospective cohort and investigate the impact of dynamic SUA changes on
hypertriglyceridemia.
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Methods
Study Population

Construction workers undergoing health examinations at Shiyan Tiejian Hospi-
tal between 2015 and 2020 were enrolled. Inclusion criteria were: (1) age $ $18
years; (2) participation in at least three examinations between 2015 and 2020
with complete data for primary study variables; and (3) no hypertriglyceridemia
at the first examination. Exclusion criteria included: (1) hypertriglyceridemia
at baseline or presence of cardiovascular/cerebrovascular disease, severe hep-
atic/renal disease, or malignant tumors; and (2) use of lipid-lowering medica-
tions or SUA-modulating drugs during the study period. After applying these
criteria, 3,871 individuals were included in the study cohort. The study was
approved by the Ethics Committee of Hubei University of Medicine (Approval
No.: 2019-TH-101).

Data Collection

General Information

Medical staff recorded participants’ identity information, age, and sex, and in-
quired about medication use in the previous month and medical history. All
participants provided informed consent.

Physical Examination and Blood Sampling

Participants wore light clothing without shoes or hats for height and weight
measurements (height to 0.1 cm precision, weight to 0.1 kg precision), from
which BMI was calculated. After resting for 5 minutes, systolic blood pressure
(SBP) and diastolic blood pressure (DBP) were measured on the left upper
arm using an Omron electronic sphygmomanometer, with the average of three
readings recorded. Participants fasted for at least 8 hours before venous blood
collection between 6:00-9:00 AM for laboratory testing.

Laboratory Tests

A Mindray BS-2000M automatic analyzer was used to measure serum total
cholesterol (TC), triglycerides (TG), fasting blood glucose (FPG), blood urea
nitrogen (BUN), SUA, and creatinine (Cr).

Diagnostic Criteria
(1) Hypertriglyceridemia was diagnosed as TG $ $2.3 mmol/L [7].
(2) Hyperuricemia was diagnosed as SUA $ $420 mol/L on two separate mea-
surements [8].

Statistical Analysis

STATA 17 software was used to construct GBTM models. The Traj program
was installed into STATA 17, and GBTM commands were used to explore trajec-
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tory groupings. The Bayesian Information Criterion (BIC) and average poste-
rior probability (AvePP) were used to select appropriate grouping results. After
multiple fitting attempts, the model with the smallest absolute BIC value and
AvePP>0.7 for each group was accepted as the standard [9]. SPSS 22.0 was used
for data analysis. Normally distributed continuous variables were expressed as
(x4s) and compared among groups using one-way ANOVA. Non-normally dis-
tributed continuous variables were expressed as M(P25, P75) and compared
using Kruskal-Wallis H tests. Categorical variables were expressed as relative
frequencies. Linear trend ? tests were used to examine linear trends in hy-
pertriglyceridemia incidence density across SUA strata. Generalized estimating
equation (GEE) models were used to analyze relationships between various in-
dicators and hypertriglyceridemia, with an exchangeable working correlation
matrix and binary logistic link function. Statistical significance was defined as
a=0.05, with P<0.05 considered statistically significant or allowing entry into
the model.

Results
GBTM Grouping for Hypertriglyceridemia

GBTM model fitting was performed. The 3-group model yielded a BIC value
of -80,745.82, with AvePP values of 0.92640, 0.91807, and 0.92069 for the
three groups, all exceeding 0.7, indicating reasonable GBTM grouping. Group
1 trajectory showed low SUA fluctuation levels (250-350 mol/L), Group 2
showed medium SUA fluctuation levels (>350-450 mol/L), and Group 3 showed
high SUA fluctuation levels (>450 mol/L). Based on trajectory characteristics,
the groups were sequentially named low-fluctuation group (n=1,103), medium-
fluctuation group (n=2,141), and high-fluctuation group (n=627).

Participant Characteristics

A total of 3,871 participants were included, aged 18-69 years with a median age
of 28 (24, 40) years, including 3,416 males and 455 females. The study enrolled
1,704, 930, 762, and 475 participants in 2015-2018, respectively. Using the first
examination as baseline, participants were followed up 2-5 times over a median
follow-up duration of 4.39 years, totaling 14,487 person-years. Between 2016 and
2020, 913 new hypertriglyceridemia cases occurred, yielding an incidence den-
sity of 62.88 per 1,000 person-years. The low-, medium-, and high-fluctuation
groups contributed 4,130, 8,039, and 2,318 person-years, respectively, with 137,
541, and 235 incident cases and incidence densities of 33.17%o, 67.30%0, and
101.38%0. Linear trend 2 tests revealed that hypertriglyceridemia incidence
density increased with rising SUA fluctuation levels ( 2=146.728, P<0.001).

Baseline Data Comparison Among Three Groups

Significant differences were observed among the three groups in age, TC, TG,
SUA, Cr, SBP, DBP, and BMI (P<0.05). No significant differences were found
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in BUN or FPG among the three groups (P>0.05) .

GEE Analysis Results for Hypertriglyceridemia Influencing Factors

Using hypertriglyceridemia occurrence (assignment: 0=no, 1=yes) as the de-
pendent variable, SUA fluctuation level as the independent variable, and age,
TC, TG, SUA, Cr, SBP, DBP, and BMI as control variables, GEE analysis
showed that TC, Cr, SBP, DBP, FPG, and BMI were influencing factors for
hypertriglyceridemia development (P<0.05). Using the low-fluctuation group as
reference, both the medium-fluctuation group [RR=2.294, 95%CT (1.834, 2.868)]
and high-fluctuation group [RR=3.012, 95%CI (2.295, 3.953)] demonstrated el-
evated hypertriglyceridemia risk (P<0.05) .

Discussion

Previous studies have identified TC, BMI, FPG, and Cr as risk factors for hy-
pertriglyceridemia, consistent with our findings [3,10-11]. However, because the
third quartile of age among our participants was <40 years with a relatively
young overall population, we did not find an association between age and hy-
pertriglyceridemia. Notably, acute pancreatitis caused by hypertriglyceridemia
has shown a trend toward younger onset [12-13], suggesting high hypertriglyc-
eridemia prevalence among young and middle-aged adults, which our results
also support.

Using GBTM, we categorized the study population into low-, medium-, and
high-fluctuation groups with SUA fluctuation ranges of 250-350 mol/L, >350-
450 mol/L, and >450 mol/L, respectively. The medium-fluctuation group pro-
gressed from normal to hyperuricemia (fluctuating between >350-450 mol/L),
while the high-fluctuation group remained hyperuricemic throughout follow-up
(fluctuating >450 mol/L). Follow-up revealed hypertriglyceridemia incidence
densities of 33.17%o, 67.30%0, and 101.38%0 in the low-, medium-, and high-
fluctuation groups, respectively (P<0.001). Although all three groups devel-
oped hypertriglyceridemia, the medium- and high-fluctuation groups showed
incidence densities 2.03 and 3.06 times that of the low-fluctuation group, re-
spectively, demonstrating that hypertriglyceridemia incidence density increases
with elevated SUA trajectories.

A cross-sectional study of 36,663 examinees found that higher SUA was asso-
ciated with hypertriglyceridemia risk [14]. A 5-year cohort study in Japanese
populations showed that both higher baseline SUA and sustained uric acid eleva-
tion increased hypertriglyceridemia probability [15], while another cohort study
in Chinese middle-aged and older populations found that each 100 mol/L in-
crease in SUA elevated hypertriglyceridemia risk by 13% [2]. Our study, using
SUA fluctuation trajectory grouping, demonstrated that compared with the
low-fluctuation group, both the medium-fluctuation group [RR=2.294, 95%CI
(1.834, 2.868)] and high-fluctuation group [RR=3.012, 95%CI (2.295, 3.953)]
had elevated hypertriglyceridemia risk (P<0.05). Elevated SUA may serve as
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an important predictor of hypertriglyceridemia, and controlling SUA fluctua-
tions within the normal range may help reduce hypertriglyceridemia risk.

The mechanisms underlying SUA’ s effect on TG levels remain unclear. One
hypothesis suggests that high uric acid induces NADPH oxidase 4 translocation,
causing increased mitochondrial oxidative stress that promotes citrate release
into the cytoplasm and stimulates TG synthesis [16]. Another proposes that
uric acid induces overexpression of lipid metabolism-related enzymes to promote
hepatic lipogenesis [17]. Our study further elucidates the epidemiological asso-
ciation between SUA and hypertriglyceridemia from a population perspective,
while molecular mechanism research on how elevated SUA affects hypertriglyc-
eridemia will contribute to disease diagnosis, treatment, and drug development.

This study has several limitations. First, our participants were predominantly
young males, limiting population representativeness and potentially introducing
bias. Second, smoking, alcohol consumption, and dietary habits all influence
hypertriglyceridemia, but we did not include these factors as control variables,
which may have affected our results. In conclusion, based on dynamic SUA
trajectory changes and GBTM construction, this study compared hypertriglyc-
eridemia incidence among populations with different SUA fluctuation levels, fur-
ther demonstrating the importance of uric acid control for hypertriglyceridemia
management.
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