FIOOOResearch F1000Research 2017, 6:220 Last updated: 08 MAY 2017

W) Check for updates

SYSTEMATIC REVIEW
Effect of citrus-based products on urine profile: A systematic

review and meta-analysis [version 1; referees: 2 approved]

Fakhri Rahman “* 1, Ponco Birowo', Indah S. Widyahening®:3, Nur Rasyid'

1Department of Urology, Dr. Cipto Mangunkusumo National General Hospital, Faculty of Medicine, Universitas Indonesia, Jakarta Pusat,
10430, Indonesia

2Depanment of Community Medicine, Faculty of Medicine, Universitas Indonesia, Jakarta Pusat, 10310, Indonesia

3Centre for Clinical Epidemiology & Evidence-based Medicine, Dr. Cipto Mangunkusumo National General Hospital - Faculty of Medicine,
Universitas Indonesia, Jakarta Pusat, 10430, Indonesia

First published: 06 Mar 2017, 6:220 (doi: 10.12688/f1000research.10976.1) Open Peer Review
Latest published: 06 Mar 2017, 6:220 (doi: 10.12688/f1000research.10976.1)

Referee Status: +" +'

Abstract

Background. Urolithiasis is a disease with high recurrence rate, 30-50% within

5 years. The aim of the present study was to learn the effects of citrus-based Invited Referees
products on the urine profile in healthy persons and people with urolithiasis 1 2
compared to control diet and potassium citrate. Methods. A systematic review

was performed, which included interventional, prospective observational and version 1 v v
retrospective studies, comparing citrus-based therapy with standard diet published report report

therapy, mineral water, or potassium citrate. A literature search was conducted 06 Mar2017

using PUBMED, COCHRANE, and Google Scholar with “citrus or lemonade or
orange or grapefruit or lime or juice” and “urolithiasis” as search terms. For
statistical analysis, a fixed-effects model was conducted when p > 0.05, and
random-effects model was conducted when p < 0.05. Results. In total, 135

1 David S Goldfarb , NYU Langone
Medical Center and NYU School of

citations were found through database searching with 10 studies found to be Medicine USA

consistent with our selection criteria. However, only 8 studies were included in

quantitative analysis, due to data availability. The present study showed a 2REnaskatics omanitatiblSHIvars
higher increased in urine pH for citrus-based products (mean difference, 0.16; Hospitals Southampton NHS Trust,
95% CI 0.01-0.32) and urinary citrate (mean difference, 124.49; 95% ClI Urology UK

80.24-168.74) compared with a control group. However, no differences were
found in urine volume, urinary calcium, urinary oxalate, and urinary uric acid.
From subgroup analysis, we found that citrus-based products consistently
increased urinary citrate level higher than controls in both healthy and Comments (0)
urolithiasis populations. Furthermore, there was lower urinary calcium level

among people with urolithiasis. Conclusions. Citrus-based products could

increase urinary citrate level significantly higher than control. These results

should encourage further research to explore citrus-based products as a

urolithiasis treatment.

Discuss this article
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Introduction

Humans have suffered urinary tract stones for centuries'. The
incidence and prevalence of urolithiasis are different between
geographic locations, depending on age and sex distribution,
stone composition and stone location’. Risk of stone development
has been shown to be 5-10% with a higher prevalence in men
than women’. Urolithiasis is a common disease with significant
morbidity and cost worldwide**. Based on National Health and
Nutrition Examination survey, kidney stones affect 1 in 11 peo-
ple in the United States, and an epidemiological increase was
found in 2012 compared to 1994’. Additional data from Dr. Cipto
Mangunkusumo National General Hospital, Indonesia’s national
referral hospital, showed an increase in stone disease prevalence
from 182 patients in 1997 to 847 patients in 2002°. Moreover, it is
further worsen by its high recurrence rate reaching 30-50% within
5 years’.

Calcium-based urinary tract stone is the most common stone
composition found in urolithiasis”'’. Supersaturation is believed
to be the mechanism behind calcium stone formation''. One factor
in determining urine stone formation or stone recurrence is urine
profile, which is defined as urine volume and its composition.
Hypercalciuria and hypocitraturia are the most common urine
abnormalities found among calcium stone-formers'”. A high fluid
intake could prevent stone formation by lowering supersaturation,
whereas citrate could prevent stone formation by ionizing urinary
calcium'*'*. Food that is rich of citrate is citrus. There are wide vari-
ety of citrus fruits and derivate products that can be easily obtained,
such as lemonade, grapefruit, orange, lime, and citrus-based juice.
Several studies had already been conducted to learn the effect of
citrus-based products on urine profile. However, the results between
those studies were contradictive. Therefore, our study aimed to sys-
tematically review and quantify the available studies regarding the
effects of citrus-based products on urine profile and its comparison
to a control diet and potassium citrate.

Methods

Eligibility criteria

We included both healthy people and patients with urolithiasis
history in our selection criteria. Study subjects must have con-
sumed citrus fruits, such as orange, lime, grapefruit, or juices made
from the fruits. Study designs could be interventional, prospec-
tive observational, or retrospective with standard diet therapy (any
kind of mineral water), or potassium citrate, as a control group
therapy. We included studies with urine profile as the outcome.
We only included articles written in English or Indonesian, and
those with full text article available. We excluded non-systematic
review articles. We did not limit studies based on their year
conducted.

Search strategy

A literature search was conducted using PUBMED, COCHRANE,
and Google Scholar as search engines on August 2016. The terms
“citrus OR lemonade OR orange OR grapefruit OR lime OR juice”
AND “urolithiasis” were used as search terms. We also searched the
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list of references in included studies. We did not use any limitation
in study searching.

Study selection and data extraction

All studies were screened for duplication using EndNote X6
software. Duplication-free articles underwent title and abstract
examination using predetermined inclusion and exclusion criteria
mentioned above. Selection of studies was selected by two authors
independently. Discrepancies of opinion were resolved by discus-
sion. All studies, which fulfilled the inclusion and exclusion criteria,
underwent full text review. For every eligible full text, we extracted
the following data, if available: subjects specific condition, citrus-
based product used in the study, number of patients consuming
citrus-based product, citrate content or its concentration, control
intervention, number of individuals under control intervention. For
the outcomes, we extracted urine profile data as follows: volume,
pH, calcium level, citrate level, oxalate level, and uric acid level.
Measurement units used in this study are L/day for urine volume
and mg/day for urinary calcium level, urinary citrate level, urinary
oxalate level, and urinary uric acid level. All data in the form of
numbers were extracted manually as mean and standard deviation
for variable measurement.

Assessment of bias and statistical methods

This study used Cochrane Risk of Bias assessment tools'” and
Newcastle-Ottawa scale'® to assess interventional and retrospective
study’s quality, respectively. These assessments of study quality
were done by two authors independently. Quantitative synthesis of
included studies was analyzed using Review Manager (RevMan)
5.0 software and mean difference was used as its effects size
measurement. Heterogeneity of studies was assessed using chi-
square. A fixed-effects model was conducted when p > 0.05,
whereas a random-effect model is conducted when p < 0.05. We
also conducted subgroup analysis to differentiate between healthy
and urolithiasis populations.

Studies which could not be included in quantitative analysis were
described qualitatively.

Results

We found 135 citations through database searching. Literature
searching from the list of references found similar studies that were
all already included in this study. Ten studies were found to be
consistent with our selection criteria (Figure 1).

Two of ten studies had to be excluded from quantitative
analysis because of the following reasons: (1) Penniston et al.”
only published baseline data and its maximal change following
intervention; and (2) Tosukhowong et al.'” used medians as their
outcome measurement, and due to its non-uniform distribution,
we were unable to convert these to means. Therefore, eight studies
were analyzed to find the effect of citrus-based products on urine
profile compared to controls. However, not all of the eight studies
were included in urine profile outcome measurement, due to data
availability. Characteristics of the included studies and their risk of
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Additional records identified through
other sources

Records after duplicates removed
(n = 133)

Records excluded

Records screen ed
(n =133)

(n=108)
o Unrelated studies (92)
* Non-systematic review
articles (16)

Full-text articles assessed for eligibility
(n =25)

Full-text articles
exclud ed, with reasons (n

= 15)
o No full text available

Studies included in qualitative syn th esis )
(n=10)

» Unsuitable outcome
(12)

[ Included ] [ Eligibility ] [ Screening] [Identiﬁcation]

Studies included in quantitative synthesis
(n=28)

Figure 1. Study flow diagram.

bias assessment can be seen in Table 1 and Figure 2/Supplementary
Table 1, respectively.

Effect of citrus-based products on urine profile

Data shows that citrus-based products increased urine pH (mean
difference, 0.16; 95% confidence interval [CI] 0.01-0.32) and
urinary citrate (mean difference 124.49; 95% CI 80.24-168.74) to
a higher extent than control treatment (Figure 3).

However, there was no statistically significant difference in urine
volume (mean difference -0.09; 95% CI -0.20-0.02), urinary
calcium (mean difference -5.45; 95% CI -18.89-7.98), urinary
oxalate (mean difference 0.76; 95% CI -0.47-1.98) and urinary uric
acid (mean difference 2.15; 95% CI -23.96-28.27) between the two
groups (Figure 4).

Subgroup analysis showed a significantly higher urinary citrate
level in both the healthy population and the population with his-
tory of urolithiasis who received citrus-based therapy compared
to control. However, urine pH, which showed a statistically

significant increase in urine pH compared to controls, did not
demonstrate any differences in a subgroup analysis. On the other
hand, urinary calcium was lower after consumption of citrus-
based products compared to controls in the urolithiasis popu-
lation. Furthermore, this study demonstrated that there was a
lower urine volume in the healthy population after drinking cit-
rus-based products compared to controls (Figure 5). We did not
find any differences in other urine profile variables, either in the
healthy population or the population with history of urolithiasis
(Supplementary Figure 1 and Supplementary Figure 2).

We tried to conduct further analysis by excluding Aras er al.”’
from quantitative analysis, due to its different study method
(RCT). We still found a significant increase in urine citrate
level in both mixed population (mean difference 132.46; 95%
CI 70.48-194.44) and the population with a history of urolithi-
asis (mean difference 159.22; 95% CI 47.05-271.40]), as well
as no statistically significant difference in urine pH (mean
difference 0.16; 95% CI -0.02-0.33). Furthermore, other variables
still demonstrate similar outcomes after exclusion of Aras et al.
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Table 1. Characteristic of included studies.

Study author and year glf:yc’f Subject condition Intervention n  Control n

Study included in qualitative synthesis only
Subjects with Lemonade (5.9 gr citric

Penniston et al (2007) " RS calcium oxalate Lemonade (5.9 gr citrate) 63 acid) plus potassium 37
stone citrate
Post-operative e Lime powder (4.4 gr citrate) 13

Tosukhowong et al (2008)"°  RCT subjects with e Potassium citrate 11 Placebo 7
nephrolithiasis

Study included in qualitative and quantitative synthesis
Subjects with e Lemon juice (4.2 gr citrate) 10

Aras et al (2008)*"* RCT hypocitraturic e Potassium citrate 10 Water 3 L/day 10
calcium stone

Goldfarb and Asplin (2001)*" CBAS  Healthy subjects Grapefruit juice 10 'al'aga\;/vater 20l W 10

e Orange juice 3
Honow et al (2003)* CBAS  Healthy subjects e Grapefruit juice 3 Mineral water 3
* Apple juice 3

Koff et al (2007)** CS Subjects willn stery Lemon juice (4.5 gr citrate) 21 el et [ermaneele er 21

of nephrolithiasis citrus drink
) o Healthy and stone e Orange juice (2.3 gr citrate) 14 _

Odvina (2006) cs former subjects e |emonade (2.3 gr citrate) 14 Distilled water 400 ml 14
History of

Seltzer et al (1996)* CBAS gélpz:ciﬁ;ratunc e Lemonade (5.9 gr citrate) 12 Fluid maintaining 2 L urine 12
nephrolithiasis

Sumorok et al (2011)® CS Healthy subjects e Sunkist orange soda (3 cans) 12 Water 1.06 L/day 12

Trinchieri et al (2002)° CS Healthy subjects e Grapefruit juice (1.4 grcitrate) 7  Water 7

RS - retrospective study; RCT — randomized controlled trial; CBAS — controlled before-after study; CS — crossover study. *Also included
in qualitative synthesis for comparison between citrus-based product and potassium citrate.

Comparison between citrus-based products and potassium
citrate in urine profile

Due to the reasons stated above, we decided to discuss the com-
parisons between citrus-based product and potassium citrate in a
qualitative manner.

Three studies showed both citrus-based products (lemon juice and
lime powder) and potassium citrate increased the level of urinary
citrate significantly'”'**". Even though no significant difference in
post treatment urine profile was found between citrus-based prod-
ucts and potassium citrate, post-treatment citrate level in the potas-
sium citrate group showed a 3.5 times increase from pre-treatment
level, while it was only 2.5 times in the lemon juice group”. Fur-
thermore, Penniston et al. exhibited a greater maximum increase of
urinary citrate level in lemonade therapy combined with potassium
citrate compared to lemonade therapy alone'’.

Two studies also showed significant increase in urine pH in both
treatment arms'’'"’. However, a study by Aras et al. only exhibit a
significant increase in urine pH for the potassium citrate group”.
In terms of side effects, patients in the potassium citrate group suf-
fered gastric and oropharyngeal discomfort, although they did not
require drug discontinuation”’. Furthermore, potassium citrate had

lower compliance compared to citrus-based therapy'”.

Dataset 1. Characteristics of studies included for urine pH

http://dx.doi.org/10.5256/f1000research.10976.d153056

Dataset 2. Characteristics of studies included for urinary citrate

http://dx.doi.org/10.5256/f1000research.10976.d153057
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Aras 2008

Coldiarh 2001

Honow 2003

=

- . i . . . . . . Blinding of participants and personnel (performance bias)

Eolt 2007

~ @ | = | = | = |Blinding of outcome assessment (detection bias)

Odvina 2008

==

Sehzer 1996

~ . ~ . . . = | Allocation concealment (selection bias)

Sumonok 2011

= . =
- . . . ® ® = @ | = |iIncomplete outcome data (attrition bias)

. . .- . . . . . .. Selective reporting (reporting bias)

~1® 99 ® ® @ @ - |Random sequence generation (selection bias)
.........ﬂtherbins

Tosukhowong 2008 7
Trinchieri 2002 7 7
Figure 2. Risk of bias assessment summary.
Dataset 3. Characteristics of studies included for urine volume Dataset 6. Characteristics of studies included for urinary uric acid
e FEEIETE AR E DI EE R LU C TR L http://dx.doi.org/10.5256/11000research.10976.d153061
Dataset 4. Characteristics of studies included for urinary calcium Discussion

This study showed that citrus-based products, such as lemonade,
orange juice and grapefruit juice, could increase urinary citrate lev-
els and urine pH. Low citrate excretion, as in type I tubular aci-
Dataset 5. Characteristics of studies included for urinary oxalate dosis, shows an increase in nephrolithiasis incidence”’. Therefore,
existence of citrate in urine is important since it is a well-known
preventive factor in calcium stone formation, with an increase in

http://dx.doi.org/10.5256/f1000research.10976.d153059

http://dx.doi.org/10.5256/f1000research.10976.d153060
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.
(a) Urine Volume (L/Day)
Citrus-Based Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI
Aras 2008 2.014 0.944 10 2.188 0.688 10 Mot estimable
Goldfarb 2001 16 0.8 10 17 1 10 18% =-0.10[-0.89, 0.69]
Honow 2002 Grapefruit Juice 0.5 L 2.632 019 3 2767 0275 2 85% -0.12[-0.51, 0.24] e
Honow 2003 Grapefrult Juice 1 L 2.716 0.095 3 2767 0275 3 112% -0.05([-0.38 0.28] N
Honow 2003 Orange Juice 0.5 L 2.638 0192 3 2805 0126 3 18.0% -0.17 [-0.43, 0.09] o
Honow 2003 Orange Juice 1 L 2606 0.195 3 2.805 0.126 3 17.6% -0.20[-0.46, 0.05] ——
Koff 2007 1 07 21 18 086 21 7.8%  0.10[-0.29, 0.49] —_—
Odvina 2006 Lemonade 261 031 14 255 054 14 11.4% 0.06([-0.27 039] e
Odvina 2006 Orange Juice 251 035 14 255 0.54 14 10.7% -0.04[-0.38 0.30] —r
Seltzer 1996 2.7 25 12 2.9 2.4 12 0.3% -0.20([-2.16, 1.76] *+
Sumonok 2011 186 039 12 2,02 0.39 12 12.5% -0.16 [-0.47, 0.15] —
Total (95% CI) 95 95 100.0% =0.09 [-0.20, 0.02] E
Heterogeneity. Chi* = 3.09, df = 9 (P = 0.96); I' = 0% :_2 _:1 i 2:
Tastfor cveralleffect. 2 = 1.68 (f = 0.09) Higher in Control Higher in Citrus-Based
(b) Urinary Calcium (mg/Day)
Citrus-Based Product Control Mean Difference Mean Difference
Study or Subgroup Mean SD  Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Aras 2008 1183 86.16 10 1856 6163 10 4.2% -67.30[-132.96, -1.64]
GColdfarb 2001 104 83 10 122 102 10 2.7% -18.00[-29.50, 63.50| —
Honow 2003 Grapefruit Juice 0.5 L 126 22.86 3 149.2 2979 3 10.0% -23.20(-65.69, 19.29)] —_—
Honow 2003 Crapefruit Juice 1L 1448 22.25 3 149.2 2979 3 102%  -4.40 [-46.47, 37.67) —
Honow 2002 Orange Juice 0.5 L 1432 27.02 3 1616 3326 3 7.7%  -18.40(-€6.89, 20.09] —
Honow 2003 Orange Juice 1 L 148 27.71 3 1616 3326 3 7.5% -13.60(-62.59, 35.39) —_—
Qdwina 2006 Lemonade 154 58 14 159 42 14 12.8% -5.00 [-42.51, 32.51) e
Odvina 2006 Orange Juice 146 52 14 159 42 14 14.7% -13.00 [-48.01, 22.01) —_—
Sehzer 1996 92 78 12 121 119 12 2.8% -39.00([-119.50, 41.50] ——
Sumonok 2011 148 33.61 12 129 3361 12 25.0% 19.00 [-7.89, 45.89) T
Trinchieri 2002 160.8 1032 7 792 552 7 2.4% B160(-5.10, 168.30) 1
Total (95% CI) 91 91 100.0% -5.45 [-18.89, 7.98]
Heterogeney Chi* = 12,45, df = 10 (P = 0.26), I = 20% k + 4 4
) ~200 -100 ) 100 200
Test for overall effect: Z = 0.80 (P = 0.43) Higher in Control Higher in Citrus-Based
(c) Urinary Oxalate (mg/Day)
Citrus-Based Product Control Mean Difference Mean Difference
Study or Subgroup Mean SD  Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% ClI
Aras 2008 26,45 1998 10 226 1242 10 07% 285(-1072, 1843)
Coldfarb 2001 52 13 10 41 ¢ 10 16%  11.00([120,2080]
Honow 2003 Grapefruit Juice 0.5 L 15.9 1.25 3 155 1338 3 337% 0.40[-1.72, 252] -
Honaw 2002 Grapefruit Juice 1 L 16.21 1.25 3 155 139 3 337% 0.71[-1.41, 2.83] -
Honow 2003 Orange Juice 0.5 L 17.74 3.12 3 162 218 3 8.1% 154 [-2.77, 5.85] -
Honow 2003 Orange Juice 1L 17 2.94 3 182 218 3 8.8% 0.80[-3.34, 4.94] -
Oavina 2006 Lemonade 30 7 14 31 10 14  37%  -1.00([-7.39, 539 —
Odvina 2006 Orange Juice 35 3 14 21 10 14  4.0%  400[-2.11, 10.11) —
Sehzer 1996 42 12 12 53 33 12 0.4% -11.00([-30.87, 8.87]
Sumonok 2011 301 7.17 12 317 717 12 4.6% -1.60([-7.34, 4.14] —_—T
Trinchieri 2002 26.64 4.1 7 29.04 17.52 7 0.8% -2.40[-15.73, 10.93] —
Total (95% CI) 91 91 100.0% 0.76 [-0.47, 1.98] *
Heterogeneity Chi' = 819, df = 10 {P = 0.61); F = 0% -2|0 _'10 5 l{ -
Test for overall effect: 2 = 1.21 (P = 0.23) Higher in Control Higher in Citrus-Based
(d) Urinary Uric Acid (mg/Day)
Citrus-Based Product Control Mean Difference Mean Difference
Study or Subgroup Mean SD  Total Mean 5D Total Weight IV, Fixed, 95% CI IV, Fixed, 95% C|
Aras 2008 311 15667 10 427.2 19463 10 2.8% -116.20([-271.09, 38.69] —
Coldfarb 2001 Sd4 1032 10 562 123 10 6.9% -18.00(-117.43, 81.43) —
Honow 2003 Grapefruit Juice 0.5 L S48.08 29,12 3 53127 4659 3 17.6% 16.81 [-45.36, 76.98) —r—
Honow 2003 Crapefruit Juice 1L 54808 34.94 3 53127 4659 3 15.7% 16.81 [-49.09, 82.71) ]
Honow 2003 Orange Juice 0.5 L 56658 49.5 3 53285 32 3 15.3% 33.63 [-33.07, 100.33) -1
Honow 2003 Orange Juice 1L 522.86 5823 3 53295 32 3 12.1%  -10.09 [-85.28, 65.10] —_—
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Odvina 2006 Orange |uice 533 116 14 527 123 14 87% 6.00 [-82.56, 94.56) I —
Sehtzer 1996 436 128 12 420 153 12 5.d4% 16.00 [-96.87, 128.87) —
Trinchieri 2002 480 192 7 432 144 7 2.2% 4B.00[-129.79, 225.79]
Total (95% CI) 100 100 100.0% 2.15 [-23.96, 28.27] ?
Heterogeneity, Chi® = 5.45, of = 10 (P = 0.86); I* = 0% _2:00 -1:00 5 1('50 1T
Test for overal| effect: 2 = 0.16 @ = 0.87) Higher in Control Higher in Citrus-Based

Figure 4. Urine volume, urinary calcium, urinary oxalate, and urinary uric acid levels represented by a forest plot.

Page 8 of 14



F1000Research 2017, 6:220 Last updated: 08 MAY 2017

1101d 1sa10j Aq pajuasaidal sajiyosd aunn jo sishjeue dnoibgns "G ainbi4

paseg-snanD u Jaybiy onuo) w RybiH

(E0°0 = d) 9T'2 = Z 13333 ||eJar0 JOj 153 L

kel gt 9 O0T- 00z %0 = (650 = d) T = I 62°0 = ;U1 ARUIB0IAIZH
——entfi— [11°5-‘88°90T-) 00'95- %0'00T 2Z 2z (12 %56) |e10L

— = [05TH 0SBEIT-l 0065~ %668 2T 61T TET 2T 2L 26 aB6T 432135

—— [boT- ‘96 ZET-]1 0E°29= %109 0T £9'19 9'$8T 01 9198 £8IT B00Z sety

12 %56 'PaxX1d ‘Al 12 %56 'PAXH Al WhlaM [BI0L QS ueay [0l QS ueap anosbqng 1o Apmig

DUI1a UeIN

paseg-snu) ul saubiy jonuo) w saubiy

DuIRIa veI

(Aeq/3wr) AT0ISTH SISBIUIOIN UM JUSNE Ul Wwniofe) Areul (p)

1 s0 ) <o-

Josuod »n

poig paseg-smu)

500 = &) 222 = Z ‘1333 |[BI3A0 10) 1531

(Aeq/3ux) 100[qng Apreay ur ajeni) Areurn (e)

L i %0 = o 1660 = d) § = JD TS0 = U AusuaboInRH
- [20°0- *82'0-] ST'0- %0°00T ¢E £ (19 %S6) [e10L
—_— [sT0'2¢0-19T0- 08T TT GE0 o2 It 6L'0 98'T [TOZ »ouownsg
4 [90'0 "9k 0-l020- %552 £ 9zT'0 S08'C £ 610 909°C 7T 29N BEURI0 £00T MOUOH
- 600 ‘sb0-1£410- %092 £ az1'0 082 ¢ 610 8892 150 39N BBUBIO £00Z MOUOH
& (620 '650-] SO0~ Zp'ST £ SLZ0 £9l°T T S60°0 9142 7T 83nf YnSCEIT S007 MOUOKH
—_— [pz'0o 150l £T'0- mECT £ SLT0 L9947 E 6T'0 EE9°C 1 0 a3inf UnJadelD F007 MOUOH
690 '68'0-10T0- %82 0T I £T 0t 80 a1 1002 QEIRIED
12 %56 'Paxid ‘Al 12 %56 'Paxid ‘Al WBaM eI0L S ueaW [e10L QS ueap dnoibgns 10 Apms
UDEQ._UE._B ueap UU—_B._Ut_H_ ueap _Eu.._ou ab:—vﬂ._k tUQHHIwE!U
(Aeq/7) 102lqng Apyesy ur swnjoA aut (9)
004 paseg M._.:mu u E:m_.xoﬁ.zccu u ww.._w_wz 006- [TOODOQ > 4) TSk = 7 1J813 |[RIAAD J0) 153 |
F 7 = { %pE = 11220 = & 7 =Jp ‘20°¢ = U Ayauabosaiay
B (29181 ‘15'1£] 95°921 %0001 £¥ 17 (1D %56) [e10L
b2 82ZE ‘9262l 00P0Z  %SET 2T 3 T T 6T 9pE 966T J823S
leb-ozz ‘'sk98Z-]1 0008~ %0  TZ 29k 94k TZ 94T 9Fb 2007 Loy
R = 65641 '"TO'ES]0Z'9TT  %6'sL 01 76’89 5981 01 $1°SL L7708 2007 sedy
12 %S6 "PaxI4 ‘Al 12 %56 ‘PIXI4 ‘Al mbragy eioL as uedy w0l as ueay  dnosbgns 10 Apmis
UMY ueay DU uEdp |onue) paseg-snai)
(Ae/Bur) A10)STH SISBIPI[OI(] YIIM Juaned ul ajenr) Areu (q)
[1ouod] sinoaey  [[Pludwiaadxa) SInoAR4 (1000 = &) BT = 7 139443 [[BI3AD J0) 153 ]
{208 0% Q 082 005, %0 = 10920 = )9 = I LEE = JuD AuauabosalsH
n'- [90°S6T ‘SE9%] 0L°0ZT %0001 T¥ ¥ (1D %s6) oL
_ [z169% 2eRE=1 0P 0LT 20OBPT £ BEBPT B'8br [ ez TBTa ZO0Z UayuuL
— [£6°241 '26'66-10068 %E6f 21 BU'SPT bSS 21 BT'8PT £19 T10Z ¥0Uoung
[0Z81S 9T90-120162 L4 £ BZHFT £819 £ 6981 22698 71 20n[ abuel) £00Z MOuoH
[6E80F 66 £6-1 02 25T %BE £ BZpPT £81I9 £ L8497 SELL 7 50 83nf 86uRLO £00Z MOUDH
[05°SkS ‘B 02-] 57292 %69 £ L2281 267285 £ 16461 5028 1T 20 YBCEID £00Z MOUOH
[E0°€9E 22°BET-] ET'2TT @8 € L2°2ST 26265 ¢ L09T  T0L9 1570 3nf WMBORID 00T MOUDH
[ — I8¢ 182 Bb'60T-]1 0098 XSPT o1 Sz c0S o1 0Zz 165 TOOZ QIBIpI0D
1D %56 ‘Paxid ‘Al 12 %S6 ‘Paxid ‘Al wbiam e10L as uea R0l 4S ueay dnoubiqns 10 Apmis
PUBIYIA weIN IO VeI |enuoesy pRseg-snaD

Page 9 of 14



calcium salt solubility and calcium oxalate crystal growth inhibi-
tion as its primary mechanism. It also can reduce bone resorption
and increase calcium reabsorption in kidneys. Furthermore, citrate
fixes the inhibitory properties of Tamm-Horsfall protein®. Cit-
rate and Tamm-Horsfall protein are related to inhibition of cal-
cium oxalate agglomeration”. An increase in urine pH is due to
metabolism of citrate into bicarbonate'’. Moreover, an increase
in urine pH could reduce reabsorption of citrate. Thus, it could
induce more citrate excretion. A study conducted by Curhan
et al.’*' found an increased risk of stone formation associated with
grapefruit juice consumption; although, the exact mechanism is
still unclear. One theory suggests that grapefruit juice contains
sugar, which can increase calcium excretion’'. However, this study
proved that citrus-based products could increase urinary citrate
level, which could be a protective factor for urinary tract stone
formation.

Potassium citrate has been used as urolithiasis stone treatment for
more than two decades. Its effectiveness in urolithiasis treatment
has been established from several studies™*. From one meta-
analysis conducted by Phillip er al., potassium citrate significantly
reduced stone size, reduced new stone formation, and increased cit-
rate levels*™. The stone prevention mechanism of potassium citrate
is thought to be due to alkali loading and its citrate-uric effect™.
In this study, potassium citrate showed a significant increase in
urinary citrate and is superior to citrus-based products in elevat-
ing urinary citrate. However, the use of potassium citrate has
a limitation due to its side effect if used for a long term period,
such as epigastric discomfort and frequent large bowel movement,
and it requires the consumption of many tablets daily to reach
sufficient therapeutic doses, which could dramatically decrease
patient compliance®®. Therefore, citrus-based products could be an
alternative therapy with lower cost and better urinary citrate level
than control therapy.

This is the first systematic review and meta-analysis that focuses
on citrus-based product and its effect towards urine profile com-
pared to standard therapy. However, this study only searched
for published article which could lead into publication bias.
Moreover, most of the included studies were not conducted using
the best method for interventional studies, which is randomized
controlled trials. Therefore, from the positive results this study has
shown, we encourage other researchers to conduct randomized con-
trolled trials to provide stronger evidence the beneficial effects of
citrus-based products on urinary stone disease.

Supplementary material

F1000Research 2017, 6:220 Last updated: 08 MAY 2017

Conclusions

Citrus-based products increase urinary citrate and urine pH
significantly compared to control treatments. Compared to stand-
ard potassium citrate therapy, there was a smaller increase in urine
pH and urine citrate using citrus-based products. However, due to
potassium citrate side effects and patient’s poor compliance, cit-
rus-based products could be alternative therapy in preventing stone
formation. These study’s results should encourage further research
to explore citrus-based product as a urolithiasis treatment.
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The authors present a comprehensive systematic review and meta-analysis of the effect of citrus-based
products on urine profile. The paper is supplemented by the PRISMA flow chart and forest plot charts to
present their results.

Although their search strategy is good, they should have used other terms such as 'kidney stones',
'stones’, 'ureteric stones' and 'calculi' too. They have only used the term 'Urolithiasis' which could
potentially miss on other relevant studies.

As a limitation of any systematic review the authors are correct in acknowledging that their is likely to be a
publication bias. Similarly, the long term effect of the use of citrate-based products in not know from this
study and whether their results translate into a reduction in stone recurrences remain unknown.

A recent cochrane review on the use of citrate salts on prevention and treatment of calcium containing
kidney stones in adults showed a reduction in new stone formation and stone recurrences in these
patients’.

Overall the paper reads well and is a nice summary on the use of citrate based products on urine profile.
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1. The authors are correct in stating that no previous meta-analysis of the effects of citrus fruits has been
performed. The results are not surprising as stone clinicians consider citrus supplementation (or
potassium citrate) of important utility. However, the meta-analysis is reasonable to perform as the
intervention is commonly administered.

2.The studies are similar enough to consider a meta-analysis worth doing. One study used diet orange
soda which is not citrus juice (I am the senior author of that study). There is otherwise an appropriate
selection of studies, based on availability of the requisite data which the authors explain in detail.

3. The limitations of the data include the relatively small sample size, so that the meta-analysis is also
underpowered but shows the expected increase in urine citrate and the increase in urine pH only in stone
formers and not in non-stone forming controls. No studies actually assess stone formation as an outcome,
addressing only urinary chemistry.

4. The conclusions appear reasonable, and are well-stated, if not surprising.

5. Table 1 could be improved by including the dose of juice for all the interventions.

6. | did not find a legend for figure 2 about bias assessment. The figure is hazy, not of perfect resolution.
There is no interpretation of the bias assessment in the manuscript. It is worth noting that it is probably not
possible to blind participants to citrus juice vs water. The other criteria, such as blinding to sequence
allocation may also not be critical to a study of urine chemistry and not of kidney stone outcomes.

7. Regarding Curhan’s finding that grapefruit juice was associated with higher risk for stones, mentioned
in the discussion, that finding was not confirmed in a later study .

8. In the introduction, the authors state “whereas citrate could prevent stone formation by ionizing urinary
calcium”: this is not quite correct. Citrate binds to ionic calcium and prevents it from binding to oxalate or
phosphate.
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