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Abstract

Visceral fat has a significant impact on metabolic health. Elevated visceral fat area could
increase the risk of hyperuricemia, which may lead to further metabolic complications. The
study aims to assess the relationship between uric acid levels and visceral fat accumulation and
the subsequent effect on subcutaneous fat distribution in the trunk, arms, and legs among the
elderly population. This study involved 61 elderly participants at Hana Nursing Home. Serum
uric acid levels were measured using point-of-care testing (POCT). Body composition, including
visceral and subcutaneous fat, was assessed using the Omron body composition monitor.
Spearman correlation analysis evaluated the relationship between uric acid levels, visceral fat,
and subcutaneous fat in different body regions, including the trunk, arms, and legs. This study
has demonstrated a positive correlation between uric acid levels and visceral fat accumulation
(r=0.285, p = 0.026), subcutaneous fat in the trunk (r = 0.804, p < 0.001), arms (r = 0.752, p <
0.001), and legs (r = 0.827, p < 0.001), suggesting that having a high amount of visceral fat can
be an indicator of having more subcutaneous fat as well.
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INTRODUCTION

Uric acid is an organic fatty acid that results from the breakdown of purine nucleotides in circulation
produced from xanthine by xanthine oxidase (Wang et al., 2024). Hyperuricemia is an abnormally
high level of uric acid in the blood due to increased uric acid production or decreased excretion
(Huang et al., 2024). Hyperuricemia increases the risk of multiple clinical conditions such as gout,
hypertension, type 2 diabetes, stroke, chronic kidney disease, metabolic syndrome, atherosclerosis,
and non-alcoholic liver disease, which impact the quality of life (Liu et al., 2024). Hyperuricemia is
characterized by uric acid levels >6 mg/dL in women and >7 mg/dL in men (George et al., 2023). The
incidence of gout is 1% -4% of the general population. According to the World Health Organization
(WHO), the number of hyperuricemia sufferers increases every year worldwide. The prevalence of
hyperuricemia in adults has increased significantly from 11.1% in 2015-2016 to 14% in 2018-2019 in
China, with the highest incidence in men (Liu et al.,, 2024). Based on WHO data in the Non-
Communicable Disease Country Profile in Indonesia, the prevalence of gout at the age of 55-64 is
around 45%, at the age of 65-74 is around 51.9%, and at the age of >75 is around 54.8% (Yasin et al.,
2023).

Adiposopathy or "sick fat" is a pathologic adipose tissue, anatomically and/or functionally, that
disrupts adipose tissue's structural and functional integrity, which can later disrupt metabolic
homeostasis. Adiposopathy may involve visceral and subcutaneous fat. Adipose tissue stores fuel
that will produce hormones and immune factors. Visceral fat is the accumulation of fat in the
abdominal cavity, which is more common in Asians than in Westerners. Visceral fat is a physical
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protection against mechanical intra-organ damage such as abdominal trauma (Bays, 2014). This fat
is located around or inside internal organs such as the liver and intestines, which are influenced by
epigenetic factors, race, aging, and hormonal changes. An increase in excessive visceral fat is
associated with metabolic disorders (disorders of glucose, lipid, and uric acid metabolism) and high
cardiovascular events. Obesity, especially visceral obesity, significantly increases hyperuricemia (Liu
et al., 2024). The underlying mechanism is likely due to the excessive release of free fatty acids by
visceral fat, which causes metabolic disorders, increases inflammation, and interferes with the kidney
and liver management of uric acid, resulting in increased uric acid in the blood (Huang et al., 2019).
Subcutaneous fat accumulates fat in the subcutaneous layer that protects the body from infection,
such as superficial skin wounds (Bays, 2014). Excessive visceral fat causes an increase in
subcutaneous fat, which may be linked to metabolic disorders (Smith et al., 2001).

Limited subcutaneous fat storage in the elderly may result in an energy overflow in the form
of increased free fatty acid transport in the blood, resulting in increased accumulation of pericardial,
perivascular, visceral fat, lipotoxicity, and fat infiltration into nonadipose organs such as the liver,
muscles, pancreas, heart, and kidneys (Bays, 2014). This condition may lead to metabolic dysfunction,
disrupting glucose, lipid, and uric acid metabolism, increasing the risk of hyperuricemia. The aim of
this study was to determine the relationship between visceral fat distribution and uric acid
metabolism in the elderly elderly (Liu et al., 2024).

METHODS

This study used a cross-sectional design to investigate the relationship between visceral fat,
subcutaneous fat, and hyperuricemia in the elderly. This study is ideal for analyzing the relationship
between variables without being bound by a specific period. This study was conducted at Hana
Nursing Home in February 2024. The total number of respondents involved in this study was 61
elderly who lived at Hana Nursing Home. Total sampling techniques were used in this study. The
inclusion criterion in this study is elderly aged 51 — 90 years old, living in Hana nursing home, willing
to be respondents by filling out and signing the consent form. Exclusion criteria in this study were
having acute or infectious diseases that could affect metabolism and uric acid levels, suffering from
chronic diseases such as kidney failure, liver disease, or metabolic conditions that affect uric acid
levels, and taking medications that affect uric acid levels.

Uric acid was measured using Point-of-Care Testing (POCT), which provides results in mg/dL.
Blood samples for measuring uric acid levels were taken in the morning from respondents who had
fasted for at least 8 hours. Blood was taken from the tip of finger by being pricked with a needle, and
blood which came out from peripheral blood vessels were dropped into a strip test. The strip was
then inserted into a uric acid meter. Result from the device was then recorded in the form.

Visceral and subcutaneous fat were measured using the body composition analysing device
Omron HBF-375 Body Fat Monitor. Participants with a history of using pacemakers, and who had any
metal implanted in the body were not allowed for measuring. Eligible participants were then asked
for their body height and age. Those data were then typed into the device. Before measuring,
participants were asked to remove their shoes and sandals including soaks, and then climbed on the
device. Participants were then asked to pull the electrode grip, stand straight, raised both arms to
shoulder height, and hold the electrode grip until the device finished measuring.

Measurement results, including demographic data, were recorded into the analysing
application. Data were then analysed using the Statistical Package for the Social Sciences (SPSS)
version 26 from IBM Corporation. Univariate data were presented in %, mean * SD if the data were
distributed normally, and median if the data were distributed abdnormally. Bivariate data were
analysed using Spearman correlation. The confidence limit was set at 95%.
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RESULT AND DISCUSSION

This research was conducted with the approval of the Human Research Ethics Committee of
Tarumanagara University, Institute for Research and Community Service No. 013-
UTHREC/UNTAR/VI/2024. This study involved 61 elderly who had met the inclusion criteria.
Demographic data were presented in Table 1. In this study, most respondents were female (77%),
and were in the age range of 51-90 years with an average age of 75.97 years. The average uric acid
was 5.76 mg/dL, visceral fat 5.27%, subcutaneous fat on the trunk 16.74%, subcutaneous fat on the
arms 29.09%, and subcutaneous fat on the legs 23.53%. (Table 1)

Table 1. Characteristics of Respondents

Parameter N (%) Mean (SD) Med (Min-Max)
Age 61 (100) 75.97 (8.03) 76 (51-90)
Gender
Male 14 (23)
Female 47 (77)
Uric Acid Level 5.76 (1.6) 5.30(3.3-11.6)
Uric Acid Level — Male
Normal 11 (18)
High 3(4.9)
Uric Acid Level — Female
Normal 34 (55.7)
High 13 (21.3)
Visceral Fat 5.27 (5.79) 4.50 (0-23.5)
Normal 52 (85.2)
High 5(8.2)
Very High 4 (6.6)
Subcutaneous Fat
Trunk 16.74 (13.01) 22.70 (0-34.6)
Arms 29.09 (22.94) 39.90 (0-59)
Legs 23.53 (18.25) 31.40 (0-50.5)

Spearman correlation analysis showed a weak correlation between visceral fat and uric
acid, as indicated by a correlation coefficient (r) of 0.285 and a p-value of 0.026. (Table 2)

Table 2. Correlation between Visceral Fat and Uric Acid Level

Parameter Uric Acid Level Visceral Fat
Spearman’srho  Uric Acid Level Correlation Coefficient 1.000 0.285
Sig. (2-tailed) . 0.026
Visceral Fat Correlation Coefficient 0.285 1.000
Sig. (2-tailed) 0.026

Analysis of the correlation between visceral fat and subcutaneous fat obtained significant
results and a strong correlation. Proven through the results of the body correlation coefficient (r)
0.804 and p-value <0.001, in the arms obtained a correlation coefficient (r) 0.752 and p-value <0.001,
and in the legs the correlation coefficient (r) 0.827 and p-value <0.001. This result shows that
increased visceral fat increases the percentage of subcutaneous fat in the body, arms, and legs in the
elderly, which plays a role in hyperuricemia. (Table 3).
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Table 3. Correlation between Visceral Fat and Subcutaneous Fat
Parameter Visceral Subcutaneous Subcutaneous Subcutaneous
Fat Fat Trunk Fat Arms Fat Legs
Spearman’s Visceral Fat Correlation 1.000 0.804 0.752 0.827
rho Coefficient
Sig. (2-tailed) . <0.001 <0.001 <0.001

Increased visceral fat is associated with increased uric acid. Excessive visceral fat that causes
obesity will have an impact on insulin resistance. Accumulation of visceral fat will cause direct
damage to insulin receptors through excessive free fatty acids in the portal vein (Hikita et al., 2007).
Due to excessive visceral fat percentage, insulin resistance is the most essential process that will
cause hyperuricemia. This condition can be the result of reduced GAPDH activity. GAPDH is an
enzyme that plays a role in the synthesis of uric acid in the purine metabolism pathway, the activity
of which is regulated by insulin. If insulin resistance occurs, it will reduce the enzyme's activity and
increase uric acid production because insulin cannot regulate GAPDH to function properly, as
GAPDH, which should play a role in the glycolysis process, will decrease. This condition will disrupt
cell energy metabolism related to the accumulation of free fatty acids due to lipogenesis and
impaired glucose regulation. These free fatty acids will increase purine synthesis, resulting in
hyperuricemia (Panlu et al., 2024).

Hyperinsulinemia and insulin resistance in obese patients can directly affect the kidneys.
Insulin has a mild diuretic effect while increasing sodium reabsorption in the renal tubules.
Hyperinsulinemia and insulin resistance will reduce the kidney’s ability to clear uric acid, thereby
increasing its levels in the blood (S. Li et al., 2023). In addition, insulin resistance or hyperuricemia
can increase uric acid reabsorption in the renal tubules, thereby decreasing urinary uric acid
excretion and increasing its concentration in plasma (Z. Li et al., 2022).

Furthermore, uric acid will promote citrate to be converted into acetyl-CoA for de novo
lipogenesis in hepatocytes, increasing free fatty acids. Increased free fatty acids will be converted
into triglycerides and cause visceral fat accumulation and obesity (Tao et al., 2023). Likewise,
visceral fat will increase free fatty acid levels that play a role in de novo purine synthesis, thereby
increasing uric acid. Increased uric acid affects increased visceral fat and vice versa. To control
hyperuricemia, it is crucial to understand that weight loss is the key, not anti-hyperuricemic drugs.
However, it should be noted that hyperuricemia can also occur in people with normal weight or
even underweight because it is related to fat distribution. Therefore, it is important to provide
lifestyle interventions before giving treatment (S. Li et al., 2023).

Studies have shown that subcutaneous fat stored under the skin correlates weaker with
increased uric acid levels than visceral fat (Hikita et al., 2007). Thus, individuals with high total fat
levels, especially visceral fat, show higher subcutaneous fat levels, increasing uric acid levels
through systemic inflammation and insulin resistance. Subcutaneous fat contributes to systemic
inflammation by releasing pro-inflammatory cytokines such as TNF-a and IL-6. These cytokines will
increase oxidative stress and stimulate uric acid production as the body's response to cell damage
(zhang et al., 2022).

The location of subcutaneous fat, especially the trunk area, appears to contribute more to
increasing uric acid than those in arms and legs. Subcutaneous fat in the trunk area is usually more
metabolically active than in the arms or legs. So, it is associated with releasing pro-inflammatory
cytokines that contribute to systemic inflammation and insulin resistance. This inflammation
increases uric acid levels indirectly by increasing oxidative stress. In addition, excess subcutaneous
fat in the trunk is associated with central obesity, a major sign of metabolic syndrome and a
significant factor in hyperuricemia and gout. Subcutaneous fat accumulation in the trunk area
towards central obesity occurs due to the interaction between hormonal regulation, metabolic
pathways, and environmental factors. Fat accumulation in the trunk is influenced by cortisol,
insulin, and sex hormones. Increased cortisol encourages fat accumulation in the abdominal area,
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while insulin resistance, often found in metabolic syndrome, results in more fat storage in the
abdominal area due to impaired lipid metabolism. In addition, changes in sex hormones, such as
decreased testosterone levels in men and estrogen in postmenopausal women, are associated with
fat redistribution in the body's trunk area, which worsens central obesity (Neeland et al., 2013).
Subcutaneous fat in the legs generally releases less pro-inflammatory cytokines, so it can be
considered a "safer" storage place. At the same time, excess fat in the arms is also associated with
systemic inflammation, especially in individuals with high total body fat. However, this contribution
is likely smaller than the fat in the trunk (Cuccio & Franzini, 2016; Hinojosa-Moscoso et al., 2023;
Zhang et al., 2022).

The relationship between visceral and subcutaneous fat with uric acid is essential, especially
in older adults who often experience metabolism and body composition changes. Uric acid is closely
related to visceral fat because releasing pro-inflammatory cytokines and free fatty acids into the
portal circulation will interfere with kidney function and disrupt the balance of uric acid, resulting
in decreased excretion capacity and increased production capacity. Subcutaneous fat, although it
has lower metabolic activity, still affects uric acid levels through systemic inflammation pathways.
Excess subcutaneous fat can worsen insulin resistance, reducing renal excretion of uric acid.
Although the impact is weaker than visceral fat, it contributes to the overall burden of adiposity-
related metabolic dysfunction (Tao et al.,, 2023). In older adults, age-related changes in fat
distribution will be associated with decreased kidney function, worsening the impact of visceral and
subcutaneous fat on uric acid metabolism. So, it is important to conduct interventions that focus
on reducing visceral and subcutaneous fat to manage hyperuricemia and prevent complications
such as gout and cardiovascular disease (Bertoli et al., 2016).

CONCLUSION

This study shows a significant relationship between the percentage of visceral fat and and uric acid
levels in the elderly group. Although subcutaneous fat has a weak correlation, individuals with
excess visceral fat show more subcutaneous fat. Thus, this study provides significant insight into
the fact that a proactive approach to reducing visceral and subcutaneous fat levels in older adults
will also reduce uric acid levels.

This study has several limitations. It used a cross-sectional design, so it cannot ascertain
whether fat causes an increase in uric acid or vice versa. In addition, it focused exclusively on the
elderly population in the exact location, so it does not reflect the diversity of the population, either
older people in general or the wider population. This study also did not consider other variables
affecting uric acid levels or the percentage of visceral and subcutaneous fat percentage.

Further research is highly recommended using a longitudinal study design to explore the
cause-and-effect relationship or an intervention study to evaluate the impact of interventions on
uric acid levels. In addition, it is important to conduct it in a more diverse and larger group to
increase statistical power and generalizability of findings.
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