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Abstract

Background—Obesity is a major public health problem leading to co-morbidities such as
diabetes, hypertension and kidney failure. Bariatric surgery results in pronounced and maintained
weight loss and prevention of obesity-related diseases and their complications. Most studies of
bariatric surgery on kidney disease show improvements after surgery. However, long-term studies
analyzing hard end-points are lacking. Here we report on the long-term effects of bariatric surgery
compared to usual obesity care on incidence of end-stage renal disease (ESRD) alone and in
combination with chronic kidney disease stage 4 (CKD4/ESRD).

Methods—4047 patients were included in the Swedish Obese Subjects (SOS) study. Inclusion
criteria were age 37-60 years and BMI=34 in men and BMI=38 in women. Patients in the bariatric
surgery group (N=2010) underwent banding (18%), vertical banded gastroplasty (69%) or gastric
bypass (13%); controls (N=2037) received usual obesity care. In this analysis, patients were
followed up for a median time of 18 years. The incidence of ESRD and CKD4 was obtained by
crosschecking the SOS database with the Swedish National Patient Register.
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Results—During follow-up, ESRD occurred in 13 patients in the surgery group and in 26
patients in the control group (adjusted hazard ratio (HR) = 0.27; 95% CI 0.12 — 0.60; p=0.001).
The number of CKD4/ESRD events was 23 in the surgery group and 39 in the control group
(adjusted HR = 0.33; 95% CI 0.18 — 0.62; p<0.001). In both analyses, bariatric surgery had a more
favorable effect in patients with baseline serum insulin levels above median compared to those
with lower insulin levels (interaction p=0.010). Treatment benefit of bariatric surgery was also
greater in patients with macroalbuminuria at baseline compared to those without
macroalbuminuria (interaction p<0.001).

Conclusions—Our study showed for the first time that bariatric surgery is associated with a
long-term protection against ESRD and CKD4/ESRD.

Introduction

Methods

Overweight and obesity has during the last decades escalated to a global epidemic.(1, 2)
Obesity is associated with serious conditions, such as diabetes and hypertension,(3-5) which
contribute to development of chronic kidney disease (CKD) and kidney failure.(6)
Additionally, obesity is an independent risk factor for initiation and progression of renal
damage.(6-8)

Weight loss most likely plays an important role in prevention and reduced progression of
CKD and kidney failure. Bariatric surgery is currently the most efficient way to achieve and
maintain significant long-term weight loss.(9, 10) Recent studies have concluded that
bariatric surgery attenuates diabetes mellitus and its microvascular complications such as
nephropathy in patients with obesity and diabetes at baseline. (11-13) Several other studies
have directly addressed the effects of bariatric surgery on kidney function. Most of these
studies points towards an improvement in kidney function after bariatric surgery (14).
However, several of these studies have been limited in either number of patients, short
follow-up time, or both. The latest review of this topic clearly indicates the need for further
well-powered long-term studies to establish if bariatric surgery can reverse CKD or delay
progression to ESRD.(14)

In this study, we have examined the effects of bariatric surgery compared to usual obesity
care on incidence of end-stage renal disease (ESRD). In a complementary analysis, we
included chronic kidney disease stage 4 (CKD4) as a renal end-point alongside ESRD.
CKD4 is the state of severe chronic kidney damage preceding ESRD. As renal function
deteriorates to CKD4, specialist care is usually required, which makes the complementary
CKD4/ESRD analysis clinically relevant. We have also investigated the association between
risk factors for chronic kidney disease and the effect of bariatric surgery on the incidence of
ESRD and CKD4/ESRD.

Seven regional ethics review boards (Gothenburg, Lund, Lindkoping, Orebro, Karolinska
Institute, Uppsala, Umed) approved the study protocol. All patients provided written or oral
informed consent. The study has been registered at ClinicalTrials.gov (NCT01479452).
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Study participants

The Swedish Obese Subjects (SOS) study is an on-going, non-randomized, matched,
prospective intervention study involving participation of 25 public surgical departments and
480 primary health care units in Sweden. The study design has been thoroughly accounted
for in previous publications.(9, 15) In total, 4047 patients were recruited in this study
between 1 September 1987 and 31 January 2001. Inclusion criteria were age between 37 and
60 years and a BMI of at least 34 kg/m?2 for men and 38 kg/m? for women. In the SOS study,
according to intentions-to-treat principle, 2010 patients were included in the bariatric
surgery group and 2037 patients were enrolled in the matched control group.

Intervention

In the surgery group, 266 patients were treated with gastric bypass (13.2%), 376 patients
with non-adjustable or adjustable banding (18.7%) and 1365 patients with vertical banded
gastroplasty (68.1%). The control group was given the customary non-surgical treatment of
obesity offered at their primary health care center.

Examinations and data collection

Both groups had identical examinations at baseline and after 0.5, 1, 2, 3, 4, 6, 8, 10, 15 and
20 years. Centralized biochemistry was performed at baseline and after 2, 10, 15 and 20
years. A detailed account of data collection procedures has been provided in earlier
publications.(9, 15)

Data on the incidence of diagnosed ESRD and CKD4 was obtained from the Swedish
National Patient Register. The cut-off date for register linkage in the current report was 31
December 2013, resulting in a median follow up time of 18 years (interquartile range 14 to
21 years, maximum 26 years).

Patients were given clear and comprehensive instructions on how to collect 24 hours’ urine
samples at home. Urinary albumin excretion rate (U-AER) was calculated on the basis of the
24 hours’ urine collection, expressed in mg per 24 hours. Urinary albumin-to-creatinine ratio
(U-ACR) was calculated based on urinary albumin and creatinine concentrations.
Normoalbuminuria was defined as U-AER < 30 mg albumin/24h or, alternatively, U-ACR <
3.4 mg/mmol. Microalbuminuria was defined as 30 < U-AER < 300 mg albumin/24h or,
alternatively, 3.4 < U-ACR < 34 mg/mmol. Macroalbuminuria was defined as U-AER = 300
mg albumin/24h or, alternatively, U-ACR = 34 mg/mmol. An estimate of renal function was
derived from a value for estimated glomerular filtration rate (eGFR) calculated according to
a four variable MDRD (Modification of Diet in Renal Disease) formula (16, 17), where the
race factor was not included. Impaired fasting glucose (IFG) was defined as fasting blood
glucose of at least 90 mg/dl (5.0 mmol/L) and less than 110 mg/dl (6.1 mmol/L). Diabetes
was defined by self-reported medication with antidiabetic drugs or by fasting blood glucose
greater or equal to 110 mg/dl (6.1 mmol/L). Hypertension was defined as systolic blood
pressure of at least 140 mmHg or diastolic blood pressure of at least 90 mmHg or self-
reported treatment with antihypertensive medication. The index of intraabdominal pressure
and visceral adiposity was expressed by means of the sagittal diameter, measured as the
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distance between the examination table and a carpenter’s level held horizontally across the
abdomen at the level of the iliac crest.(18)

The primary end-point of the SOS study was overall mortality (9) and power calculations
were performed based on this outcome. The secondary end-points were cardiovascular
disease,(19) diabetes(10) and gall bladder disease.(20) Kidney disease was not a predefined
endpoint. Here we define ESRD in accordance to the CDISC (Clinical Data Interchange
Standards Consortium, Inc) criteria, namely:

- Diagnosed chronic kidney disease stage 5 (CKD5), end-stage renal disease, end-
stage of chronic renal insufficiency and/or

- Treatment with chronic dialysis and/or
- Kidney transplantation.

Diagnosed chronic kidney disease stage 4 (CKD4) was added as a renal end-point to the
above-mentioned ESRD criteria in a complementary CKD4/ESRD analysis. The complete
list of the ICD-9, ICD-10 and procedure codes defining the renal outcomes of this study is
presented in Supplementary Table 1.

Statistical analysis

The baseline characteristics were described using mean values with standard deviations.
Evaluation of baseline differences between the treatment groups were performed using two-
sided t-tests for continuous variables and Fisher’s exact test for categorical variables.
Patients were followed up until any of the previously listed renal end-points defining ESRD
or CKD4/ESRD, censoring, or until the cut-off date.

Time to renal event was compared between the surgery and the control groups using Kaplan-
Meier estimates of cumulative incidence rates. The statistical differences in cumulative
incidence was analyzed using the log-rank test. Cox proportional-hazards model with a
single covariate was used to calculate the hazard ratio. Hazard ratios adjusted for sex and
baseline diabetes status, hypertension, age, BMI, sagittal diameter, serum triglycerides and
natural log transformed (In-transformed) values of U-AER or U-ACR were calculated using
a multivariate Cox regression model. Natural log transformation of U-AER and U-ACR
values was carried out in the multivariate analyses in order to reduce the skewness in this
data. Due to high correlation between U-AER and U-ACR, and their logarithmized values,
accordingly, both could not be simultaneously included in the regression model. Hence, two
separate calculations of adjusted hazard ratios were made, one using natural log-transformed
U-AER, and one using natural log-transformed U-ACR as one of the variables.

The cumulative incidence of renal end-points in secondary subgroups defined in accordance
to baseline parameters was calculated separately, and the association between the risk factors
and the effect of bariatric surgery on ESRD and CKD4/ESRD was analyzed by introducing a
corresponding interaction term to the Cox proportional hazard regression model.
Dichotomous variables could attain one of the two values (e.g. male or female sex). All but
two continuous variables were dichotomized based on median baseline values of the original
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variables. U-AER and U-ACR were trichotomized based on above mentioned criteria for
albuminuria. In total, 20 post hoc treatment interaction analyses were carried out and no
correction for multiple testing was applied.

The numbers needed to treat to prevent end-stage renal disease in one patient at 10 years was
calculated in different subgroups as the reciprocal of absolute risk difference between the
surgery and the control groups.

The per protocol principle was applied in all analyses. In the per protocol analyses used in
this study, 2007 patients were treated with bariatric surgery, whereas 2040 patients
constituted the control group, owing to the fact that the bariatric surgery procedures that
were planned for three patients included in the original surgery group were cancelled.
During follow-up, patients were censored at the time of death or date of emigration. Two
patients in the surgery group withdrew consent and were censored immediately after the date
of inclusion to the study. In addition, control patients who underwent bariatric surgery and
patients in the surgery group who underwent surgical re-instatement during follow-up, e.g.
band removal, were identified using the National Patient Register and SOS questionnaires
and they were censored at the time of surgery.

All p values were two-tailed and p<0.05 was considered to define statistical significance.
Calculations were performed using Stata statistical package 12.1.

Baseline characteristics

Detailed characteristics of study patients at baseline are presented in Table 1. Patients in the
surgery group were slightly worse off as regards their metabolic condition with higher
baseline mean values for BMI, sagittal diameter, body weight, systolic and diastolic blood
pressure, and higher concentrations of serum insulin, cholesterol and triglycerides, compared
to the control group. Risk factors for chronic kidney disease, such as diabetes, high blood
glucose and hypertension, were also more pronounced in the patients in the surgery group,
whereas eGFR was marginally higher than in control group.

Incidence of ESRD and subgroup interaction analysis

The cumulative incidence of ESRD in the control and surgery groups is shown in Figure 1.
During follow-up, ESRD was observed in 26 patients in the control group, which
corresponds to the incidence rate of 7.6 events (95% CI 5.2-11.1) per 10000 person years.
Compared to the control group, the incidence of ESRD was lower in the bariatric surgery
group, with 13 events during follow-up, corresponding to the incidence rate of 3.7 events
(95% ClI 2.1-6.4) per 10000 person years (log-rank p = 0.019; unadjusted hazard ratio =
0.46; 95% CI 0.24-0.90). Following adjustment for confounding baseline factors (sex, age,
BMI, sagittal diameter, diabetes, hypertension, serum triglycerides and natural log-
transformed U-AER, the hazard ratio was 0.27 (95% CI, 0.12-0.60) (Table 2). Substituting
natural log-transformed U-AER for natural log-transformed U-ACR in the regression model
renders the adjusted hazard ratio of 0.28 (95% ClI, 0.13-0.62) (Supplementary Table 2).
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The cumulative incidence of ESRD stratified by different types of bariatric surgery is
presented in Supplementary Figure 1. Compared to the control group, the hazard ratio of
ESRD was 0.23 (1 event, 95% CI 0.03-1.70; p=0.151) in the banding subgroup; 0.59 (10
events, 95% Cl, 0.28-1.22; p=0.151) in the vertical banded gastroplasty group; and 0 (0
events) in the gastric bypass group (log-rank p=0.093).

The incidence of ESRD in subgroups stratified in accordance to baseline parameters and
interactions between the baseline risk factors and treatment effects are presented in Table 3.
In the control group, male sex, baseline diabetes, baseline hypertension, elevated systolic
blood pressure, higher levels of blood glucose, serum insulin and creatinine, along with
micro- and macroalbuminuria were associated with higher incidence of ESRD (Table 3).

In general, bariatric surgery was associated with lower incidence rates of ESRD in baseline
subgroups compared to usual care, with hazard ratios ranging from 0.15 to 0.97; the only
exception among among smokers. Increased relative treatment benefit of bariatric surgery
was observed in the subgroups with higher serum insulin (interaction p=0.010) and with
macroalbuminuria (U-AER interaction p<0.001; U-ACR interaction p<0.001). Noteworthy,
the lowest hazard ratios were observed in patients with macroalbuminuria at baseline
(HR=0.19, 95%CI 0.06-0.60, and NNT = 8 for patients with baseline U-AER > 300 mg/24h;
HR=0.15, 95% CI1 0.04-0.57, and NNT = 5 for patients with baseline U-ACR > 34 mg/
mmol) (Table 3).

Incidence of CKD4/ESRD

The cumulative incidence graphs for the CKD4/ESRD event in the control and surgery
group are shown in Figure 2. During follow-up, CKD4/ESRD was observed in 39 patients in
the control group, which corresponded to the incidence rate of 11.4 events (95% ClI
8.3-15.6) per 10000 person years. In the bariatric surgery group, the observed number of
patients with incident CKD4/ESRD was 23, corresponding to the incidence rate of 6.5
events (95% CI 4.3-9.8) per 10000 person years, which was lower compared to the control
group (log-rank p= 0.016; unadjusted hazard ratio = 0.53; 95% CI 0.32-0.89). Following
adjustment for confounding baseline factors (sex, age, BMI, sagittal diameter, diabetes,
hypertension, serum triglycerides and natural log-transformed U-AER), the hazard ratio was
0.33 (95% ClI, 0.18-0.62) (Supplementary Table 3). Substituting natural log-transformed U-
AER for natural log-transformed U-ACR in the regression analysis rendered the adjusted
hazard ratio of 0.35 (95% CI, 0.19-0.64) (Supplementary Table 3).

The incidence of a CKD4/ESRD event in subgroups stratified by baseline risk factors, and
interactions between risk factors and treatment are presented in Table 4. Generally, this
interaction analysis rendered similar results as for the ESRD outcome. Increased treatment
benefit of bariatric surgery compared to usual care was again observed in patients with
higher serum insulin (interaction p=0.002), and with macroalbuminuria (U-AER interaction
p<0.001; U-ACR interaction p<0.001) at baseline. The lowest hazard ratios were observed in
patients with baseline U-AER > 300 mg/24h (HR=0.18, 95% CI 0.07-0.48, NNT = 6), and
in those with baseline U-ACR > 34 mg/mmol (HR=0.14, 95% CI 0.04-0.44, NNT = 4),
respectively (Table 4).
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Discussion

The results of our study show that the long-term incidence of ESRD was reduced by over
70%; and the incidence of CKD4/ESRD was reduced by 65%, respectively, in the surgery
group compared to the usual care control population. This highlights the possibility of
weight-loss as a part of the long-term prevention strategy for kidney disease.

The analyses of the secondary subgroups showed that control patients with higher degree of
metabolic disturbances at baseline generally were more prone to develop ESRD. In the high-
risk control subgroups (male sex, diabetes, high systolic blood pressure, elevated levels of
blood glucose, serum creatinine and urinary albumin at baseline) the incidence of ESRD was
consistently higher than in corresponding low-risk control subgroups. This supports our
previous findings, where the same factors (except S-creatinine) were found to significantly
contribute to development of albuminuria.(22) In the current study, the risk reduction
obtained for ESRD was also comparable to the risk reduction for albuminuria previously
seen in the SOS study.(22)

In the risk factor-treatment interaction analysis, increased beneficial effects of bariatric
surgery on prevention of ESRD were observed in patients with high serum insulin levels and
macroalbuminuria at baseline. The same effects were seen in the complementary CKD4/
ESRD analysis. The results of this interaction analysis were in line with our previous reports
regarding factors predicting efficacy of bariatric surgery in prevention of various types of
obesity-related disorders. This work, as well as our previous reports showed that in the SOS
study baseline BMI is not a predictor of the effect of bariatric surgery, whereas different
biochemical manifestations of disturbed glucose metabolism have repeatedly emerged as the
factors that predicted benefits of bariatric surgery. (10, 19, 23) For instance, elevated
baseline level of serum insulin was earlier shown to be a predictive factor in prevention of
long-term cardiovascular events(19) and female-specific cancer.(23) Both elevated serum
insulin and impaired fasting glucose at baseline were predictors for benefits of surgical
obesity treatment in prevention of diabetes mellitus type 2.(10) Patients with prediabetes at
baseline benefited more from bariatric surgery regarding long-term prevention of
microvascular disease, compared to those with diabetes or normoglycemia.(24) Finally, in
patients with obesity and diabetes at baseline, treatments with bariatric surgery resulted in
the same total health care costs compared to the control population, although in the
normoglycemic and prediabetes subgroups surgery was a more costly treatment option in
regards to the total health costs.(25) Anew, our results raised the question whether guidelines
for selecting patients for bariatric surgery need to be adapted to the new research findings
and possibly include biochemical characteristics alongside or instead of BMI.

In the current study, macroalbuminuria was observed as a predictor of beneficial effects of
bariatric surgery on prevention of ESRD and CKD4/ERSD. Following bariatric surgery, the
incidence of ESRD was reduced by over 80% in patients with macroalbuminuria at baseline,
with NNT to prevent one case of ESRD of 8 or 5 depending on whether macroalbuminuria
was defined based on U-AER or U-ACR, respectively. Similar results were obtained for the
incidence of the CKD4/ESRD. These results implied that bariatric surgery might have a
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clinically relevant protective renal effect in obese patients with overt nephropathy and
progressing renal damage.

One limitation of the SOS study is the fact that the study was not randomized due to the
ethical considerations from 1980s related to the relatively high postoperative death rate
(1-5%) following bariatric surgery. The study was not originally designed to address the
issue of the effects of bariatric surgery on the incidence of chronic kidney damage and end-
stage renal disease. However, to date this is the most comprehensive analysis of the
association between bariatric surgery, CKD4 and ESRD. The major strengths lie in both the
length of the follow-up time and the extensive study population. The length of the follow-up
may be of particular importance since CKD4 and ESRD are late complications of obesity
and obesity-related disorders, and usually take several years to develop. Our definitions of
renal events include unambiguous and relevant register-based data. ESRD is defined in line
with the latest criteria for ESRD proposed by the CDISC (Clinical Data Interchange
Standards Consortium, Inc). The coverage of the data on the somatic disorders in the
Swedish National Patient Register is 99% for inpatient care and 80% for specialist outpatient
care.(26)

In conclusion, bariatric surgery reduced the long-term incidence of ESRD by over 70%
compared to conventional obesity treatment. The long-term incidence of clinically relevant
obesity-related severe renal conditions that require specialist care, and include CKD4 and
ESRD, was reduced by 65% following bariatric surgery. Elevated serum insulin and
macroalbuminuria at baseline predicted relative benefits of bariatric surgery compared to
conventional obesity treatment as regards prevention of ESRD and CKD4/ESRD. Thus, end-
stage renal disease can now be added to the list of hazardous obesity-related health
conditions that may be prevented by bariatric surgery.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

This project was supported by grants from the US National Institute of Diabetes and Digestive and Kidney Diseases
(R01DK105948), the Swedish Research Council (K2013-99X-22279-01, K2013-54X-11285-19), Sahlgrenska
University Hospital Regional Agreement on Medical Education and Research, and the Swedish Diabetes
Foundation. The content is solely the responsibility of the authors and does not necessarily represent the official
views of the US National Institutes of Health. We thank the staff members at the SOS Secretariat and at 480
primary health-care centers and 25 surgical departments in Sweden that participated in the study.

References

1. WHO. Obesity and overweight: Fact sheet. World Health Organization; 2016. http://www.who.int/
mediacentre/factsheets/fs311/en/:[updated June 2016

2. Flegal KM, Carroll MD, Ogden CL, Curtin LR. Prevalence and trends in obesity among US adults,
1999-2008. JAMA.. 2010; 303(3):235-41. [PubMed: 20071471]

3. Bray GA. Medical Consequences of Obesity. The Journal of Clinical Endocrinology & Metabolism.
2004; 89(6):2583-9. [PubMed: 15181027]

4. Mokdad AH, Ford ES, Bowman BA, et al. Prevalence of obesity, diabetes, and obesity-related health
risk factors, 2001. JAMA. 2003; 289(1):76-9. [PubMed: 12503980]

Int J Obes (Lond). Author manuscript; available in PMC 2018 August 26.


http://www.who.int/mediacentre/factsheets/fs311/en/:
http://www.who.int/mediacentre/factsheets/fs311/en/:

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Shulman et al. Page 9

5. Rhéaume C, Arsenault BJ, Bélanger S, Pérusse L, Tremblay A, Bouchard C, et al. Low
Cardiorespiratory Fitness Levels and Elevated Blood Pressure: What Is the Contribution of Visceral
Adiposity? Hypertension. 2009; 54(1):91-7. [PubMed: 19470873]

6. Kazancioglu R. Risk factors for chronic kidney disease: an update. Kidney International
Supplements. 2013; 3(4):368-71. [PubMed: 25019021]

7. Hunley TE, Ma LJ, Kon V. Scope and Mechanisms of Obesity-Related Renal Disease. Current
opinion in nephrology and hypertension. 2010; 19(3):227-34. [PubMed: 20134323]

8. Ejerblad E, Fored CM, Lindblad P, Fryzek J, McLaughlin JK, Nyrén O. Obesity and Risk for
Chronic Renal Failure. Journal of the American Society of Nephrology. 2006; 17(6):1695-702.
[PubMed: 16641153]

9. Sjostrom L, Narbro K, Sjdstrém CD, Karason K, Larsson B, Wedel H, et al. Effects of Bariatric
Surgery on Mortality in Swedish Obese Subjects. New England Journal of Medicine. 2007; 357(8):
741-52. [PubMed: 17715408]

10. Carlsson LMS, Peltonen M, Ahlin S, Anveden A, Bouchard C, Carlsson B, et al. Bariatric Surgery
and Prevention of Type 2 Diabetes in Swedish Obese Subjects. New England Journal of Medicine.
2012; 367(8):695-704. [PubMed: 22913680]

11. Heneghan HM, Cetin D, Navaneethan SD, Orzech N, Brethauer SA, Schauer PR. Effects of
bariatric surgery on diabetic nephropathy after 5 years of follow-up. Surgery for Obesity and
Related Diseases. 2013; 9(1):7-14. [PubMed: 23211651]

12. Miras AD, Chuah LL, Lascaratos G, Faruq S, Mohite AA, Shah PR, et al. Bariatric Surgery Does
Not Exacerbate and May Be Beneficial for the Microvascular Complications of Type 2 Diabetes.
Diabetes Care. 2012; 35(12):e81. [PubMed: 23173142]

13. Miras AD, Chuah LL, Khalil N, Nicotra A, Vusirikala A, Baqai N, et al. Type 2 diabetes mellitus
and microvascular complications 1 year after Roux-en-Y gastric bypass: a case—control study.
Diabetologia. 2015; 58(7):1443-7. [PubMed: 25893730]

14. Li K, Zou J, Ye Z, Di J, Han X, Zhang H, et al. Effects of Bariatric Surgery on Renal Function in
Obese Patients: A Systematic Review and Meta Analysis. PLOS ONE. 2016; 11(10):e0163907.
[PubMed: 27701452]

15. Sjostrom L, Larsson B, Backman L, Bengtsson C, Bouchard C, Dahlgren S, et al. Swedish obese
subjects (SOS). Recruitment for an intervention study and a selected description of the obese state.
Int J Obes Relat Metab Disord. 1992; 16(6):465-79. [PubMed: 1322873]

16. Levey AS, Bosch JP, Lewis JB, Greene T, Rogers N, Roth D. A More Accurate Method To
Estimate Glomerular Filtration Rate from Serum Creatinine: A New Prediction Equation. Annals
of Internal Medicine. 1999; 130(6):461-70. [PubMed: 10075613]

17. Levey AS, Coresh J, Greene T, Marsh J, Stevens LA, Kusek JW, et al. Expressing the Modification
of Diet in Renal Disease Study Equation for Estimating Glomerular Filtration Rate with
Standardized Serum Creatinine Values. Clinical Chemistry. 2007; 53(4):766-72. [PubMed:
17332152]

18. Sugerman HJ. Effects of increased intra-abdominal pressure in severe obesity. Surgical Clinics of
North America. 2001; 81(5):1063-75. [PubMed: 11589245]

19. Sjoéstrom L, Peltonen M, Jacobson P, et al. Bariatric surgery and long-term cardiovascular events.
JAMA. 2012; 307(1):56-65. [PubMed: 22215166]

20. Torgerson JS, Lindroos AK, Naslund I, Peltonen M. Gallstones, gallbladder disease, and
pancreatitis: Cross-Sectional and 2-year data from the Swedish obese subjects (SOS) and SOS
reference studies. Am J Gastroenterol. 2003; 98(5):1032—41. [PubMed: 12809825]

21. Sjostrom L. Review of the key results from the Swedish Obese Subjects (SOS) trial — a prospective
controlled intervention study of bariatric surgery. Journal of Internal Medicine. 2013; 273(3):219-
34. [PubMed: 23163728]

22. Carlsson LMS, Romeo S, Jacobson P, Burza MA, Maglio C, Sjoholm K| et al. The incidence of
albuminuria after bariatric surgery and usual care in swedish obese subjects (SOS): a prospective
controlled intervention trial. Int J Obes. 2015; 39(1):169-75.

23. Anveden A, Taube M, Peltonen M, Jacobson P, Andersson-Assarsson JC, Sjoholm K, et al. Long-
term incidence of female-specific cancer after bariatric surgery or usual care in the Swedish Obese
Subjects Study. Gynecologic Oncology. 2017; 145(2):224-9. [PubMed: 28259424]

Int J Obes (Lond). Author manuscript; available in PMC 2018 August 26.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Shulman et al.

Page 10

24. Carlsson LMS, Sj6holm K, Karlsson C, Jacobson P, Andersson-Assarsson JC, Svensson P-A, et al.
Long-term incidence of microvascular disease after bariatric surgery or usual care in patients with
obesity, stratified by baseline glycaemic status: a post-hoc analysis of participants from the
Swedish Obese Subjects study. The Lancet Diabetes & Endocrinology. 2017; 5(4):271-9.
[PubMed: 28237791]

25. Keating C, Neovius M, Sjoholm K, Peltonen M, Narbro K, Eriksson JK, et al. Health-care costs
over 15 years after bariatric surgery for patients with different baseline glucose status: results from
the Swedish Obese Subjects study. The Lancet Diabetes & Endocrinology. 3(11):855-65.

26. Ludvigsson JF, Andersson E, Ekbom A, Feychting M, Kim J-L, Reuterwall C, et al. External
review and validation of the Swedish national inpatient register. BMC Public Health. 2011;
11:450-65. [PubMed: 21658213]

Int J Obes (Lond). Author manuscript; available in PMC 2018 August 26.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuely Joyiny

Shulman et al.

Page 11

0.035
== Control: 26 events
me= Surgery: 13 events
0.030
8 Log-rank test p=0.019
c HA=0.46 {85% CI: 0.24-0.90), p=0.023
% 0.025
‘o
£
O 0.020
c
w
W]
o 0.0154
=
=
©
g 0.010-
3
&)
0.005 4
0.000 - _é—"'

T T T T T T T
0 2 o 6 8 10 12 14 16 18 20 22

Follow-up time, years
Number at risk

Contral 2040 2015 1981 1934 1884 1811 1732 1538 195 949 582 319
Surgery 2007 1966 1933 1903 1871 1836 1793 1645 1400 1085 656 344

Figure 1.
Kaplan-Meier estimates of cumulative incidence of ESRD in the control group compared to

the surgery group. Shaded areas in the graph represent 95% confidence intervals (ClI) of the
cumulative incidence. The x-axes are truncated at 22 years but all observations after 22 years
were included in the analyses. HR=hazard ratio.
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Figure 2.
Kaplan-Meier estimates of cumulative incidence of CKD4/ESRD in the control group

compared to the surgery group. Shaded areas in the graph represent 95% confidence
intervals (CI) of the cumulative incidence. The x-axes are truncated at 22 years but all
observations after 22 years were included in the analyses. HR=hazard ratio.
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Baseline characteristics of study patients, showing mean values with standard deviations, where applicable.

Control
Age (years) 48.746.3
Male gender (%) 29.1
BMI (kg/m2) 40.1+4.7
Sagittal diameter (cm) 27.4+3.7
Body weight (kg) 114.7+£16.5
SBP (mmHg) 137.9+18.0
DBP (mmHg) 85.2+10.7
Hypertension (%) 63.9
Blood glucose (mg/dL) 88.2£32.4
IFG (%) 14.2
Insulin (mU/L) 18.0+11.4
Diabetes (%0) 12.9
S-cholesterol (mg/dL) 221.8+41.6
Triglycerides (mg/dL) 189.9+132.8
HDL cholesterol (mg/dL) 52.4+13.4

eGFR MDRD4 (mL/min/1.73 m?)  92.4+14.6

S-creatinine (um/L) 69.6+9.6
U-AER (mg/24h) 53.6+316.7
U-ACR (mg/mmol) 3.4£16.6
Daily smoking (%) 20.8

Surgery
47.245.9
29.2
42.4+45
28.9+£3.7
120.9+16.6
145+18.8
89.9+11.1
78.4
93.3£36.0
15.1
21.5%13.7
17.2
225.7+43.3
196.9+127.4
52.4%12.5
93.4+14.5
69.2+8.8
69.4+429.9
4.4%31.5
25.8

p-value
<0.001
0.917
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
0.476
<0.001
<0.001
<0.001
<0.001
0.845
0.025
0.201
0.187
0.199
<0.001

BMI = body mass index; SBP = systolic blood pressure; DBP = diastolic blood pressure; IFG = impaired fasting glucose; HDL = high density
lipoprotein; eGFR MDRDA4 = estimated glomerular filtration rate according to four variable Modification of Diet in Renal Disease formula; U-AER
= urinary albumin excretion rate; U-ACR = urinary albumin-to-creatinine ratio.
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Adjusted hazard ratios for incidence of ESRD, calculated per standard deviation where applicable, using In

(U-AER) as one of the variables.

Surgery, yes/no

Sex, men/women

Age, per 6.15 years

BMI, per 4.74 kg/m?

Sagittal diameter, per 3.74 cm
Diabetes, yes/no
Hypertension, yes/no

Triglycerides, per 1.48 mg/dL

In (U-AER), per 1.11 unit

HR
0.27
1.84
1.39
0.92
1.18
2.05
2.26
0.94
2.27

95% ClI
0.12-0.60
0.88 - 3.87
0.96 - 2.00
0.62 - 1.37
0.84 - 1.65
0.94-4.50
0.65-7.87
0.76 - 1.17
1.78-2.91

p-value
0.001
0.105
0.080
0.676
0.332
0.072
0.201
0.598

<0.001

BMI = body mass index; In (U-AER) = natural log-transformed urinary albumin excretion rate
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