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Abstract

Introduction: Despite gout being widely known as the disease of old age, recent studies showed the rising problem of hyperuricae-
mia in children and young adults. Our aim was to analyze the factors influencing tophi formation in gout patients younger than 45 
years old with major functional impairment of the joint.

Subjects and Methods: This study retrospectively analyzed medical records of 280 male patients between 18 and 80 years old (in-
cluding 108 patients aged below 45) who were admitted in 2019-2020 with complains for major functional impairment of the joints 
and/or massive joint transformation and diagnosed with gout. The frequency of renal and hepatic disorders, presence of hepatic 
steatosis was assessed as well as lipid profile.

Results: Younger patients with disabling tophaceous gout have significantly higher serum uric acid compared to those aged above 
60 and higher rate of hepatic steatosis, significantly higher triglycerides (2.62 ± 2.49 mmol/L compared to 1.75 ± 1.02) and higher 
total cholesterol. There was a trend for lower HDL cholesterol and higher LDL cholesterol (r = 0.116 and -0.119 respectively). Fre-
quency of hypertriglyceridemia in younger gout patients was 39.81%, which is significantly higher compared to patients older than 
60 (17.31%).

Conclusion: We found that young patients with tophaceous gout have significantly higher levels of hyperuricemia compared to 
patients older than 60. Rate of hepatic steatosis and dyslipidemia was also higher in younger patients, which may contribute to the 
development of metabolic syndrome and lead to tophi formation and major functional impairment of the joints in the very young age.
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Introduction

Inadequate purine metabolism resulting in hyperuricemia and 
gout may considerably lower the patients’ quality of life. In addi-
tion to that, gout is often combined with hypertension, obesity, 
resistance to insulin and other manifestations of a metabolic syn-
drome [1]. 

Risk factors for gout and hyperuricaemia include increasing age 
[2], alcohol consumption [3] and elevated body mass index (BMI) 

[4]. Despite the fact that gout is widely known as the disease of old-
er age, recent studies showed the rising problem of hyperuricae-
mia in children and young adults [5], pronounced hyperuricaemia 
in gout patients of younger generation [6]. 

Clinically hyperuricemia often co-exists with kidney and liver 
diseases, increasing the incidence of gout and aggravating the 
symptoms in gout patients. Ability of excessive uric acid (UA) to 
induce kidney stones, interstitial nephritis, acute or chronic renal 
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dysfunction leads to increase in the burden of kidney filtration in 
gout patients, aggravation of the clinical symptoms of gout [7,8]. 
Patients with gout or hyperuricemia were found to be in a higher 
risk of developing cardiovascular and liver diseases [9] and reduc-
ing the serum uric acid levels can effectively improve the effective-
ness of cardiovascular treatment [10]. 

Lipid profiles have been found to have a stronger association 
with serum UA in younger gout patients than other components of 
metabolic syndrome [11]. The role of single lipid species in promot-
ing hyperuricemia remains mostly unclear [12], with some recent 
studies showing conflicting data in different populations [13,14]. 
On the other hand, recent study by Ni Qing., et al. [15] conducted in 
2019 showed that higher BMI and high levels of LDL increase the 
risk of hyperuricemia.

However, studies focused on development of gout in patients 
younger than 45 years old are rare. A better understanding of the 
link between chronic inflammatory diseases such as gout and met-
abolic syndrome, renal and hepatic disorders in younger patients 
can provide valuable insights into their mechanisms and help the 
development of timely targeted interventions to reduce the risk of 
early disability and incapacity for working. 

Aim of the Study

Thus, our study aimed to analyze the factors influencing tophi 
formation in gout patients younger than 45 years old with major 
functional impairment of the joint and/or massive joint transfor-
mation.

Materials and Methods
This retrospective study analyzed medical records of 386 male 

patients between 18 and 80 years old (as of August 2020) were an-
alyzed for the purposes of current study. All patients were admitted 
to Chengdu Rheumatism Hospital in 2019 - 2020 and satisfied the 
preliminary criteria of gout. Patients were divided into 3 groups: 
aged below 45 (Group 1), aged from 45 to 59 (Group 2) and aged 
over 60 (Group 3). The study was approved by the Ethics Commit-
tee of Chengdu Rheumatism Hospital. Due to the retrospective na-
ture of this study there was no need for consent to participate.

After initial analysis subjects with diabetes mellitus and those 
who ceased smoking recently were excluded from the study. Re-
maining subjects were divided on the groups according to their age 
and groups were adjusted by mean BMI. The exclusion of diabetes 
mellitus was based on the reports that this condition affects the 
serum lipids independently, and recent smoking cessation was re-
ported to affect serum UA levels.

Data collection: In all patients, anthropometrical parameters were 
measured, including waist circumference, body height and weight, 
body mass index (BMI). In addition, blood pressure at systolic and 
diastolic phases, fasting serum glucose and creatinine were mea-
sured. Serum UA was measured on the first day and after the end of 
treatment by standard ELISA method. Presence of hepatic steatosis 
was assessed by B-ultrasonography, in some cases with additional 
MRI or liver biopsy. The diagnosis of renal dysfunction was based 
on serum creatinine and glomerular filtration rate; kidney stones 
was detected by X-ray and B-ultrasonography.

Lipid profile: Total cholesterol, HDL and LDL fractions, triglycer-
ides have been measured by standard ELISA method. Following 
standards of Chengdu Rheumatism Hospital based on the National 
guidelines were used for the definition of elevated (or lowered): 
triglycerides ≥ 2.3 mmol/L; total cholesterol ≥ 5.6 mmol/L; HDL ≤ 
0.9 mmol/L; LDL 0 - 4.11 mmol/L.

Statistical analysis

Baseline characteristics of participants were evaluated by de-
scriptive statistics and results were presented in the form of mean 
± standard deviation. Comparisons in the means of continuous 
variables with a normal distribution were performed by using Stu-
dent’s t-test. Comparisons in medians of continuous variables with 
a skewed distribution were performed by using a Wilcoxon rank-
sum test. All reported probability values (P-values) were based on 
two-sided tests and P value < 0.05 was considered statistically sig-
nificant. The risk factors and odds ratio (OR) for developing high 
LDL cholesterol, low HDL cholesterol and hypertriglyceridemia 
were evaluated. Statistical analysis was conducted using IBM IPSS 
statistics software (version 23, IBM Co., Armonk, NY, USA).

Results
Total of 280 patients with gout were included in this study. All 

patients were of male gender, more than one third younger than 45 
(38.57%, N = 108). It is important to note, that despite severe gout 
is considered mostly the disease of older generation, there was a 
reasonable amount of younger patients in our hospital with dis-
abling deformations of joints and big tophi, who benefited from the 
surgical treatment. 

Comparing to other two groups (45 - 60 and especially those 
over 60 years old) younger patients had a higher BMI before ad-
justment and significantly higher serum UA (p < 0.05). In most 
cases, complains upon admittance to the hospital for this group of 
patients were pain and discomfort in enlarged joints, inability to 
perform daily work. After accessing pain levels, 40.0% of younger 
patients reported pain leveled 6 or higher on VAS score, which was 

27

Severe Hyperuricemia, Hepatic Steatosis and Dyslipidemia in Younger Patients with Tophaceous Gout

Citation: Oshmianska Nataliia., et al. “Severe Hyperuricemia, Hepatic Steatosis and Dyslipidemia in Younger Patients with Tophaceous Gout". Acta  
Scientific Orthopaedics 4.6 (2021):  26-31.



more often, compared to patients aged 45 - 60 (26.66%) and older 
than 60 (23.07%). 

Smoking was more common in older patients (63.46% com-
pared to 52.88), but the number of heavy smokers who admitted 
to having this habit for more than 10 years was almost the same in 
every age group.

Almost half of all patients who were younger than 45 had been 
diagnosed with hepatic steatosis (44.44%), which was statistically 
more often compared to patients older than 60, even after adjust-
ment for BMI. Other general characteristics of study patients are 
described in table 1.

Levels of CRP before the treatment were elevated in almost all pa-
tients (median 21.07 (0.05, 219.42) mg/L), regardless of the age. 
Urate lowering therapy notably reduced the levels of CRP to 10.69 
(0.12, 115.47) mg/L in Group 1 and to 13.96 (0, 114) mg/L in Group 
2. In patients of Group 3 (older than 60) after treatment levels of 
CRP were higher, but due to the wide range of variations there was 
no statistical significance noted (median 26.89 (0, 230.11) mg/L; 
p > 0.05). 

After analyzing lipid profiles, it was found that triglycerides 
and total cholesterol were significantly higher in young gout pa-
tients (Table 2). There was a trend for lower HDL cholesterol and 
higher LDL cholesterol in younger patients (r = 0.116 and -0.119 
respectively). Frequency of hypertriglyceridemia in younger gout 
patients was 39.81%, which is significantly higher compared to pa-
tients older than 60 (17.31%).

Factor Group 1 
(Age ≤ 45), 

n = 108

Group 2 
(45 - 59), 
n = 120

Group 3 
(Age ≥ 60), 

n = 52
BMI, kg/m² 25.9 ± 3.79 25.42 ± 

3.42
24.12 ± 

3.02
Serum UA (before 

treatment), μmol/L
562.79 ± 

141
476.34 ± 
114.16

462.1 ± 
317.29

Serum UA (after 
treatment), μmol/L

341.66 ± 
93.2

308.1 ± 
102.07

102.5 ± 
100.32

Smoking 
status

Never 
smoked

47.22 50.0 36.54

Smoked < 
10 years

15.74 6.67 3.85

Smoked > 
10 years

29.63 40.0 34.62

Accompanying diseases and conditions (prevalence rate, 
%)

Hypertension 7.41 26.67 48.08
Hepatic steatosis 44.44 42.5 21.15
Hyperlipidemia 27.78 20.0 21.15

Hepatic dysfunction 20.37 15.0 9.61
Renal dysfunction 9.26 19.17 40.38

Kidney stones 26.85 33.33 23.08

 Table 1: General characteristics of gout patients  
depending on age.

BMI: Body Mass Index; UA: Uric Acid.

Routine laboratory tests were performed, including ESR and 
CRP, but the range of variation amongst the data was too wide.  

Factor Group 1 (Age 
≤ 45), n = 108

Group 2 
(45 - 59), n 

= 120

Group 3 
(Age ≥ 60), 

n = 52
Fasting blood 

glucose (g/dL)
5.32 ± 1.89 5.22 ± 1.29 5.36 ± 1.23

Triglyceride 
(mg/dL)

2.62 ± 2.49 2.42 ± 2.03 1.75 ± 1.02

Total cholesterol 
(mg/dL)

4.41 ± 1.25 4.19 ± 1.02 4.06 ± 0.95

HDL cholesterol 
(mg/dL)

0.97 ± 0.27 1.03 ± 0.3 1.05 ± 0.29

LDL cholesterol 
(mg/dL)

2.88 ± 0.78 2.65 ± 0.77 2.58 ± 0.83

 Table 2: Fasting glucose and lipid profile of gout patients  
depending on their age.

Discussion
Gout is often accompanied by impaired glucose metabolism, 

hypertension, hyperlipidemia and NAFLD. Our study aimed to ana-
lyze the factors influencing tophi formation in gout patients young-
er than 45 years old with major functional impairment of the joint 
and/or massive joint transformation.

To the best of our knowledge it is the first big study undertak-
en on the patients of the same hospital which shows wide gap in 
the frequency of NAFLD and hypertriglyceridemia between gout 
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patients of different generations. We found that younger patients 
with disabling tophaceous gout have significantly higher serum 
uric acid compared to those aged above 60 and higher rate of he-
patic steatosis, higher triglycerides (2.62 ± 2.49 mmol/L compared 
to 1.75 ± 1.02) and higher total cholesterol. There was a trend for 
lower HDL cholesterol and higher LDL cholesterol (r = 0.116 and 
-0.119 respectively). Frequency of hypertriglyceridemia in younger 
gout patients was 39.81%, which is significantly higher compared 
to patients older than 60 (17.31%).

Kuo., et al. [16] in the big cohort study of 39 111 patients with 
gout and 39 111 matched controls identified that risks for comor-
bidity with cardiovascular and liver diseases were higher in pa-
tients with gout (HR of 1.13 (1.08 to 1.18; p < 0.001). Kuwabara., 
et al. [17] in recent five-year cohort study showed that elevated 
serum UA increases the risk for developing high LDL cholesterol, 
as well as hypertriglyceridemia. It is well known that higher serum 
UA is associated with the worsening of metabolic profile and as-
sociated with higher BMI, blood pressure, fasting plasma glucose, 
fasting immunoreactive insulin, insulin resistance, hypertriglyceri-
demia and the number of other metabolic syndrome components 
[18].

In previous works we noted that frequency of metabolic syn-
drome and its components was lower in our patients, compared 
to other studies. But after including a bigger number of young pa-
tients with pronounced gout we found that frequency of hypertri-
glyceridemia and liver steatosis in gout patients younger than 45 
is significantly higher compared to patients older than 60, which 
should be taken into account for further works. For comparison, 
overall prevalence of NAFLD in Asia is 29.62%. The prevalence rate 
is lowest in Japan (22.28%), the highest in Indonesia (51.04%), and 
about 29.81% in mainland China [19]. It is known, that serum UA 
and metabolic syndrome is much more closely related in females 
than in males, with young females (≤ 44 years old) with hyperuri-
cemia had the highest risk [6]. 

Serum UA plays an important role in lipogenesis and regulation 
of cholesterol. For example, recent study by Kuwabara., et al. [17] 
showed that high levels of serum UA was an independent predictor 
for the development of high LDL-cholesterol and hypertriglyceri-
demia. In our study we also found consistent link between increase 
in serum UA, increase in triglycerides/ LDL and decrease in HDL as 

shown on figure 1 (r = 0.188 for triglycerides, -0.199 and 0.139 for 
LDL and HDL respectively).

Figure 1: LDL (green), HDL (red) and triglycerides (blue) in de-
pendence to serum uric acid increase, per every 100 μmol/L.

Both in our previous works and current study we noted the in-
verse correlation between age and serum UA (r = -0.354). Thus, 
younger patients with gout more often have higher levels of serum 
UA, which may be the key to the dyslipidemia. Could notably higher 
frequency of NAFLD (almost half of all gout patients with disabling 
tophi under 45) be simply explained by that? Or in some cases pre-
existing NAFLD and metabolic syndrome led to gout?

In physiological conditions UA is a strong reactive oxygen spe-
cies scavenger and antioxidant [20] and plays fundamental role 
in tissue healing, scavenging oxygen free radicals, and mobilizing 
progenitor endothelial cells. Additionally, UA attenuates nitric ox-
ide (NO) production by influencing the interaction between endo-
thelial NO synthase and calmodulin [21]. Under conditions of low 
pH and hypoxia elevated serum UA leads to excessive inflammation 
via NLRP3 pathway [21,22] and can promote the formation of su-
peroxide anion and NO by the NADH oxidase. The NLRP3 inflam-
masome drives the activation of caspase-1, leading to the produc-
tion of IL-1β, IL-18, and a type of cell death termed pyroptosis [22]. 

Important to note, that aside from UA the NLRP3 inflamma-
some has been shown to sense other metabolites such as palmitate 
and cholesterol crystals [22,23]. NLRP3 is activated by various en-
dogenous danger signals including those present in atherosclerotic 
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lesions, such as oxidized low-density lipoprotein and cholesterol 
crystals. Recent study by Chuansheng Guo., et al. [23] showed that 
NLRP3 inflammasome activation is integrated with the matura-
tion of cholesterol master transcription factor SREBP2, which is 
required for activation of the NLRP3 inflammasome both in vitro 
and in vivo. Enforced cholesterol biosynthetic signaling promoted 
NLPR3 inflammasome activation. Under hypoxic conditions UA 
adds to endothelial dysfunction by vascular insulin resistance as-
sociated with the impairment of NO synthesis [21] further fueling 
NLRP3 pathway.

All aforementioned data may partly explain the development of 
tophi and massive joint transformation in younger patients despite 
shorter duration of gout and shorter exposure to elevated UA. The 
pressing question is why younger gout patients in China have a 
higher incidence of NAFLD? Other studies already reported [1,5,6] 
that metabolic syndrome is “getting younger”, which means that its 
frequency is higher in younger generation following the higher BMI 
and different eating habits. In our study we also noted that dietary 
preferences reported by patients belonging to different genera-
tions sometimes were absolutely different, including the number of 
meals per day, calorage, amount of drinking water, etc. Conversely, 
2019 study by Pascart., et al. [24] points out that gout with early 
onset might be primary, with following development of metabolic 
disorders. In any case, further studies are needed including wider 
assessment of NLRP3 mutations in gout.

Limitation of the Study

Our study had some limitations. Due to retrospective nature se-
lection bias may exist, but all patients were observed by the same 
team of experienced rheumatologists. By design and other specifics 
we included only male patients of Chinese han origin, which may 
limit the results only to one sex and nationality. Another impor-
tant thing is that patients belonging to different generations have 
understandable differences in the education level, life style and es-
pecially dietary preferences. It is without a doubt that the number 
and variety of patients in the study needs to be bigger for more 
precise data as to the association between age, tophi formation, hy-
peruricemia and metabolic syndrome.

Conclusion

In conclusion, we found that young patients with tophaceous 
gout have significantly higher levels of hyperuricemia compared to 

patients older than 60. Rate of hepatic steatosis and dyslipidemia 
was also higher in younger patients, which may contribute to the 
development of metabolic syndrome and lead to tophi formation 
and major functional impairment of the joints in the very young 
age.

Supplement 1

Risk factors for developing a) high LDL cholesterol, b) low HDL 
cholesterol, and c) hypertriglyceridemia over 5 years.

a) High LDL cholesterol
OR 95%C.I. p

Age < 45 vs > 60 1.47 1.09 - 4.64 0.642
BMI < 25 vs > 25 0.44 0.15 - 1.31 0.13

Smoking Smokers vs non-
smokers

0.52 0.17 - 1.56 0.23

Drinking 
water

> 2 L/day vs > 2 
L/day

0.61 0.21 - 1.77 0.36

Baseline 
serum uric 

acid

Per 100 μmol/L 
increase

1.09 0.187 - 1.321 0.14

b) Low HDL cholesterol
Age < 45 vs > 60 2.84 0.985 - 1.164 0.17
BMI < 25 vs > 25 0.62 0.831 - 1.013 < 0.05

Smoking Smokers vs non-
smokers

1.62 0.970 - 2.707 0.065

Drinking 
water

> 2 L/day vs > 2 
L/day

1.05 0.647 - 1.706 0.84

Baseline 
serum uric 

acid

Per 100 μmol/L 
increase

0.76 0.104 - 1.725 0.48

c) Hypertriglyceridemia
Age < 45 vs > 60 3.16 1.399 - 7.142 0.004
BMI < 25 vs > 25 0.79 0.476 - 1.299 0.347

Smoking smokers vs non-
smokers

1.29 0.770 - 2.190 0.328

Drinking 
water

> 2 L/day vs > 2 
L/day

0.95 0.575 - 1.556 0.836

Baseline 
serum uric 

acid

Per 100 μmol/L 
increase

0.71 0.935 - 2.101 0.503
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