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1 | INTRODUCTION
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Abstract

Backgrounds: Few studies have reported the prevalence and characteristics of
hypouricemia in the emergency department (ED). We investigated the prevalence
and characteristics of hypouricemia in the ED of a university-affiliated hospital in
Japan.

Methods: This is a retrospective cross-sectional single-center study. All adult
patients (18 years old or older) who had their serum uric acid (SUA) measured at the
ED between 2011 and 2021 were included. Information collected included age, sex,
SUA, and serum creatinine. Hypouricemia was defined as an SUA level £2.0 mg/dL.
Results: A total of 10,551 patients were included in the study. Fifty-one percent
were male. The median SUA levels were significantly higher in men than in women
(6.0 [4.8-7.4] vs. 4.7 [3.7-6.1], p<0.001). The prevalence of hypouricemia was
higher in women than in men (2.0% vs. 0.9%, p <0.001). A possible cause of
hypouricemia was identified in 88 patients. Malignancy and diabetes were the major
possible cause of hypouricemia (p < 0.001).

Conclusion: The distribution of SUA levels and prevalence of hypouricemia differed
significantly by sex and age in the ED. Malignancy was the leading cause of

hypouricemia in the ED.
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understood. Apical urate transporter 1 (URAT1) and basolateral glucose
transport like protein 9 (GLUT9) are two representative renal urate

Hypouricemia is defined as a serum uric acid (SUA) concentration of
£2.0mg/dLY? Seventy percent to eighty percent of the daily urate
excretion is excreted by the kidneys, with the remainder being excreted
by secretion from the intestines.> Hypouricemia may result from
decreased uric acid production, decreased renal tubular reabsorption
due to hereditary or acquired disease, or uric acid oxidation due to
treatment with uricase.* Hypouricemia has received more attention in

recent years as the role of urate transporters has become better

transporters.>® URAT1 functions as the primary urate/anion exchanger
responsible for luminal urate reabsorption. On the other hand, GLUT9
functions as the major mechanism for basolateral reabsorption into the
blood.” Renal hypouricemia is classified as type 1 when caused by
abnormalities in the URAT1 gene and type 2 when caused by
abnormalities in the GLUT9 gene®

Several studies have reported the prevalence and characteristics

of hypouricemia in outpatient and inpatient settings. Most of these
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studies are small, and only a few studies have reported the
prevalence of hypouricemia in more than 10,000 patients. The
prevalence of hypouricemia is so small that studies with large sample
sizes are needed to examine it thoroughly. The prevalence of
hypouricemia from major studies varies from 0.19% to 4.14%, and
the prevalence of hypouricemia is higher in hospitalized patients than
in outpatients.

Hypouricemia has been reported mostly in outpatient, inpatient,
and health checkup settings, and to the best of our knowledge, few
studies have reported the prevalence of hypouricemia in the
emergency department (ED). Therefore, in this study, we aimed to
investigate the prevalence and characteristics of hypouricemia in the
ED in Japan.

2 | MATERIALS AND METHODS

All adult patients (18 years old or older) who had their SUA measured on
arrival to our ED between 2011 and 2021 were included in this study
(Figure 1). For patients who visited the ED more than once and had SUA
levels measured more than once, the value from the first visit was used.
Hypouricemia was defined as an SUA level £2.0 mg/dL as in previous
studies. Information collected included age, sex, SUA, and serum
creatinine. Diseases and conditions that may cause hypouricemia were
extracted from the electronic medical records. The estimated glomerular
filtration rate (eGFR) of each participant was calculated using the
following formula: eGFR (mL/min/1.73m?) =194 x serum creati-

nine %4 x age 0287 x 0.739 (if female).”

2.1 | Statistical analyses

Continuous variables were expressed as median (first quartile to third

quartile), and categorical variables were expressed as percentages.

Patients with UA
measured in the ED

(n=17801)

Continuous variables were analyzed using the Mann-Whitney U test.
Categorical variables were analyzed using the x? test. A p-value of
<0.05 was considered statistically significant. Data analysis was
performed using SPSS, Version 21.0 (IBM Corp.).

3 | RESULTS

3.1 | Characteristics

From 2011 to 2021, a total of 10,551 adult patients had their SUA
measured at our ED. The key characteristics of the patients are
summarized (Table 1). The median age of all patients was 71 (52-80)
years, 51% were male, and the median SUA level was 5.4 (4.2-6.9)
mg/dL. The median SUA levels were significantly higher in men than
in women (6.0 [4.8-7.4] vs. 4.7 [3.7-6.1], p < 0.001). The median age
was 73 (50-81) years for hypouricemic patients and 71 (52-80) years
for non-hypouricemic patients (p =0.79). The median eGFR was 91
(65-125) mL/min/1.73 m? for hypouricemic patients and 66 (44-87)
mL/min/1.73m? for non-hypouricemic patients (p <0.001). The
median SUA was 1.7 (1.3-1.9) mg/dL for hypouricemic patients
and 5.4 (4.2-6.9) mg/dL for non-hypouricemic patients (p < 0.001).
The distribution of patients by SUA level is shown (Figure 2).

3.2 | Prevalence and distribution of patients with
hypouricemia

The prevalence (number) of hypouricemia among all patients was
1.4% (152).

The prevalence of hypouricemia in men was 0.9% (50) and that in
women was 2.0% (102) (p < 0.001). The distribution of hypouricemic
patients by SUA levels and age in men and women are shown
(Figure 3A-D).

\ 4

* Under 18 years old (n=4260)
* Cr missing (n=5)

* Two or more emergency room visits (n=2985)

A 4

Available for Analysis
(n=10551)

FIGURE 1 Flow chart of the selection of patients. EA, emergency department; UA, uric acid.
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TABLE 1 Characteristics of patients.

All
N 10,551
Age (years) 71 (52-80)
Male (%) 51
Serum creatinine (mg/dL) 0.8 (0.6-1.2)
eGFR (mL/min/1.73 m?) 66 (44-87)
Serum uric acid (mg/dL) 5.4 (4.2-6.9)

Abbreviation: eGFR, estimated glomerular filtration rate.
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FIGURE 2 Distribution of patients by SUA level. SUA, serum
uric acid.

3.3 | Characteristics of patients with hypouricemia
Among the 152 subjects with hypouricemia, 50 (33%) were male
(Table 2). The median age was 76 (63-82) years for men and 71
(40-80) years for women, respectively (p =0.13). The median eGFR
was 86 (20-119) for men and 95 (72-128) for women (p = 0.03).

3.4 | Possible causes of hypouricemia

Possible causes of hypouricemia were identified in 88 patients
(Table 3). Malignancy (n=29), diabetes (n = 26), intracranial disease
(n=15), drug (n = 14), and pregnancy (n = 14) were the major possible
cause of hypouricemia. The most common malignancies were
colorectal cancer (n=3), breast cancer (n=3), multiple myeloma
(n = 3), cholangiocarcinoma (n = 3), pancreatic cancer (n = 2), and renal
cancer (n=2). Two of the diabetic patients had type 1 diabetes and
the rest had type 2 diabetes. The most frequent intracranial diseases
were cerebral infarction (n = 5), subarachnoid hemorrhage (n = 4), and

subdural hematoma (n = 4). The most frequent drugs were febuxostat

Open Access

Hypouricemic Non-hypouricemic p

152 10,399

73 (50-81) 71 (52-80) 0.79
33 52 <0.001
0.6 (0.4-0.8) 0.8 (0.6-1.2) <0.001
91 (65-125) 66 (44-87) <0.001
1.7 (1.3-1.9) 5.4 (4.2-6.9) <0.001

(n = 8), allopurinol (n = 3), losartan (n = 2), and irbesartan (n = 1). Eight

of the pregnant patients had an imminent preterm delivery.

4 | DISCUSSION

The prevalence of hypouricemia has been reported in a variety of
settings, including inpatient, outpatient, and health checkups, but to
the best of our knowledge, few studies have reported the prevalence
and characteristics of hypouricemia in the ED. The prevalence of
hypouricemia in major studies varies from 0.19% to 4.14%°
(Table 4). The prevalence of hypouricemia was 1.4% in our study.

The subjects of this study were patients who visited the ED. The
prevalence of hypouricemia is higher in hospitalized patients than in
outpatients.’® This is likely because the number of medications or
diseases that might trigger hypouricemia is greater in the inpatient.!!
The prevalence of hypouricemia in the ED can be somewhere
between outpatient and inpatient.

In contrast to hyperuricemia, which is more common in men,
hypouricemia is known to be more common in women. In our study,
the prevalence of hypouricemia was about twice as high in women,
which is similar to that reported previously. The prevalence of
hypouricemia differs between areas in Japan.? The proposed
possibilities include regional differences in the prevalence of the
G774A mutation of the SLC22A12 gene responsible for hypour-
icemic Japanese and different ratios of men to women in the studied
population.?*? Further study is needed to clarify whether there is
also a regional difference in hypouricemia in the ED.

In this study, the median SUA was 5.4 mg/dL. This result is higher
compared to the previous studies. This might be related to the older
age of the patients in our study. Also, as our subjects are patients
who visited the ED, this might be associated with the acute disease
that could raise the SUA levels. Furthermore, our study was
exclusively Japanese, and our result likely differs from the reported
mean SUA level of 6.0 mg/dL in Black men, 5.8 mg/dL in White men,
4.9 mg/dL in Black women, and 4.4 mg/dL in White women.*®

In our study, the prevalence of hypouricemia was highest among
men and women in their 70s, respectively. In women, there was also
a peak prevalence of hypouricemia in their 30s. The biphasic peak in
prevalence in women, which is similar to our results, has been
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FIGURE 3
age in women. SUA, serum uric acid.

TABLE 2 Characteristics of patients with hypouricemia.
All
N 152
Age (years) 73 (50-81)
Serum creatinine (mg/dL) 0.6 (0.4-0.8)
eGFR (mL/min/1.73 m?) 91 (65-125)
Serum uric acid (mg/dL) 1.7 (1.3-1.9)

Abbreviation: eGFR, estimated glomerular filtration rate.

reported.’* The peak frequency of hypouricemia seen in women in
their 30s was due to pregnancy. SUA levels are known to decrease
during pregnancy.®®

There was a peak in the number of patients with hypouricemia at
1.9 mg/dL in men and at 1.8 mg/dL in women. This is similar to
previous studies reporting peaks at 1.6 and 2.0 mg/dL, respectively.?
On the other hand, prior studies have reported that hypouricemia
also peaks around 0.6-0.8 mg/dL, but we did not observe this finding
in our study.?'® The number of patients with hypouricemia was
smaller than in previous studies, which may explain why the peak was
not observed at SUA levels below 1.0 mg/dL.

Uric acid excretion due to medical diseases or drugs can result in
hypouricemia. In this study, malignancy was the leading etiology of
hypouricemia, followed by diabetes mellitus, which was similar to
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(A) Distribution of SUA levels in men. (B) Distribution of SUA levels in women. (C) Distribution of age in men. (D) Distribution of

Male Female p

50 (33%) 102 (67%) <0.001
76 (63-82) 71 (40-80) 0.13
0.7 (0.6-2.5) 0.5 (0.4-0.7) <0.001
86 (20-119) 95 (72-128) 0.03
1.6 (1.3-1.9) 1.7 (1.3-1.9) 0.40

previous studies.’® It is well known that malignancy, diabetes
mellitus, and drugs can cause hypouricemia.'”*® Among the 152
subjects with hypouricemia in our study, 64 cases were of an
unknown cause.

Malignancy, diabetes, pregnancy, intracranial disease, and SIADH
have been reported to cause hypouricemia by increasing uric acid
excretion.’® 2% Drugs such as febuxostat and allopurinol cause
hypouricemia by decreasing uric acid production, while losartan and
irbesartan cause hypouricemia by increasing uric acid excretion.?

Many reports on the association between uric acid and renal
function have focused on the association between hyperuricemia and
renal function. Many studies have reported that hyperuricemia is an
independent risk factor for the development and progression of
CKD.?>~27 On the other hand, only a few studies have reported an
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association between hypouricemia and CKD.%?® Uric acid is the
major antioxidant in human plasma and is associated with oxidative
stress.?? Further studies are needed to clarify the effect of severe

hypouricemia on renal function in the ED.

TABLE 3 Possible cause of hypouricemia.
N =88
Malignancy?® 29 (33%)
Colorectal cancer 3
Breast cancer 3
Multiple myeloma 3
Cholangiocarcinoma 3
Pancreatic cancer 2
Renal cancer 2
Diabetes® 26 (30%)
Type 1 diabetes 2
Type 2 diabetes 24
Intracranial disease 15 (17%)
Cerebral infarction 5
Subarachnoid hemorrhage 4
Subdural hematoma 4
Drug 14 (16%)
Febuxostat 8
Allopurinol 3
Losartan 2
Irbesartan 1
Pregnancy 14 (16%)
Imminent preterm delivery 8
SIADH 5 (5%)

Note: Some patients had more than one cause.

Abbreviation: SIADH, syndrome of inappropriate secretion of antidiuretic
hormone.

“p <0.001.

TABLE 4 The prevalence of hypouricemia in major studies.

Open Access

This study is not without its limitations. First, this is a single-center
study, and the patients enrolled are subject to possible selection bias.
Second, SUA levels were assessed only once, and it was not possible to
verify whether hypouricemia was transient or persistent. Third, urinary
excretion of uric acid was not measured. It is not known whether
hypouricemia is caused by a decrease in uric acid production or an
increase in urinary excretion. Fourth, it was not possible to assess the
association between the patient's general condition or disease severity
and SUA levels. Fifth, the information in the medical record at the time
of the emergency room visit is not always complete, and omissions in
the medical history can be expected. Therefore, it is not possible to rule
out all diseases causing hypouricemia.

In conclusion, the distribution of SUA levels and prevalence of
hypouricemia differed significantly by sex and age in the ED. The
prevalence of hypouricemia was approximately two times higher in
women than in men. Malignancy was the leading etiology of

hypouricemia in the ED.
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