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Abstract: Background/Objectives: Serum uric acid is an established cardiovascular risk factor.
Higher serum uric acid levels are associated with overweight and obesity. We assessed whether non-
interventional weight changes affect serum uric acid levels. Methods: We performed a retrospective
analysis of 19,193 participants referred to annual medical screening. Body mass index (BMI) and
serum uric acid were measured annually. Subjects were divided into five groups according to changes
in BMI between visits: large reduction (reduction of more than 5% in BMI), moderate reduction
(reduction of more than 2.5% and 5% or less in BMI), unchanged (up to 2.5% change in BMI), moderate
increase (increase of more than 2.5% and 5% or less in BMI), and large increase (increase of more
than 5% in BMI). The primary outcome was serum uric acid level changes between visits. Results:
A decrease in serum uric acid levels was evident as BMI decreased and an increase in serum uric
acid levels was associated with an increase in BMI. The proportion of patients whose serum uric acid
levels were increased by at least 10% between visits increased with the relative increase in BMI, while
the proportion of patients whose serum uric acid levels were reduced by at least 10% decreased with
the relative decrease in BMI. Conclusions: Non-interventional weight changes, even modest, are
associated with significant alterations in serum uric acid levels. Our findings may aid in better risk
stratification and the primary prevention of cardiovascular morbidity and mortality.
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1. Introduction

Obesity and overweight are well-established cardiovascular risk factors and are as-
sociated with an increased prevalence of dyslipidemia, diabetes mellitus, hypertension,
and atherosclerotic cardiovascular-related morbidity and mortality [1–4]. Weight gain
is associated with an increased prevalence of cardiometabolic risk factors such as high
triglycerides and reduced high-density lipoprotein cholesterol [5], as well as impaired
glucose homeostasis [6–8]. Achieving and maintaining a lower body weight reduces car-
diovascular risk among overweight and obese patients [9], and the benefits achieved are
often preserved, even following weight regain [10].

Overweight and obesity predispose individuals to increased uric acid production and a
decrease in uric acid renal clearance and are thereby associated with hyperuricemia [11,12].

J. Clin. Med. 2024, 13, 2314. https://doi.org/10.3390/jcm13082314 https://www.mdpi.com/journal/jcm

https://doi.org/10.3390/jcm13082314
https://doi.org/10.3390/jcm13082314
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/jcm
https://www.mdpi.com
https://orcid.org/0000-0002-0828-4867
https://doi.org/10.3390/jcm13082314
https://www.mdpi.com/journal/jcm
https://www.mdpi.com/article/10.3390/jcm13082314?type=check_update&version=1


J. Clin. Med. 2024, 13, 2314 2 of 9

Serum uric acid is considered an emerging cardiovascular risk factor [13,14]. Hyperuricemia
causes oxidative stress due to nitric oxide production inhibition; endothelial dysfunction
due to the deposition of uric acid in vascular walls, which induces smooth muscle prolifer-
ation; and renin-angiotensin system activation [15]. In addition, hyperuricemia causes the
increased oxidation of LDL, thus contributing to the development of atherosclerosis and
its complications [16]. It also increases arterial inflammation and arterial stiffness, which
contribute to hypertension development, and induced endoplasmic reticulum stress [13].

Elevated serum uric acid levels correlate with higher body weight, disrupted glucose
homeostasis, hypertension, dyslipidemia, atherosclerosis, chronic kidney disease, and
metabolic syndrome [17–21]. Serum uric acid variability is associated with the development
of ischemic heart disease and all-cause mortality [22–24]. Even without overt hyperuricemia,
higher serum uric acid levels are associated with cardiovascular-related mortality, as well as
all-cause mortality [25], and lowering serum uric acid into the normal range correlates with
a reduction in all-cause mortality and cardiovascular-related death [26,27]. Moreover, a
recent study shows that the addition of serum uric acid to cardiovascular risk score models
significantly improves their accuracy [28].

Among obese and overweight patients, weight loss correlates with reductions in
serum uric acid [29]. However, most studies, to date, focus on the association of various
interventional weight loss programs on serum uric acid [30–32], while there is paucity
of data regarding the effects of minor, non-interventional weight changes on serum uric
acid. Most clinic patients do not participate in a structured weight loss program, yet their
weight may change, intentionally or not. We, therefore, sought to explore the effects of
non-interventional weight changes on serum uric acid regardless of any dietary restriction
or nutritional habits.

2. Materials and Methods

Study population: Our study population was enrolled from the registry of the Medical
Screening Institute at Chaim Sheba Medical Center, between the years 2000 and 2020.

As previously described [33,34], every clinic visit included a completion of a standard
questionnaire regarding participants’ medical history, any recent medical events since their
previous visit, and their demographic characteristics, as well as lifestyle and health-related
habits. The weight and height of all subjects, wearing light clothes without shoes, were
measured and recorded at each visit. BMI was calculated as weight in kilograms divided
by the squared height in meters. Weight changes between visits, if they occurred, were all
subject-driven and no weight loss intervention program was applied. Following an eight
hour fast, venous blood for analysis, including serum uric acid levels, was drawn by a
trained nurse.

The Chaim Sheba Medical Center Institutional Helsinki Committee approved this
study. As only retrospective data were recorded anonymously, the need for informed
consent was waived by the committee.

Inclusion and exclusion criteria: The whole database included 176,621 clinic visits.
We included every patient who had two consecutive annual clinic visits. If there were
more than two consecutive annual clinic visits, we analyzed only the first two encounters.
Overall, 21,111 individuals met the inclusion criteria. Subjects were excluded from analysis
if their height, weight, or serum uric acid levels were missing, or if they had extreme BMI
values (less than 15 kg/m2 or more than 50 kg/m2) or extreme serum uric acid levels
(less than 1 mg/dL or more than 15 mg/dL). After patient exclusion, the final study cohort
comprised 19,193 subjects.

Definitions and outcome: Participants were divided according to the percent change
in BMI between the first and second visits: BMI reduction of more than 5% (“large reduc-
tion”), BMI reduction between 2.5% and 5% (“moderate reduction”), BMI reduction of less
than 2.5% or elevation of less than 2.5% (“unchanged”), BMI elevation between 2.5% and 5%
(“moderate increase”), and BMI elevation of more than 5% (“large increase”). The primary
outcome was the change in serum uric acid levels between the first and second visit.
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Statistical analysis: Trends in characteristics for categorical variables were assessed
using a chi-squared test. A logistic regression model was calculated to assess the relation-
ship between baseline characteristics and increases of at least 10% in serum uric acid levels
in the second visit. BMI change; gender; and diagnosis of ischemic heart disease (IHD),
hypertension (HTN(, or diabetes mellitus (DM) were tested individually and in a multivari-
able logistic regression model as clinically and epidemiologically relevant variables. Subset
analysis was performed for gender and baseline BMI. All analyses were performed using
R software (R Development Core Team, Vienna, Austria, version 4.1.0) [35]. A two-sided
p-value < 0.05 was used for statistical significance.

3. Results

The final analysis included 19,193 patients. The baseline demographic and clinical
characteristics according to the pre- specified BMI change groups are presented in Table 1.
Patients in the “large increase” group were younger and more likely to be females compared
to other BMI change groups (Table 1). The prevalence of hypertension, ischemic heart
disease, and diabetes mellitus was similar between the pre-specified groups of BMI change
(Table 1).

Table 1. Baseline characteristics.

Large
Reduction

Moderate
Reduction Unchanged Moderate

Increase
Large

Increase Total p Value
(n = 1791) (n = 2208) (n = 10,713) (n = 2718) (n = 1763) (n = 19,193)

Gender <0.001
Male 1198 (67%) 1625 (74%) 7998 (75%) 1987 (73%) 1101 (62%) 13,909 (72%)
Female 593 (33%) 583 (26%) 2715 (25%) 731 (27%) 662 (38%) 5284 (28%)

Age (years) 49 (±10) 50 (±11) 50 (±10) 49 (±10) 48 (±9.9) 50 (±10) <0.001
IHD 205 (11%) 269 (12%) 1280 (12%) 289 (11%) 171 (10%) 2214 (12%) 0.0301
HTN 515 (29%) 679 (31%) 3115 (29%) 738 (27%) 498 (28%) 5545 (29%) 0.0821
DM 191 (11%) 226 (10%) 1018 (10%) 263 (10%) 156 (9%) 1854 (10%) 0.337

Abbreviations: IHD, ischemic heart disease; HTN, hypertension; DM, diabetes mellitus.

Table 2 describes the BMI and serum uric acid levels for visit 1 and visit 2 across all
pre-specified groups. The mean baseline BMI was 26 kg/m2. No statistically significant
changes in BMI were noted between visits across the entire study cohort. However, 23.3%
had increased their BMI by more than 2.5% and 20.8% had reduced their BMI by no less
than 2.5%. In addition, 9.2% of patients had increased their BMI by 5% or more, whereas
9.3% of patients had reduced their BMI by at least 5% (Table 2).

Table 2. Body mass index and uric acid levels.

Large
Reduction

Moderate
Reduction Unchanged Moderate

Increase
Large

Increase Total p Value
(n = 1791) (n = 2208) (n = 10,713) (n = 2718) (n = 1763) (n = 19,193)

First visit BMI (kg/m2) 28 (±4.5) 26 (±3.7) 26 (±3.7) 26 (±3.8) 25 (±4.0) 26 (±3.8) <0.001
Second visit BMI (kg/m2) 25 (±3.8) 25 (±3.5) 26 (±3.7) 26 (±3.9) 27 (±4.5) 26 (±3.8) <0.001

Absolute BMI change (kg/m2) −2.5 (±1.7) −0.95 (±0.24) 0.013 (±0.33) 0.91 (±0.23) 2.0 (±1.5) −0.014 (±1.3) <0.001
%BMI change −8.6 (±4.2) −3.6 (±0.70) 0.059 (±1.3) 3.6 (±0.71) 8.1 (±6.2) 0.070 (±4.7) <0.001

First visit SUA (mg/dL) 5.5 (±1.4) 5.5 (±1.3) 5.5 (±1.3) 5.4 (±1.4) 5.3 (±1.4) 5.5 (±1.4) <0.001
Second visit SUA (mg/dL) 5.3 (±1.4) 5.5 (±1.3) 5.5 (±1.4) 5.6 (±1.4) 5.4 (±1.4) 5.5 (±1.4) <0.001

Abbreviations: BMI, body mass index; SUA, serum uric acid.
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For the entire study population, the mean baseline serum uric acid was 5.5 mg/dL,
and this value did not change significantly on the second visit (Table 2). Patients in the
pre-specified “large reduction” group had an absolute mean serum uric acid decrease of
0.21 mg/dL on the second visit, with a mean percent decrease of 2.7%; patients in the
pre-specified “large increase” group had an absolute mean serum uric acid increase of
0.19 mg/dL, with a mean percent increase of 4.6%; patients in the pre-specified “moderate
reduction” group had an absolute mean serum uric acid decrease of 0.04 mg/dL on the
second visit, with a mean percent decrease of 0.24%; and patients in the pre-specified
“moderate increase” group had an absolute serum uric acid mean increase of 0.12 mg/dL,
with a mean percent increase of 3% (Figure 1).
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Figure 1. Mean serum uric acid change ((A)—mg/dL, (B)—percentage) according to the pre-specified
BMI change groups. The black dots represent mean serum uric acid change (mg/dL or percentage);
bars represent standard deviation. Abbreviations: BMI, body mass index; SUA, serum uric acid.

The proportion of patients with at least a 10% increase in serum uric acid increased
with the relative change in BMI (17.3%, 20.8%, 23.4%, 27.5%, and 33.1% for “large reduction”,
“moderate reduction”, “unchanged”, “moderate increase”, and “large increase” groups,
respectively (p < 0.01)). Comparably, the proportion of patients with at least a 10% decrease
in serum uric acid decreased with the relative change in BMI (31.2%, 22%, 17.6%, 15.2%,
and 14.2% for “large reduction”, “moderate reduction”, “unchanged”, “moderate increase”,
and “large increase”, respectively (p < 0.01)) (Figure 2).
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Figure 2. Serum uric acid change percentage according to the pre-specified BMI change groups. Bars
represent the pre-specified BMI change groups; different shadings represent the percent of patients in
each prespecified group with at least a 10% increase in UA levels from visit 1 to visit 2 (light grey),
up to 10% change in UA levels from visit 1 to visit 2 (dark grey), and 10% decrease in UA levels from
visit 1 to visit 2 (black). Abbreviations: BMI, body mass index; SUA, serum uric acid.

Compared to the “unchanged” group, the odds ratios for serum uric acid increases of
at least 10% were 0.66, 0.84, 1.25, and 1.59 for the “large reduction” (p < 0.001), “moderate
reduction” (p = 0.014), “moderate increase” (p < 0.001), and “large increase” (p < 0.001)
groups (Figure 3). Male gender and hypertension were significantly associated with an
increased odds ratio for an at least 10% increase in serum uric acid levels (Figure 3).
Subgroup analyses by gender, baseline BMI, and hypertension showed similar results.
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Figure 3. Association between patients’ baseline characteristics and increases of at least 10% in serum
uric acid levels on visit 2. Abbreviations: BMI, body mass index; IHD, ischemic heart disease; HTN,
hypertension; DM, diabetes mellitus.

4. Discussion

We have demonstrated a significant association between non-interventional weight
changes and alterations in serum uric acid levels. Serum uric acid was progressively lower
as BMI decreased and progressively higher as it increased. The proportion of patients
whose serum uric acid levels were increased by at least 10% between visits increased with
the relative increase in BMI and the proportion of patients whose serum uric acid levels
were decreased by at least 10% decreased with the relative decrease in BMI.

The association between obesity and serum uric acid is well established. Obesity
highly predisposes for hyperuricemia, partially due to the overproduction of uric acid in
adipose tissue, as well as decreased urinary uric acid clearance [36], while lower body
weight is associated with a lower prevalence of hyperuricemia [37]. Some suggest that the
association between BMI and serum uric acid is mediated by hyperinsulinemia or insulin
resistance [38]. Most studies, to date, have focused on the association between baseline BMI
and serum uric acid, or on the effects of interventional weight loss regimens on serum uric
acid among overweight and obese patients [6,11,37,39,40]. Notably, a significant correlation



J. Clin. Med. 2024, 13, 2314 6 of 9

was recently observed between decreases in fat mass and lower serum uric acid among
normal-weight Korean individuals [41].

Changes in BMI following targeted weight management interventions have previously
been shown to affect both cardiovascular outcomes and overall mortality [3,41–43]. Specific
dietary interventions, not directly aimed at lowering serum uric acid levels, have also been
shown to be beneficial in both lowering serum uric acid, as well as reducing cardiovascular
risk in a weight-dependent manner [30]. A recent study has demonstrated that a combina-
tion of a high triglycerides-glucose index and high serum uric acid levels have a synergic
effect on mortality risk [44]. Interestingly, we have recently shown that the triglycerides-to-
high-density-lipoprotein-cholesterol ratio (TG/HDL-C) is closely associated with minor
non-interventional weight changes. Therefore, these data, along with our current findings,
further highlight the importance of minor weight changes, as well as triglycerides and
serum uric acid, in cardiovascular risk stratification [33,34]. In a multivariable regression
analysis, we found that male sex and hypertension, which are traditional cardiovascular
risk factors, were also associated with an increase in serum uric acid, further emphasiz-
ing the association of serum uric acid with classic metabolic risk factors, as well minor
non-interventional weight changes.

Our study has several limitations. First, this is a retrospective study. Therefore, causal-
ity between BMI alterations and serum uric acid could not be established. However, our
large cohort has the potential to mitigate the impact of this limitation. In addition, we lack
individual dietary data for our cohort, which could potentially be a source for the confound-
ing effects of different diets on weight change and cardiovascular health. Nevertheless, the
influence of various diet compositions on weight loss is somewhat controversial. Studies
have shown that reduced-calorie diets result in clinically meaningful weight loss regardless
of which macronutrients are consumed [45] and that the difference found between various
carbohydrate–fat content combinations was not sustained three months after nutritional
intervention [46]. Thus, we believe that the specific diet composition does not have a
confounding impact on our findings.

5. Conclusions

In conclusion, we show that non-interventional weight alterations, even when modest,
are associated with a significant change in serum uric acid levels. Since serum uric acid is
an emerging cardiovascular risk factor, our findings, together with data from interventional
weight programs, further highlight the importance of weight changes on serum uric acid
and possibly on cardiovascular risk stratification and the prevention of cardiovascular-
related morbidity and mortality.

Author Contributions: Conceptualization, S.W., E.M., J.B., A.K., T.H., A.L., E.G. and G.S.; methodol-
ogy, S.W., E.G. and G.S.; data curation, S.W. and E.M.; formal analysis, S.W.; writing—original draft,
S.W. and G.S.; writing—review and editing, S.W., J.B., E.G. and G.S. All authors have read and agreed
to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: This study was conducted in accordance with the Declaration
of Helsinki and approved by the Institutional Review Board (or Ethics Committee) of the Chaim
Sheba Medical Center (protocol code, 4451-17-SMC; date of approval, 3 December 2017).

Informed Consent Statement: Patient consent was waived due to the retrospective nature of the trial.

Data Availability Statement: The datasets generated during and/or analyzed during the current
study are available from the corresponding author on reasonable request.

Conflicts of Interest: The authors declare no conflicts of interest.



J. Clin. Med. 2024, 13, 2314 7 of 9

References
1. Reis, J.P.; Allen, N.; Gunderson, E.P.; Lee, J.M.; Lewis, C.E.; Loria, C.M.; Powell-Wiley, T.M.; Rana, J.S.; Sidney, S.; Wei, G.; et al.

Excess Body Mass Index- and Waist Circumference-Years and Incident Cardiovascular Disease: The CARDIA Study. Obesity 2015,
23, 879–885. [CrossRef]

2. Hubert, H.B.; Feinleib, M.; McNamara, P.M.; Castelli, W.P. Obesity as an Independent Risk Factor for Cardiovascular Disease:
A 26-Year Follow-up of Participants in the Framingham Heart Study. Circulation 1983, 67, 968–977. [CrossRef]

3. Powell-Wiley, T.M.; Poirier, P.; Burke, L.E.; Després, J.-P.; Gordon-Larsen, P.; Lavie, C.J.; Lear, S.A.; Ndumele, C.E.; Neeland, I.J.;
Sanders, P.; et al. Obesity and Cardiovascular Disease: A Scientific Statement From the American Heart Association. Circulation
2021, 143, e984–e1010. [CrossRef]

4. Global Burden of Metabolic Risk Factors for Chronic Diseases Collaboration (BMI Mediated Effects); Lu, Y.; Hajifathalian, K.;
Ezzati, M.; Woodward, M.; Rimm, E.B.; Danaei, G. Metabolic Mediators of the Effects of Body-Mass Index, Overweight, and
Obesity on Coronary Heart Disease and Stroke: A Pooled Analysis of 97 Prospective Cohorts with 1·8 Million Participants. Lancet
2014, 383, 970–983. [CrossRef]

5. Zhou, Y.; Xuan, Y.-J.; Yang, L.-S.; Rutayisire, E.; Zhang, L.-J.; Xuan, P.; Tao, X.-Y.; Sheng, J.; Tao, F.-B.; Wang, S.-F. Weight Changes
since Age 20 and Cardiovascular Risk Factors in a Middle-Aged Chinese Population. J. Public Health 2018, 40, 253–261. [CrossRef]

6. Kuwabara, M.; Kuwabara, R.; Niwa, K.; Hisatome, I.; Smits, G.; Roncal-Jimenez, C.A.; MacLean, P.S.; Yracheta, J.M.; Ohno, M.;
Lanaspa, M.A.; et al. Different Risk for Hypertension, Diabetes, Dyslipidemia, and Hyperuricemia According to Level of Body
Mass Index in Japanese and American Subjects. Nutrients 2018, 10, 1011. [CrossRef]

7. Sakurai, Y.; Teruya, K.; Shimada, N.; Wakabayashi, K.; Umeda, T.; Honjo, S.; Todoroki, I.; Tanaka, H.; Muto, T.; Sakurai, M.;
et al. Relationship between Weight Change in Young Adulthood and the Risk of NIDDM. The Sotetsu Study. Diabetes Care 1997,
20, 978–982. [CrossRef]

8. Ford, E.S.; Williamson, D.F.; Liu, S. Weight Change and Diabetes Incidence: Findings from a National Cohort of US Adults. Am. J.
Epidemiol. 1997, 146, 214–222. [CrossRef]

9. Yannakoulia, M.; Panagiotakos, D. Weight Loss through Lifestyle Changes: Impact in the Primary Prevention of Cardiovascular
Diseases. Heart 2021, 107, 1429–1434. [CrossRef]

10. Hartmann-Boyce, J.; Theodoulou, A.; Oke, J.L.; Butler, A.R.; Bastounis, A.; Dunnigan, A.; Byadya, R.; Cobiac, L.J.; Scarborough, P.;
Hobbs, F.D.R.; et al. Long-Term Effect of Weight Regain Following Behavioral Weight Management Programs on Cardiometabolic
Disease Incidence and Risk: Systematic Review and Meta-Analysis. Circ. Cardiovasc. Qual. Outcomes 2023, 16, e009348. [CrossRef]

11. Feng, X.; Yang, Y.; Xie, H.; Zhuang, S.; Fang, Y.; Dai, Y.; Jiang, P.; Chen, H.; Tang, H.; Tang, L. The Association between
Hyperuricemia and Obesity Metabolic Phenotypes in Chinese General Population: A Retrospective Analysis. Front. Nutr. 2022,
9, 773220. [CrossRef] [PubMed]

12. Shirasawa, T.; Ochiai, H.; Yoshimoto, T.; Nagahama, S.; Watanabe, A.; Yoshida, R.; Kokaze, A. Cross-Sectional Study of
Associations between Normal Body Weight with Central Obesity and Hyperuricemia in Japan. BMC Endocr. Disord. 2020, 20, 2.
[CrossRef]

13. Yu, W.; Cheng, J.-D. Uric Acid and Cardiovascular Disease: An Update From Molecular Mechanism to Clinical Perspective. Front.
Pharmacol. 2020, 11, 582680. [CrossRef] [PubMed]

14. Shahin, L.; Patel, K.M.; Heydari, M.K.; Kesselman, M.M. Hyperuricemia and Cardiovascular Risk. Cureus 2021, 13, e14855.
[CrossRef] [PubMed]

15. Corry, D.B.; Eslami, P.; Yamamoto, K.; Nyby, M.D.; Makino, H.; Tuck, M.L. Uric Acid Stimulates Vascular Smooth Muscle
Cell Proliferation and Oxidative Stress via the Vascular Renin-Angiotensin System. J. Hypertens. 2008, 26, 269–275. [CrossRef]
[PubMed]

16. Hayden, M.R.; Tyagi, S.C. Uric Acid: A New Look at an Old Risk Marker for Cardiovascular Disease, Metabolic Syndrome, and
Type 2 Diabetes Mellitus: The Urate Redox Shuttle. Nutr. Metab. 2004, 1, 10. [CrossRef] [PubMed]

17. Culleton, B.F.; Larson, M.G.; Kannel, W.B.; Levy, D. Serum Uric Acid and Risk for Cardiovascular Disease and Death: The
Framingham Heart Study. Ann. Intern. Med. 1999, 131, 7–13. [CrossRef] [PubMed]

18. Johnson, R.J.; Kang, D.H.; Feig, D.; Kivlighn, S.; Kanellis, J.; Watanabe, S.; Tuttle, K.R.; Rodriguez-Iturbe, B.; Herrera-Acosta, J.;
Mazzali, M. Is There a Pathogenetic Role for Uric Acid in Hypertension and Cardiovascular and Renal Disease? Hypertension
2003, 41, 1183–1190. [CrossRef]

19. Chonchol, M.; Shlipak, M.G.; Katz, R.; Sarnak, M.J.; Newman, A.B.; Siscovick, D.S.; Kestenbaum, B.; Carney, J.K.; Fried, L.F.
Relationship of Uric Acid with Progression of Kidney Disease. Am. J. Kidney Dis. 2007, 50, 239–247. [CrossRef]

20. Borghi, C.; Rodriguez-Artalejo, F.; De Backer, G.; Dallongeville, J.; Medina, J.; Nuevo, J.; Guallar, E.; Perk, J.; Banegas, J.R.; Tubach,
F.; et al. Serum Uric Acid Levels Are Associated with Cardiovascular Risk Score: A Post Hoc Analysis of the EURIKA Study. Int.
J. Cardiol. 2018, 253, 167–173. [CrossRef]

21. Prasad, M.; Matteson, E.L.; Herrmann, J.; Gulati, R.; Rihal, C.S.; Lerman, L.O.; Lerman, A. Uric Acid Is Associated with
Inflammation, Coronary Microvascular Dysfunction, and Adverse Outcomes in Postmenopausal Women. Hypertension 2017,
69, 236–242. [CrossRef] [PubMed]

22. Grossman, C.; Grossman, E.; Goldbourt, U. Uric Acid Variability at Midlife as an Independent Predictor of Coronary Heart
Disease and All-Cause Mortality. PLoS ONE 2019, 14, e0220532. [CrossRef] [PubMed]

https://doi.org/10.1002/oby.21023
https://doi.org/10.1161/01.CIR.67.5.968
https://doi.org/10.1161/CIR.0000000000000973
https://doi.org/10.1016/S0140-6736(13)61836-X
https://doi.org/10.1093/pubmed/fdx057
https://doi.org/10.3390/nu10081011
https://doi.org/10.2337/diacare.20.6.978
https://doi.org/10.1093/oxfordjournals.aje.a009256
https://doi.org/10.1136/heartjnl-2019-316376
https://doi.org/10.1161/CIRCOUTCOMES.122.009348
https://doi.org/10.3389/fnut.2022.773220
https://www.ncbi.nlm.nih.gov/pubmed/35520285
https://doi.org/10.1186/s12902-019-0481-1
https://doi.org/10.3389/fphar.2020.582680
https://www.ncbi.nlm.nih.gov/pubmed/33304270
https://doi.org/10.7759/cureus.14855
https://www.ncbi.nlm.nih.gov/pubmed/34104597
https://doi.org/10.1097/HJH.0b013e3282f240bf
https://www.ncbi.nlm.nih.gov/pubmed/18192841
https://doi.org/10.1186/1743-7075-1-10
https://www.ncbi.nlm.nih.gov/pubmed/15507132
https://doi.org/10.7326/0003-4819-131-1-199907060-00003
https://www.ncbi.nlm.nih.gov/pubmed/10391820
https://doi.org/10.1161/01.HYP.0000069700.62727.C5
https://doi.org/10.1053/j.ajkd.2007.05.013
https://doi.org/10.1016/j.ijcard.2017.10.045
https://doi.org/10.1161/HYPERTENSIONAHA.116.08436
https://www.ncbi.nlm.nih.gov/pubmed/27993955
https://doi.org/10.1371/journal.pone.0220532
https://www.ncbi.nlm.nih.gov/pubmed/31381584


J. Clin. Med. 2024, 13, 2314 8 of 9

23. Newman, E.J.; Rahman, F.S.; Lees, K.R.; Weir, C.J.; Walters, M.R. Elevated Serum Urate Concentration Independently Predicts
Poor Outcome Following Stroke in Patients with Diabetes. Diabetes Metab. Res. Rev. 2006, 22, 79–82. [CrossRef] [PubMed]

24. Zoppini, G.; Targher, G.; Negri, C.; Stoico, V.; Perrone, F.; Muggeo, M.; Bonora, E. Elevated Serum Uric Acid Concentrations
Independently Predict Cardiovascular Mortality in Type 2 Diabetic Patients. Diabetes Care 2009, 32, 1716–1720. [CrossRef]
[PubMed]

25. Virdis, A.; Masi, S.; Casiglia, E.; Tikhonoff, V.; Cicero, A.F.G.; Ungar, A.; Rivasi, G.; Salvetti, M.; Barbagallo, C.M.; Bombelli,
M.; et al. Identification of the Uric Acid Thresholds Predicting an Increased Total and Cardiovascular Mortality Over 20 Years.
Hypertension 2020, 75, 302–308. [CrossRef]

26. Pérez Ruiz, F.; Richette, P.; Stack, A.G.; Karra Gurunath, R.; García de Yébenes, M.J.; Carmona, L. Failure to Reach Uric Acid
Target of <0.36 Mmol/L in Hyperuricaemia of Gout Is Associated with Elevated Total and Cardiovascular Mortality. RMD Open
2019, 5, e001015. [CrossRef] [PubMed]

27. Sugawara, M.; Kojima, S.; Hisatome, I.; Matsui, K.; Uchiyama, K.; Yokota, N.; Tokutake, E.; Wakasa, Y.; Hiramitsu, S.; Waki, M.;
et al. Impacts of Febuxostat on Cerebral and Cardiovascular Events in Elderly Patients with Hyperuricemia: Post Hoc Analysis of
a Randomized Controlled Trial. Clin. Pharmacol. Ther. 2024. online ahead of print. [CrossRef] [PubMed]

28. Moshkovits, Y.; Tiosano, S.; Kaplan, A.; Kalstein, M.; Bayshtok, G.; Kivity, S.; Segev, S.; Grossman, E.; Segev, A.; Maor, E.; et al.
Serum Uric Acid Significantly Improves the Accuracy of Cardiovascular Risk Score Models. Eur. J. Prev. Cardiol. 2023, 30, 524–532.
[CrossRef]

29. Nielsen, S.M.; Bartels, E.M.; Henriksen, M.; Wæhrens, E.E.; Gudbergsen, H.; Bliddal, H.; Astrup, A.; Knop, F.K.; Carmona, L.;
Taylor, W.J.; et al. Weight Loss for Overweight and Obese Individuals with Gout: A Systematic Review of Longitudinal Studies.
Ann. Rheum. Dis. 2017, 76, 1870–1882. [CrossRef]

30. Yokose, C.; McCormick, N.; Rai, S.K.; Lu, N.; Curhan, G.; Schwarzfuchs, D.; Shai, I.; Choi, H.K. Effects of Low-Fat, Mediterranean,
or Low-Carbohydrate Weight Loss Diets on Serum Urate and Cardiometabolic Risk Factors: A Secondary Analysis of the Dietary
Intervention Randomized Controlled Trial (DIRECT). Diabetes Care 2020, 43, 2812–2820. [CrossRef]

31. He, M.; Wang, J.; Liang, Q.; Li, M.; Guo, H.; Wang, Y.; Deji, C.; Sui, J.; Wang, Y.-W.; Liu, Y.; et al. Time-Restricted Eating with or
without Low-Carbohydrate Diet Reduces Visceral Fat and Improves Metabolic Syndrome: A Randomized Trial. Cell Rep. Med.
2022, 3, 100777. [CrossRef] [PubMed]

32. Kempner, W.; Newborg, B.C.; Peschel, R.L.; Skyler, J.S. Treatment of Massive Obesity with Rice/Reduction Diet Program.
An Analysis of 106 Patients with at Least a 45-Kg Weight Loss. Arch. Intern. Med. 1975, 135, 1575–1584. [CrossRef] [PubMed]

33. Shlomai, G.; Ovdat, T.; Klempfner, R.; Leibowitz, A.; Grossman, E. Non-Interventional Weight Changes Affect Systolic Blood
Pressure in Normotensive Individuals. J. Clin. Hypertens. 2021, 23, 990–998. [CrossRef] [PubMed]

34. Weinstein, S.; Maor, E.; Kaplan, A.; Hod, T.; Leibowitz, A.; Grossman, E.; Shlomai, G. Non-Interventional Weight Changes Are
Associated with Alterations in Lipid Profiles and in the Triglyceride-to-HDL Cholesterol Ratio. Nutrients 2024, 16, 486. [CrossRef]
[PubMed]

35. R Core Team 2021. R: A Language and Environment for Statistical Computing. R Foundation for Statistical Computing.
R Foundation for Statistical Computing. 2022. Available online: https://www.r-project.org/ (accessed on 10 March 2024).

36. Matsuura, F.; Yamashita, S.; Nakamura, T.; Nishida, M.; Nozaki, S.; Funahashi, T.; Matsuzawa, Y. Effect of Visceral Fat Accumula-
tion on Uric Acid Metabolism in Male Obese Subjects: Visceral Fat Obesity Is Linked More Closely to Overproduction of Uric
Acid than Subcutaneous Fat Obesity. Metabolism 1998, 47, 929–933. [CrossRef] [PubMed]

37. Liu, D.-M.; Jiang, L.; Gan, L.; Su, Y.; Li, F. Association between serum uric acid level and body mass index in sex- and age-specific
groups in Southwestern China. Endocr. Pract. 2019, 25, 438–445. [CrossRef]

38. Li, F.; Chen, S.; Qiu, X.; Wu, J.; Tan, M.; Wang, M. Serum Uric Acid Levels and Metabolic Indices in an Obese Population:
A Cross-Sectional Study. Diabetes Metab. Syndr. Obes. 2021, 14, 627–635. [CrossRef] [PubMed]

39. Jørgensen, R.M.; Bøttger, B.; Vestergaard, E.T.; Kremke, B.; Bahnsen, R.F.; Nielsen, B.W.; Bruun, J.M. Uric Acid Is Elevated in
Children With Obesity and Decreases After Weight Loss. Front. Pediatr. 2021, 9, 814166. [CrossRef] [PubMed]

40. Yang, L.; He, Z.; Gu, X.; Cheng, H.; Li, L. Dose-Response Relationship Between BMI and Hyperuricemia. Int. J. Gen. Med. 2021,
14, 8065–8071. [CrossRef]

41. Ahn, J.K.; Hwang, J.; Lee, M.Y.; Kang, M.; Hwang, J.; Koh, E.M.; Cha, H.S. How Much Does Fat Mass Change Affect Serum
Uric Acid Levels among Apparently Clinically Healthy Korean Men? Ther. Adv. Musculoskelet. Dis. 2021, 13, 1759720X21993253.
[CrossRef]

42. Romero-Corral, A.; Somers, V.K.; Sierra-Johnson, J.; Korenfeld, Y.; Boarin, S.; Korinek, J.; Jensen, M.D.; Parati, G.; Lopez-Jimenez,
F. Normal Weight Obesity: A Risk Factor for Cardiometabolic Dysregulation and Cardiovascular Mortality. Eur. Heart J. 2010, 31,
737–746. [CrossRef] [PubMed]

43. GBD 2015 Obesity Collaborators; Afshin, A.; Forouzanfar, M.H.; Reitsma, M.B.; Sur, P.; Estep, K.; Lee, A.; Marczak, L.; Mokdad,
A.H.; Moradi-Lakeh, M.; et al. Health Effects of Overweight and Obesity in 195 Countries over 25 Years. N. Engl. J. Med. 2017,
377, 13–27. [CrossRef] [PubMed]

44. D’Elia, L.; Masulli, M.; Virdis, A.; Casiglia, E.; Tikhonoff, V.; Angeli, F.; Barbagallo, C.M.; Bombelli, M.; Cappelli, F.; Cianci, R.;
et al. Triglyceride-Glucose Index and Mortality in a Large Regional-Based Italian Database (Urrah Project). J. Clin. Endocrinol.
Metab. 2024. online ahead of print. [CrossRef] [PubMed]

https://doi.org/10.1002/dmrr.585
https://www.ncbi.nlm.nih.gov/pubmed/16088970
https://doi.org/10.2337/dc09-0625
https://www.ncbi.nlm.nih.gov/pubmed/19542211
https://doi.org/10.1161/HYPERTENSIONAHA.119.13643
https://doi.org/10.1136/rmdopen-2019-001015
https://www.ncbi.nlm.nih.gov/pubmed/31673414
https://doi.org/10.1002/cpt.3217
https://www.ncbi.nlm.nih.gov/pubmed/38389505
https://doi.org/10.1093/eurjpc/zwac275
https://doi.org/10.1136/annrheumdis-2017-211472
https://doi.org/10.2337/dc20-1002
https://doi.org/10.1016/j.xcrm.2022.100777
https://www.ncbi.nlm.nih.gov/pubmed/36220069
https://doi.org/10.1001/archinte.1975.00330120053008
https://www.ncbi.nlm.nih.gov/pubmed/1200726
https://doi.org/10.1111/jch.14228
https://www.ncbi.nlm.nih.gov/pubmed/33675167
https://doi.org/10.3390/nu16040486
https://www.ncbi.nlm.nih.gov/pubmed/38398811
https://www.r-project.org/
https://doi.org/10.1016/S0026-0495(98)90346-8
https://www.ncbi.nlm.nih.gov/pubmed/9711987
https://doi.org/10.4158/EP-2018-0426
https://doi.org/10.2147/DMSO.S286299
https://www.ncbi.nlm.nih.gov/pubmed/33603427
https://doi.org/10.3389/fped.2021.814166
https://www.ncbi.nlm.nih.gov/pubmed/35059366
https://doi.org/10.2147/IJGM.S341622
https://doi.org/10.1177/1759720X21993253
https://doi.org/10.1093/eurheartj/ehp487
https://www.ncbi.nlm.nih.gov/pubmed/19933515
https://doi.org/10.1056/NEJMoa1614362
https://www.ncbi.nlm.nih.gov/pubmed/28604169
https://doi.org/10.1210/clinem/dgae170
https://www.ncbi.nlm.nih.gov/pubmed/38482609


J. Clin. Med. 2024, 13, 2314 9 of 9

45. Sacks, F.M.; Bray, G.A.; Carey, V.J.; Smith, S.R.; Ryan, D.H.; Anton, S.D.; McManus, K.; Champagne, C.M.; Bishop, L.M.; Laranjo,
N.; et al. Comparison of Weight-Loss Diets with Different Compositions of Fat, Protein, and Carbohydrates. N. Engl. J. Med. 2009,
360, 859–873. [CrossRef]

46. Hansen, C.D.; Gram-Kampmann, E.-M.; Hansen, J.K.; Hugger, M.B.; Madsen, B.S.; Jensen, J.M.; Olesen, S.; Torp, N.; Rasmussen,
D.N.; Kjærgaard, M.; et al. Effect of Calorie-Unrestricted Low-Carbohydrate, High-Fat Diet Versus High-Carbohydrate, Low-Fat
Diet on Type 2 Diabetes and Nonalcoholic Fatty Liver Disease. Ann. Intern. Med. 2023, 176, 10–21. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1056/NEJMoa0804748
https://doi.org/10.7326/M22-1787

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	Conclusions 
	References

