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Abstract
Obesity is a global epidemic for which dietary and lifestyle modifications alone are ineffective
treatment strategies. Subsequently, more patients are opting for bariatric surgery, which has better
success rates in weight loss and improvement of obesity-related comorbidities. These procedures
involve anatomic alterations of the gastrointestinal tract resulting in either restriction of intake or
malabsorption of nutrients. While obesity itself is an independent risk factor for urolithiasis, bariatric
surgery may also adversely affect stone risk. Restrictive procedures appear to have the lowest risk,
whereas malabsorptive procedures are associated with the highest risks of stone formation. Stone
prevention strategies including dietary manipulation are critical in the management of the patients
who have had bariatric surgery.

INTRODUCTION
Obesity (BMI: >30 kg/m2) has reached epidemic
proportions, both globally as well as locally in the
Caribbean region, without discrimination against
age, sex, race, socioeconomic, and educational
levels.1,2 More than one-third of the population
in the USA and about one-half in Trinidad
and Tobago currently meet the definition of
overweight or obese.3-5
Conservative methods such as diet and lifestyle
modifications are often unsuccessful, or, at best,
temporary with regards to sustainable weight
loss.3 The National Institutes of Health (NIH)
consensus panel has established guidelines
regarding which patients should be considered
for bariatric surgery.6 These recommendations
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include patients with BMI >40 kg/m2 or those
with a BMI >35 kg/m2, with severe obesityassociated comorbidities.6,7 Consequently, more
patients are resorting to surgical options that
have demonstrated superior success rates, not
only in weight loss but also in the improvement
of obesity-related comorbidities.8 These reported
successes have led to a six-fold increase in
bariatric procedures in the USA alone over the
past 10 years.9,10 However, as these procedures
become more popular, various ensuing metabolic
derangements appear to increase the risk of
urolithiasis.3 The following discussion aims to
highlight the delicate balance between the
adverse effects of obesity and its treatment in
the stone forming patient.
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METHODOLOGY
A PubMed literature search on obesity, bariatric
procedures, and risk of nephrolithiasis was
completed and all relevant studies were
selected and reviewed. Key search words
included all variations of obesity, kidney stones,
nephrolithiasis, restrictive bariatric procedures,
malabsorptive bariatric procedures, laparoscopic
adjustable gastric banding (LAGB), sleeve
gastrectomy (SG), jejunoileal bypass (JIB),
Roux-en-Y gastric bypass (RYGB), biliopancreatic
diversion and duodenal switch (BPD-DS),
hyperoxaluria, and hypocitraturia. Only articles
written in English were selected. Review articles,
original articles, case series, and international
disease statistical databases were selected;
however, news articles and commentaries were
excluded. Institutional review board approval was
not necessary as this is a review article and does
not include any patient specific details.

BARIATRIC PROCEDURES
The bariatric era commenced in the early 1950s,
when it was observed that sustained weight loss
can be achieved by a surgically shortened small
bowel with resultant secondary malabsorption.11
Anatomical alterations of the gastrointestinal
tract, either to restrict the quantity of food intake
and/or to decrease the length of bowel through
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which absorption occurs, constitute the basis
of bariatric surgery.3 The techniques that are
currently employed in weight loss surgery, based
on these anatomical modifications, are classified
as restrictive, malabsorptive or a combination of
the two.12

Restrictive Procedures
Restrictive procedures include the gastric
balloon, LAGB, and laparoscopic SG (LSG), with
the latter being the most commonly performed
restrictive procedure in recent times.3 The gastric
balloon is a relatively new short-term tool used
in the fight against obesity and is primarily
considered as a bridge to another procedure.13
Laparoscopic adjustable gastric banding requires
the placement of an inflatable silicone band
around the proximal portion of the stomach
thereby creating a gastric pouch of about
5–15 mL in capacity.3 However, this procedure
has lost popularity as it is less effective in
achieving and sustaining weight loss compared
with other bariatric procedures.14 Nonetheless,
LAGB is advantageous in several ways, including
short operating time, minor changes to the
gastrointestinal tract, and the opportunity to
customise the degree of restriction based on
individual needs.15,16
A SG involves removing approximately 80%
of the stomach, with the remaining ‘sleeve’
extending from the gastro-oesophageal junction
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Figure 1: Vertical sleeve gastrectomy.
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to the pylorus (Figure 1).16 This procedure is
associated with decreased production of the
hormone ghrelin, which diminishes hunger and
increases satiety.17 LSG may serve as a first stage
procedure for patients who may eventually
require conversion to a RYGB, a procedure
that may initially be impractical due to severe
obesity.3 However, over the past decade, the LSG
has been considered a stand-alone operation
for morbid obesity due to its encouraging early
and midterm outcomes.18,19
Additionally, this
procedure appears to be favoured by many
bariatric surgeons due its technical simplicity and
modest learning curve.19

Malabsorptive Procedures
Malabsorptive procedures achieve weight loss by
decreasing the length of bowel exposed to food,
thereby reducing the absorption of nutrients.16
The JIB procedure was one of the first techniques
pioneered with resultant severe malabsorption
of both macro- and micronutrients.20-22 However,
due to life-threatening complications such as
renal failure, hepatic encephalopathy, and high
mortality rates, this procedure has since been
abandoned in favour of safer alternatives.20-22

Combined Procedures
The evolution of malabsorptive procedures
has led to combined malabsorptive and
restrictive elements, with the RYGB being the
most popular bariatric procedure in current

times, accounting for about 80% of weight loss
surgeries in the USA.23 A 20–30 mL gastric pouch
is created by stapling the proximal stomach and
separating the distal portion (Figure 2).24 The
biliopancreatic limb is fashioned by dividing
the small bowel about 50–150 cm distal to the
ligament of Treitz, and a gastrojejunostomy is
made between the gastric pouch and the distal
separated limb of the small bowel (the Roux or
alimentary limb).24 The biliopancreatic channel
is anastomosed to the Roux limb 150–300 cm
distal to the gastrojejunostomy.24 In addition to
being extremely effective in achieving weight
loss, altered gastric hormone secretion induced
by this surgery encourages satiety and altered
glucose metabolism, leading to significant
improvement in the metabolic derangements of
obesity.3 However, abdominal cramps and nausea
may occur because of ‘dumping syndrome’ as
undigested food enters the small bowel.25 This
phenomenon may provide some therapeutic
benefit as it may contribute to added weight
loss by negative reinforcement of high calorie
consumption.3,25
The BPD-DS, originally described by Scopinaro in
1979, also utilises a combination of malabsorptive
and restrictive mechanisms (Figure 3).26,27 It
has documented efficacy in achieving and
maintaining substantial weight loss in the
population who are superobese (BMI: >50 kg/
m2), with a randomised study demonstrating a
44.8% estimated body weight loss with BPD-DS
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Figure 2: Roux-en-Y gastric bypass.
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Figure 3: Biliopancreatic diversion.

compared with 31.2% following RYGB at 2 years
follow-up.28,29 The dumping syndrome is avoided
in this pylorus-sparing procedure and, although
weight loss efficacy is better than with RYGB,
there is an increased risk of malnutrition related
complications.3

Comparison of Restrictive and
Malabsorptive Procedures
The urinary biochemical abnormalities seen in
most patients who have had bariatric surgery
are associated with an increased proclivity for
urolithiasis. The exception is gastric banding, as
shown in a study by Semins et al.30 where, after
2 years of follow-up of their cohort, there was
no increase in the risk of developing a stone or
having a surgical intervention. The investigators
postulated that the possible reason for this
observation might be the significant weight loss
experienced by the patients post-operatively,
thereby reducing their risk for urolithiasis, since
obesity by itself is an independent risk factor.30
They also admitted that a follow-up of longer
than 2 years may be warranted to further
elucidate the relationship between gastric
banding and stone risk.30
With respect to malabsorptive procedures,
long-term follow-up revealed that up to 39%
of patients post-JIB were found to have stones
while those post-RYGB had doubled their risk of
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stone events.3 In a retrospective study of patients
undergoing RYGB, stone prevalence was noted
to be increased by 70%, with 3.2% and 31.4% of
post-operative patients developing de novo and
recurrent stones, respectively.31 These data clearly
demonstrate the increased stone risk imposed
by bariatric surgery for known stone forming
patients, with resultant recommendations
for post-operative evaluation for metabolic
abnormalities and urolithiasis.31

OBESITY AND RISK OF
NEPHROLITHIASIS
The association between increased BMI and risk
of stone disease has been firmly established by
various epidemiological studies, with patients
who are obese having as much as a two-fold
increased risk.23,32 Obesity is associated with
several biochemical changes to the urinary milieu
that pre-dispose to urolithiasis, including a lower
urinary pH and increased urinary excretion of
calcium, oxalate, and uric acid.33 Additionally,
urinary citrate, which is an important stone
inhibitor, is found to be decreased in patients who
are obese, a likely result of metabolic acidosis,
which further potentiates the stone forming
effect.34 Metabolic syndrome, which collectively
encompasses obesity, dyslipidaemia, insulin
resistance, and hypertension, has also been
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linked to an increased risk of nephrolithiasis.35,36
The plausible explanations include dietary
factors, oxidative stress, inflammation, and insulin
resistance, all of which may contribute to low
urinary pH and subsequent development of uric
acid stones.35
Dietary indulgences that are common among
the population that is obese such as sweetened
beverages, including soda and punches, which
are associated with higher stone-forming rates.37
On the other hand, a Dietary Approaches to Stop
Hypertension (DASH)-style diet has been shown
to decrease kidney stone incidence due to the
high vegetable and fruit, moderate low-fat dairy,
and low animal protein intake.37 These favourable
effects seen with the DASH diet are a result
of increases in urine volume, pH, and urinary
excretion of citrate, potassium, magnesium,
sulphate, and phosphate.33 Another potential
pathogenic mechanism for stone formation in
patients who are obese is increased intestinal
absorption of oxalates resulting from a reduction
in intestinal colonisation by the oxalate-degrading
microorganism, Oxalobacter formigenes.38

BARIATRIC PROCEDURES AND RISK OF
NEPHROLITHIASIS
Although obesity-related complications may
be reversed by bariatric surgery, the evidence
is mounting that these interventions may also
adversely impact stone risk.3 Each type of
surgery is accompanied by varying levels of
stone risk (Table 1), with restrictive procedures
associated with the least risks approaching that
of nonoperative controls, RYGB intermediate
risk (7.65–13%) and malabsorptive with the

greatest risk (22.0–28.7%).39,40,42-44 There are
various complex underlying pathophysiologic
mechanisms associated with nephrolithiasis
following bariatric surgery, including low
urine volume, aciduria, hyperoxaluria, and
hypocitraturia.42,45
Various
studies
have
demonstrated that malabsorptive procedures
have well documented urinary metabolic
derangements, with some types of surgeries
such as JIB and RYGB resulting in hyperoxaluria
in about 50% of patients. Conversely, restrictive
procedures such as gastric banding do not
appear to have this problem.39

Urine Volume and pH
A decreased urine volume is common following
bariatric procedures due to restricted gastric
volumes and is one of the chief causes of
urinary crystallisation and stone formation.42
Many studies have consistently documented a
reduction in 24-hour urine volume in bariatric
surgery patients from pre-surgery to postsurgery, with the majority of patients maintaining
persistently low urine volumes thereafter.42 Acidic
urine (pH: <4.6) has been demonstrated in several
series of patients following RYGB, leading to
supersaturation of uric acid and formation of uric
acid stones.42,45 However, even in the presence
of aciduria, the occurrence of uric acid stones
is still less frequent than calcium oxalate stones
following bariatric surgery.42

Hyperoxaluria
The increased incidence of urolithiasis following
bariatric surgery is probably multifactorial,
with the likely culprits being fat malabsorption,
increased oxalate absorption and altered gut
microflora.46 Fat malabsorption, which occurs

Table 1: Risk of urolithiasis following bariatric surgery.30,39,43,44

Type of procedure

Associated risk of urolithiasis

Obese non-operative controls

5–7%

Restrictive (LAGB, LSG)

Low (1.3–1.5%)

RYGB

Intermediate (7.65–13.00%)

Malabsorptive procedures (JIB)

High (22.0–28.7%)

JIB: jejunoileal bypass; LAGB: laparoscopic adjustable gastric banding; LSG: laparoscopic sleeve gastrectomy; RYGB:
Roux-en-Y gastric bypass.
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predominantly in malabsorptive procedures,
leads to enteric hyperoxaluria as fatty acids
undergo saponification with intestinal calcium.
This leaves behind increased intestinal quantities
of unbound oxalates with subsequent colonic
absorption and secretion into the urine.47,48 In a
study by Nelson et al.,49 21 of their 23 patients
presented with a symptomatic stone resulting
from enteric hyperoxaluria following RYGB.48
Furthermore, several studies have implied
that patients undergoing RYGB are at higher
risk for nephrolithiasis post-surgery than
pre-surgery.26,50,51-53 An even greater concern
was the occurrence of oxalate nephropathy
and renal failure in a small subset of patients,
an additional consideration for those with high
urinary oxalate excretion.49
Moreover, malabsorptive bariatric procedures
are associated with alterations in gut microbial
flora, particularly decreased colonisation with
O. formigenes, an anaerobic commensal species
of bacteria present in the human colon.54 These
organisms utilise oxalates as their sole energy
source and decreased colonisation results in
augmented oxalate absorption, hyperoxaluria,
and recurrent calcium oxalate stone disease.42,54
Conversely, while restrictive bariatric procedures
may provoke specific metabolic derangements,
they are not associated with hyperoxaluria
since a malabsorptive state is not induced.3
However, there may still be a negative impact
on stone risk as a consequence of a restricted
gastric volume and an overall decreased oral
intake of fluids, calcium, magnesium, and citrate
containing foods.3

Hypocitraturia
Citrate, a critical inhibitor of crystallisation,
forms soluble complexes with calcium in
the renal tubules, thereby reducing urinary
supersaturation and subsequently, calcium
oxalate and calcium phosphate precipitation.42
Hypocitraturia, defined as urinary citrate levels
<320 mg/day, is associated with an increased
risk of urolithiasis. This metabolic derangement
is commonly observed in acidotic states as
renal citrate reabsorption increases and urinary
citrate excretion is reduced.45,55 Penniston et al.48
after evaluating post-operative 24-hour urine
specimens, have demonstrated that patients
who have had RYGB have higher urinary oxalate
and lower urinary citrate levels when compared
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to gastric banding patients.8 While urine volume
was low in both groups, it was postulated that the
observed hypocitraturia in the patients who have
had RYGB was a result of increased bicarbonate
losses from the gastrointestinal tract.48

MANAGEMENT OF STONE RISK
IN PATIENTS OF POST-BARIATRIC
SURGERY
While available data indicate that bariatric
procedures are associated with an increased
stone
forming
risk,
the
presence
of
hyperoxaluria or previous stone disease are not
contraindications for bariatric surgery.3 Extensive
pre-operative patient counselling is, therefore,
prudent, in addition to 24-hour urine evaluations
prior to RYGB, especially in the setting of known
stone disease.3 Additionally, monitoring of renal
function, renal tract imaging, and appropriate
dietary advice should be encouraged in the
follow-up of these patients.56
Stone prevention therapy in patients of bariatric
surgery is critical, with dietary modifications
being the most important component of this
strategy.3 Maintenance of daily urine output
of >2 L/day is essential and fluid intake in the
form of frequent small quantities is advisable,
as some procedures may be prohibitive of
large volume intake.3,23 Other key elements of
dietary modification include decreased oxalate
(<100 mg/day) and fat intake to minimise enteric
absorption of oxalates.55 Elevated levels of fatty
acids reaching the distal intestines due to surgical
redirecting of food in patients of bariatric surgery
will chelate calcium, enabling the absorption
of free oxalate and resultant hyperoxaluria.56
Reduced sodium and animal protein intake
are advised. Additionally, supplementation of
vitamin D and calcium should be considered,
with the recommended daily calcium intake of
1,000–1,200 mg/day being instituted early
in the post-operative period.57 Supplemental
calcium binds and enhances oxalate excretion,
so its intake should be timed to correspond
with oxalate consumption. Oral citrate salts such
as calcium or potassium citrate can be used to
correct metabolic acidosis and hypocitraturia.55
The oral administration of O. formigenes or its
oxalate degrading enzymes is being investigated
in patients with primary hyperoxaluria with the
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aim of increasing colonic oxalate metabolism,
thereby decreasing systemic absorption.26
While further studies regarding this strategy are
required, this option may also prove useful in
patients with bariatric hyperoxaluria.3

CONCLUSION
Obesity is a well-known risk factor for urolithiasis
but, on the other hand, its management by some
forms of bariatric surgery is associated with an
exacerbation of this risk. However, there is a
definite role for bariatric surgical interventions in
the management of obesity and its multitude of
related comorbidities. Current available literature
appears to concur that a purely restrictive
procedure such as gastric banding is associated
with a much lower stone forming rate than
malabsorptive procedures. The biochemical
changes induced by bariatric surgery, particularly
hyperoxaluria and hypocitraturia, are intricately
linked to nephrolithiasis. It is hoped that a
better understanding of their underlying
pathophysiology may help to prevent or modify
the risk of kidney stones in this population.
Fortunately, the multifactorial nature of bariatric
surgery-associated lithogenicity lends itself well
to a broad spectrum of prophylactic approaches,
which have demonstrable efficacy in preventing
oxalate nephrolithiasis and downstream chronic
renal impairment.

Take Home Points
> Bariatric surgical techniques involve
reconfiguration of the digestive tract to
achieve weight loss by volume restriction,
malabsorption, or a combination of both.
Purely restrictive procedures are associated
with a lower stone forming rates than
malabsorptive procedures.
> Obesity is associated with a lower urinary pH
and increased excretion of oxalate, calcium,
and uric acid, and decreased urinary citrate,
which all predispose to urolithiasis.
> Hyperoxaluria, which occurs more commonly
in malabsorptive bariatric procedures, are
due to fat malabsorption, increased oxalate
absorption and altered gut microflora.
> Hypocitraturia (urinary citrate level: <320
mg/day) frequently occurs in certain
malabsorptive procedures such as RYGB.
> Bariatric procedures are not contraindicated
in the presence of hyperoxaluria or previous
stone disease.
> Dietary modification in patients of postbariatric surgery is critical in the prevention
of stones. These include maintaining a daily
urine output of >2 L/day; decreased oxalate,
fat, sodium and animal protein intake; and
supplementation of vitamin D, calcium, and
oral citrate.
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