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Abstract
Purpose—Roux-en-Y gastric bypass surgery is associated with an increased risk of
nephrolithiasis but obesity itself is a known risk factor for kidney stones. To assess the
mechanism(s) predisposing to nephrolithiasis after Roux-en-Y gastric bypass we compared
urinary tract stone risk profiles in patients who underwent the procedure and normal obese
individuals.

Materials and Methods—In this cross-sectional study urine and serum biochemistry was
evaluated in 19 nonstone forming patients after Roux-en-Y gastric bypass and in 19 gender, age
and body mass index matched obese controls without a history of nephrolithiasis.

Results—Compared with obese controls surgical patients had significantly higher mean ± SD
urine oxalate (45 ± 21 vs 30 ± 11 mg daily, p = 0.01) and lower urine citrate (358 ± 357 vs 767 ±
307 mg daily, p <0.01). The prevalence of hyperoxaluria (47% vs 10.5%, p = 0.02) and
hypocitraturia (63% vs 5%, p <0.01) was significantly higher in surgical patients, who also had
significantly lower urine calcium than obese controls (115 ± 93 vs 196 ± 123 mg daily, p = 0.03).
The calcium oxalate urine relative supersaturation ratio was not significantly different between the
2 groups.

Conclusions—Almost half of patients with Roux-en-Y gastric bypass without a history of
nephrolithiasis showed hyperoxaluria or hypocitraturia. This prevalence was significantly higher
than in body mass index matched controls. These risk factors were negated by lower urine calcium
excretion in patients with Roux-en-Y gastric bypass.
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Roux-en-Y gastric bypass surgery is popular for surgically treating morbid obesity.1 RYGB
was popularized to circumvent the metabolic consequences of JI bypass, including hepatic
failure, severe malabsorption, nephrolithiasis and renal insufficiency.2,3 Although it is
generally safer and causes less severe malabsorption than JI bypass, RYGB still carries the
risk of kidney stones, oxalate nephropathy and renal failure.4–8
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Obesity itself increases the likelihood of kidney stones9,10 because of a number of metabolic
risk factors, including low urine pH, hyperoxaluria and hypercalciuria.11–14 In a study of
morbidly obese patients scheduled for gastric bypass 98% had at least 1 risk factor for
kidney stone formation and 80% had 3 or more.15

To assess the mechanisms by which RYGB heightens the nephrolithiasis risk beyond the
effect of obesity we compared urinary tract stone risk profiles in patients who underwent
RYGB and obese individuals matched for BMI.

PATIENTS AND METHODS
Study Participants

Participants with RYGB were nonstone forming volunteers a mean ± SD of 3.5 ± 1.8 years
(range 1 to 7) after bariatric surgery who had stable weight with less than a 10-pound weight
change in the preceding 3 months. All had undergone open or laparoscopic RYGB with a 50
to 150 cm Roux limb (mean 106 ± 54). Mean preoperative body weight was 154 ± 44 kg and
average postoperative weight loss was 50 ± 29 kg. Each patient with RYGB was matched
with a single obese control from a cohort of healthy volunteers with BMI greater than 30 kg/
m2 from an ongoing study at the mineral metabolism center at our institution. Controls were
matched 1:1 with RYGB cases based on gender, BMI ± 5 kg/m2 and age ± 10 years.
Excluded from study were pregnant women, individuals with creatinine clearance less than
70 ml per minute, hyperkalemia, hypercalcemia, metabolic alkalosis or treatment with
calcium sparing diuretics, glucocorticoids or drugs for osteoporosis. The study was approved
by the institutional review board at University of Texas Southwestern Medical Center,
Dallas, Texas. All participants provided informed consent.

Study Protocol
This cross-sectional study was done in an outpatient setting. Study participants completed a
24-hour urine collection while maintaining the random home diet and a fasting blood sample
was obtained. Body weight and height were measured at blood collection. Urine
measurements included total volume, pH, creatinine, sodium, potassium, calcium,
magnesium, oxalate, ammonium, citrate, sulfate, phosphorus, chloride and uric acid. A
fasting blood sample was obtained to measure serum electrolytes, creatinine, uric acid and
glucose.

Analysis
Urine pH was measured with a pH electrode. Urine creatinine was evaluated by the picric
acid method. Urine sodium and potassium were assessed using flame emission method on a
photometer. Oxalate was analyzed by a chromatography system using a carbonate-
bicarbonate eluent and an anion column. Urine calcium and magnesium were analyzed by
atomic absorption using a spectrometer system. Urine ammonium (NH4

+) was measured by
the glutamate dehydrogenase method. Urine citrate was determined enzymatically using
reagents. Urine sulfate was determined by ion chromatography. Urine phosphorus was
assessed on an automated analyzer using ammonium molybdate based reagent, which read a
color change reaction spectrophotometrically at 340 nM. Uric acid was analyzed by the
urate oxidase method using an alkalinized aliquot to prevent precipitation. Serum sodium,
potassium, chloride, total carbon dioxide, glucose, blood urea nitrogen, uric acid and
creatinine were measured as a part of systematic multichannel analysis using a chemistry
analyzer. The urine calcium oxalate and brushite RSR, and the urine content of
undissociated uric acid were determined with EQUIL2.16
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Statistical Analysis
Demographic characteristics and biochemical features in the RYGB and obese control
groups are shown as the mean ± SD and were compared with Student’s t test. Fisher’s exact
test was used to compare gender distribution and the prevalence of lithogenic factors
between the 2 groups. ANCOVA and linear models were used to examine the relationship
between BMI and urine oxalate.

RESULTS
Demographics

A total of 38 individuals participated in this study, including 16 women and 3 men each in
the RYGB and obese control groups. In the RYGB vs control groups mean age was 49 ± 11
vs 47 ± 10 years (p = 0.58), mean weight was 104 ± 25 vs 95 ± 17 kg (p = 0.19) and mean
BMI was 38 ± 7 vs 36 ± 5 kg/m2. By design mean age and BMI were similar in the 2
groups.

Biochemical Characteristics
Urine profile—Table 1 shows contrasting 24-hour urine profiles. Between the 2 groups 24-
hour urine volume, pH, sodium, chloride, magnesium, phosphorus and ammonium were not
significantly different. Urine oxalate was significantly higher in the RYGB group than in
obese controls (45 ± 21 vs 30 ± 13 mg daily, p = 0.01), urine citrate was significantly lower
in the RYGB group than in controls (358 ± 357 vs 767 ± 307 mg daily, p <0.01) and urine
calcium was significantly lower in the RYGB group than in controls (115 ± 93 vs 196 ± 123
mg daily, p = 0.03, fig. 1). The RYGB group had lower urine sulfate (30 ± 11 vs 43 ± 19
mEq daily, p = 0.02) and urine potassium (41 ± 21 vs 58 ± 15 mEq daily, p = 0.01). The
ratio of ammonium to sulfate was significantly higher in the RYGB cohort (1.51 ± 0.84 vs
0.79 ± 0.32, p <0.01). Calcium oxalate RSR was not statistically significant between the
groups (7.0 ± 5.7 vs 5.0 ± 3.2, p = 0.21, fig. 1). Brushite RSR was similar in the RYGB and
control groups (1.1 ± 1.4 and 0.95 ± 0.9, respectively, p = 0.64).

To determine the relationship between BMI and urine oxalate, we plotted the 2 variables in
the 2 groups (fig. 2). A tendency toward greater urine oxalate with increasing BMI was
observed in each group. Although the slope of urine oxalate-BMI regression lines was
similar in the groups, the intercept was significantly greater in the RYGB group than in
controls, such that urine oxalate was greater in the former at any given BMI.

Hyperoxaluria, defined as urine oxalate greater than 45 mg daily, was more common in the
RYGB group than in controls (47% vs 10.5%, p = 0.03). The rate of hypocitraturia, defined
as urine citrate less than 320 mg daily, was significantly greater in the RYGB group than in
controls (63% vs 5%, p <0.01). Hypercalciuria was less common in the RYGB group (5% vs
32%, p = 0.08).

Blood profile—Table 2 shows fasting serum biochemical profiles. Fasting blood was
available in 18 patients with RYGB. Serum values were similar for potassium, calcium,
chloride and bicarbonate. Serum sodium and phosphorus were higher in the RYGB group
(141 ± 2 vs 138 ± 2 mEq/l, p <0.01 and 3.8 ± 0.7 vs 3.4 ± 0.6 mg/dl, p = 0.06, respectively).

DISCUSSION
Obesity and RYGB surgery are separately associated with an increased risk of kidney
stones. We compared urinary tract stone risk profiles in patients after RYGB and obese
controls to assess the mechanism(s) by which RYGB heightens the nephrolithiasis risk. We
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found significantly higher urine oxalate and lower urine citrate in RYGB cases than in BMI
matched controls. The effects of these 2 lithogenic risk factors were negated by lower urine
calcium excretion in the RYGB group.

In contrast to reports comparing patients who underwent RYGB to stone formers and
healthy individuals,4,7 and prospective studies of patients before and after RYGB,17 of
which none was weight matched, to our knowledge we are the first to compare urine
parameters in patients with RYGB and BMI matched controls. This choice of control group
is particularly important because obesity and weight gain are risk factors for
nephrolithiasis10 and body size influences 24-hour urine composition.12,18 Higher BMI is
inversely associated with urine pH11 and directly related to higher urine oxalate, sodium,
phosphorus and uric acid excretion.12,18

Several recent reports of increased urine oxalate excretion in patients after bariatric surgery
support our findings.4–7,17 JI bypass is well recognized as a major cause of calcium
nephrolithiasis and oxalate induced nephropathy.3,19 However, oxalate nephropathy may
also develop after RYGB, consequently increasing the risk of renal insufficiency.5,8 This
suggests that the oxalate burden in some patients after RYGB may be high enough to
increase the risk of kidney stone formation and also cause irreversible tissue damage. The
exact causes of the varying degrees of hyperoxaluria after bariatric surgery have not been
fully elucidated. Hyperoxaluria depends on the type of bariatric surgery since oxalate
excretion is significantly greater after a biliopancreatic-duodenal switch than after RYGB.7
In contrast to that series, the relatively lower urine oxalate excretion in our patients with
RYGB may in part be due to our exclusion of those who underwent duodenal switch
surgery.

The degree of hyperoxaluria may also depend on the interval after surgery. One group noted
more common hyperoxaluria at 12 than at 6 months after RYGB6 and another reported that
oxalate excretion increased as early as 3 months after RYGB.17 In contrast, all of our
patients with RYGB were evaluated at least 1 year after bypass. A potential mechanism for
hyperoxaluria after RYGB is enhanced saponification of intestinal calcium with unabsorbed
fatty acids due to fat malabsorption.20 The subsequent decrease in calcium oxalate
complexation in the intestinal tract results in enhanced colonic oxalate absorption and
subsequently in greater urine oxalate excretion. This has yet to be substantiated with stool
fat measurement in patients after RYGB. An alternative mechanism may be a lower rate of
intestinal oxalate degradation by Oxalobacter formigenes after RYGB.20 While a previous
study in JI bypass cases showed decreased intestinal O. formigenes colonization,21 to our
knowledge the colonization rate after RYGB has not been reported.

Mean urine citrate excretion was significantly lower in our patients with RYGB than in BMI
matched controls with hypocitraturia in more than half of the patients.22 However, this was
not uniformly observed in previous studies in patients after RYGB.4,7,17 Factors commonly
associated with hypocitraturia such as overt metabolic acidosis, and excessive salt and/or
animal protein intake23–25 were not observed in our RYGB cohort. Mild metabolic acidosis
in our patients may have been masked by adaptive mechanisms, including alkali release
from bone and lower urine excretion of citrate (a potential base) to maintain acid-base
homeostasis.26 Although urine ammonium excretion did not differ between our 2 groups, the
higher ammonium-to-sulfate ratio in the RYGB cohort indirectly supports the possibility of
a subtle gastrointestinal alkali loss.

Calcium oxalate is the most common type of kidney stone after RYGB.6 Since urine calcium
and oxalate contribute equally to calcium oxalate urine saturation,27 the relative
hypocalciuria in patients with RYGB negated the effects of hyperoxaluria. As a result, urine
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calcium oxalate RSR was only marginally higher in our RYGB cohort. However, our results
do not rule out the fact that patients with RYGB are at increased risk for kidney stones. A
recent cross-sectional study showed a significantly higher prevalence of nephrolithiasis in
patients with RYGB than in obese controls.28 In addition to the ion paring effect of calcium
and citrate, which is accounted for by RSR, urine citrate influences the metastability limit.29

Thus, the minimum supersaturation needed to elicit calcium oxalate crystallization may have
been lower in patients with RYGB than in normal obese controls. Whether this has a role in
the prevalence of calcium oxalate stones in RYGB populations must be examined in detail.
Furthermore, by only including individuals with normal renal function in our study, we may
have excluded patients with RYGB who had severe oxalate nephropathy, thus decreasing
mean urine oxalate and calcium oxalate RSRs in our RYGB population. Since the number of
RYGB procedures grew exponentially in the United States in the last decade, the true
incidence and prevalence of urine calcium oxalate supersaturation, the incidence of calcium
oxalate nephrolithiasis and the relationship between these 2 factors must be fully elucidated.

Recent guidelines suggest annual 24-hour urine collection for a stone risk profile in patients
who undergo biliopancreatic diversion with or without a duodenal switch but do not
recommend specific screening after RYGB.30 In view of our findings and those of others of
urine abnormalities in a significant proportion of patients after RYGB without
nephrolithiasis, we advocate periodic 24-hour urine screening in this population. Optimal
timing and frequency remain to be determined and would be dictated by available resources
and proven treatment measures.

A study limitation is that net acid excretion was not measured since urine specimens were
not collected under mineral oil, which precludes definitive conclusions about the cause of
hypocitraturia. Also, our cross-sectional design does not provide insight into the time course
of changes in urine parameters after RYGB. A prospective followup of the stone risk profile
in this population would provide such information since the only published study with such
a design has a short-term followup of 90 days.17 Another limitation is that our findings are
based on a single 24-hour urine collection provided by each participant. Patel et al found
significant variability in oxalate excretion in some patients after bariatric surgery who
collected 2, 24-hour urine samples.7

CONCLUSIONS
Our study shows significantly higher urine oxalate and lower urine citrate excretion in
patients with RYGB than in their BMI matched controls. However, relative hypocalciuria in
patients with RYGB offsets these lithogenic risk factors. The true incidence of
nephrolithiasis and optimal treatment for lithogenic risk factors in this population remain to
be established.

Abbreviations and Acronyms

BMI body mass index

JI jejuno-ileal

RSR relative supersaturation ratio

RYGB Roux-en-Y gastric bypass
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Figure 1.
Comparison of urine oxalate, citrate, calcium and RSR for calcium oxalate between 19
patients in RYGB group and 19 obese controls. Horizontal bars indicate mean. Dotted lines
indicate reference range.
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Figure 2.
BMI vs 24-hour oxalate in 19 patients in RYGB group vs 19 obese controls. For given BMI
urine oxalate was significantly higher in RYGB group than in obese controls (p = 0.01).
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Table 1

Urine biochemistry in RYGB and control groups

Mean ± SD RYGB Mean ± SD Controls p Value

Vol (l/day) 1.9 ± 0.9 2.1 ± 1.1 0.52

pH 5.89 ± 0.43 5.83 ± 0.44 0.66

Creatinine (mg/day) 1211 ± 334 1485 ± 447 0.04

Oxalate (mg/day) 45 ± 21 30 ± 13 0.01

Calcium (mg/day) 115 ± 93 196 ± 123 0.03

Citrate (mg/day) 358 ± 357 767 ± 307 <0.01

Sodium (mEq/day) 174 ± 89 171 ± 69 0.90

Chloride (mEq/day) 161 ± 89 166 ± 67 0.85

Potassium (mEq/day) 41 ± 21 58 ± 15 0.01

Magnesium (mg/day) 96 ± 34 84 ± 41 0.33

Ammonium (mEq/day) 40 ± 18 37 ± 25 0.61

Sulfate (mEq/day) 30 ± 11 43 ± 19 0.02

Ammonium/sulfate 1.51 ± 0.84 0.79 ± 0.32 <0.01

Phosphorus (mg/day) 807 ± 312 948 ± 401 0.23

Uric acid (mg/day) 436 ± 124 557 ± 193 0.03

Calcium oxalate RSR 7.0 ± 5.7 5.0 ± 3.3 0.21

Brushite RSR 1.1 ± 1.4 1.0 ± 0.9 0.64
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Table 2

Serum biochemistry in RYGB and control groups

Mean ± SD RYGB Mean ± SD Controls p Value

Sodium (mEq/l) 141 ± 2 138 ± 2 <0.01

Potassium (mEq/l) 4.3 ± 0.3 4.3 ± 0.3 0.64

Chloride (mEq/l) 106 ± 2 107 ± 3 0.38

Bicarbonate (mEq/l) 26 ± 6 26 ± 2 0.62

Creatinine (mg/dl) 0.8 ± 0.2 0.8 ± 0.1 0.75

Calcium (mg/dl) 9.1 ± 0.5 9.3 ± 0.4 0.35

Phosphorus (mg/dl) 3.8 ± 0.7 3.4 ± 0.6 0.06

Uric acid (mg/dl) 5.1 ± 1.0 5.4 ± 1.2 0.46
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