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ABSTRACT

Introduction. Nephrolithiasis is one of the complications seen after bariatric surgery. In Iraq,
a survey that involved 3916 adults showed that 31.8% were overweight, and 33.9% are
obese. Purposes. This study prospectively examined the incidence of nephrolithiasis and
possible predictors in a laparoscopic sleeve gastrectomy cohort of patients for one year. 
Methods. A prospective cohort study involving 300 participants they were divided into two
cohorts: the sleeve gastrectomy (SG) cohort consisted of 165 morbidly obese patients
undergoing SG surgery, and the second cohort (control cohort) included 165 morbidly obese
who did not undergo surgery. Each cohort was followed 6 and 12 months postoperatively.
24-hour total urinary analysis was taken for both cohorts at baseline and after 1 year; this
included total volume, urinary calcium, oxalate, uric acid, and citrate. 
Results. The overall stone formation in the 12 months of follow-up in SG vs. control cohorts
(13.3 vs. 6.7%, p-value = 0.044). After 12 months of follow-up, several urinary parameters
were significantly reduced in the SG cohort group, including urinary calcium, urinary uric
acid, urinary citrate, and total urine volume (mean reduction was -45 mg/day, -255.0
mg/day, -155.2 mg/day, and -297.7 ml/day; respectively), while urinary oxalate significantly
increased in the SG group (mean increase by 5.6 mg/day). 
Conclusion. Patients undergoing laparoscopic sleeve surgery are at increased risk of 
developing kidney stones, with a risk as high as twice that of match control patients who did
not undergo a surgical procedure. Urinary risk factors include low urinary calcium, uric acid,
citrate, total urine volume, and elevated urinary oxalate. 
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INTRODUCTIONINTRODUCTION

The global incidence of obesity has been steadily increasing since 1980,
regardless of geographical location, socioeconomic level, age, or sex (1). The
global prevalence of obesity, defined as having a body mass index (BMI) of 
30 kg/m2 or more, is 6.2% among men and 7.0% among women (2). In Iraq, a
survey that involved 3916 adults showed that 31.8% were overweight, and
33.9% were obese aged 40–49 years; living in an urban residence and having
hypertension were predictors of obesity, which indicates the prudent of obesity
in the Iraqi population in general is high (3). The concurrent rise in obesity rates Copyright © Celsius Publishing House
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across nearly all nations appears to be primarily 
influenced by transformations in the worldwide food
system, generating more processed, cost­effective, and
well­promoted food products than ever before (4).
Obesity primarily impacts middle­aged adults, particu­
larly women, from prosperous metropolitan areas in
low­income countries. In higher­income nations, 
obesity affects individuals of all ages and genders but is
more prevalent among disadvantaged populations (4).

Kidney stone disease, or nephrolithiasis, is a long­
standing medical condition with a rich historical record.
The prevalence and incidence of kidney stone develop­
ment is said to be increasing worldwide, with an 
estimated 1­15% of individuals experiencing it at some
point in their lifetime (5­7). Nephrolithiasis has become
more common globally in recent decades. Nephro­
lithiasis is a chronic condition that frequently reoccurs
during a person's life. The recurrence rate is 50% within
5­10 years and 75% within 20 years (7,8). Untreated
kidney stones can lead to obstruction of the ureter,
hematuria, recurrent urinary tract infections, emesis,
or dysuria, ultimately resulting in irreversible renal
impairment (9). 

The mineralogical composition of kidney stones can
be categorized into five primary types: calcium oxalate
(CaOx; 65.9%), carbapatite (15.6%), urate (12.4%), 
struvite (magnesium ammonium phosphate, 2.7%),
and brushite (1.7%) (10,11). Males have a higher 
incidence of CaOx and urate stones, while females have
a higher prevalence of carbapatite and struvite stones
compared to males (10,12). Nevertheless, the precise
understanding of how sex differences contribute to 
the pathophysiological mechanisms of urinary stone
disease remains incomplete (13).

Obesity is a well­established risk factor for kidney
stones, with a reported incidence ranging from 4.3% to
4.6% (14,15). There is no apparent increase in frequency
after undergoing treatments that are deemed to be
more restricted in nature, where the reported 
incidence rate is 3.7% (16). An occurrence rate of 7.7­
8.1% has been observed following Roux­en­Y gastric
bypass (RYGB) (14,16). Two meta­analyses concluded
that the risk of developing kidney stones was 0.37 and
0.29, respectively, for strictly restrictive surgeries such
as sleeve gastrectomy (SG). In contrast, the related risk
for developing kidney stones was 1.73 and 1.79 for
RYGB surgeries (17,18).

The specific causes contributing to the increasing
prevalence and recurrence of urolithiasis have not 
yet been determined. Kidney stone disease has a 
significant impact on both individuals and society due
to its high occurrence in working­age adults. It has

become a public health concern, especially in areas
with a hot and dry climate, such as Iraq (19,20). This
study uniquely identifies the risk of nephrolithiasis in
only one type of bariatric surgery: sleeve surgery. All
other research in the literature examined the other
types of bariatric surgery, and sleeve surgery is some­
times presented as a minority of cases in other studies.
Thus, this study aimed to examine the incidence of 
kidney stones and possible predictors in a special cohort
of patients: laparoscopic sleeve gastrectomy patients.

METHODSMETHODS

Study Design and Setting

In a prospective cohort study involving 300 
participants, they were divided into two cohorts: the
sleeve gastrectomy (SG) cohort consisted of 165 
morbidly obese patients undergoing SG surgery, and
the second cohort (control cohort) included 165 
morbidly obese who did not undergo surgery. Each
cohort was followed 6 and 12 months postoperatively.

24­hour total urinary analysis was taken for both
cohorts at baseline and after 1 year; this included total
volume, urinary calcium, oxalate, uric acid, and citrate.

The study was conducted at Al­Sadr Teaching
Hospital in the Misan governorate (a teaching hospital
associated with the College of Medicine/Misan
University), Baghdad Teaching Hospital/Medical City
Complex, and Beirut Private Hospital/Baghdad
between January 2021 and September 2023. Written
and informed consent was obtained from all the
patients participating in this study.

Inclusion Criteria

Adult patients aged 18 years and older underwent
sleeve gastrectomy and BMI ≥ 35 kg/m2.

Exclusion Criteria

Patients with a previous history of kidney stones,
history of inflammatory bowel disease, and BMI < 35.0
kg/m2, chronic kidney and liver diseases. 

Statistical Analysis

An Independent t­test was used to assess the 
differences in age and BMI. In contrast, the chi­square
test was used to assess the differences in sex, hyper­
tension, diabetes, and stone formation rate/ repeated
measure two­way ANOVA was used to assess the 
differences in change of urinary parameters between
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baseline and after 12 months of follow­up divided
according to the study cohorts, as analysis carried out
using GraphPad prism 10.2, the p­value was considered
to be significant if ≤0.05.

RESULTSRESULTS

As illustrated in table 1, there was no significant 
difference in mean age, body mass index (BMI), sex,
hypertension, and diabetes mellitus at baseline.

We followed up with the patients after 6 and 12
months of their operation for the SG cohort; at the
same time, we also prospectively followed the control
cohort (without surgery) and compared the rate of 
kidney stone formation, the rate of stone formation
was slightly higher in SG cohort during the first 6
months of follow­up (9.1 vs. 4.2%) during the second 6
months of follow­up the rate of stone formation was
also higher in SG cohort (4.2 vs. 2.4%). Still, it did not
reach statistical significance; when we examined the
overall stone formation in the 12 months of follow­up
(13.3 vs. 6.7%), the difference between both cohorts
reached statistical significance, as seen in fig. 1.

There was no significant difference (p­value =
0.899) in the type of stones according to the study
cohort; in the control cohort, 8 developed calcium
oxalate, 3 developed hydroxyapatite stones, while for
the SG cohort, 11 developed calcium oxalate, 5 
developed hydroxyapatite stones, 2 developed
Struvite, and one developed uric acid stones, as 
illustrated in fig. 2.

After 12 months of follow­up, several urinary
parameters were significantly reduced in the SG cohort
group, including urinary calcium, urinary uric acid, 
urinary citrate, and total urine volume (mean reduction
was ­45 mg/day, ­255.0 mg/day, ­155.2 mg/day, and ­
297.7 ml/day; respectively), while urinary oxalate 
significantly increased in the SG group (mean increase
by 5.6 mg/day), as seen in fig. 3.

DISCUSSION DISCUSSION 

In the present study, we examined prospectively
the incidence of new nephrolithiasis in a cohort 
of patients undergoing sleeve gastrectomy. We 
compared this cohort with morbidly obese individuals
who did not undergo a surgical procedure. The rate of
stone formation was significantly higher after one year
(13.3 vs. 6.7%). This provides clinical evidence of the
increased risk of kidney stones even after low­risk
restrictive surgery like sleeve surgery; it is established
that from the many types of bariatric surgeries, the
greatest risk of kidney stones in malabsorptive 
procedures, intermediate risk in standard Roux­en­Y
gastric bypass surgery (RYGB), and least risk in 
restrictive procedures (15). 

Variables Control cohort Sleeve cohort p-value

Number 165 165 -

Age (years) 45.2±6.1 44.7±6.0 0.445

BMI (kg/m2) 39.9±3.0 40.3±2.9 0.148

Sex 0.685
Female 132(80.0%) 129(78.2%)
Male 33(20.0%) 36(21.8%)

Hypertension 75(45.5%) 77(46.7%) 0.825

Diabetic mellitus 57(34.5%) 66(40.0%) 0.306

Table 1 - Assessment of baseline variables 

Figure 1 - Percentage of new stones formation during the study 
follow-up

Figure 2 - Percentage of stones type according to study groups
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Figure 3 - 24-hour urine analysis at baseline and after 12 months of follow-up, (a) urinary calcium, (b) urinary oxalate,
(c) urinary uric acid, (d) urinary citrate, and (e) total urinary volume. 

a

b

c

d

e
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In the present study, urinary calcium, uric acid, 
citrate, and total urine volume were significantly
reduced after one year of follow­up compared to the
control cohort. In contrast, urinary oxalate significantly
increased in the SG group compared to the control
cohort.

Several studies examined nephrolithiasis risk after
bariatric surgeries; during a median follow­up period of
around 4 years, 7.65% of patients who underwent
bariatric surgery developed a stone, but only 4.63% of
obese individuals in the control group experienced the
same. The average duration between bariatric surgery
and the occurrence of the stone incident was 1.5 years.
However, it seems that laparoscopic adjustable gastric
band surgery or sleeve gastrectomy did not affect the
chance of developing stones. A possible explanation for
this discrepancy is that different populations were
examined, and the study did not control for risk factors
like hypertension and diabetes, which the current
study controlled for (21,22).

After 3 years of follow­up, the risk of nephrolithiasis
was 7.7% in RYGB surgery compared to 4.6% for 
control (without surgery) in a national private 
insurance claims database study (14), another study
that is similar in design to the current study, after 6
years of follow­up and 14% risk for nephrolithiasis 
compared to 7% in control after 10 years of follow­up,
the risk of stones formation was 11% compared to
4.3% for control, 78% of the patients performed RYGB,
14% performed very long limb RYGB or biliopancreatic
diversion/duodenal switch, while 7% performed
laparoscopic banding or sleeve gastrectomy (15).

In a small study (n=18) with a short follow­up that
examined gastric banding (n=14) and SG surgery (n=4),
urinary oxalate was reduced more in the restrictive 
surgery compared to RYGB. Overall, there is no 
evidence to suggest that restrictive bariatric surgery is
linked to a higher likelihood of developing kidney stone
disease (23). Another small study (n=39) reported 
similar findings (27 performed RYGB and 12 gastric
banding procedures. Individuals who underwent 
gastric banding placement exhibited reduced urine
quantities (24). A study analyzing the occurrence rates
in 85 people with a specific medical condition indicated
that just 1% of patients formed a stone after an average
follow­up period of slightly more than 2 years (21). 

In the current study, the most common type of
stone is calcium oxalate, which is agreed by others (15,
25,26). This was associated with increased levels of 24­
hour urinary oxalate, which also agrees with other 
studies (18,26,27). The results align with previous 

evidence from non­bariatric surgery patients, indicating
that a higher urine calcium oxalate supersaturation is
linked to an increased likelihood of developing kidney
stones (28). Therefore, comprehending the alterations
in urine calcium oxalate and its primary factors 
following surgery might offer valuable understanding
as to why certain individuals develop kidney stones
post­surgery. The main constituents of urine that affect
the level of calcium oxalate are urine calcium, oxalate,
citrate, and volume (29). Elevated concentrations of
calcium or oxalate in urine, as well as decreased urine
volume or citrate levels, independently contribute to
an increased risk of calcium oxalate formation in urine
and the development of kidney stones (30).

Not every individual with gastrointestinal issues
marked by fat malabsorption will experience the 
formation of kidney stones. A study examined a group
of 51 individuals who suffered from difficulty absorbing
fats. Within this group, 10 patients had a history of
forming kidney stones, while the remaining 41 patients
did not. The group that forms stones had higher levels
of urine oxalate excretion, lower levels of urinary 
citrate excretion, and higher levels of calcium oxalate
supersaturation. 

CONCLUSIONSCONCLUSIONS

Patients undergoing laparoscopic sleeve surgery are
at increased risk of developing kidney stones, with a
risk as high as twice that of match control patients who
did not undergo a surgical procedure. Urinary risk 
factors include low urinary calcium, uric acid, citrate,
total urine volume, and elevated urinary oxalate. 
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