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Abstract

Objective To explore the relationship between the consumption of coffee and tea with urolithiasis. We evaluated large epi-
demiological and small clinical studies to draw conclusions regarding their lithogenic risk.

Methods A systematic review was performed using the Medline and Scopus databases, in concordance with the PRISMA
statement. English, French, and Spanish language studies regarding the consumption of caffeinated and decaffeinated coffee
and tea, and the relationship to urinary stone disease were reviewed. Case reports and letters, unpublished studies, posters,
and comments were excluded.

Results As per the inclusion criteria, 13 studies were included in the final review. Most studies, including four large prospec-
tive studies and one meta-analysis, reported a reduced risk of stone formation for coffee and tea. Caffeine has a diuretic effect
and increases the urinary excretion of calcium, but if these losses are compensated for, moderate caffeine intakes may have
little or no deleterious effects. Green and Herbal teas infused for short time had low oxalate content compared to black tea.
Conclusion There is no evidence that moderate consumption of coffee raises the risk for stone formation in healthy indi-
viduals, provided the recommended daily fluid intake is maintained. The currently available literature supports in general a
protective role for tea against the stone formation, mainly for green tea. However, heterogeneity of published data and lack of
standardization needs to be addressed before final and clear conclusions can be given to patients and to the public in general.

Keywords Caffeine - Coffee - Tea - Theophylline - Black tea - Green tea - Nephrolithiasis - Urinary stones - Risk - Kidney
stone
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Nephrolithiasis is a complex disease with multiple genetic,
dietary, and environmental factors that plays a role in its
development and management. The estimated prevalence is
around 14% in the industrialized world [1-4], however, this
changes according to demographics and geographical areas
studied. In the US for example, a history of stone disease is
most common among older white males (10%), and lowest
in younger black females (1%). The prevalence in Asians
and Hispanics falls somewhere in between these two fig-
ures [2]. In addition, in recent decades a marked increase in
renal stone prevalence has been noted, probably as a result
of dietary habits and lifestyle [3].

A systematic metabolic evaluation is an essential part of
the treatment and prevention of stone disease, which is esti-
mated to be at least 40% without proper prevention [4, 5].
Diet consists of many important risk factors for urinary stone
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disease, and dietary modification is an inexpensive and safe
method to prevent stone formation and stone recurrence [6].

The strict control of calcium, oxalate, fructose, salt, and
protein consumption, monitoring fluid intake are all cru-
cial components in the prevention of urinary stone forma-
tion, with most medical references promoting sufficient
fluid intake for the production of at least 2-2.5 L of urine
per day [7, 8]. In addition to drinking water, coffee and tea
are among the beverages most widely consumed on a daily
basis. Establishing the relationship between these two popu-
lar beverages and nephrolithiasis is met with confounding
results.

In this systematic review, we have divided the paper into
two separate parts for coffee and tea consumption, followed
by a detailed discussion highlighting the possible mecha-
nisms behind the results. Both these sections will also con-
centrate on the caffeine and oxalate content and their effect
on the stone disease.

Material and methods
Evidence acquisition
Inclusion criteria

1. Studies in English, French and Spanish languages look-
ing at the role of tea and coffee in kidney stone disease
(KSD)

2. Studies published from the inception of databases to
March 2020.

3. Adult patients

Exclusion criteria

1. Animal and laboratory studies
Review articles, case reports, editorials, and grey litera-
ture

3. Studies looking at lifestyle factors such as exercise, alco-
hol or smoking

Search strategy and study selection

A systematic review was performed, using the Medline
and Scopus databases. This review follows the Preferred
Reporting Items for Systematic Reviews and Meta-Analy-
ses (PRISMA) statement (Fig. 1). The keywords used were

the followings: “Caffeine”, “coffee”, “tea”, “theophylline”,

“black tea”, “green tea”, “methylxanthine”, “1-Methyluric

acid”, “nephrolithiasis”, “urinary stones”, “risk”, “kidney
stones” and “urolithiasis”. Search terms included a combi-
nation of keywords above and boolean operators (and, or)

were used to augment the search. No time period restriction
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was set, and the search was carried out in March 2020. Two
reviewers (YB, MC) identified all the studies independently
and any discrepancies were resolved with mutual consensus.
The main outcome of interest was the role of tea and coffee
in the development of kidney stone disease. As a result of
the heterogeneity of study outcomes, a narrative synthesis
rather than a quantified meta-analysis of data was performed.

The Newcastle Ottawa Scale (NOS) was implemented for
quality appraisal [9].

Results

Of 4669 articles found through the initial database search,
125 abstracts were reviewed, 54 full-text articles were
assessed for eligibility and 13 articles met the criteria for
inclusion in the final review (Fig. 1). 23 animal-laboratory
studies were excluded in addition to 18 review articles, case
reports and editorials. Among the final 13 articles included,
six prospective trials evaluated the relationship between both
coffee and tea consumption and urinary stones, two studies
evaluated coffee alone and five evaluated tea consumption
and the risk for stone formation. Table 1 summarizes the
most relevant studies found on this topic. The results are
divided into two sections with the first section addressing
coffee consumption and the second section focusing on tea
consumption and the risk of KSD.

Coffee and the risk for nephrolithiasis

Large prospective studies reported a risk reduction for stone
formation with the daily consumption of coffee and decaf-
feinated coffee [10-14]. More specifically, Curhan et al.
found that the risk of stone formation in a large male popu-
lation decreased by 10% for caffeinated and decaffeinated
coffee with a 240 mL daily serving. This study also found a
14% risk reduction for tea consumption [10]. For the same
intake amount, Curhan et al. presented in the Nurses’ Health
study that the risk of stone formation decreased by 10% for
caffeinated coffee, 9% for decaffeinated coffee, and 8% for
tea [11]. Ferraro and Curhan reported a lower stone forma-
tion risk of 26% for caffeinated coffee, 16% for decaffeinated
coffee, and 11% for tea [12]. Littlejohns et al. reported that
for every additional 200 ml drink consumed per day, the risk
of kidney stones declined by 13% [13]. This was primar-
ily due to tea, coffee, and alcohol, however no association
between water intake and kidney stone risk was found.
Ferraro and Curhan published another study in which a
multivariate adjustment was done for age, BMI, fluid intake,
and other factors [14]. The results showed that participants
with the highest caffeine intake had a 26-31% lower risk
of developing KSD in the three different cohorts studied.
The association remained significant in the subgroup of
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Records identified through database
searching and removing duplicates
(n=4669)

.| Articles excluded after screening

\4

of title (n= 4544)

Records screened
(n=125)

» | Articles excluded after screening

A

of abstract (n=71)

Full-text articles assessed
for eligibility
(n=54)

[ Eligibility ] [ Screening ][Identification]

Full-text articles excluded

> (n=41)
‘23 Animal- laboratory studies’

‘18 Review articles, case reports,
editorials’

Studies included in
qualitative synthesis
(n=13)

Fig. 1 Final PRISMA-1 chart for coffee and tea review

participants with a low or no intake of caffeinated coffee in
one cohort. In a subgroup analysis of 6033 participants with
an available 24-h urinary composition, the intake of caf-
feine was associated with higher urine volume, calcium, and
potassium and with lower urine oxalate and supersaturation
for calcium oxalate and uric acid. These findings were also
demonstrated in two other studies. Taylor et al. showed that
participants in the highest quartiles’ caffeine intake excreted
10 mg/d more urinary calcium than participants in the lowest
quartiles. The authors, therefore, concluded that the impact
of caffeine was relatively small [15]. In the second study,
Massey et al. studied the effects of caffeine on urinary com-
position in 39 calcium stone formers. The results showed
that caffeine increased urinary calcium/creatinine (Ca/Cr),
magnesium/Cr, citrate/Cr and sodium/Cr but not oxalate/
Cr in stone formers and controls. The authors concluded
that caffeine consumption may modestly increase the risk
of calcium oxalate stone formation [16].

In an effort to overcome the limitation of genetic hetero-
geneity on the risk of urolithiasis from coffee consumption,
Goldfarb et al. conducted a large male twin study to examine
mainly the influence of genetic factors associated with KSD
[17]. The participants were surveyed by questionnaires for

their dietary habits and history of stone disease. The results
showed a protective, dose-response pattern for the intake
of five or more cups of coffee. Coffee drinkers were half as
likely to develop kidney stones as those who did not drink
coffee. The results also showed marginal protective effects
for coffee consumption.

Worth mentioning, when presenting the results of these
studies, is that other additional beverages were found to
decrease the risk of stone formation. These were beer [10,
12, 18], wine [10-12], and orange juice [12]. Grapefruit
juice [10, 11] and sugar-sweetened beverages [12] increased
the risk for stone formation.

Based on our review and the reported work done by other
authors including Curhan et al., Borghi et al., Friedlander
and Pearle, Gambaro et al., Sorokin and Pearle, the findings
suggest that the risk of KSD is reduced by the daily intake of
both caffeinated and decaffeinated coffee, and tea [19-24].

Tea and the risk for nephrolithiasis
Tea consumption was also shown to be protective in the

large epidemiologic studies mentioned in the previous
section [10—15]. Other studies that primarily focused on

@ Springer
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Table 1 (continued)

Study limitations

Conclusion

Sample size Study goal

Coffee/tea

Study

Green tea intake is associated with a Possible recall bias due to the use of

The association between green tea

127,220

Tea

Shu et al. [26] 2019

questionnaires for data collection and a

possible
Limited data regarding the specific type

lower risk of incident kidney stones

intake and stone occurrence

of consumed beverage

To examine the effect of the amount and Daily tea consumption > 240 mL (two Possible recall bias due to the use of

13,842

Tea

Chen et al. [27] 2018

questionnaires for data collection and a

possible
Limited data regarding the specific type

cups) was associated with a lower risk

of renal stone disease

the duration of tea consumption on the

risk for stone formation

of consumed beverage

Possible recall bias due to the use of

Tea consumption was shown to be

To evaluate the risk factors associated

1519

Tea

Zhuo et al. [28] 2019

questionnaires for data collection and a

possible
Limited data regarding the specific type

associated with a lower risk of stone

formation
No significant results for coffee intake

with the development of urolithiasis

of consumed beverage

Possible recall bias due to the use of

Tea consumption raises risk for stone

The effect of tea consumption on the

8807

Tea

Wau et al. [29] 2017

questionnaires for data collection and a

possible
Limited data regarding the specific type

formation

risk for stone formation

of consumed beverage

tea consumption also reveals a protective effect towards
it [25-28]. Rode et al. studying the effects of green tea
consumption in a population of hypercalciuric stone-
formers found no difference between green tea drinkers
and non-drinkers for stone risk factors. This was true for
oxalate excretion in 24-h urine collections, but also for
urine pH, calcium, urate, and citrate. While no evidence
for increased oxalate-dependent stones was found in daily
green tea drinkers, in female green tea drinkers no cal-
cium oxalate monohydrate (COM) stone was detected at
all [25]. Shu et al., showed that regular tea intake was
associated with 13% and 22% lower risk of incidental
KSD in women and men respectively compared to former
tea drinker or someone who has never drunk tea [26].

Chen et al. went a step further and investigated the
chronologic impact of tea consumption over time and
whether it has an independent effect on the risk of stone
formation. Their results showed that daily tea consump-
tion > 240 mL was related to a decreased risk of KSD
[27]. Zhuo et al. did not show any significant effect
related to the frequency of tea consumption and KSD. In
a multivariate logistic regression analysis by tea-drinking
habits, a preference for strong tea was suggested to be a
protective factor of urolithiasis (OR 0.793) [28].

There were contradictory conclusions from Biao et al.
[29]. In a retrospective study, the authors’ final conclu-
sion was that tea consumption was independently associ-
ated with an increased risk of KSD and they suggested
that a decrease in the consumption of tea as a preven-
tive strategy for KSD. However, their study was flawed
with many limitations including no specification of the
category of tea despite the known variations in oxalate
content of different types of tea.

Quality appraisal of studies

In general, the quality of evidence of included studies was
intermediate, mainly due to selection biases of the study
populations and recall biases associated with the use of
questionnaires.

These limitations affected almost all the cohort stud-
ies of coffee and tea. In addition, there is a major lack of
standardization in the medical research of tea and coffee
consumption, concerning the type of beverage, studied
and its preparation methods, both are factors that would
influence the lithogenic risk. The average appraisal score
using NOS was 5.23/9 (range 4-7) (Table 2). The areas
of weakness across the studies included the selection and
comparability categories, however, they were most nota-
ble regarding the method of outcome assessment.

@ Springer
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Discussion

Despite a potential lithogenic role of caffeine [15, 16], data
from big epidemiologic and clinical studies show that cof-
fee paradoxically may have a protective effect against KSD
[10-14]. A possible explanation of this apparent contra-
diction could be linked to the diuretic properties of caf-
feine and its effect on the adenosine receptors in the kidney
which has previously been demonstrated in the animal mod-
els [30]. The overall result is an increase in urine flow and
if adequately compensated by water intake, represents an
important protective factor against the development of KSD.
Moreover, coffee plants are a rich source of citric acid and
hence its derivative citrate can also play a strong role in the
inhibition of KSD. Lastly, the demonstration of a protective
effect for decaffeinated coffee suggests that there might be
a protective role for other bioactive compounds in coffee.

The protective effect of green tea is most likely due to
the presence of polyphenol compounds called catechins
[31]. These have been of major interest due to their antiox-
idant properties [32], and a possible role in the prevention
of KSD [32-35]. Green tea contains the highest concentra-
tion of catechins when compared to black tea and hence
considered more preventative against KSD.

In the studies included, decaffeinated coffee also had
a protective role against stone formation [10-14]. This
naturally could not be explained by a protective effect of
caffeine alone. The main two arguments to explain this
observation are the presence of small amounts of caffeine
that might potentially play a role despite the decaffeina-
tion process and the presence of other protective bioac-
tive compounds like trigonelline, which may exert similar
protective effects like caffeine [36]. It is also important
to note that despite the possible protective effects of caf-
feine against KSD, not every beverage containing caffeine
might play a protective role. Some beverages like caffeine-
containing soda also contain large quantities of sugar and
might pose a serious risk for KSD.

Coffee should be consumed in moderation, and water
intake must be maintained and should accompany it to
dilute the potential effect of hypercalciuria. Similarly, it
is important to maintain calcium intake with coffee to bal-
ance oxalate containing food and to reduce the risk of oste-
oporosis, which potentially might be the result of chronic
caffeine-induced hypercalciuria [37].

This systematic review comprehensively summarizes
the evidence for the effect of tea and coffee consumption
and the risk of KSD. As with all systematic reviews, we
acknowledge the publication bias and that there are limita-
tions to the conclusions drawn, which are only as robust
as the included articles. Another limitation of this sys-
tematic review is that most of the included studies are

@ Springer

non-randomised studies with significant heterogeneity in
study design and inconsistency of data reporting. A lack
of standardised methods of data collection and reporting
made it difficult to compare or combine the outcomes.
Many confounding factors were not accounted for includ-
ing the modifiable and non-modifiable factors (e.g., age,
gender, race, and body mass index), in addition to the
dietary factors (accompanying nutrition the participants
consumed during the study periods).

Moreover, there is a potential publication and selection
bias mainly for the large cohort studies of Curhan et al. and
Ferraro et al., in addition to the significant overlap between
the cohort groups of these studies.

Regarding tea intake, we found a lack of standardization
relating to the tea type studied and its preparation methods,
both factors that would change the oxalate level consumed
among other lithogenic factors and presumably alter the risk
posed for KSD. The consumption method itself e.g. the addi-
tion of milk or sugar can influence the risk for stone forma-
tion. Similarly, the important role of genetic polymorphism,
that might affect the stone risk in relation to coffee and tea
consumption was addressed in one only study [17].

All of these limitations impede the task of finding defini-
tive recommendations for our patients and colleagues. Hence
future studies need to include coffee and tea types being
studied, their caffeine and oxalate contents, and the stone
types for which the risk or benefit is being evaluated with
standardised outcome measures and long-term follow-up.

Conclusion

Moderate coffee consumption does not increase the risk
of KSD provided the recommended daily fluid intake is
maintained. There seems to be a protective effect of tea
consumption especially green tea towards KSD. However,
there is currently a lack of standardised research regarding
the preparation and consumption of tea. The heterogeneity
of published data and lack of standardization needs to be
addressed before final and clear conclusions can be given to
patients and to the public in general.
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