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Abstract
Background—Hyperoxaluria and increased calcium oxalate stone formation occur after
Rouxen- Y gastric bypass (RYGB) surgery for morbid obesity. The etiology of this hyperoxaluria
is unknown. We hypothesized that after bariatric surgery, intestinal hyperabsorption of oxalate
contributes to increases in plasma oxalate and urinary calcium oxalate supersaturation.

Methods—We prospectively examined oxalate metabolism in 11 morbidly obese subjects prior
to and 6 and 12 months after RYGB (n = 9) and biliopancreatic diversion-duodenal switch (n =2).
We measured 24 hour urinary supersaturations for calcium oxalate, apatite, brushite, uric acid, and
sodium urate, fasting plasma oxalate, 72 hour fecal fat, and increases in urine oxalate following an
oral oxalate load.

Results—Six and 12 months after RYGB surgery, plasma oxalate and urine calcium oxalate
supersaturation increased significantly compared to similar measurements obtained prior to
surgery (P values all ≤0.02). Fecal fat excretion at 6 and 12 months was increased (P-value, 0.026
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and 0.055, 0 vs 6 and 12 months). An increase in urine oxalate excretion after an oral dose of
oxalate was observed at 6 and 12 months (P-values ≤0.02 each). Therefore, after bariatric surgery,
increases in fecal fat excretion, urinary oxalate excretion after an oral oxalate load, plasma oxalate,
and urinary calcium oxalate supersaturation values were observed.

Conclusions—Enteric hyperoxaluria is often present in patients after the operations of RYGB
and BPD-DS that utilize an element of intestinal malabsorption as a mechanism for weight loss.
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Oxalate; urinary supersaturation; nephrolithiasis; bariatric surgery; gastric bypass; fat
malabsorption; intestinal oxalate absorption

Introduction
As a result of the dramatic increases in the prevalence of obesity in the last two decades (1)
there has been a marked increase in the numbers of individuals undergoing bariatric surgery
for weight loss (2). Estimates from the National Center for Health Statistics show that the
prevalence of obesity in the United States exceeds 30% in most age groups and amongst
both sexes (1). The prevalence of grade 2 and 3 obesity combined (BMI>/=35) ranges
between 10.5% and 14.4% in men, and from 16.6% and 27.9% in women depending on
racial grouping. The overall prevalence of grade 3 obesity (BMI >/=40) is an alarming 5.7%
(1). Consensus guidelines recommend that subjects with morbid obesity (BMI>40), and
some with a BMI>35 who have clinically important weight-related comorbid conditions
attributable to obesity, be considered for bariatric surgery (3,4). The number of bariatric
procedures performed in 2004 in the United States was estimated at 121,055; in 2010, the
number of bariatric operations will likely exceed 220,000 (2). A variety of surgical
approaches have been used to decrease weight in the morbidly obese (5,6). Roux-en-Y
gastric bypass is the most frequently used procedure, and multiple trials have demonstrated
it successfully decreases the prevalence of carbohydrate, lipid, and cardiovascular
morbidities associated with extreme obesity (6–9), and can improve overall mortality (9).

Although there is a decrease in overall mortality and an improvement in lipid and
carbohydrate metabolism in patients after RYGB, the incidence of nephrolithiasis and
hyperoxaluria increases after RYGB (10–20). We previously described a series of 60
patients at Mayo Clinic-Rochester who developed nephrolithiasis after RYGB (11). Calcium
oxalate stones were found in 19 and mixed calcium oxalate/uric acid stones in 2, while
hyperoxaluria and increased calcium oxalate supersaturation were prevalent in these
patients. In a recent study of 4,639 RYGB patients who had undergone bariatric surgery and
4,639 obese control patients, Matlaga et al noted that 7.65% (355 of 4,639) of RYGB
patients developed urolithiasis compared to 4.63% (215 of 4,639) of the obese control
patients in the control group (19).

To develop effective methods to prevent hyperoxaluria and nephrolithiasis, knowledge of
the mechanisms underlying the pathogenesis of hyperoxaluria is necessary. The mechanism
by which hyperoxaluria occurs in patients post-RYGB has not been clearly delineated. We
now demonstrate that patients develop fat malabsorption, intestinal hyperabsorption of
oxalate, increases in plasma oxalate and higher urinary calcium oxalate supersaturation after
RYGB.

Methods and Materials
Subjects were recruited from amongst patients undergoing bariatric surgery at the Mayo
Clinic. All subjects had BMI in excess of 40 kg/m2 and met criteria for bariatric surgery as
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outlined by the NIH consensus conference in bariatric surgery. In addition, subjects
successfully completed a multidisciplinary evaluation with nutrition and medical specialists,
dietitians, psychologists and bariatric surgeon. Goals of preoperative evaluation included:
optimal management of existing medical morbidities, promotion of lifestyle changes in
preparation for surgery, patient education of bariatric operation recommended. Nine patients
underwent standard RYGB and two patients underwent BPD-DS (21). For a standard RYGB
procedure, the volume of the gastric pouch is 15–20 mL, the length of the Roux segment is
100–150 cm, and the length of jejunum from the ligament of Treitz and the site of
jejunojejunal anastomosis is 30–60 cm. this anatomy leaves a common channel of anywhere
between 250–600 cm based on the usual length of the jejunoileum of 350–800 cm. For the
BPD-DS procedure, the common channel is 100 cm in length, the segment from the gastric
anastomosis to the jejunal anastomosis is 150 cm, and the "bypassed" duodenoileum is 100–
550 cm. All patients received empiric vitamin supplementation: multivitamin/mineral
preparation 2 tablets orally daily, calcium supplementation 1500 mg/daily, and Vitamin B12
1,000 µg subcutaneously monthly. Modifications to supplementation regimen were guided
by laboratory results completed at 6 and 12 months after surgery. Specific goals for calcium
and vitamin D supplementation included a serum 25-hydroxyvitamin D of 30 ng/mL and 24
urine calcium greater than 100 mg. Subjects reported an average intake of approximately
5000 IU of vitamin D3/per day and 1600 mg of elemental calcium/day after surgery.

Patients were counseled intensely regarding increasing her daily oral intake of fluids based
on our previous work. In addition, multiple sessions pre-operatively, perioperatively, and
post operatively with specific bariatric dietitians as well as bariatricians emphasized the
importance of calorie/sugar restriction and emphasized protein intake (10,11). Most patients
go through a 13 week program supervised by a psychologist (22,23). This "course"
addresses healthy living, healthy eating, healthy choices and other multiple aspects of
changes in lifestyle after bariatric surgery.

Metabolic studies were conducted on three occasions - immediately prior to, and 6 and 12
months after bariatric surgery. Patients collected a 24-hour urine sample the day prior to
admission to the Clinical Research Unit (CRU) at the Mayo Clinic on their choice diet. The
24 hour urine sample was used to measure the determinants of urinary supersaturation (a
measure of the propensity of a given type of crystal to form at a given concentrations of
analytes and pH) including pH, volume, and urine chemistries (sodium, potassium, chloride,
calcium, magnesium, citrate, phosphorus, uric acid, creatinine, and oxalate) in the Mayo
Clinic Renal Function Laboratory (24). Results are expressed as Delta G (DG), the Gibbs
free energy of transfer from a supersaturated to a saturated solution. DG is negative for
under-saturated solutions and positive for supersaturated solutions. On average, the DG
value for a given variety of kidney stone is more positive among individuals who form that
type of stone. Dietary intake was estimated by the Women's Health Initiative FFQ as
adapted by Viocare (25–27).

To assess response to an oral oxalate load, a fasting blood sample was collected at 0800
hours on admission to the CRU for the measurement of calcium, ionized calcium,
phosphorus, uric acid in the Mayo Clinic Central Chemistry Laboratory and plasma oxalate
by oxalate oxidase in the Mayo Renal Function Laboratory (28). At 0900 hours, an oral dose
of 120 mg of disodium oxalate was administered orally and all urine was collected for the
next 24 hours. Urine oxalate was measured in Mayo Renal Function Laboratory by oxalate
oxidase. Patients were allowed to eat their usual diet for lunch and dinner.

Computerized tomography was used to determine the presence of stones prior to the
commencement of the study and at 12 months after bariatric surgery. Stone number, volume,
and calcification scores were assessed by radiologists unaware of the nature of the study.
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Statistical analysis was first performed using mixed effects models to test for an overall
(fixed) time effect (baseline, 6 months, 12 months) with random repeated subject effects.
Paired t-tests were then done to assess specific differences from baseline to 6 months and 12
months after surgery. The two methods were very consistent in terms of significance. As
such only the paired t-test results are presented. In view of the large number of tests, the
possibility of some false positive findings increased. While the working alpha level was
0.05, it is suggested that the most credence be given to effects with p-values of 0.01 or less.
Analyses were done by using SAS, version 9.1 (SAS institute, Cary, NC).

Results
Eleven women, age 49.5 ± 11.5 years (mean ± SD, range 28–68 years) participated in a
prospective study. Nine subjects underwent standard RYGB surgery. Two subjects
underwent a BPD-DS procedure. Prior to the operation, the subjects had a weight of 121.7 ±
18.39 kg with a BMI = 45.7 ± 5.03 kg/m2. Six months after bariatric surgery, their weight
had decreased to 87.1 ± 18.19 kg and BMI to 32.5 ± 5.18 kg/m2 (P-value, paired t test,
baseline to 6 months, P<0.001 each), and 12 months following bariatric surgery, weight and
BMI were 75.7 ± 9.19 kg and 28.4 ± 2.03 kg/m2 (P-value, paired t test, baseline to 6 months,
P<0.001 each).

Estimated nutrient intake is given in Table 1. Caloric, carbohydrate, and fat intake were
significantly decreased 6 and 12 months after bariatric surgery but changes in dietary
calcium intake were not significant (p>0.05). With the physician-recommended
supplementation of calcium citrate instituted after bariatric surgery, calcium intake at 6 and
12 months was an additional 1.6 g/day above dietary calcium intake. Estimated dietary
oxalate did not change significantly at 6 and 12 months after surgery compared with the
intake prior to surgery. Dietary sodium intake diminished significantly, as did the intake of
water.

Values for serum creatinine, blood urea nitrogen, total calcium, ionized calcium,
phosphorus, uric acid and magnesium concentrations did not change significantly before,
and 6 and 12 months after bariatric surgery (Table 2). Serum uric acid decreased
significantly at 12 months (Table 2). Notably, plasma oxalate increased from 1.2 ± 0.36
µmol/L prior to bariatric surgery to 2.2 ± 1.26 µmol/L and 1.9 ± 0.84 µmol/L 6 and 12
months after bariatric surgery, respectively (P = 0.018 and 0.016 vs. baseline at 6 and 12
months, respectively, Table 2). Cholesterol decreased significantly at 6 and 12 months (P =
0.008 and P = 0.0107 vs. baseline at 6 and 12 months). Triglycerides decreased at 12 months
(P = 0.245 and P = 0.004 vs. baseline at 6 and 12 months). LDL cholesterol decreased at 12
months (P = 0.051 and P = 0.02 vs. baseline at 6 and 12 months).

Twenty four-hour urine chemistries are shown in Table 3. Significant decreases in urinary
excretion of phosphate, sulfate, and uric acid were noted 6 and 12 months after bariatric
surgery. Urinary sodium and magnesium excretion were significantly decreased 6 months
after surgery. Urinary calcium, citrate, chloride, and oxalate excretions did not change
significantly. Urinary volume was significantly (p=0.018) diminished at 6 months. Urine
supersaturation studies are shown in Table 4. Although urine oxalate did not increase
significantly, urinary calcium oxalate supersaturation was significantly higher 6 and 12
months after bariatric surgery (Figure 1). Other urinary supersaturations did not change.

To determine the mechanism for the increase in plasma oxalate concentrations and the
increase in urinary calcium oxalate supersaturation, we administered 120 mg of disodium
oxalate orally to each subject and measured urinary oxalate excretion over the next 24 hours.
Significant increases were observed in 24-hour urine oxalate excretion after the
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administration of an oral oxalate load 6 and 12 months after surgery when compared to
baseline (Figure 2). These data demonstrate increased intestinal oxalate absorption after
bariatric surgery.

Fat malabsorption has been associated with enteric hyperoxaluria in other populations, but
has yet to be systematically studied after RYGB. In the current cohort despite substantial
decreases in fat intake, 72 hour fecal fat was increased in patients 6 and 12 months after
bariatric surgery (prior to surgery 4.1 ± 3.5 g/72 h; 6 months 9.3 ± 6.9 g/72 h and 12 months
7.7 ± 4.3 g/72h, paired t-test P = 0.026 and P = 0.055 at 6 and 12 months respectively,
Figure 3). Importantly, 7 of 11 patients had pathologic steatorrhea (< 6 g) at 6 and 12
months. An increase in fecal fat was apparent at six months following RYGB when the two
with BPD-DS were eliminated from the analysis (prior to bariatric surgery 4.0 ± 3.8 g/72 h;
6 months after bariatric surgery 6.3 ± 3.1 g/72h; and 12 months after bariatric surgery 7.2 ±
4.4 g/72h, paired t-test P = 0.027 and P = 0.15 at 6 and 12 months).

One of our subjects had nephrolithiasis prior to the commencement of the study. The
patient’s stone did not increase in size during the study. None of the other patients in our
study developed renal calculi as assessed by repeat CT 12 months postoperatively.

Discussion
Hyperoxaluria and nephrolithiasis are being increasingly recognized after RYGB (10–20). In
a large group of patients 4,639 RYGB patients the incidence of nephrolithiasis was 7.7%
compared with an incidence of 4.6% in an equally large control group of obese patients who
had not undergone surgery (19). Therefore, with the increasing numbers of bariatric surgical
procedures being performed (2), the numbers of patients with nephrolithiasis after such
procedures will inevitably increase.

Methods to understand the pathogenesis of this disorder and to devise methods to decrease
the prevalence of hyperoxaluria and the increased calcium oxalate supersaturation are
clearly needed. In 2005, Nelson et al, first described the presence of hyperoxaluria in
patients after a standard RYGB (10). Several reports from other groups have also
subsequently noted the occurrence of hyperoxaluria after RYGB (11–20). In addition to
hyperoxaluria, we showed that urinary calcium oxalate supersaturation is commonly
observed in these patients after RYGB (11). Calcium oxalate stones are the predominant
type observed, although mixed calcium oxalate/uric acid stones have also been documented
(11). The true incidence of nephrolithiasis amongst patients undergoing RYGB procedures,
however, is not known.

In the current study we demonstrate that patients post RYGB have increased plasma oxalate
concentrations and an increase in calcium oxalate crystal supersaturation. These findings are
consistent with previous observations made by our group (10,11). Importantly, these are the
first studies to prospectively demonstrate a serial increase in fecal fat after RYGB. Previous
studies have documented that in patients with known fat malabsorption the degree of
steatorrhea correlates with urinary oxalate excretion, and oral calcium supplements can blunt
the hyperoxaluria in these circumstances. In the current study we documented a dramatic
increase in urinary oxalate excretion after an oral oxalate in this cohort of post RYGB
patients compared to their values before bariatric surgery (Figure 2). Therefore, our data fit
the established paradigm that enhanced oxalate absorption could be a result of the formation
of calcium fatty acid salts and a decreased amount of free calcium available to complex
oxalate in the intestinal lumen. Although, as expected, fecal fat trended higher in the 2
patients undergoing BPD-DS, similar and significant changes in fecal fat, oxalate absorption
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and calcium oxalate supersaturation were observed when the 9 RYGB patients were
analyzed alone (data not shown).

However, we did not detect a significant increase in urine oxalate excretion in subjects post
RYGB, unlike our previous cross section study (11). Indeed, a recent prospective study of
patients undergoing RYGB for obesity demonstrated an increase in urinary oxalate in 11 of
21 subjects from a mean of 33 mg/day at baseline to 64 mg/day at 1 year (29). One reason
for this discrepancy might be an increased attention to calcium supplementation in our
program over the last few years. Following the current clinical algorithms of our bariatric
surgery program, subjects received an average of 1600 mg/day of elemental calcium at 12
months. Interestingly, even though urinary oxalate did not increase in the current cohort,
calcium oxalate supersaturation still did, in part due to a decrease in urine volume (Table 3).
However, unlike in our previous study (11) urine calcium did not decrease after RYGB but
in fact increased slightly (Table 3), presumably due to the increased use of calcium
supplements initiated by our group based on our previous studies. The net effect of these
urinary changes on stone risk will need to be assessed.

In previous work, patients with fat malabsorption secondary to inflammatory bowel disease
have been shown to develop nephrolithiasis at a rate 10–100 times that of the general
population (30). Such patients have hyper-absorption of oxalate from the gut. Enteric
hyperoxaluria has been documented in other diverse malabsorptive states such as after
jejunoileal bypass for obesity (31–33), after several types of gastric ulcer surgery (32), and
in the setting of chronic mesenteric ischemia (32). Patients often have multiple kidney
stones, and those with ileocolonic disease (9–17%) are more commonly affected compared
to those with ileal (6–8%) or colonic disease (3–5%) alone. The kidney stones that form are
primarily composed of calcium oxalate if the ileum is involved (e.g., ileocolonic Crohn’s
disease), and uric acid when patients have copious diarrhea or small bowel ostomies (30).
Factors contributing to stone formation include a decrease in urinary pH, decreased urinary
citrate concentration, and decreased urine volumes, all due to the diarrhea and consequent
loss of bicarbonate and fluid in the stool. In addition, increased intestinal oxalate absorption
from the gut produces hyperoxaluria (34). Two mechanisms of increased colonic oxalate
uptake have been postulated to occur: 1) bile salt malabsorption due to the ileal disease
resulting in fat malabsorption; increased colonic fats then bind to free calcium, increasing
unbound oxalate that is able to cross the colonic mucosa; and 2) increased colonic
permeability mediated by malabsorbed fatty acids and bile acids, perhaps causing changes in
epithelial tight junctions allowing oxalate to pass from the intestine into the blood stream. In
malabsorptive states, the percentage of oxalate absorbed from the gut and excreted in urine
can be markedly increased, and hyperoxaluria often correlates with steatorrhea (35).
Unabsorbed bile acids may also exert damaging effects on intestinal oxalate-metabolizing
bacteria, thereby increasing the luminal oxalate available for absorption (36). We did not
evaluate these other proposed mechanisms of enteric hyperoxaluria in the current study.

Our study suggests methods by which these patients could be effectively treated. These
would include:

1. Additional calcium supplementation: Of note, our patients received approximately
1600 mg of added elemental calcium in the form of calcium citrate to prevent
secondary hyperparathyroidism and mineral abnormalities. This amount of
additional calcium appeared to prevent a decrease in urinary calcium after bariatric
surgery, and may explain why urinary oxalate was increased only after an oxalate
load. Additional supplemental calcium (2.5 to 3 g elemental calcium) is likely to be
required to decrease urinary calcium oxalate supersaturation. However, the net
effect of aggressive calcium supplementation on kidney stone risk needs to be
assessed in controlled outcome studies.
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2. Additional water intake: Our patients also drank less water and had a decreased
output of urine which could have contributed to an increase in urinary calcium
oxalate supersaturation. Patients after RYGB may face significant restrictions to
their fluid intake despite our constant encouragement to increase then oral intake of
fluid, Hence, monitoring and encouraging enhanced water intake after RYGB
surgery would, therefore, be a rational method decrease urinary supersaturation.

3. Restriction of oxalate intake: Restriction of dietary intake of oxalate (to limit its
delivery to the colon) would also be a logical intervention based on the increase in
absorption of oxalate seen after an oral oxalate load.

4. A low fat diet: A low fat diet would limit fat malabsorption and the effects of fatty
acids and bile acids in the colon (37). We should emphasize that the patients had
restricted fat intake after RYGB when they were studied. Whether they could
practically reduce their fat intakes further will require further study.

It is not known whether bile acid sequestrants such as cholestyramine (to limit colonic
irritation by bile acids) would be effective in our patients (35,37). Further analysis of the
usefulness of various interventions noted above to prevent increases in calcium oxalate
supersaturation and stone formation is needed.

Conclusion
Enteric hyperoxaluria is present in patients after the bariatric procedures of RYGB and
BPD-DS with an element of intestinal malabsorption as a mechanism for weight loss.
Enteric hyperoxaluria is associated with increased risk for nephrolithiasis, particularly
calcium oxalate stone formation. Clinical interventions that can theoretically lower the risk
for hyperoxaluria and renal stone formation include calcium supplementation, encouraging
water intake, limiting dietary oxalate ingestion and adherence to a lower fat diet. However,
clinical outcome studies are needed to verify the correct approach.
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Figure 1.
Twenty four-hour urine calcium oxalate supersaturation prior to and 6 and 12 months
following bariatric surgery.
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Figure 2.
Twenty four-hour urine oxalate after an oral oxalate load prior to, and 6 and 12 months
following bariatric surgery.
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Figure 3.
Seventy two-hour fecal fat prior to, and 6 and 12 months after bariatric surgery.
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