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Uric acid (UA) is a major antioxidant molecule in the human blood, and it has been linked with cell longevity. However, it is unclear
whether serum UA levels are associated with red blood cell (RBC) indexes. This cross-sectional study included 10,759 Chinese
subjects, recruited from the Shanghai Xuhui Central Hospital from January 2014 to December 2017. The participants were
categorized into gender groups and then further divided into three different subgroups according to their UA reference range as
follows: low (male (UA < 0 202 mmol/l), female (UA < 0 143 mmol/l)), normal (male (0.417mmol/l > UA ≥ 0 202 mmol/l),
female (0.339mmol/l > UA ≥ 0 143 mmol/l)), and high (male (UA ≥ 0 417 mmol/l), female (UA ≥ 0 339 mmol/l)). The
associations of UA levels with RBC parameters were analyzed using 1-way ANOVA, Pearson correlations, and multivariate
linear regression. The levels of mean corpuscular hemoglobin, mean corpuscular hemoglobin concentration, RBCs, and
hemoglobin were lowest in the low UA group, followed by the normal UA group and high UA group (p < 0 001). Pearson
analysis showed that there was a statistically significant correlation between UA levels with mean corpuscular hemoglobin, mean
corpuscular hemoglobin concentrations, mean corpuscular volumes, RBC counts, and hemoglobin (p < 0 05). Multiple linear
regression analysis suggested that there were statistically significant positive correlations between UA levels and RBC counts
(B = 0 245, p < 0 001, 95% CI = 0 003 to 0.092), as well as UA levels and hemoglobin concentrations (B = 0 138, p < 0 001, 95%
CI = 0 002 to 0.082). Furthermore, similar results were observed in both the male and female subgroups. The serum UA levels
may be independently associated with RBC parameters, regardless of sex, and UAmay protect RBCs owing to its antioxidant effect.

1. Introduction

Uric acid (UA) oxidase, an enzyme that converts UA to 5-
hydroxy isourate and H2O2, was lost in hominoids during
primate evolution. This loss of UA oxidase may have evo-
lutionary advantages [1, 2], as the average level of serum
UA in human is 5- to over 20-fold higher than in most
other mammals [1]. UA, a naturally occurring product of
purine metabolism, is a major water-soluble antioxidant
molecule in human plasma with metal-chelating proper-
ties, and it has the ability to scavenge nitrogen radicals
and superoxide in plasma, which helps block the genera-
tion of the strong oxidant peroxynitrite [3–5]. The level
of serum UA has been shown to have a significant positive

correlation with total antioxidant potential in the blood
(p < 0 05) [6–9].

There has been increasing experimental and clinical evi-
dence suggesting that higher plasma UA levels may protect
humans from cancer, multiple sclerosis, central nervous
system diseases, glaucoma, and other life-shortening disor-
ders [10–16]. For example, Whiteman et al. [17] have
shown that treatment with UA inhibits the onset of clinical
disease in an acute aggressive form of allergic encephalo-
myelitis in mice. Moreover, recent evidence from an
in vitro study has shown an intrinsic variability in plasma
UA levels that might be related to the interdonor variability
observed in the storage capacity of red blood cells (RBCs),
and this has led to the proposal of a model for the
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antioxidant effect of UA during RBC storage [18]. There
was also a negative correlation between the levels of heme
degradation products and RBC deformability, establishing
the contribution of RBC oxidative stress to impaired
deformability and cellular stiffness [19].

RBCs play an important role in the transport of oxygen
from the lungs to other tissues. There is growing evidence
to suggest that oxidative stress plays a significant role in
damaging the RBC membrane and impairing its deformabil-
ity [18–20]. During blood circulation, RBCs are particularly
susceptible to oxidative stress, as they are continuously
exposed to high oxygen levels, both endogenously and exog-
enously. The influence of unneutralized reactive oxygen spe-
cies (ROS) on RBCs was damage the RBC membrane,
impairing the flow of RBCs through microcirculation and
the delivery of oxygen to tissue [21, 22].

Although UA has been shown to play a role in RBC stor-
age in vitro as an endogenous antioxidant, to our knowledge,

the relationship between UA levels and RBCs in human health
has not been studied previously. It can be hypothesized that
low levels of UA are associated with increased oxidative stress
and inflammation, and UA may provide protection for RBCs
through its antioxidant properties. Thus, we performed this
large-sample cross-sectional study to assess the association
between serum UA levels and RBC indexes.

2. Materials and Methods

2.1. Subjects. The study was approved by the Ethics Commit-
tee of the Shanghai Xuhui Central Hospital (2018025),
Shanghai, China, and was conducted according to the Decla-
ration of Helsinki. Subjects were recruited from participants
in yearly health screenings of the Shanghai Xuhui Central
Hospital from January 2014 to December 2017 according to
the inclusion criteria listed below.

Medical examinations were performed by respective phy-
sicians for all subjects at the Shanghai Xuhui Central Hospital.
Those on treatment with agents affecting laboratory parame-
ters, including patients with hematological disorders and
chemotherapy treatment, were excluded. Subjects had no dia-
betes, hypertension, anemia, hematological system diseases,
active infections, or major systemic diseases (autoimmune dis-
eases and cancer) that could affect the levels of erythrocyte
parameters. Children (age < 14) were also excluded. Based
on these criteria, 7791 subjects were excluded from the study.
In addition, 488 subjects were excluded because of missing
information. As part of the standard of care at the Shanghai
Xuhui Central Hospital, peripheral blood samples were rou-
tinely collected and tested for UA levels and complete blood
counts. Clinical and demographic information were obtained
from the medical data platform of the hospital.

2.2. Laboratory Analysis. Complete blood counts that
included mean corpuscular hemoglobin (MCH), mean cor-
puscular hemoglobin concentration (MCHC), mean corpus-
cular volume (MCV), red blood cell distribution width
(RDW), RBCs, and hemoglobin were measured with the
Mindray BC-5500 (Shenzhen, China) automatic blood count-
ing system. The blood samples (2ml) were collected in ethyl-
enediaminetetraacetic acid (EDTA) tubes. RBC parameters
were measured within 0.5 hours after blood collection. Then,
another 4ml blood sample, which was obtained in the morn-
ing after the subjects had fasted for 8 hours, was used for UA
and creatinine (Cr) measurements. Serum levels of UA and Cr
were measured within 3 hours after blood collection by enzy-
matic colorimetry using a commercially available kit (Roche
Diagnostics GmbH, Mannheim, Germany). Internal controls
were analyzed daily over the 3-year period, with typical
monthly CVs of 2%–7% and no significant changes in mea-
sured values.

2.3. Subgroup Analysis. The reference range of UA was
0.2023-0.4165mmol/l for males and 0.1428-0.3392mmol/l
for females. Therefore, the subjects were categorized into
gender subgroups. According to the level of serum UA,
the male subjects were divided into 3 subgroups (low
UA group (UA < 0 202 mmol/l), normal UA group

Table 1: Clinical characteristics of the study participants.

Mean ± SD Range
Reference
interval

No. of subjects 10,759 — —

Age (years) 50 17 ± 16 22 14-89

Gender
(male/female)

6368/4391 — —

BMI (kg/m2) 22 53 ± 3 10 16.51-
31.30

MCH (pg) 30 32 ± 1 61 19.0-48.1 27.0-33.0

MCHC (g/l) 334 17 ± 11 65 284-521 320-360

MCV (fl) 90 76 ± 4 35 60.1-120.7 80.0-100.0

RDW (%) 12 89 ± 0 74 10.50-
20.70

9.0-17.0

RBC (1012/l) 4 51 ± 0 47 2.83-6.77 —

Male 4 69 ± 0 46 2.83-6.77 4-5.5

Female 4 24 ± 0 34 2.83-6.16 3.5-5.0

Hemoglobin (g/l) 136 41 ± 14 15 93-216 —

Male 143 14 ± 12 86 93-216 120-160

Female 126 66 ± 9 42 101.0-
163.0

110-150

Cr (mmol/l) 72 83 ± 25 96 9-948

Male 80 84 ± 29 33 24-948 53-115

Female 61 23 ± 13 26 9-258 50-110

UA (mmol/l) 0 306 ± 0 090 0.05-0.94

Male 0 338 ± 0 089 0.05-0.94 0.202-0.417

Female 0 260 ± 0 069 0.05-0.64 0.143-0.339

UA/Cr ratio 4 33 ± 1 28 0.36-38.89 —

Male 4 32 ± 1 21 0.36-10.42 —

Female 4 36 ± 1 36 0.78-38.89 —

RDW: red blood cell distribution width; MCH: mean corpuscular
hemoglobin; MCHC: mean corpuscular hemoglobin concentration; MCV:
mean corpuscular volume; RBC: red blood cell count; Cr: creatinine; UA:
uric acid; BMI: body mass index.
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(0.417mmol/l ≥UA ≥ 0 202 mmol/l), and high UA group
(UA > 0 417 mmol/l)). The female subjects were also
divided into 3 subgroups (low UA group (UA < 0 143
mmol/l), normal UA group (0.339mmol/l > UA ≥ 0 143
mmol/l), and high UA group (UA > 0 339 mmol/l)).

2.4. Statistical Analysis. The data were analyzed using
SPSS13.0 (SPSS Inc., Chicago, IL) and GraphPad Prism 6
software (La Jolla, CA). The results are presented as the
mean ± standard deviation (SD). The UA/Cr ratio is reported
as UA ∗ 1000/Cr. Normality was assessed with the
Kolmogorov-Smirnov test. The chi-square tests were used
to compare the categorical variables among the three groups.
The one-way ANOVA test was used to compare the contin-
uous variables among the three groups. The associations
between UA levels and RBC parameters were analyzed using
Pearson correlation analysis. After simple linear correlation
analysis, multivariate linear regression analysis was
performed to confirm RBC parameters that were associated
with UA levels and UA/Cr ratios. A two-sided p < 0 05 was
considered statistically significant.

3. Results

3.1. Characteristics of the Study Subjects. A total of 10,759
subjects (6368 males, 4391 females) were studied accord-
ing to the inclusion criteria. Subjects’ average age was
50 17 ± 16 22 (range, 14–89) years. The general and clini-
cal characteristics of the study participants are presented
in Table 1.

3.2. Comparison of RBC Parameters Stratified according to
the Level of UA. Based on the level of UA, the subjects were
categorized into three subgroups: 494 subjects were classi-
fied as low UA, 8615 as normal UA, and 1650 as high
UA group. A comparison of the RBC parameters in the

subjects is shown in Table 2 and Figure 1. The mean levels
of MCHC, RBCs, and hemoglobin were the lowest in the
low UA group, followed by the normal UA group and the
high UA group (p < 0 001). Similar results were also
observed in the male subgroup (Table 3, Figure 2). The
mean level of MCH was higher in the low UA group com-
pared to both normal and high UA groups. Regarding the
male subjects, MCH levels showed no statistically signifi-
cant variation between the three groups (p = 0 815)
(Figure 2 and Table 3). However, in the female subgroup,
this was true only of RBC and hemoglobin levels, which
were the lowest in the low UA group, followed by the nor-
mal UA group and the high UA group (p < 0 001); how-
ever, no correlation was found between RBC levels and
MCH or MCHC levels (Table 3, Figure 3).

3.3. Pearson Analysis of the Association between Serum UA
Levels and RBC Parameters. Pearson analyses were per-
formed to identify the associations between serum UA levels
and the UA/Cr ratio with RBC parameters. UA levels signif-
icantly correlated with MCH, MCHC, MCV, RBC, and
hemoglobin levels (p < 0 05). Furthermore, similar results
were also found between the UA/Cr ratio and RBC parame-
ters. The specific analysis results are shown in Figure 4 and
Supplementary Table 1. The association of serum UA
levels and the UA/Cr ratio with RBC parameters was also
analyzed in the male and female subgroups (Figures 5 and
6, Supplementary Tables 2 and 3).

3.4. Multiple Linear Regression Analysis of Serum UA Levels
and RBC Parameters. Multiple linear regressions were used
to confirm the association between UA levels with RBC
parameters (Table 4). After adjustment for age, gender,
and body mass index, a statistically significant positive cor-
relation between UA levels and RBC counts was observed
(B = 0 245, p < 0 001, 95% CI = 0 003 to 0.092), as well as

Table 2: Comparison of red blood cell parameters in study participants, stratified according to the level of UA.

Low UA (n = 494) Normal UA (n = 8615) High UA (n = 1650) F value p value

Age (years) 52 69 ± 14 55 49 95 ± 15 98 50 54 ± 17 80 7.201 <0.001a,b

BMI (kg/m2) 22 40 ± 3 08 22 54 ± 3 10 22 52 ± 3 06 0.458 0.632

MCH (pg) 30 49 ± 1 78 30 30 ± 1 59 30 33 ± 1 70 3.199 0.041a,b

MCHC (g/l) 333 59 ± 11 77 333 89 ± 11 46 335 78 ± 12 43 18.965 <0.001b,c

MCV (fl) 91 45 ± 4 78 90 80 ± 4 29 90 35 ± 4 52 13.665 <0.001a,b,c

RDW (%) 12 95 ± 0 83 12 88 ± 0 73 12 94 ± 0 75 5.168 <0.001c

RBC (1012/l) 4 29 ± 0 50 4 49 ± 0 46 4 63 ± 0 47 114.456 <0.001a,b,c

Hemoglobin (g/l) 130 76 ± 14 72 136 02 ± 13 95 140 15 ± 14 02 102.371 <0.001a,b,c

UA (mmol/l) 0 157 ± 0 035 0 288 ± 0 062 0 446 ± 0 070 6004.230 <0.001a,b,c

Cr (mmol/l) 69 59 ± 16 00 70 99 ± 19 93 78 25 ± 35 64 206.204 <0.001b,c

UA/Cr ratio 2 45 ± 0 64 4 19 ± 0 10 5 68 ± 1 52 2106.472 <0.001a,b,c

RDW: red blood cell distribution width; MCH: mean corpuscular hemoglobin; MCHC: mean corpuscular hemoglobin concentration; MCV: mean corpuscular
volume; RBC: red blood cell count; Cr: creatinine; UA: uric acid; BMI: body mass index. Low UA: male (UA < 0 202 mmol/l), female (UA< 0 143 mmol/l);
normal UA: male (0 417 > UA ≥ 0 202 mmol/l), female (0 339 > UA ≥ 0 143 mmol/l); high UA: male (UA ≥ 0 417 mmol/l), female (UA ≥ 0 339 mmol/l).
ap < 0 05 for the difference between low and normal (1-way ANOVA with the LSD post hoc test). bp < 0 05 for the difference between low and high (1-way
ANOVA with the LSD post hoc test). cp < 0 05 for the difference between normal and high (1-way ANOVA with the LSD post hoc test).
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Figure 1: Comparison of RBC parameters in subjects, stratified according to the level of UA. Top of the box plot represents the mean and the
bar of each box represents the standard deviation. RDW: red blood cell distribution width; MCH: mean corpuscular hemoglobin; MCHC:
mean corpuscular hemoglobin concentration; MCV: mean corpuscular volume; RBC: red blood cell count; UA: uric acid.
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UA levels and hemoglobin levels (B = 0 138, p < 0 001, 95%
CI = 0 002 to 0.082), the UA/Cr ratio and RBC counts
(B = 0 089, p < 0 001, 95% CI = 0 136 to 0.350), and the
UA/Cr ratio and hemoglobin levels (B = 0 085, p < 0 001,
95% CI = 0 004 to 0.011). Furthermore, similar results were
also observed in both the male and female subgroups
(Table 5).

4. Discussion

RBCs are the most abundant cell type in the human blood;
these cells contain UA but lack DNA, organelles, and
protein-synthesizing machinery. Although UA contributes
significantly to the radical-scavenging antioxidant capacity
of plasma, the function of UA for RBCs is unclear. Several
parameters were measured to see if UA could mitigate oxi-
dative stress injury. The present study investigated the rela-
tionship between serum UA levels and RBC parameters in
the blood obtained from patients. In this large-sample

cross-sectional study, the level of UA was significantly asso-
ciated with MCH, MCHC, MCV, RBC, and hemoglobin
levels in simple linear correlation analysis. Furthermore,
multivariate linear regression analyses confirmed that there
were significant positive correlations between hemoglobin
and UA levels as well as RBC counts and UA levels, after
adjustment for potentially confounding variables. Inevita-
bly, the serum concentrations of UA will be influenced by
renal function, and we therefore used the UA/Cr ratio to
reduce any possible interference in the interpretation of
results caused by differences in renal function. Further-
more, similar results were observed in both male and
female subgroups.

Pearson analysis was used to demonstrate that serum
levels of UA are negatively correlated with MCV in both the
male and female study groups. MCV is a common item
included in the complete blood cell count examination pack-
age without any transformation and reflects the average vol-
ume of circulatory red blood cells. Recently, several studies

Table 3: Comparison of red blood cell parameters in male and female subjects, stratified according to the level of UA.

Low UA Normal UA High UA F value p value

Male n = 374 n = 4879 n = 1115
Age (years) 54 56 ± 14 06 50 55 ± 16 12 47 70 ± 17 45 27.711 <0.001a,b,c

BMI (kg/m2) 22 36 ± 3 15 22 49 ± 3 11 22 55 ± 3 05 0.536 0.585

MCH (pg) 30 65 ± 1 84 30 59 ± 1 57 30 60 ± 1 65 0.204 0.815

MCHC (g/l) 334 32 ± 11 84 336 05 ± 11 53 337 88 ± 11 44 17.101 <0.001a,b,c

MCV (fl) 91 72 ± 4 98 91 09 ± 4 44 90 61 ± 4 73 9.523 <0.001a,b,c

RDW (%) 12 93 ± 0 81 12 86 ± 0 70 12 90 ± 0 71 2.998 0.049a

RBC (1012/l) 4 35 ± 0 54 4 69 ± 0 44 4 78 ± 0 45 129.763 <0.001a,b,c

Hemoglobin (g/l) 133 13 ± 15 26 143 30 ± 12 46 145 81 ± 12 11 143.954 <0.001a,b,c

UA (mmol/l) 0 169 ± 0 031 0 320 ± 0 052 0 474 ± 0 060 5897.909 <0.001a,b,c

Cr (mmol/l) 80 43 ± 15 04 79 19 ± 20 75 81 52 ± 32 86 4.844 0.008b

UA/Cr ratio 2 48 ± 0 64 4 17 ± 0 95 5 57 ± 1 23 108.731 <0.001a,b,c

Female n = 120 n = 3736 n = 535
Age (years) 46 87 ± 14 56 49 17 ± 15 77 56 46 ± 17 05 51.531 <0.001a,c

BMI (kg/m2) 22 53 ± 2 86 22 60 ± 3 10 22 47 ± 3 08 0.390 0.677

MCH (pg) 30 00 ± 1 49 29 92 ± 1 52 29 76 ± 1 65 2.987 0.051

MCHC (g/l) 331 30 ± 11 28 331 07 ± 10 75 331 41 ± 13 25 0.235 0.791

MCV (fl) 90 59 ± 3 99 90 41 ± 4 06 89 81 ± 4 00 5.335 0.005b,c

RDW (%) 12 98 ± 0 87 12 91 ± 0 77 13 01 ± 0 80 4.586 0.010c

RBC (1012/l) 4 12 ± 0 31 4 24 ± 0 33 4 32 ± 0 35 24.123 <0.001a,b,c

Hemoglobin (g/l) 123 37 ± 9 76 126 53 ± 9 32 128 34 ± 9 71 16.390 <0.001a,b,c

UA (mmol/l) 0 122 ± 0 022 0 246 ± 0 045 0 389 ± 0 052 2848.194 <0.001a,b,c

Cr (mmol/l) 59 59 ± 12 64 60 27 ± 12 27 73 42 ± 16 49 12.774 <0.001a,c

UA/Cr ratio 2 33 ± 0 64 4 21 ± 1 05 5 90 ± 1 99 646.919 <0.001a,b,c

RDW: red blood cell distribution width; MCH: mean corpuscular hemoglobin; MCHC: mean corpuscular hemoglobin concentration; MCV: mean corpuscular
volume; RBC: red blood cell count; Cr: creatinine; UA: uric acid; BMI: body mass index. Low UA: male (UA < 0 202 mmol/l), female (UA< 0 143 mmol/l);
normal UA: male (0 417 > UA ≥ 0 202 mmol/l), female (0 339 > UA ≥ 0 143 mmol/l); high UA: male (UA ≥ 0 417 mmol/l), female (UA ≥ 0 339 mmol/l).
ap < 0 05 for the difference between low and normal (1-way ANOVA with the LSD post hoc test). bp < 0 05 for the difference between low and high (1-way
ANOVA with the LSD post hoc test). cp < 0 05 for the difference between normal and high (1-way ANOVA with the LSD post hoc test).
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reported that higher MCV was strongly associated with
increased risk of death and cardiovascular disease [23, 24]. It
is possible that oxidative stress may be part of the mechanism
contributing to the increase of MCV with age and its associa-
tion with mortality, given that oxidative stress can reduce RBC
survival [25]. Hemoglobin accounts for 95 to 97% of the cyto-
solic protein content of RBCs and delivers oxygen to tissues
throughout the body by the reversible binding of oxygen

[26]. In other words, the higher the hemoglobin concentration
is in RBCs, the more oxygen can be transported. In this study,
a significant positive association between serum UA levels and
hemoglobin was observed by Pearson analysis. Furthermore,
multivariate linear regression analyses also confirmed that
there was a significant positive correlation between hemoglo-
bin and UA levels. Although limited data are available from
the literature concerning the association of serum UA levels
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Figure 2: Comparison of RBC parameters in male subjects, stratified according to the level of UA. Top of the box plot represents the mean
and the bar of each box represents the standard deviation. RDW: red blood cell distribution width; MCH: mean corpuscular hemoglobin;
MCHC: mean corpuscular hemoglobin concentration; MCV: mean corpuscular volume; RBC: red blood cell count; UA: uric acid.
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with RBCs and hemoglobin, it seems to be that higher blood
UA levels may protect RBC from oxidative stress damage.

In this study, multivariate linear regression analyses
demonstrated that there is a statistically significant positive
correlation between UA levels and RBC counts, while
Sinha et al. [6] reported that the level of serum UA was
positively associated with total antioxidant concentrations.
Therefore, we hypothesized that UA may function as a

blood antioxidant, protecting RBCs from oxidative damage
and potentially increasing RBC lifespan and function.
Qasim and Mahmood [27] reported that creatine, which
is also an antioxidant molecule, can prevent the induction
of oxidative stress in erythrocytes caused by 2,2′-azobis(2-
amidinopropane) dihydrochloride and hydrogen peroxide.
Healthy individuals with low serum UA levels exhibited
a higher ROS level compared to those with high serum
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Figure 3: Comparison of RBC parameters in female subjects, stratified according to the level of UA. Top of the box plot represents the mean
and the bar of each box represents the standard deviation. RDW: red blood cell distribution width; MCH: mean corpuscular hemoglobin;
MCHC: mean corpuscular hemoglobin concentration; MCV: mean corpuscular volume; RBC: red blood cell count; UA: uric acid.
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UA levels. This has led to the proposal that higher UA
levels may protect against cellular aging in normal RBCs
[18]. UA was able to shield RBCs from modification and
prevent build-up of carbonyl groups, as well as protect
against oxidative modification of proteins.

Structural changes in echinocytes and spherical RBCs can
be caused by foreign molecules (ROS, nitrogen radicals, and
superoxide) in either the outer or inner monolayer of eryth-
rocyte membranes [28]. UA was very effective in protecting
the RBCs from oxidative stress damage and greatly restored
RBC morphology. The protective effects of UA in RBCs can
be attributed to its direct antioxidant activity, quenching free
radicals and ROS. Serum UA may maintain the smooth
membrane surface of RBCs, thus preventing the formation
of echinocytes and spherical RBCs. Scanning electron micro-
graphs of stored RBCs from donors showed that the preva-
lence of spheroechinocytosis in the blood of low UA donors
was higher than that of high UA donors [18]. Decreased

deformability (spheroechinocytosis) of RBCs is one of the
factors that can contribute to the elimination of aged or dam-
aged RBCs from circulation [19]. Itahana et al.’s [29] findings
suggest that the p53-SLC2A9 pathway is a novel antioxidant
mechanism that uses UA to maintain ROS homeostasis and
prevent accumulation of ROS-associated damage. Therefore,
UA was very effective in protecting RBCs from reduction in
deformability and in the generation of aged or damaged
RBC. Moreover, UA levels were positively correlated with
RBC counts in a statistically significant fashion and nega-
tively correlated with MCV. Hemoglobin accounts for 95 to
97% of the cytosolic protein of RBC [26], resulting in total
hemoglobin concentrations that increase with increasing
RBC counts in the blood. Therefore, the levels of serum UA
were also positively correlated with total hemoglobin concen-
tration, a finding that was statistically significant.

Strengths of our analysis include the relatively large
sample size, the subgroup analysis including all subjects,
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Figure 4: Scatterplot of individual subjects’ RBC parameters versus serum UA levels. Linear regression is shown. Each data point represents
one subject. RDW: red blood cell distribution width; MCH: mean corpuscular hemoglobin; MCHC: mean corpuscular hemoglobin
concentration; MCV: mean corpuscular volume; RBC: red blood cell count; UA: uric acid.
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and an analysis further adjusted for an extensive set of possi-
ble confounding variables. However, our study also has some
limitations that should be considered. First, as this is a cross-
sectional study, our ability to explore the exact mechanisms
underlying the associations between serum UA concentra-
tion and RBC remained limited, and we did not measure
endogenous and exogenous uric acid separately. Second,
although children and other patients with conditions that
can affect UA concentrations, including diabetes, hyperten-
sion, and anemia, were excluded from this study, several sub-
jects with UA levels as low as 0.05mmol/l were identified.
The reasonmay be that it is more difficult to detect hereditary
hypouricemia and xanthurenic aciduria through medical
screenings; thus, such patients were not excluded from this
study. Moreover, we did not consider how differences in
exercise habits, smoking habits, drinking habits, and dietary
preferences might affect serum UA concentrations. Third,
despite the significantly low p values, the r values varied from

small to moderate power in some cases. The reason may be
that the diurnal variation of UA levels and day-to-day in-
person variation of red blood cell indicator variables were
not taken into account. Moreover, several subjects with UA
levels as low as 0.05mmol/l may influence the results of sim-
ple linear correlation. Therefore, further research was neces-
sary in order to confirm our results.

5. Conclusions

In summary, our study suggested that there was a significant
positive correlation between UA levels with RBC counts and
total hemoglobin concentrations. To the best of our knowl-
edge, this is the first study to report that serum UA levels
may be independently associated with RBC parameters.
Our findings support the hypothesis that UA plays a benefi-
cial role in RBC longevity.
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Figure 5: Scatterplot of individual male subject’s RBC parameters versus serumUA. Linear regression is displayed. Each data point represents
one subject. RDW: red blood cell distribution width; MCH: mean corpuscular hemoglobin; MCHC: mean corpuscular hemoglobin
concentration; MCV: mean corpuscular volume; RBC: red blood cell count; UA: uric acid.
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Figure 6: Scatterplot of individual female subject’s RBC parameters versus serum UA. Linear regression is displayed. Each data point
represents one subject. RDW: red blood cell distribution width; MCH: mean corpuscular hemoglobin; MCHC: mean corpuscular
hemoglobin concentration; MCV: mean corpuscular volume; RBC: red blood cell count; UA: uric acid.

Table 4: Multiple linear regressions for associations between UA levels and red blood cell parameters in subjects.

UA UA/Cr ratio
B p (95% CI) B p (95% CI)

Gender 0.306 <0.001 (-0.060 to -0.052) Gender 0.107 <0.001 (0.217 to 0.336)

Age 0.032 <0.001 (0.000 to 0.001) Age 0.092 <0.001 (0.006 to 0.009)

RBC 0.245 <0.001 (0.003 to 0.092) RBC 0.089 <0.001 (0.136 to 0.350)

Hemoglobin 0.138 <0.001 (0.002 to 0.082) Hemoglobin 0.085 <0.001 (0.004 to 0.011)

RBC: red blood cell count; Cr: creatinine; UA: uric acid.
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