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Caffeine in Kidney Stone Disease: Risk or Benefit?
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ABSTRACT

Kidney stone disease is a global health care problem, with a high recurrence rate after stone removal. It is thus crucial to develop effective strategies
to prevent the formation of new or recurrent stones. Caffeine is one of the main components in caffeinated beverages worldwide (i.e., coffee, tea,
soft drinks, and energy drinks). Previous retrospective and prospective studies have reported contradictory effects of caffeine on kidney stone risk.
Although it has a diuretic effect on enhancing urinary output, it may slightly increase the stone risk index. However, 3 large cohorts have suggested a
preventive role of caffeine in kidney stone disease. In addition, a recent in vitro study has addressed relevant mechanisms underlying the preventive
role of caffeine against stonepathogenesis. This review summarizes the relevant data fromprevious evidence anddiscusses the association between
caffeine consumption and kidney stone risk reduction. Adv Nutr 2018;9:419–424.
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Introduction
Caffeine is one of the most common bioactive compounds
that is widely consumed around the globe. Caffeinated bev-
erages, including coffee, tea, soft drinks, chocolate products,
and energy drinks, are the main sources of dietary caffeine.
Its amount in each beverage varies, depending on the type
of original plant (1), growing conditions (2), and brewing
method (3). Caffeine is frequently used for enhancing mood,
alertness, and cognitive performance. It also has physiologic
and pharmacologic actions in several biological systems, in-
cluding nervous (4, 5), cardiovascular (6–8), renal (9–11),
and muscular (12, 13) systems. In addition, caffeine can re-
duce the risk of several diseases, such as Alzheimer disease
(14, 15), Parkinson disease (16, 17), and diabetes mellitus
(18–20). Moreover, it has a mild diuretic effect by inhibiting
fluid reabsorption along proximal renal tubules (21–23). Al-
though the effects of caffeine have been extensively studied in
several kidney diseases (24–28), its role in kidney stone dis-
ease seems to be overlooked and underinvestigated.

Kidney stone disease (or nephrolithiasis or urolithiasis)
is a common disease caused by the deposition of chem-
ical crystals [calcium oxalate (CaOx), calcium phosphate,
etc.] within the kidney. The removal of kidney stones can
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be done by shock wave lithotripsy, ureteroscopy, percuta-
neous nephrolithotomy, and other surgical procedures (29–
32). However, themost important problem related to this dis-
ease is its high recurrence rate after stone removal and the
continuously increasing number of new cases (33, 34). As a
result, ∼$5 billion have been spent annually in the United
States for the management of kidney stone disease (34). Fur-
thermore, the cost of stone removal is much higher than the
cost for prevention (33, 34). Interestingly, the interval re-
quired for recurrent stone formation is shorter than that of
new stone formation (35). Therefore, recent kidney stone re-
search has focused on strategies to prevent the formation of
new and recurrent stones (29). One of the simple strategies
to prevent kidney stone formation is sufficient hydration and
increased water intake to enhance urinary output (35–37).

The risk of kidney stones can be reduced by some, but
not all, types of fluids that are taken to increase urine vol-
ume (38–41). Moreover, caffeine-rich beverages (i.e., coffee
and tea) have been recognized to contain oxalate (42) and can
increase urinary calcium excretion (43). However, the data
from 3 large cohort studies have reported the association be-
tween caffeine consumption and a lower risk of kidney stone
disease (44). In addition, a recent in vitro study has shown
a reduction in adhesion of CaOx crystals on caffeine-treated
renal tubular epithelial cells (45). On the basis of these lines
of evidence, caffeine (particularly from coffee) may be one of
the protective mechanisms against CaOx kidney stone for-
mation (45). This article thus summarizes and discusses the
data from previous studies on effects of caffeine in kidney
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stone disease, particularly the CaOx type, which is the most
common form of kidney stones in humans (46).

Overview of Caffeine
Caffeine and its popularity
Caffeine (1,3,7-trimethylxanthine, C8H10N4O2) is a popu-
lar stimulant worldwide that is frequently consumed to en-
hance mood, alertness, muscle endurance, and exercise per-
formance. Caffeine is a naturally occurring alkaloid found in
seeds and leaves of several types of plants (i.e., coffee beans,
tea leaves, cocoa beans, and kola nuts). The amount of caf-
feine content in each plant varies, depending on the type of
plant, its growth environment, and the preparation or brew-
ingmethod. For example, Robusta coffee usually has a higher
caffeine content than Arabica coffee (47). In addition, the
roasted temperature and pressure can influence caffeine con-
tent in the coffee (47).

Due to the long historical usage and its popularity, there
have been several studies that reported on habitual caffeine
consumption around the world. The data from the NHANES
showed that 89% of the US adult population (aged >19 y)
consume caffeine, of which 98% of the sources are from
beverages, including coffee (64%), soft drinks (18%), tea
(16%), and energy drinks (<1%) (48). The average amount
of caffeine consumed is 186 mg/d (48). In addition, ∼68%
of the US child population (aged <12 y) consume 25 mg
caffeine/d, whereas ∼75% of the US adolescent population
(aged 12–19 y) consume 50 mg caffeine/d (49). The key
sources of caffeine consumed by US children and adoles-
cents are soft drinks and tea (49). In Austria, the most com-
mon sources of caffeine for adolescents and young-adult
Austrians are coffee (60.8%), energy drinks (11.9%), and co-
las (9.5%), with a consumption amount of ∼357 mg/d (50).
In The Netherlands, information from a pencil-and-paper
survey from Dutch students (aged 18–30 y) has indicated
that 87.8% of those participants are consumers of caffeine
from coffee (50.8%), tea (34.8%), energy drinks (9.2%), co-
las (4.7%), and chocolate milk (0.5%) (51). These data clearly
indicate that caffeine has been widely consumed around the
globe in almost all age groups, with the highest consumption
in adults. The most common sources of dietary caffeine are
from caffeinated beverages, such as coffee (the most popular
source globally), tea, chocolate products, and soft drinks, as
well as energy drinks that have been recently introduced into
themarket andwhose popularity has been increasing contin-
uously and dramatically (52).

Caffeine absorption, metabolism, and elimination
After oral intake, caffeine is rapidly and completely ab-
sorbed from the stomach and small intestine into the
blood circulation, and is then distributed to almost all
tissues and body fluids. The peak plasma concentra-
tion of caffeine is ∼8–10 mg/L, which is reached within
15–120 min after its intake (53), whereas its half-life
is ∼5 h (54). It is metabolized in the liver by cy-
tochrome P450 to become metabolite products, including

paraxanthine (1,7-dimethylxanthine), theobromide (3,4-
dimethylxanthine), and theophylline (1,3-dimethylxanthine)
(55). These dimethylxanthine compounds are then demethy-
lated to monomethylxanthine and finally oxidized to methyl
uric acid and other end products (56). Whereas the majority
of the consumed caffeine is metabolized to become various
end products (metabolites) as previously mentioned, the re-
maining amount (<2%) is intact and directly excreted into
the urine without accumulating inside human body (57).

Caffeine and the Kidney
The kidney is a main vital organ that plays crucial roles in
the regulation of water and electrolyte homeostasis and in
the elimination of waste products. Circulating byproducts
from metabolism are eliminated by the kidney as urine. The
urine volume depends on a balance between glomerular fil-
tration rate (GFR) and tubular reabsorption rate, both of
which can be influenced by several factors, including intrin-
sic and extrinsic stimuli (e.g., fluid intake and some types
of substances). Compounds in the methylxanthine family
(i.e., caffeine and its metabolites) have been recognized as di-
uretic substances that increase the urine output by enhance-
ment of GFR, reduction of tubular reabsorption, or both
(58, 59). Because of the similarity in chemical structure of
caffeine and adenosine, caffeine can bind to adenosine re-
ceptor and is recognized as an adenosine receptor antagonist
(58, 59). As such, caffeine can act as an adenosine inhibitor
to inhibit adenosine activity by competitive binding to its re-
ceptor. This mechanism of action of caffeine has been con-
firmed in an adenosine receptor A1–deficient murinemodel,
in which caffeine did not increase the urine volume (58). In
addition to its diuretic action, caffeine also has a natriuretic
property because the caffeine-induced increase in urine
flow is related to the increased urinary excretion of solutes
(i.e., sodium, chloride, calcium, phosphate, and magnesium)
(58, 59). In addition, a recent study reported a set of urinary
proteins that are altered after caffeine intake (1 cup of coffee
contains 152 mg caffeine) in association with the increased
urine volume (60). The proteome data have shown the de-
creased urinary excretion of kininogen, which can cause an
increase in intrarenal kinin that, in turn, reduces vasopressin
release and promotes renal vasodilation (60). Intrarenal va-
sodilation thereby enhances glomerular bloodflow,GFR, and
urine output (60).

On the other hand, as an adenosine receptor antago-
nist, caffeine can inhibit adenosine activity of juxtaglomeru-
lar cells, resulting in the promotion of renin secretion
(61–63). As such, some investigations have shown contra-
dictory findings because the secretion of renin, a hormone
produced by the kidney that is responsible for the conver-
sion of angiotensinogen into angiotensin, can lead to vaso-
constriction as well as tubular reabsorption by activating
the release of antidiuretic hormone (also known as vaso-
pressin) (64). Nevertheless, the latter, contradictory effects
have been found only in renin-elevated states (e.g., cirrho-
sis and genetic heart failure), not in the normal physiologic
condition (65, 66).
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Caffeine and Kidney Stone Disease
Effects of caffeine consumption on kidney stone disease
Although the effects of caffeine on the kidney have been ex-
tensively studied, its influence in kidney stone disease seems
to be overlooked. The evidence on whether caffeine prevents
or promotes kidney stone disease has recently become more
clear. Because an increase in fluid intake is widely recom-
mended for the prevention of kidney stone formation, some
previous studies during the past 2 decades focused on the
relevance of the type of consumed beverages, including caf-
feinated beverages, in association with kidney stone inci-
dence. In 1996, the first cohort data retrieved from theHealth
Professionals Follow-Up Study (HPFS) in 45,298 male par-
ticipants who had no history of kidney stones were reported
(38). The findings showed that not all types of beverages
affect kidney stone disease. Only caffeinated coffee and
decaffeinated coffee and tea, but not caffeinated and noncaf-
feinated sodas, are associatedwith an∼10% lower risk of kid-
ney stone incidence (38).

In 1998, the Nurses’ Health Study (NHS), another co-
hort study in 81,083 female participants who had no his-
tory of kidney stones reported the association between
beverage consumption and a lower risk of kidney stone dis-
ease (39). The data showed a 10%, 9%, and 8% lower risk of
kidney stone formation in the participants who consumed
caffeinated coffee, decaffeinated coffee, and tea, respectively
(39).

On the other hand, because the restriction of dietary ox-
alate is one of the recommended ways to reduce the risk of
CaOx kidney stone occurrence or recurrence, coffee and tea,
which have been recognized as oxalate-rich beverages, are
widely recommended as beverages to avoid. Moreover, some
studies have speculated that caffeine might be related to an
increased risk of kidney stone formation because of its ac-
tivity in elevating urinary calcium excretion (67). In 2004,
the data obtained from 39 kidney stone formers, who con-
sumed caffeine after 14 h of fasting, showed that caffeine
slightly increased urinary excretion of calcium, magnesium,
sodium, and citrate, but not oxalate (67). In addition, the
Tiselius stone risk index in 32 of 39 stone formers was found
to be modestly increased after caffeine consumption (67).
Note that the Tiselius stone risk index, which was introduced
by Tiselius and Larsson (68), is calculated to predict the risk
of development of calcium-containing stones based on only
some biochemical contents in the urine, including calcium,
oxalate, magnesium, and citrate. Moreover, urinary citrate,
which is considered to be a strong inhibitor of CaOx kidney
stones (69, 70), is also increased in caffeine consumers, and
thereby may be able to counterbalance the effects of the high
urinary calcium excretion.

In 2013, in a much greater number of participants
(194,094 individuals enrolled from the HPFS, NHS I, and
NHS II), the data showed a 26%, 16%, and 11% lower risk of
kidney stone disease in those who consumed caffeinated cof-
fee, decaffeinated coffee, and tea, respectively (44). With this
much larger sample size, the difference between caffeinated
and decaffeinated coffee can be observed. Note that the

effects of caffeinated and decaffeinated coffee were compa-
rable to those in former reports with much smaller sample
sizes (38, 39). Regardless of sample size, decaffeinated cof-
fee is consistently associated with kidney stone risk reduc-
tion in all of these 3 reports (38, 39, 44). It is thus possible
that other bioactive compounds in coffee (e.g., the sec-
ond most abundant alkaloid, namely trigonelline) may exert
similar protective effects against kidney stone disease
(although not as strong as those affected by caffeine). The
trigonelline content in coffee varies among different types of
coffee on the basis of roasting and brewing methods (3, 71,
72). For example, its amount is greater in Arabica coffee than
in Robusta coffee (in which the caffeine content is greater)
(3). Nevertheless, trigonelline content does not differ in caf-
feinated comparedwith decaffeinated coffee (73). It should be
noted that decaffeinated coffee does not really lack caffeine.
A recent study reported a range of 0–13.9 mg caffeine/16
ounces (473 mL) of decaffeinated coffee, whereas caffeinated
coffee usually contains >100 mg caffeine/16-ounce serving
(74). Therefore, the amount of daily caffeine intake should
also be taken into account. Similar effects have been ob-
served in colas (also known as caffeinated sodas), which
contain 41.5–48.4 mg caffeine/16-ounce serving (75). The
2013 mega-data showed an 8% lower risk of kidney stone
disease in the participants who consumed artificially sweet-
ened cola (44). In contrast, artificially sweetened noncola
(noncaffeinated soda) is associated with a 17% higher risk
of kidney stones (44).

Moreover, the effects of caffeine on kidney stone dis-
ease were reanalyzed in 2014 in these 3 large cohorts with
>200,000 participants (enrollment of 51,529 men from the
HPFS, 121,700 women from the NHS I, and 116,430 women
from the NHS II) (76). Regardless of beverage type, this lat-
est mega-data set divided consumers of caffeine into 5 quin-
tiles according to the amount of caffeine consumed per day
(Figure 1A). The data showed that the participants who con-
sumed caffeine in the highest quintile (568 ± 185 mg caf-
feine/d) had a 26%, 29%, and 31% lower risk of stone devel-
opment in theHPFS,NHS I, andNHS II cohorts, respectively
(76) (Figure 1B).On the basis of these collective data from the
previously mentioned cohorts, it can be suggested that caf-
feine consumption is associated with a reduction in kidney
stone risk.

Although an increase in urinary calcium excretion was
found in caffeine consumers in the study by Massey and Sut-
ton (67) in 2004, which had only 39 subjects, the data set from
the latest 3 large cohorts with>200,000 participants as previ-
ously mentioned showed a decrease in urinary oxalate excre-
tion in the highest-quintile caffeine consumers when com-
pared with the lowest-quintile population (76). In addition,
caffeine intake drastically increases the urine volume, which
ultimately leads to a significant reduction in net supersatu-
ration of calcium and oxalate ions (60). Moreover, there is a
consensus among several studies indicating an elevation in
urinary excretion of citrate, one of the most potent CaOx
stone inhibitors, in caffeine consumers (69, 70). Overall,
the inhibitory factors seem to overcome promoting factors
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FIGURE 1 Effect of caffeine dosage on kidney stone risk
reduction. (A) Mean caffeine daily intake in each quintile. (B)
Percentage of kidney stone risk reduction in each quintile. The data
are summarized from the data set of 3 large cohorts with >200,000
participants (enrollment of 51,529 men from the HPFS, 121,700
women from the NHS I, and 116,430 women from the NHS II)
reported by Ferraro et al. (76). HPFS, Health Professionals Follow-Up
Study; NHS, Nurses’Health Study.

induced by caffeine, leading to a reduction in kidney stone
risk.

Investigations of mechanisms underlying the
preventive effects of caffeine in kidney stone disease
It is surprising that, to our knowledge, there was no previous
in vitro or in vivo study that examined the effects of caffeine
on kidney stone formation until 2016, when in vitro evidence
of the protective effects of caffeine on CaOx kidney stone for-
mation was reported (45). In that study, caffeine was shown
to reduce CaOx crystal adhesion on the apical surface of re-
nal tubular epithelial cells by translocation of a CaOx crystal-
binding protein, annexin A1, from apical membranes to
cytoplasm (45). This is the only direct evidence that shows
cellular mechanisms underlying the inhibitory effects of caf-
feine against kidney stone disease and strengthens its role as
an inhibitor, rather than a promoter, of CaOx kidney stone
formation.

Conclusions and Future Perspectives
The ultimate goals of kidney stonemanagement are to reduce
new stone formation and to prevent its recurrence after surgi-
cal removal. Caffeine is one of the most popular compounds
in beverages that are daily consumed worldwide. Three large
cohorts have shown the potential of caffeine consumption to
reduce kidney stone risk. Moreover, a recent in vitro study
showedmechanisms underlying the preventive effects of caf-
feine against kidney stone formation by translocation of a
CaOx crystal-binding protein, annexinA1, fromapicalmem-
branes to cytoplasm, resulting in a significant reduction of
CaOx crystal adhesion on the apical surface of renal tubular
epithelial cells. Even with evidence from these in vivo and in
vitro studies, more in-depth information and knowledge on
the preventive effects of caffeine against kidney stone forma-
tion are required. Moreover, the fact that decaffeinated coffee
is also associated with a lower risk of kidney stone incidence
leads to another hypothesis that other bioactive compounds
in coffee (e.g., trigonelline) may also exert similar protective
effects against kidney stone disease. Therefore, the field of
kidney stone research needs more studies to achieve the ul-
timate goals of preventing new and recurrent kidney stone
formation.
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