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Abstract

Background: High body mass index (BMI) is strongly associated with hyperuricaemia. It is unknown whether
overweight and obesity influences serum urate primarily through increased urate production or reduced renal
clearance of uric acid. The aim of this study was to determine the influence of BMI on the response to inosine, a
purine nucleoside that functions as an intermediate in the purine salvage and degradation pathways.

Methods: Following an overnight fast, 100 healthy participants without gout attended a study visit. Blood and
urine samples were taken prior to and over 180 min after 1.5 g oral inosine. Serum urate and fractional excretion of
uric acid (FEUA) were analysed according to high BMI (≥ 25 kg/m2) and low/normal BMI (< 25 kg/m2) groups, and
according to BMI as a continuous variable.

Results: Participants in the high BMI group (n = 52, mean BMI 30.8 kg/m2) had higher serum urate concentrations
at baseline (P = 0.002) compared to those with low/normal BMI (mean BMI 21.8 kg/m2). However, the high BMI
group had a smaller increase in serum urate following the inosine load (P = 0.0012). The two BMI groups had a
similar FEUA at baseline (P = 0.995), but those in the high BMI group had a smaller increase in FEUA following the
inosine (P = 0.0003). Similar findings were observed when analysing BMI as a continuous variable. Those with high
BMI had a smaller increase in FEUA per increase in serum urate, compared to those with low BMI (P = 0.005).

Conclusions: In a fasting state, people with high BMI have elevated serum urate levels but similar FEUA values
compared with those with low/normal BMI. Following a purine load, those with high BMI have an attenuated renal
excretion of uric acid. These data, using an experimental method to dynamically assess human urate handling,
suggest that people with high BMI have a higher renal capacity for uric acid reabsorption when fasted and
following a dietary purine intake have reduced renal clearance.

Trial registration: Australia and New Zealand Clinical Trials Registry, ACTRN12615001302549, date of registration 30
November 2015.
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Background
High body mass index (BMI) is an important risk factor
for hyperuricaemia. A cross-sectional analysis of Na-
tional Health and Nutrition Examination Survey (NHAN
ES) III estimated that the population attributable risk of
BMI > 25 kg/m2 for hyperuricaemia is 40% [1]. In longi-
tudinal studies, higher BMI is a risk factor for hyperuri-
caemia; in Japanese men, the hazard ratio for incident
hyperuricaemia over 8 years was 1.19 for a BMI increase
of 2.64 kg/m2 [2]. Weight loss leads to modest reduc-
tions in serum urate [3]. It is unknown whether over-
weight and obesity influences serum urate primarily
through increased urate production or reduced renal
clearance of uric acid.
Inosine is a purine nucleoside that is metabolised

in vivo from adenosine monophosphate (AMP) as part
of the purine salvage metabolic pathway. Inosine is de-
graded to hypoxanthine, which is, in turn, metabolised
to xanthine and then urate in the purine degradation
pathway. Administration of inosine increases serum
urate concentrations [4]. Thus, oral administration of a
fixed dose of inosine allows analysis of the acute effects
of a standardised purine load on both serum urate con-
centrations and renal uric acid handling. The aim of this
study was to determine the influence of body mass index
on the response to an oral inosine load.

Participants and methods
This was an experimental intervention study designed to
identify factors that influence serum urate and fractional
excretion of uric acid (FEUA) responses to inosine. The
primary aim of the study was to determine the influence
of genetic variants on inosine-induced hyperuricaemia in
healthy adult volunteers, and these results have been re-
ported in full [5]. The study protocol also pre-specified
analysis of the effects of BMI on serum urate and FEUA
responses to inosine. The primary endpoint of the study
was change in serum urate over 180 min after inosine in-
gestion. The secondary endpoint was change in frac-
tional excretion of uric acid over 180 min after inosine
ingestion. The study protocol was modified from previ-
ous experimental intervention studies investigating the
acute effects of skim milk, fructose, and frusemide on
urate concentrations and renal excretion of uric acid in
healthy volunteers [6–9].

Participants
One hundred healthy participants were recruited by
public advertising. Indigenous New Zealanders (Māori)
and Pacific people living in Aotearoa/New Zealand have
a very high prevalence of hyperuricaemia and gout [10],
and for this reason, the sampling framework in the study
protocol specified recruitment of 50 participants of
Māori or Pacific ethnicity, and 50 participants of New

Zealand European ethnicity. Inclusion criteria were as
follows: the ability to provide written informed consent,
and estimated glomerular filtration rate (eGFR) > 60mL/
min/1.73 m2. Exclusion criteria were as follows: ethnicity
other than Māori, Pacific people, or New Zealand Euro-
pean; first degree relative of another study participant;
history of gout; history of kidney stones; history of dia-
betes mellitus; diuretic use; or urine pH ≤ 5.0.
Potential participants attended a screening visit where a

general health questionnaire was completed and baseline
measurements (including weight and height) and physical
examination were performed. Screening blood tests were
also obtained. Screening visits were completed for 110
participants. Seven prospective participants were excluded
following the screening visit (four participants were of eth-
nicity other than Māori, Pacific people, or New Zealand
European; two participants who were first degree relative
of another study participant; one due to health problems).
Three participants who fulfilled criteria for the study fol-
lowing screening did not proceed to the study visit. All
visits took place at a clinical research facility in a tertiary
medical centre. The study was approved by the New Zea-
land Health and Disability Ethics Committee (MEC/05/
10/130), and each participant gave written informed con-
sent. The study was registered by the Australian Clinical
Trials Registry (ACTRN12615001302549).

Protocol
The study visit occurred within 2 weeks of the screening
visit. At the study visit, a venous catheter was inserted
for blood collection. Having fasted overnight, the partici-
pants took three 500-mg inosine tablets (Source Natu-
rals, Scotts Valley, CA) orally over a 5-min period
between 0800 and 0930. Blood was obtained for urate,
glucose, and creatinine prior to ingestion, and then 15
min, 30 min, 60 min, 120 min, and 180 min after inges-
tion. Urine was obtained for urate and creatinine prior
to ingestion, and then 30min, 60 min, 120 min, and 180
min after ingestion. Urine volume was measured at each
time point. Drinking water was also provided at each
time point (30, 60, 120, and 180 min) to a volume
equivalent to the collected urine volume. A light meal
was provided at the end of the study following collection
of all samples and removal of the venous catheter.
Each inosine tablet contained 500 mg inosine, 30 mg

calcium, plus dibasic calcium phosphate, sorbitol, stearic
acid, modified cellulose gum, and magnesium stearate.
The dose of 1.5 g is consistent with doses used in other
clinical trials of inosine [4, 11] and is within the recom-
mended daily dose range when used as an over the
counter supplement. In a long-term study of inosine in
Parkinson’s disease, a mean (SD) urate increase of 0.18
(0.07) mmol/L was observed with a mean dose of 1.53 g
inosine [4].
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Laboratory testing
Serum and urine chemistry was tested using the Roche
Modular P (Hitachi) analyser. The FEUA was calculated;
this is the ratio between the renal clearance of uric acid
and the renal clearance of creatinine, expressed as a
percentage.

Statistical analysis
The analysis plan for this study specified change in
serum urate concentration as the primary endpoint. The
key secondary endpoint was change in FEUA. Based on
our prior study of fructose intake in healthy volunteers
[9], the expected percentage of study participants with
BMI of 25 kg/m2 or more was 59%; the study had 80%
power at the 5% significance level for a two-tailed test
assuming an 0.04 mmol/L SD of the change in serum
urate as previously observed (PASS 16 Power Analysis
and Sample Size Software (2018). NCSS, LLC. Kaysville,
UT, USA, ncss.com/software/pass).
All analyses were conducted using SAS (v9.4 SAS In-

stitute Inc., Cary, NC). Data are presented as mean
(standard deviation (SD)) or n (%) for descriptive pur-
poses; however, measures of effect are presented with
the appropriate 95% confidence interval. Data were ana-
lysed according to high BMI (25 kg/m2 or more) and
low/normal BMI (less than 25 kg/m2). The primary end-
point was change in serum urate, and secondary end-
point was change in FEUA. Data were analysed using a
mixed models approach to repeated measures. Age, sex,
and ethnicity were included in all models, unless stated.
Significant group effects were explored using the method
of Tukey. For change in serum urate, a mixed models
analysis of covariance (ANCOVA) approach to repeated
measures was used. For ANCOVA, the dependent vari-
able was change from baseline, and baseline level was in-
cluded as a covariate in the analysis. Interactions
between absolute and change from baseline in both
serum urate and FEUA for BMI as a continuous variable
were visualised as effect plots using the PLM procedure
of SAS with pre-specified adjustment for age, sex, and
ethnicity and for change from baseline as appropriate
baseline serum urate or FEUA. BMI was also analysed
as a continuous variable for the two ethnicity groups,
with adjustment for age and sex. Differences in par-
ticipant characteristics between those in the high and
low/normal BMI groups were analysed using t tests
for normally distributed data and Fisher’s exact tests.
Mixed model one-way analysis of variance (ANOVA)
with Dunnett’s multiple comparison test was used to
analyse changes from baseline over time in the entire
group. No further adjustment for multiplicity was
performed. P < 0.05 was considered significant, and all
tests were two-tailed.

Results
Participant characteristics
Overall, the mean (SD) age of the participants was 29 (13)
years, and 79 (79%) were female. There were 52 (52%) par-
ticipants with BMI ≥ 25 kg/m2. For those in the high BMI
group, the mean (SD) BMI was 30.8 (5.2) kg/m2, and for the
low/normal BMI group was 21.8 (1.9) kg/m2. Age, sex, and
serum creatinine were similar between the two BMI groups.
The low/normal BMI group had more NZ European partici-
pants, and the high BMI group had more participants of
Māori or Pacific ethnicity (Table 1). All subsequent mixed
models analyses included ethnicity as a covariate.
In the entire study population, the oral inosine load led to

large increases in serum urate (mean increase 0.10mmol/L;
1.6mg/dL) and FEUA (mean increase 3.7%) over the 180-
min study period (P < 0.0001 for both) (Supplementary
Figure 1). No significant change was observed in the serum
glucose over time (Supplementary Figure 1).

Serum urate concentrations
Participants in the high BMI group had higher serum
urate concentrations at baseline compared to those with
low/normal BMI (Table 1 and Fig. 1a; age-, sex-, and
ethnicity-adjusted P = 0.002). Serum urate increased in
both groups following the inosine load (Fig. 1a, b). How-
ever, the increase in serum urate was greater in the low
BMI group, compared to the high BMI group (Fig. 1b;
ANCOVA PBMI*time = 0.0012).
When BMI was analysed as a continuous variable,

increases in serum urate were observed across the BMI
range following the inosine load (Fig. 2a). However,
the increase in serum urate was greater at lower BMI
values, compared to the higher BMI values (Fig. 2b;
ANCOVA PBMI*time = 0.0004). When data were sepa-
rated by the ethnicity groups, this effect was most
evident in participants of Māori or Pacific ethnicity
(Supplementary Figure 2).

Fractional excretion of urate
At baseline, participants in the high BMI group and low/
normal BMI had similar FEUA values (Table 1 and
Fig. 3a; age-, sex-, and ethnicity-adjusted P = 0.995). In
addition, there was no difference between BMI groups
based on the lowest or highest FEUA tertile at baseline
(Table 1). FEUA increased in both groups following the
inosine load (Fig. 3a, b). However, the increase in FEUA
was greater in the low BMI group, compared to the high
BMI group (Fig. 3b; ANCOVA PBMI*time = 0.0003).
When BMI was analysed as a continuous variable, in-

creases in FEUA following the inosine load were most ap-
parent in those with lower BMI values and were attenuated
in those with higher BMI values (Fig. 4; ANCOVA PBMI*-

time = 0.0004). Similar trends were observed in participants
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of Māori or Pacific ethnicity and in participants of New
Zealand European ethnicity (Supplementary Figure 3).

Serum glucose
Participants in the high BMI group had higher fasting glu-
cose concentrations at baseline compared to those with
low/normal BMI (Table 1 and Supplementary Figure 4;
age-, sex-, and ethnicity-adjusted P = 0.008). Blood glucose

remained higher in the high BMI group for most time
points during the study (Supplementary Figure 4). In re-
gression models of all participants that included BMI, no
significant associations were observed between baseline
blood glucose and FEUA or serum urate at any time points
(P > 0.38 for all analyses). This was also the case for the
same regression models that were restricted to participants
of Māori or Pacific ethnicity (P > 0.45 for all analyses).

Fig. 1 Serum urate following an oral inosine load according to BMI group. a Serum urate and b change in serum urate. Data are presented as
unadjusted mean (95% CI). Age-, sex-, and ethnicity-adjusted P values are shown

Table 1 Baseline characteristics of study participants. Unless stated, data are presented as mean (SD). Unadjusted P values are
shown

BMI < 25 kg/m2 BMI ≥ 25 kg/m2 P value

n 48 52

Age, years 28.7 (11.5) 29.0 (14.5) 0.91

Female sex, n (%) 38 (79%) 41 (79%) 1.00

Māori ethnicity, n (%) 10 (21%) 11 (21%) 0.010

Pacific ethnicity, n (%) 6 (13%) 23 (44%)

NZ European ethnicity, n (%) 32 (67%) 18 (35%)

Smoker, n (%) 3 (6%) 3 (6%) 1.00

Weight, kg 64.5 (9.3) 88.9 (17.6) 2.8 × 10−13

Height, cm 171 (9) 169 (9) 0.29

Body mass index, kg/m2 21.8 (1.9) 30.8 (5.2) 9.9 × 10−18

Serum creatinine, μmol/L 70 (10) 71 (12) 0.59

Serum glucose 4.7 (0.4) 5.0 (0.4) 0.0003

Serum urate, mmol/L 0.27 (0.07) 0.32 (0.08) 0.0002

Serum urate, mg/dL 4.5 (1.2) 5.3 (1.3)

FEUA, % 6.8 (2.4) 6.2 (2.4) 0.24

FEUA in the lower tertile (≤ 5.22%), n (%) 11 20 0.13

FEUA in the highest tertile (≥ 6.81%), n (%) 18 15 0.39
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Relationship between changes in serum urate and renal
responses according to BMI group
As FEUA is a function of serum urate, we examined
whether the differences in the renal responses in the high
BMI group were due to the differences in the serum urate
response following the inosine load (Fig. 5). At the 180-
min time point, the comparison of regression lines for
change from baseline in FEUA vs change from baseline in
serum urate plots demonstrated similar regression slopes
(Pslope = 0.83), but a difference between the groups in

elevation (Pelevation = 0.005) indicating that those with high
BMI had a smaller increase in FEUA per increase in serum
urate, compared to those with low BMI (Fig. 5a). Similar
findings were observed when we examined the change in
urinary uric acid/urinary creatinine; after 180min, there
were similar regression slopes (Pslope = 1.0), but a differ-
ence between the groups in elevation (Pelevation = 0.01) in-
dicated that those with higher BMI had a smaller increase
in urinary uric acid/urinary creatinine per increase in
serum urate, compared to those with low BMI (Fig. 5b).

Fig. 2 Serum urate at each time point according to BMI (kg/m2) as a continuous variable. a Serum urate (mmol/L) and b change in serum urate
(mmol/L). Data are presented as adjusted mean (95% CI) for each time point. Age-, sex-, and ethnicity-adjusted P values are shown

Fig. 3 FEUA following an oral inosine load according to BMI group. a FEUA and b change in FEUA following an oral inosine load in different BMI
groups. Data are presented as unadjusted mean (95% CI). Age-, sex-, and ethnicity-adjusted P values are shown

Dalbeth et al. Arthritis Research & Therapy          (2020) 22:259 Page 5 of 8



Discussion
This study has demonstrated that people with over-
weight and obesity have higher serum urate concentra-
tion in a fasting state, but do not have an exaggerated
hyperuricaemic response to a standardised oral purine load.
Those with higher BMI have reduced renal excretion of
uric acid following oral inosine loading, suggesting impaired
renal clearance of uric acid following dietary purine intake
in those with overweight and obesity.
An important finding of this study is that, despite higher

baseline urate concentrations, those with overweight/
obesity did not have an exaggerated serum urate response

to the standard oral purine load. These findings do not in-
dicate that there is greater transport of purines from the
gut, nor that purines are preferentially degraded to urate
in those with high BMI. On the contrary, the serum urate
elevation in response to the inosine challenge was lower in
those with high BMI; the cause of this finding is unclear
but may be related to altered function of gut purine trans-
porters or differences in the hepatic purine salvage and
degradation pathways in those with high BMI.
At baseline, although fasting serum urate was elevated

in the high BMI group, the FEUA was similar between the
two groups. The increase in FEUA occurring after the oral

Fig. 4 FEUA at each time point according to BMI (kg/m2) as a continuous variable. a FEUA (%) and b change in FEUA (%). Data are presented as
adjusted mean (95% CI) FEUA (%). Age-, sex-, and ethnicity-adjusted P values are shown

Fig. 5 Relationship between changes in serum urate and renal responses according to BMI group. a Change from baseline in FEUA at 180 min. b
Change from baseline in urinary uric acid/urinary creatinine ratio at 180 min
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challenge was smaller in those with high BMI. The similar
FEUA at baseline despite the higher circulating urate con-
centrations, together with the attenuated FEUA response
following the purine challenge, may, in turn, contribute to
prolonged, elevated serum urate levels.
The FEUA findings align with our previous study

examining the effects of BMI on serum urate and FEUA
following an oral fructose load in a different group of
participants [9]. In the fructose loading study, baseline
serum urate levels were also elevated in the high BMI
group, with similar baseline FEUA values compared with
the low/normal BMI group. Studies of urate transport
indicate that the machinery of transporters is essentially
at capacity at baseline and that increasing FEUA with in-
creasing load represents “spilling”, with the amount of
uric acid filtered saturating reabsorptive transporters, so
that extra uric acid is excreted [5]. Collectively, these ob-
servations suggest that people with high BMI have a
higher capacity for uric acid reabsorption at baseline.
The increases in FEUA occurring after both the oral

fructose challenge [9] and the inosine challenge were
smaller in those with high BMI, indicating that renal clear-
ance of a urate load (irrespective of the cause of the acute
load) is less efficient in those with high BMI. In humans,
urate reabsorption likely represents a mechanism by
which the kidney protects itself from crystal formation in
the nephron [12]. Therefore, chronic elevation of serum
urate may upregulate the baseline capacity for reabsorp-
tion, seemingly at odds with need to excrete acute urate
loads, in order to protect from crystallisation.
The mechanism of altered renal uric acid handling is

currently unknown. Moderately elevated blood glucose
does associate with elevated serum urate concentrations
[13]. However, although fasting serum glucose levels were
higher in the high BMI group at baseline, we did not ob-
serve a significant association between baseline serum glu-
cose and FEUA or serum urate throughout the study
period that was independent of BMI, suggesting that ele-
vated blood glucose does not explain the observed differ-
ences in FEUA responses following the inosine challenge.
Altered renal uric acid handling could also be related to

higher circulating insulin levels in those with high BMI.
Prior studies have reported a close relationship between
insulin resistance and urinary uric acid clearance [14, 15],
and that insulin sensitivity (assessed by euglycaemic
clamp) is a strong predictor of serum urate levels [16].
More recent data suggest that insulin may alter renal urate
transporters, particularly urate transporter 1 (URAT-1),
the apical membrane transporter that regulates uric acid
reabsorption from the urinary space in the proximal renal
tubule [17]. In rodent models of obesity, renal tubular ex-
pression of URAT-1 is increased [18]. In insulin-deficient
rodent models, renal tubular expression of URAT-1 is de-
creased, and insulin infusion increases URAT-1

expression [19]. In the kidney epithelial cell line NRK-52E,
URAT-1 expression is directly induced by insulin [19]. It
is also possible that other circulating factors or epigenetic
changes influence renal urate transporter function accord-
ing to BMI. The study protocol did not include measure-
ment of insulin levels, so we cannot further dissect the
influence of circulating insulin levels on the renal uric acid
handling following the inosine load; examining the mecha-
nisms of altered renal uric acid handling in the context of
high BMI will be the focus of future work.
The major strength of the study design was the ability to

analyse changes in serum urate and FEUA in a standar-
dised protocol using a fixed purine load. Limitations of
this study include the relatively short study period. This
study was designed to examine the short-term effects of
the inosine load on serum urate concentrations and
FEUA, and it is possible that BMI may influence long-
term serum urate responses to purine intake in a different
manner. The study participants were healthy volunteers
who did not have gout, so our findings may not be gener-
alisable to people with gout. In a normal diet, purines are
not consumed in isolation, and the study design did not
allow analysis of the effects of other dietary factors such as
fructose and dairy protein that may influence the serum
urate and FEUA responses to purine intake [6, 7].

Conclusions
In a fasting state, people with high BMI have elevated
serum urate levels but similar FEUA values compared
with those with low/normal BMI. Following a purine load,
those with high BMI have an attenuated renal excretion of
uric acid. These data, using an experimental method to
dynamically assess human urate handling, suggest that
people with high BMI have a higher renal capacity for uric
acid reabsorption when fasted and following a dietary pur-
ine intake have reduced renal clearance.

Supplementary Information
Supplementary information accompanies this paper at https://doi.org/10.
1186/s13075-020-02357-y.

Additional file 1: Supplementary Figure 1. Serum urate and FEUA
following an oral inosine load in all participants. A Serum urate, B. FEUA,
and C. glucose. Data are presented as unadjusted mean (95% CI).

Additional file 2: Supplementary Figure 2. Serum urate at each time
point according to BMI (kg/m2) as a continuous variable according to
ethnicity groups. A. Serum urate (mmol/L) and B. Change in serum urate
(mmol/L). Data are presented as adjusted mean (95% CI) for each time
point. Age and sex -adjusted P values are shown.

Additional file 3: Supplementary Figure 3. FEUA at each time point
according to BMI (kg/m2) as a continuous variable according to ethnicity
groups. A. FEUA (%) and B. Change in FEUA (%). Data are presented as
adjusted mean (95% CI) for each time point. Age and sex -adjusted P
values are shown.

Additional file 4: Supplementary Figure 4. Serum glucose following
an oral inosine load according to BMI group. A. Serum glucose and B.
Change in serum glucose following an oral inosine load in different BMI
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groups. Data are presented as unadjusted mean (95% CI). Age, sex and
ethnicity-adjusted P values are shown.
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