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Abstract

Purpose Cranberry supplements are commonly used as a natural deterrent to urinary tract infection. However, one small
study (n=135) which showed an increase in urinary oxalate levels following cranberry supplementation has led to its use with
caution among patients susceptible to nephrolithiasis. Furthermore, most commonly available cranberry tablet preparations
contain vitamin C, which has been independently shown to increase urinary oxalate excretion. The aim of this study is to
investigate the influence of cranberry supplementation on urinary oxalate excretion.

Methods Fifteen participants were randomised to receive cranberry tablets alone or cranberry tablets containing vitamin
C. Tablets were taken at the manufacturers recommended dosage for a period of 14 days. Participants provided a 24 h urine
collection at trial entry and day 14. Urinary variables were compared to assess for changes in oxalate levels.

Results The median age was 27 years (21-43). There was no difference in the 24 h urine volume pre or post commencement
of cranberry tablets (1.7 vs 2 L, p=0.07). An increase in median urinary oxalate excretion was observed in participants tak-
ing both cranberry-only tablets (0.10 mmol/day) and tablets containing vitamin C (1.15 mmol/day).

Conclusion Dietary supplementation with cranberry increases urinary oxalate excretion and should be avoided in patients

at risk of urolithiasis.
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Introduction

Cranberry is an evergreen shrub native to North America.
The distinctive berries were historically used by Native
Americans both as a food source and a natural deterrent
to bladder and kidney diseases [1]. Early studies from the
1920s attributed the medicinal properties of the berries to
their high acid content [2]. Later research identified that the
high concentration of anthocyanidins can inhibit adherence
of bacteria to the bladder urothelium, thus reducing the risk
of infection [3, 4]. Although the efficacy of cranberry sup-
plementation has been questioned in the past, its use has
recently fallen back in favour following the publication of
a meta-analysis reporting significant evidence for its use in
the prevention of urinary tract infection [5].

< Elaine J. Redmond
elaineredmond @rcsi.ie

Department of Urology, St. James’s Hospital, Dublin 8,
Ireland

The National Center for Complementary and Integra-
tive Health (NCCIH) has advised the use of cranberry with
caution in individuals at risk of urolithiasis [6]. This rec-
ommendation comes based on a small study (n=35) which
showed an increase in oxalate excretion following cranberry
supplementation. However, although most physicians will
be conscious of the interaction between cranberry and anti-
coagulants [6], the safety profile in relation to renal stone
formation does not appear to be as widely acknowledged
within the medical community. Furthermore, the majority
of commercially available cranberry tablets are fortified with
vitamin C, which has been independently shown to increase
urinary oxalate excretion in a number of studies [7-12].

The aim of this study was to investigate the effect of cran-
berry supplementation, with and without vitamin C, on 24 h
urinary oxalate excretion.
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Methods

Eighteen adult volunteers (ten male, eight female) were
recruited for the study by open advertisement. Exclusion
criteria included history of renal stones, liver disease, anti-
coagulation and calcium/vitamin supplementation. Due to
the potential confounding effect of ascorbic acid, partici-
pants were randomly allocated 1:1 to receive cranberry
tablets alone or cranberry tablets containing vitamin C.
Tablets were taken at the manufacturers recommended
dosage for a period of 14 days. Group 1 received tablets
containing a daily dose equivalent to 32.4 g of fresh cran-
berries (13.5 mg anthocyanidins). Group 2 received tab-
lets containing a daily dose equivalent to 12.6 g of fresh
cranberries and 20 mg of vitamin C (anthocyanidin dose
not specified). A 24 h urine collection was obtained from
each participant at trial entry and day 14 for determina-
tion of calcium, oxalate, sodium, potassium, urea, cre-
atinine, magnesium, uric acid and citrate. Samples were
collected in a plain container without preservatives which
was acidified immediately on delivery to the laboratory.
The sample was then heated to 60° to return the oxalate
to solution. This method of delayed addition of acid pre-
servative simplifies the collection process and decreases
the risk of injury to the patient from the extremely cor-
rosive acid. This method does not affect the biochemical
parameters of the urine constituents [13]. Urinary oxalate
levels were determined using an enzymatic spectrophoto-
metric method based on the oxidation of oxalate by oxalate
oxidase followed by measurement of hydrogen peroxide
(H,0,) produced during the reaction by a peroxidase-cat-
alysed reaction. Urinary variables were compared to assess
for changes in oxalate levels following supplementation.
Calcium, oxalate, magnesium and citrate data were used
to evaluate the risk of calcium oxalate crystallisation by
calculating the Tiselius index using the following formula:

1.9x Ca(0.84) x OxxMg-(0.12) x Cit-(0.22) X V-(1.03),
where the excretion of calcium, oxalate (Ox), magnesium
and citrate (Cit) was expressed in millimoles excreted dur-
ing the period and urine volume (V) in litres. A Tiselius
index > 2.0 carries a high risk of calcium oxalate crystal-
lisation [14]. Participants were instructed to maintain a
balanced diet throughout the study and to refrain from
taking excessive amounts of vitamin C.

Collected data were tabulated using Microsoft Excel
(Microsoft Office 2013) to facilitate interpretation. Results
were imported to IBM SPSS Statistics 23 (IBM Corp,
Armonk, NY). A Mann—Whitney U test was used to com-
pare the differences in baseline demographics between
Group 1 and Group 2. A Wilcoxon signed-rank test was used
to compare the results obtained after cranberry supplementa-
tion to those obtained at trial entry. Results are reported as
median [interquartile range (IQR)]. A p value of <0.05 was
considered statistically significant. The study was approved
by the local research and ethics committee.

Results

Fifteen participants completed the study (nine male, six
female). One participant was excluded due to a grossly
abnormal baseline urine collection. Two participants volun-
tarily withdrew from the study prior to completion. Median
age did not differ between groups [28 (24-32) vs 27 (26-30),
p=0.86]. There was a similar gender balance between both
groups [group 1=67% male (4/6), group 2=56% male (5/9),
p=0.66]. Tables 1 and 2 show median values of urinary cal-
cium, oxalate, sodium, potassium, urea, creatinine, uric acid,
magnesium and citrate, in addition to the calcium oxalate
crystallisation (Tiselius) index, before and after cranberry
supplementation. Mean percentage change in excretion vari-
ables is also shown.

Table 1 Results of urinalysis

. Median [IQR] (pre) Median [IQR] (post) Median % change p value

prior to and 14 days after

supplementation with cranberry  Calcium 6.50 (3.90-16.0) 6.25 (1.25-12.76) 311 0.17

tablets Oxalate 0.42 (0.17-1.12) 0.91 (0.36-1.30) 52 0.24
Sodium 214.72 (139.38-410.77)  274.60 (115.56-331.30) - 16 0.75
Potassium 125.68 (91.42-258.50) 143.05 (126.35-163.62) 22 0.91
Creatinine 27.72 (19.83-50.87) 28.76 (21.20-35.27) 0.6 0.60
Uric acid 5.83 (4.81-9.41) 9.84 (6.98-14.00) 48 0.03*
Magnesium 10.46 (7.16-17.24) 10.40 (8.25-12.26) 10 0.91
Citrate 3.60 (1.80-4.04) 3.09 (1.63-3.64) - 11 0.25
Volume (L) 1.91 (1.29-2.64) 1.87 (1.25-2.44) -16 0.75
Tiselius index 1.22 (0.63-3.96) 3.93 (0.98-9.58) 25 0.04*
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Ta!ale 2 Results of urinalysis Median [IQR] (pre) Median [IQR] (post) Median % change p value

prior to and 14 days after

supplementation with cranberry  Calcium 8.19 (3.67-23.57) 13.92 (4.78-26.63) 21.7 0.09

tablets containing vitamin C Oxalate 0.49 (0.21-1.84) 1.30 (0.78-3.52) 106 0.02%
Sodium 200.56 (113.95-465.47)  198.91 (72.27-794.62) 50.5 0.31
Potassium 122.15 (84.44-31.66) 221.61 (91.33-640.41) 50.3 0.06
Creatinine 23.52 (5.39-86.50) 51.56 (13.70-93.68) 115 0.07
Uric acid 5.43 (3.41-20.76) 12.49 (3.64-35.01) 65.4 0.06
Magnesium 8.68 (5.38-28.68) 26.73 (5.66-42.17) 449 0.06
Citrate 2.74 (1.55-3.10) 2.54 (1.54-3.33) - 135 0.86
Volume (L) 1.70 (1.16-3.90) 2.67 (1.64-4.69) 19 0.04*
Tiselius index 1.78 (0.89-6.06) 6.96 (1.66-16.34) 187.2 0.02*

All electrolytes values in mmol/24 h

*Represents p-value < 0.05

There was a statistically significant increase in the urinary
oxalate excretion of participants taking cranberry tablets
containing vitamin C compared to baseline measurements
(p=0.02). Although urinary oxalate excretion also appeared
to increase in participants taking cranberry tablets with-
out vitamin C, this did not achieve statistical significance
(p=0.24). Five of six participants taking cranberry tablets
without vitamin C (83%) and seven of nine participants tak-
ing cranberry tablets with vitamin C (77%) had increased
oxalate excretion following supplementation. Individual
changes in urinary oxalate from baseline are shown in Fig. 1.

There was a statistically significant increase in the Tise-
lius index of participants taking cranberry tablets without
vitamin C (p =0.02) and also in those taking cranberry
tablets containing vitamin C (p =0.04). Individual changes
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in Tiselius index from baseline are shown in Fig. 2. The
median change in oxalate excretion was larger in partici-
pants taking cranberry tablets containing vitamin C com-
pared to those taking cranberry tablets without vitamin
C (1.15 vs 0.10 mmol/day, p=0.113). There was no sig-
nificant difference in the mean change in Tiselius index
between the two groups (4.54 vs 2.42 mmol/day, p =0.61).

Participants in both groups had a significant increase in
uric acid excretion following supplementation (Tables 1,
2). The percentage increase in uric acid excretion appeared
to be more pronounced in patients taking cranberry tablets
containing vitamin C compared to those without (65.4 vs
48%, respectively); however, this difference was not sta-
tistically significant (p =0.776). Individual changes in uric
acid excretion from baseline are shown in Fig. 3.
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Fig. 1 Individual variation in oxalate excretion. a Cranberry-only tablets. b Cranberry tablets containing vitamin C

@ Springer



564 World Journal of Urology (2019) 37:561-566
O Baseline O Baseline
20 (a) @ Day 14 30 (b) @®Day 14
q
25
15+
20
> >
L Q
° °
£ £ L
5 10 5 15
@ @
- &
- -
10
5
.
. - 1
0 L 0 ¢ 2
T T T T T T T T T T T T T T T
1 2 3 4 5 6 7 8 g 10 11 12 13 14 15
Case Number Case Number
Fig. 2 Individual variation in Tiselius index. a Cranberry-only tablets. b Cranberry tablets containing vitamin C
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Fig. 3 Individual variation in uric acid excretion. a Cranberry-only tablets. b Cranberry tablets containing vitamin C

Discussion

The majority of renal stones are composed of calcium oxa-
late. A number of factors predispose to the formation of
calcium oxalate stones including hypercalciuria, hyper-
oxaluria and hyperuricosuria [15]. Oxalate excretion is
considered the most critical of these factors with studies
showing that calcium oxalate crystallisation is more sensi-
tive to incremental increases in oxalate excretion than sim-
ilar increases in calcium excretion [16, 17]. Hyperoxaluria
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has been found in almost 20% of patients with recurrent
nephrolithiasis [18].

Cranberries are often recommended to patients with
recurrent urinary tract infections, due to their reported
inhibition of bacterial adherence to the bladder urothelium.
However, cranberries concentrates may contain high levels
of oxalates, something which is frequently omitted from the
listed ingredients on product labelling. In fact, previous stud-
ies have estimated that concentrated cranberry juice may
contain as much as 84 mg of oxalate per litre [19]. The bio-
availability of oxalates in cranberry tablets is unknown.
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This study found that participants taking cranberry tab-
lets containing vitamin C had a significant increase in mean
oxalate excretion and Tiselius index. Participants taking
cranberry tablets without vitamin C also had an increase
in mean oxalate excretion and Tiselius index; however, this
finding was not statistically significant. Three participants
had a decrease in oxalate excretion following supplementa-
tion. It is not clear why this occurred and due to the small
sample size it was not possible to adjust for potential con-
founding factors, e.g. age, gender and weight. These results
are similar to a smaller study by Terris et al. which exam-
ined the effect of cranberry supplementation on five healthy
volunteers [20]. It is not clear whether the cranberry tablets
used in the study were fortified with vitamin C; however, all
participants experienced an increase in daily oxalate excre-
tion. The mean increase was 43.4%. Three further studies
examining the effect of cranberry juice on oxalate excretion
did not find any change in urinary oxalate excretion follow-
ing supplementation [19, 21]. The potential reasons for this
discrepancy are unclear; however, there may be an undocu-
mented difference in the bioavailability of oxalate and/or
vitamin C between both forms of supplementation. It has
been shown previously that anthocyanidins are lost in juice
processing; therefore, it is possible that some of the other
nutrient contents of cranberries are also altered during the
manufacturing process [22].

Cranberries are a natural source of vitamin C. They were
taken by sailors to prevent scurvy and contain an estimated
18% of the recommended daily allowance of vitamin C [23].
Surprisingly, further to the naturally occurring vitamin C
content of the berries, almost all commercially available
cranberry tablet preparations are also fortified with addi-
tional vitamin C. This gives cranberry tablets, in particular,
an exceptionally high vitamin C content when compared
to other cranberry products. Vitamin C can be metabolised
to oxalate and has been shown by a number of studies to
increase urinary oxalate excretion when taken in high doses
[8—12]. Therefore, it is not surprising that participants in
our study who were taking cranberry tablets which had been
fortified with vitamin C were found to have larger increases
in oxalate excretion.

Our study also found a significant increase in uric acid
excretion following cranberry supplementation. This was
a new finding. One previous study found a non-signifi-
cant increase in daily uric acid excretion and a significant
increase in relative supersaturation of uric acid following
ingestion of cranberry juice [24]. Two previous studies
showed no change in uric acid excretion following inges-
tion of cranberry tablets [20] or juice [19]. Another study
found a slight decrease in daily uric acid excretion but an
increase in the overall concentration of dissociated uric
acid following supplementation with cranberry juice [21].
Most fruits (including berries) are low in purine; therefore,

it is unclear why there was an increase in uric acid excre-
tion found in our study.

The present study shows that supplementation with
cranberry tablets can alter urinary oxalate and uric acid
excretion, particularly in supplements which are fortified
with vitamin C. Both of these parameters are proven risk
factors in the formation of renal calculi. Patients with a
history of nephrolithiasis should be counselled regard-
ing the use of products containing cranberry, particularly
those fortified with vitamin C. Manufacturers of cran-
berry supplements should label their products to caution
patients regarding their use in those at risk of renal stone
formation.
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