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OBJECTIVE

We examined detailed renal and cardiovascular (CV) outcomes after gastric bypass
(GBP) surgery in people with obesity and type 2 diabetes mellitus (T2DM), across
several renal function categories, in a nationwide cohort study.

RESEARCH DESIGN AND METHODS

We linked data from the National Diabetes Register and the Scandinavian Obesity
Surgery Register with four national databases holding information on socioeco-
nomic variables, medications, hospitalizations, and causes of death and matched
5,321 individuals with T2DMwho had undergone GBP with 5,321 who had not (age
18–65 years, mean BMI >40 kg/m2, mean follow-up >4.5 years). The risks of
postoperative outcomes were assessed with Cox regression models.

RESULTS

During the first years postsurgery, there were small reductions in creatinine and
albuminuriaandstableestimatedglomerularfiltrationrate (eGFR) in theGBPgroup.
The incidence rates of most outcomes relating to renal function, CV disease, and
mortality were lower after GBP, being particularly marked for heart failure (hazard
ratio [HR] 0.33 [95% CI 0.24, 0.46]) and CV mortality (HR 0.36 [(95% CI 0.22, 0.58]).
The risk of a composite of severe renal disease or halvedeGFRwas 0.56 (95%CI 0.44,
0.71), whereas nonfatal CV risk was lowered less (HR 0.82 [95% CI 0.70, 0.97]) after
GBP. Risks for key outcomes were generally lower after GBP in all eGFR strata,
including in individuals with eGFR <30 mL/min/1.73 m2.

CONCLUSIONS

Our data suggest robust benefits for renal outcomes, heart failure, and CVmortality
after GBP in individuals with obesity and T2DM. These results suggest that marked
weight loss yields important benefits, particularly on the cardiorenal axis (including
slowing progression to end-stage renal disease), whatever the baseline renal
function status.
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Obesity and type 2 diabetes mellitus
(T2DM) are two of the most serious and
accelerating public health scourges world-
wide (1,2). Cardiovascular disease (CVD)
and renal disease have been strongly
linked to both of them (3,4). The risk of
end-stage renal disease is significantly
elevated in patients who have severe
obesity with or without diabetes (5). It is
well known that severe obesity, inde-
pendently of diabetes, is associated with
greater incidence of proteinuria, which
can progress to chronic kidney disease
(CKD) (6). This relationship is complex
andnotyet fully understood.Mechanisms
such as elevated blood pressure or glu-
cose,hyperinsulinemia, inflammation, the
effects of glomerular hyperfiltration and
focal or segmental glomerulosclerosis
have been suggested (7). However, to
what extent large weight loss can lessen
important renal outcomes is not fully
established.
Bariatric surgery, especially Roux-en-Y

gastric bypass (GBP), is currently themost
efficientmethod of treating obesity, with
beneficial effects long-term (8,9). Except
for sustained weight loss, the beneficial
effects on HbA1c, triglyceride levels, HDL
and LDL cholesterol, and blood pressure
have been presented in both observa-
tional (10,11) and randomized studies
(12,13). The adverse effects of GBP for
various follow-up periods of investigation
have also been demonstrated (14,15).
However, the effects of bariatric surgery,
GBP, and weight loss on renal function
and its progression, aswell as the entity of
risk factors/predictors for renaldysfunction,
have been poorly investigated, particularly
in patients with T2DM and obesity. Also,
givenevidence thatobesity ismore strongly
linked to risk for fatal CVD events (16) and
incident heart failure (17) than to nonfatal
myocardial infarction,wewere interested
in comparing and contrasting the effects
of large weight loss after GBP on car-
diorenal outcomes versus atheroscle-
rotic ones.
We therefore designed this nationwide,

observational cohort study to investigate
the potential effects of GBPon renal disease
per seandother cardiorenaloutcomesver-
susCVDoutcomesat various levels of renal
function inpatientswithobesityandT2DM
compared with matched individuals who
hadnotundergoneGBP.Ourhypothesiswas
that possible benefits on renal, heart failure,
andCVDmortalityoutcomeswouldbelarger
than effects on nonfatal CVD outcomes.

RESEARCH DESIGN AND METHODS
Thisobservational cohort studywasbased
on themerging of two nationwide quality
registers inSweden:theNationalDiabetes
Register (NDR) and the Scandinavian
Obesity Surgery Register (SOReg). We
also linked the Swedish Inpatient Regis-
ter, the Cause of Death Register, and the
Prescribed Drug Register, which are ad-
ministered by the Swedish Board of
Health and Welfare, as well as Statistics
Sweden. These four databases have com-
plete national coverage and are publicly
funded (18,19).

The NDR, which was initiated by the
Swedish Society for Diabetology in 1996,
contains information on ;90–95% of all
patients with diabetes. Physicians and
diabetes nurses report clinical informa-
tion, blood tests, and various measure-
ments fromoutpatient clinics andprimary
care centers nationwide at least once a
year. Since 2007, the SOReghas recorded
.98% of all bariatric surgical procedures
and follow-ups (up to 10 years) and is
operated by the Swedish Association for
Upper Abdominal Surgery. The Swedish
Inpatient Register, started in 1987, con-
tains information on all hospitalizations
(dates anddiagnoses); the Cause ofDeath
Register provides informationonall death
dates and causes of death since 1961; and
the Prescribed Drug Register holds infor-
mation on all filled prescriptions in all
pharmacies after 1 July 2005. Statistics
Sweden provides socioeconomic data
since 1990. Before entry in the register,
all patients have given consent to regis-
tration and thus approved that their data
may be used for research. The Regional
Ethical Review Board of Gothenburg,
Sweden, approved this study.

Mergingdata fromtheSORegandNDR
(1 January 2007–31 December 2015) pro-
vided uswith the study population, which
consisted of adults (age 18–75 years) with
T2DM and obesity who had been treated
withGBP.ThedefinitionofT2DMwasbased
on epidemiological criteria: treatment with
diet,withorwithoutoral antihyperglycemic
agents, insulin, or various combinations, as
wellaspatients.40yearsofageat thetime
of diagnosis.

The patients were matched with an
equalproportionofpatients fromtheNDR
who had not received surgery. Control
patients met the criteria of the treated
group and were assigned the same index
date. We used propensity score matching
that was based on sex, age, BMI, and

calendar time. A secondary analysis also
compared our groups through stratified
estimated glomerular filtration rate (eGFR)
levels.

To assess renal function,weusedeGFR
according to both the MDRD and the
Chronic Kidney Disease Epidemiology
Collaboration (CKD-EPI) equations (20).
Microalbuminuria was defined as a urine
albumin/creatinine ratio (ACR) of 3–30
mg/mmol and macroalbuminuria as an
ACR .30 mg/mmol. We also used the
serum creatinine values inmillimoles per
liter. All laboratory data andmeasurements
were derived from NDR and SOReg. The
proportions ofmissing datawere 43% for
microalbuminuria, 39% for macroalbu-
minuria, 37%forphysical activity, 31%for
LDL cholesterol, 23% for eGFR, 21% for
smoking, 20% for systolic blood pressure
levels, and 16% for HbA1c.

We assessed the time to renal dysfunc-
tion in terms of development of macro-
albuminuria, halved eGFR compared with
baseline, or renal disease diagnoses as
provided from ICD-10 and the Swedish
Inpatient Register (Supplementary Table
1). We studied renal disease diagnoses
(acute and chronic kidney failure, hemo-
dialysis and peritoneal dialysis, kidney
transplant, diabetic nephropathy) thatpa-
tients received after discharge from the
hospital or until the end of the study in
December 2015. We were secondarily
interested in CV diagnoses, heart failure,
and mortality as well as in factors that
predict those outcomes.

Statistical Analysis
Thebaseline characteristicsweredescribed
by absolute frequencies or mean values
with percentages or SDs, respectively.
The observed distributions of baseline
variables were compared between the
groups using standardized mean differ-
ences, where we regarded differences
of ,0.1 as acceptable.

Controlpatientswerematched1:1toGBP
patients on the basis of the estimated pro-
pensity score (21) from a Cox regression
model with time-updated data, where ex-
posure for GBP was the end point. The
model included sex, age, BMI, and time as
achronological selectionofcontrolpatients.

End points were evaluated using the
numberof events and incidence ratesper
10,000 person-years together with exact
95% Poisson CIs. Comparisons between
GBP and control patientswere expressed
as hazard ratios (HRs) and conducted
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Table 1—Baseline clinical characteristics, including medical history, medications, and socioeconomic variables

Group, n (%) or mean (SD)

Characteristic GBP (n 5 5,321) Control (n 5 5,321) Standardized difference

Male sex 2,098 (39.43) 1,926 (36.20) 0.0472

Age (years) 49.0 (9.5) 47.1 (11.5) 0.1220

BMI (kg/m2) 42.0 (5.7) 40.9 (7.3) 0.1167

HbA1c (mmol/mol) 59.9 (16.9) 58.5 (16.9) 0.0589

Creatinine (mmol/L) 68.1 (27.6) 68.0 (25.4) 0.0026

eGFR (MDRD) (mL/min/1.73 m2) 97.2 (25.0) 98.3 (27.5) 0.0282

eGFR (CKD-EPI) (mL/min/1.73 m2) 99.4 (17.6) 100.1 (20.1) 0.0250

LDL (mmol/L) 2.8 (0.9) 2.8 (0.9) 0.0463

HDL (mmol/L) 1.1 (0.3) 1.1 (0.3) 0.0629

Triglycerides (mmol/L) 2.3 (1.5) 2.2 (1.5) 0.0347

Total cholesterol (mmol/L) 4.9 (1.1) 4.9 (1.1) 0.0297

Systolic blood pressure (mmHg) 132.8 (14.5) 132.5 (15.6) 0.0135

Diastolic blood pressure (mmHg) 80.3 (9.6) 80.0 (9.8) 0.0209

Coronary heart disease 395 (7.42) 313 (5.88) 0.0437

CVD 475 (8.93) 408 (7.67) 0.0323

Stroke 109 (2.05) 103 (1.94) 0.0057

Congestive heart failure 142 (2.67) 166 (3.12) 0.0190

Microalbuminuria 481 (19.30) 697 (19.50) 0.0035

Macroalbuminuria 199 (7.50) 298 (7.89) 0.0103

Acute kidney failure 31 (0.58) 50 (0.94) 0.0291

CKD 21 (0.39) 37 (0.70) 0.0289

Diabetic nephropathy 37 (0.70) 43 (0.81) 0.0092

Severe renal disease 56 (1.05) 83 (1.56) 0.0316

Liver disease 16 (0.30) 26 (0.49) 0.0212

Cancer 111 (2.09) 158 (2.97) 0.0398

Psychiatric disorders 520 (9.77) 529 (9.94) 0.0040

Alcohol abuse 94 (1.77) 122 (2.29) 0.0264

Medication
Blood pressure medication 2,504 (66.23) 3,034 (60.41) 0.0854
Lipid-lowering drugs 2,688 (50.52) 2,414 (45.37) 0.0730
Insulin 1,967 (36.97) 1,886 (35.44) 0.0224
Metformin 3,947 (74.18) 3,769 (70.83) 0.0530
Sulfonylureas 627 (11.78) 541 (10.17) 0.0366
a-Glucosidase inhibitors 41 (0.77) 38 (0.71) 0.0046
Meglitinides 138 (2.59) 132 (2.48) 0.0051
Glitazones 190 (3.57) 150 (2.82) 0.0302
DPP-4 inhibitors 257 (4.83) 239 (4.49) 0.0113
GLP-1 analogs 310 (5.83) 245 (4.60) 0.0389
SGLT2 inhibitors 1 (0.02) 1 (0.02) 0.0000
NSAIDs 1,852 (34.81) 1,476 (27.74) 0.1081
Opiates 1,658 (31.16) 1,026 (19.28) 0.1952

Physical activity
Never 551 (20.95) 836 (20.78) 0.0030
,1 time/week 477 (18.14) 627 (15.59) 0.0482
1–2 times/week 637 (24.22) 992 (24.66) 0.0072
3–5 times/week 515 (19.58) 805 (20.01) 0.0076
5–7 times/week 450 (17.11) 763 (18.97) 0.0341

Smoking status 576 (15.89) 942 (19.72) 0.0708

Income/year (SEK), median (Q1, Q3) 199,638 (139,136, 261,558) 168,380 (121,840, 239,368) 0.1564

Marital status
Married 2,518 (47.35) 2,227 (41.87) 0.0781
Separated 1,092 (20.53) 881 (16.56) 0.0723
Widowed 106 (1.99) 147 (2.76) 0.0358
Single 1,602 (30.12) 2,064 (38.80) 0.1297

Continued on p. 1279
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with a Cox regression model adjusted for
sex, age, BMI, eGFR, marital status, in-
come, education, and country of birth.
First- and 2nd-year postoperative clinical
characteristics are described using de-
scriptive statistics and compared between
groups using ANCOVA and logistic re-
gression models that included the base-
line values as a covariate as appropriate.
Missing values on variables, when used
as confounders or risk factors in the Cox
regression, are imputed using multiple

imputation, creating 10 imputed data
sets. When clinical variables are used as
outcomes at 1 or 2 years, we use only
observed values. Preexisting concomi-
tant disease and preindex medications
are captured without missing data. All P
values were two-tailed, and those,0.05
were considered statistically significant.

RESULTS

We identified 5,321 patients from the
SOReg with obesity who had undergone

primary GBP and had T2DM. They were
matched to 5,321 individuals with obe-
sity and T2DM from the NDR between
January 2007 and December 2015. The
mean follow-upperiod for theGBP group
was4.7 years (range0.02–9.0 years, lower
quartile3.6years, upperquartile5.8years)
and 4.6 years for the control group (range
0.02–9.7 years, lower quartile 3.3 years,
upper quartile 5.8 years). At baseline
(Table 1 and Supplementary Table 3),
most characteristics were well balanced

Table 1—Continued

Group, n (%) or mean (SD)

Characteristic GBP (n 5 5,321) Control (n 5 5,321) Standardized difference

Education
Elementary school 1,069 (20.18) 1,431 (27.48) 0.1216
College level 3,192 (60.25) 2,847 (54.67) 0.0800
Upper secondary school 1,037 (19.57) 930 (17.86) 0.0311

Country
Sweden 4,261 (80.08) 4,027 (75.68) 0.0750
Europe except Sweden 514 (9.66) 602 (11.31) 0.0382
Rest of world 546 (10.26) 692 (13.01) 0.0606

DPP-4, dipeptidyl peptidase 4; GLP-1, glucagon-like peptide 1; NSAID, nonsteroidal anti-inflammatory drug; Q, quartile; SEK, Swedish krona; SGLT2,
sodium–glucose cotransporter 2.

Figure 1—Cumulative incidence rates during the 9 years of follow-up.A:Macroalbuminuria.B: Severe renal disease or halvedeGFR.C: Congestive heart
failure. D: Nonfatal CVD.
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after matching, except for minor differ-
enceswhere the standardized differences
were.0.1.We found that patients in the
GBP group had slightly higher age, BMI,
income, education level, and consump-
tion of analgesics (anti-inflammatories,
opiates,etc.).Thecontrolgroupcontained
moreunmarriedpatients. Among theGBP
patients,thesurgicalprocedureswere lap-
aroscopic in 96.0%, but 1.7%were initially
laparoscopic and then converted to open
surgery,while2.3%usedanopenapproach.
During the 1st and 2nd year of the

follow-up period, there were marked re-
ductions in BMI andHbA1c aswell as small
reductions in serum creatinine, microal-
buminuria, and macroalbuminuria in the
GBP group (Supplementary Table 4). The
eGFR levelswere thus stable in this group,
while therewere small reductions in renal
function in the control group. From the
GBP group, 305 individuals developed
macroalbuminuria as opposed to 575 in
the control group, representing a 45%
total risk reduction (Fig. 1A).
The incidence rates of almost all out-

comes relating to renal function, CVD,
and mortality were lower in the patients
who had undergone GBP (Table 2). The
incidence rates of severe renal diseases,
consistingof several renal outcomes (Sup-
plementary Table 1), were also lower
(39.49 vs. 76.87 cases/10,000 person-
years) in the GBP group. The incidence
of a composite of severe renal disease or
halved eGFR was 44% lower after GBP

(0.56 [95%CI 0.44, 0.71]) (Table 2 andFig.
1B). In this group, there was also a lower
risk for CVD (nonfatal and fatal), conges-
tive heart failure (Fig. 1C), and all-cause
mortality (0.58 [0.47, 0.72]) as well as a
lower mortality risk related to renal in-
sufficiency (within 28 days after hospi-
talization as a result of a renal diagnosis)
(0.48 [0.22, 1.04]) (Table2).Notably, risks
were markedly lower in the GBP group,
especially for heart failure (HR 0.33 [95%
CI 0.24, 0.46]) and CVD mortality (0.36
[0.22, 0.58]), whereas CVD risk (which
combined nonfatal and fatal CVD) was
less impressively lower at 0.74 (0.61,
0.89) and 0.82 (0.70, 097) for nonfatal
CVD (Fig. 1D). There were no fatalities
peroperatively, but two patients died
on the 9th day after surgery, and one
patient died after 13 days.

We compared number of renal and CV
events and incidence rates at different
levels of renal function (eGFR) in the two
groups, adjusted for sex, age, and BMI
(Table 3). Although there were some
outcomes that were not statistically sig-
nificantly lower in all eGFR strata, the
overall pattern showed a clear risk re-
duction in individuals who had under-
goneGBP (i.e., evenwhen eGFRwas,45
or even ,30 mL/min/1.73 m2). To ex-
emplify, the risk for severe renal disease
or a 50% reduction in eGFR was 41%
lower in patients with normal renal func-
tion and 63% and 60% lower in patients
with eGFR 30–45 mL/min/1.73 m2 and

eGFR,30mL/min/1.73m2, respectively,
in thosewhohadundergoneGBP compared
with those who had not. Similarly, the
risks for congestive heart failure and fatal
renal or CVeventswere also clearly lower
after GBP in patients with the poorest
renal function (Table 3).

CONCLUSIONS

Our observational study has three main
findings. First, we showed a remarkable
pattern of lower incidence of renal out-
comes, such as development of diabetic
nephropathy, impairment in renal func-
tion, and mortality related to renal func-
tion, even after a mean follow-up of 4.5
years after GBP in patients with T2DM
relative tomatchedpatientswhohadnot
undergone such surgical treatment. Sec-
ond, we meaningfully extend the notion
that large weight loss is more strongly
linked toa loweringof risk for cardiorenal-
related outcomes (i.e., renal disease,
heart failure, CVD death) than it is for
atheroscleroticdisease (totalCVDornon-
fatal CVD), thereby elaborating a partic-
ular importanceofobesity oncardiorenal
pathways. Finally, we show that the ob-
served benefits appear to be broadly
consistent in individuals at all degrees of
renal function, suggesting that “inten-
tional” weight loss has the potential to
lessen important risks even in patients
with evident CKD. These findings, in turn,
meaningfully extend our prior work in
related areas (11,15,22).

Table 2—Number of events, incidence rate per 10,000 person-years by type, and adjusted HRs comparing GBP and matched
control patients for sex, age, BMI, eGFR, and socioeconomic variables, including country of birth

End point GBP (n 5 5,321) Control (n 5 5,321) HR (95% CI) P value

Half eGFR (MDRD) (mL/min/1.73 m2) 51 (20.43) 120 (49.00) 0.63 (0.45, 0.89) 0.0076

Half eGFR (CKD-EPI) (mL/min/1.73 m2) 40 (16.02) 105 (42.86) 0.58 (0.40, 0.85) 0.0046

Macroalbuminuria 305 (127.22) 575 (252.33) 0.55 (0.47, 0.65) ,0.0001

Acute kidney failure 52 (20.85) 74 (30.14) 0.57 (0.36, 0.90) 0.0147

CKD 52 (20.84) 114 (46.62) 0.45 (0.30, 0.67) 0.0001

Diabetic nephropathy 17 (6.79) 53 (21.59) 0.22 (0.10, 0.47) ,0.0001

Severe renal disease 98 (39.49) 187 (76.87) 0.50 (0.37, 0.68) ,0.0001

Severe renal disease or half eGFR value (MDRD) 135 (54.57) 260 (107.39) 0.56 (0.44, 0.71) ,0.0001

Severe renal disease or half eGFR value (CKD-EPI) 124 (50.09) 245 (101.14) 0.54 (0.42, 0.70) ,0.0001

Hemodialysis or peritoneal dialysis 6 (2.39) 27 (10.97) 0.25 (0.08, 0.72) 0.0104

Kidney transplantation 6 (2.39) 6 (2.43) 0.62 (0.12, 3.39) 0.5854

Fatal kidney disease 12 (4.79) 32 (12.97) 0.48 (0.22, 1.04) 0.0636

CVD 291 (120.10) 346 (145.29) 0.74 (0.61, 0.89) 0.0015

Nonfatal CVD 286 (117.91) 333 (139.69) 0.82 (0.70, 0.97) 0.0184

Congestive heart failure 86 (34.56) 233 (96.40) 0.33 (0.24, 0.46) ,0.0001

Fatal CVD 31 (12.36) 93 (37.69) 0.36 (0.22, 0.58) ,0.0001

All-cause mortality 183 (72.90) 351 (142.06) 0.58 (0.47, 0.72) ,0.0001
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Table 3—Number of events, incidence rate per 10,000 person-years by type, and adjusted HR compared with control patients,
adjusted for sex, age, and BMI

End point
eGFR

(mL/min/1.73 m2)* GBP Control HR (95% CI) P value

Half eGFR (MDRD) $90 32 (33.59) 64 (49.63) 0.68 (0.44, 1.05) 0.0788

90–60 11 (19.22) 31 (44.71) 0.47 (0.23, 0.95) 0.0356

60–45 5 (93.88) 6 (70.42) 1.42 (0.40, 5.03) 0.5835

45–30 1 (61.87) 11 (352.92) 0.13 (0.02, 1.03) 0.0538

,30 2 (2.22) 8 (22.86) 0.10 (0.02, 0.49) 0.0046

Half eGFR (CKD-EPI) $90 18 (18.84) 36 (27.84) 0.69 (0.39, 1.22) 0.2039

90–60 13 (22.74) 41 (59.32) 0.41 (0.22, 0.78) 0.0063

60–45 5 (93.88) 7 (82.33) 1.26 (0.38, 4.21) 0.7110

45–30 1 (61.87) 12 (386.52) 0.12 (0.02, 0.97) 0.0463

,30 3 (3.33) 9 (25.73) 0.14 (0.04, 0.52) 0.0036

Macroalbuminuria $90 102 (110.48) 268 (221.22) 0.48 (0.38, 0.61) ,0.0001

90–60 72 (130.93) 157 (244.41) 0.50 (0.38, 0.66) ,0.0001

60–45 29 (661.83) 38 (504.37) 1.12 (0.68, 1.82) 0.6621

45–30 14 (1,147.50) 32 (1,471.47) 0.81 (0.42, 1.56) 0.5245

,30 88 (101.35) 80 (244.03) 0.39 (0.29, 0.53) ,0.0001

Acute kidney failure $90 7 (7.31) 25 (19.32) 0.36 (0.15, 0.83) 0.0168

90–60 15 (26.27) 30 (43.25) 0.61 (0.32, 1.14) 0.1226

60–45 3 (55.00) 6 (69.92) 0.94 (0.22, 3.98) 0.9321

45–30 1 (60.42) 6 (190.21) 0.39 (0.04, 3.42) 0.3972

,30 26 (29.07) 7 (19.96) 1.24 (0.54, 2.88) 0.6143

CKD $90 2 (2.09) 6 (4.63) 0.45 (0.09, 2.34) 0.3417

90–60 11 (19.18) 28 (40.37) 0.48 (0.23, 0.97) 0.0424

60–45 6 (110.87) 20 (241.33) 0.38 (0.15, 0.97) 0.0419

45–30 6 (386.90) 28 (1,033.37) 0.29 (0.11, 0.71) 0.0074

,30 27 (30.18) 32 (92.89) 0.28 (0.16, 0.47) ,0.0001

Diabetic nephropathy $90 2 (2.09) 14 (10.81) 0.22 (0.05, 0.99) 0.0485

90–60 0 8 (11.51) 0.00 (0.00, d) 0.9930

60–45 2 (36.33) 9 (106.71) 0.30 (0.06, 1.43) 0.1313

45–30 1 (60.97) 8 (258.30) 0.19 (0.02, 1.61) 0.1286

,30 12 (13.36) 14 (40.13) 0.34 (0.15, 0.75) 0.0079

Severe renal disease $90 10 (10.45) 30 (23.21) 0.42 (0.21, 0.88) 0.0204

90–60 24 (42.15) 55 (79.83) 0.52 (0.32, 0.86) 0.0098

60–45 10 (189.88) 28 (341.15) 0.51 (0.24, 1.07) 0.0754

45–30 7 (453.82) 33 (1,281.85) 0.30 (0.13, 0.70) 0.0055

,30 47 (52.96) 41 (119.43) 0.39 (0.25, 0.60) ,0.0001

Severe renal disease or half eGFR
value (MDRD) $90 39 (40.99) 86 (66.96) 0.59 (0.41, 0.87) 0.0077

90–60 29 (51.04) 72 (104.95) 0.51 (0.33, 0.79) 0.0024

60–45 11 (211.45) 28 (342.66) 0.57 (0.28, 1.15) 0.1171

45–30 8 (532.92) 33 (1,289.79) 0.37 (0.17, 0.83) 0.0153

,30 48 (54.09) 41 (119.43) 0.40 (0.26, 0.61) ,0.0001

Severe renal disease or half eGFR
value (CKD-EPI) $90 26 (27.25) 60 (46.59) 0.57 (0.36, 0.90) 0.0168

90–60 31 (54.62) 81 (118.37) 0.48 (0.31, 0.73) 0.0006

60–45 11 (211.45) 29 (355.70) 0.55 (0.27, 1.12) 0.1007

45–30 8 (532.92) 34 (1,335.28) 0.36 (0.16, 0.80) 0.0120

,30 48 (54.12) 41 (119.45) 0.40 (0.26, 0.61) ,0.0001

Hemodialysis or peritoneal dialysis $90 0 4 (3.08) 0.00 (0.00, d) 0.9958

90–60 0 3 (4.30) 0.00 (0.00, d) 0.9957

60–45 0 1 (11.60) 0.00 (0.00, d) 0.9986

45–30 1 (60.68) 8 (254.26) 0.15 (0.02, 1.24) 0.0788

,30 5 (5.55) 11 (31.47) 0.19 (0.06, 0.56) 0.0027

Continued on p. 1282
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Obesity is an independent risk factor
for CKD, as described in several studies
(4–6,23). Similarly, the association of T2DM
and renal impairment was reported in the
UK Prospective Diabetes Study (UKPDS),
with nearly 40% development of micro-
albuminuria and 30% development of
renal disease over a median of 15 years
from diagnosis of T2DM (24). Both fac-
tors promote an inflammatory status as-
sociatedwith infiltration ofmacrophages
(7), activation of sympathetic nervous
and renin-angiotensin systems followed
by hypertension (25), and insulin resis-
tance and associated hyperinsulinemia
(leading to renal sodium retention) that
may play a role in the pathophysiology of
renal impairment (26). Thesemechanisms,
and others related to hemodynamic per-
turbances in the context of obesity and
diabetes (27), have been proposed as
key to the development of glomerular
hyperfiltration, glomerulopathy, andalbu-
minuria. We believe that many of these
perturbances, in particular hemodynamic
pressures at the level of the nephron, are

likely to be substantially attenuated by
the sizeable weight loss achieved by GBP
(11,28).

The remarkable pattern of potential
benefits fromGBP on renal, heart failure,
and CVD mortality outcomes in T2DM
mirror closely thoseof the sodium–glucose
cotransporter 2 (SGLT2) inhibitor class
and add support for obesity as a key
factor leading to hemodynamic stress on
relevantorgansystems.TheSwedishObe-
sity Subjects (SOS) study has suggested
that improvements in various metabolic
features (fatdistribution, insulin resistance,
glucose, HDL cholesterol, and triglycerides)
likely predict improvement of albuminuria
and renal function (29). A recent published
retrospectivestudyshowedsimilar improve-
mentsonmajorCVeventsaswell onheart
failure, atrial fibrillation, and diabetic ne-
phropathy (30). It is possible that renal
benefits fromsignificantweight loss arise
from both the aforementioned conven-
tionalandnovel (hemodynamic)pathways.
Regardless of the responsible pathways, to
put these results into context, very few

therapies in the cardiometabolic space
are known to slow the progression of
renal dysfunction and development of
heart failure to the extent suggested by
our analyses. As mentioned, only SGLT2
inhibitors appear to similarly lessen such
risks (31), leading to their further testing in
ongoing renal outcome trials.

Thefindings of a retrospective study of
4,024 patients with T2DM, which investi-
gated the relationship between bariatric
surgeryandthe incidenceofmicrovascular
complications, definedasdiabetic retinop-
athy, neuropathy, or nephropathy (eGFR
,60mL/min/1.73m2), showed lower cu-
mulative incidence of nephropathy (i.e.,
a 59% lower risk) compared with non-
surgical patients at 5-year follow-up (32).
However, theydidnot consider theentire
spectrumof renal outcomes. Furthermore,
a prospective case-control study inwhich
70 patients with T2DM underwent GBP
presented a significant reduction of ACR
for the 1st postsurgical year (33). The
levels of albuminuria also improved in
77% of 101 patients with preoperative

Table 3—Continued

End point
eGFR

(mL/min/1.73 m2)* GBP Control HR (95% CI) P value

CVD $90 81 (86.44) 133 (105.13) 0.73 (0.55, 0.96) 0.0260

90–60 75 (135.04) 123 (184.82) 0.66 (0.49, 0.89) 0.0056

60–45 17 (331.56) 23 (287.14) 1.11 (0.58, 2.12) 0.7494

45–30 4 (259.25) 22 (778.56) 0.30 (0.10, 0.90) 0.0323

,30 114 (131.96) 45 (131.42) 0.89 (0.62, 1.27) 0.5087

Congestive heart failure $90 21 (22.02) 71 (55.37) 0.35 (0.21, 0.57) ,0.0001

90–60 15 (26.21) 83 (122.29) 0.22 (0.12, 0.38) ,0.0001

60–45 6 (110.67) 29 (360.76) 0.33 (0.14, 0.82) 0.0165

45–30 4 (250.82) 17 (569.27) 0.49 (0.16, 1.51) 0.2127

,30 40 (44.83) 33 (95.41) 0.37 (0.23, 0.60) ,0.0001

Fatal kidney disease $90 1 (1.04) 5 (3.85) 0.34 (0.04, 3.13) 0.3396

90–60 4 (6.96) 8 (11.46) 0.76 (0.21, 2.74) 0.6777

60–45 0 2 (23.19) 0.00 (0.00, d) 0.9979

45–30 1 (60.33) 6 (182.06) 0.34 (0.04, 2.96) 0.3317

,30 6 (6.65) 11 (31.26) 0.18 (0.06, 0.50) 0.0010

Fatal CVD $90 8 (8.35) 32 (24.65) 0.30 (0.14, 0.66) 0.0026

90–60 13 (22.62) 33 (47.27) 0.45 (0.23, 0.86) 0.0151

60–45 0 12 (139.15) 0.00 (0.00, d) 0.9927

45–30 1 (60.33) 4 (121.37) 0.48 (0.05, 4.62) 0.5287

,30 9 (9.98) 12 (34.10) 0.28 (0.11, 0.70) 0.0066

All-cause mortality $90 57 (59.41) 136 (104.64) 0.53 (0.39, 0.72) ,0.0001

90–60 54 (93.81) 108 (154.52) 0.65 (0.46, 0.91) 0.0115

60–45 4 (71.93) 32 (370.51) 0.24 (0.08, 0.68) 0.0072

45–30 4 (240.46) 24 (719.62) 0.40 (0.13, 1.19) 0.0996

,30 64 (70.88) 51 (144.73) 0.35 (0.24, 0.51) ,0.0001

*Number of patients in the eGFR strata (GBP and control groups, respectively): eGFR$90 mL/min/1.73 m2, 2,144 and 2,805; eGFR 90–60 mL/min/
1.73m2, 1,274 and 1,493; eGFR 60–45mL/min/1.73m2, 125 and 190; eGFR 45–30mL/min/1.73m2, 35 and 79; and eGFR,30mL/min/1.73m2, 1,743
and 754.
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diabetes,andalbuminuria resolved in51%
of those who received bariatric surgery
according to another retrospective study
during a mean period of 61 months (34).
Reviews and meta-analyses have also sug-
gested beneficial effects of weight loss on
albuminuria and bariatric surgery on albu-
minuria, impaired eGFR, creatinine, and
other renal parameters (35).
Our study is based on two large regis-

ters (SOReg and NDR), with almost full
coverage of Swedish patients who have
T2DM and have undergone GBP. The
validity of our data is reinforced by pre-
vious studies (19,36) andmedical records,
and the high power allows generalization
of our results. The high quality of data for
patients with obesity and T2DM increases
the internal validity of the study, ensur-
ing useful and reliable conclusions. We
only examined, however, the effects of
Roux-en-YGBPandnoother surgicalmeth-
ods, such as sleeve gastrectomy, since the
former has been the dominant method
during the study period, although the latter
has beenmore widely used in recent years.
It cannot be ruled out that the effects on
renal function could differ to some extent
between different surgical techniques, as
suggested by the Surgical Treatment and
Medications Potentially Eradicate Diabetes
Efficiently (STAMPEDE) trial (12).
This observational retrospective cohort

study included all patientswith T2DMand
GBP, but it was difficult to select control
patients, especially younger ones. This
explains the minor differences between
the matched groups; we tried to elimi-
nate them by adjusting our models for
factors thatwere somewhat unbalanced.
We cannot rule out the existence of po-
tential residual confoundingofunobserved
factors. The effects of multiple comorbid-
ities,whichcouldalso influenceour results,
were balanced between the groups, so we
decided not to exclude them to preserve
the power of our cohort. Other limitations
were the decreasing proportion of data on
postsurgical eGFR values as well as the
absence of information on diagnoses not
requiring hospitalization. The role of cal-
culations that are based on serum creat-
ininevaluesafter reductionofmusclemass
is being discussed (37); however, the pat-
tern of results and their internal consis-
tency, and their agreement with other
epidemiological data strongly linking obe-
sity to incident renal and heart failure
outcomes, suggests that the pattern of
ourfindings is likely tobebroadly correct.

It is also well known that obesity per se
is a relatively modest risk factor for CVD,
in particular nonfatal CVD (38).

Our work is important in underscoring
the nature of a potential strong causal
link of obesity to hard events (in partic-
ular cardiorenal outcomes), and we are
not advocating that our results necessarily
strengthen the case for more GBP per se.
Indeed, itwouldbeof interest toexamine
whether recent lifestyle interventions,
which can lessen weight by ;7–10 kg
per se for at least 1–2 years (39,40), can
also lessen the risk for such outcomes in
the longer term, provided thatmeaning-
fulweight loss can be retained.Ourwork
also strengthens the need to help peo-
ple to prevent becoming obese in the
first place.

In summary, on the basis of this na-
tionwide observational study, we sug-
gest that weight loss achieved by GBP
contributes to lower risks of several di-
agnoses of renal disease and CVD and
mortality in patients with obesity and
T2DM and, importantly, does so across
the full spectrum of baseline renal func-
tion, an important observation given that
some patients with advanced renal dis-
ease could have their march toward di-
alysis substantially slowed. The pattern
of results also adds support for the im-
portance of obesity on the cardiorenal
axis in particular. While the effects of
bariatric surgery on renal function inobe-
sity and T2DM remain to be confirmed in
prospective trials, our findings add strong
support for intentional weight loss as
a legitimate interventiontopreventordelay
renal dysfunction and related cardiac out-
comes. Given the advent of newer drugs
that can lowerweight by;10kg, itwould
be important to see how such therapies
affect relevant outcomes in the future.
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Ludvigsson JF. Review of 103 Swedish healthcare
quality registries. J InternMed 2015;277:94–136
37. Chuah LL, Miras AD, Perry LM, et al. Mea-
surement of glomerular filtration rate in patients
undergoing obesity surgery. BMC Nephrol 2018;
19:383
38. Wormser D, Kaptoge S, Di Angelantonio E,
et al.; Emerging Risk Factors Collaboration. Sep-
arate and combined associations of body-mass
index and abdominal adiposity with cardiovas-
cular disease: collaborative analysis of 58 pro-
spective studies. Lancet 2011;377:1085–1095
39. Lean MEJ, Leslie WS, Barnes AC, et al. Dura-
bility of a primary care-led weight-management
intervention for remission of type 2 diabetes:
2-year results of the DiRECT open-label, cluster-
randomised trial. Lancet Diabetes Endocrinol
2019;7:344–355
40. Astbury NM, Aveyard P, Nickless A, et al.
Doctor Referral of Overweight People to Low
Energy total diet replacement Treatment (DROPLET):
pragmatic randomised controlled trial. BMJ
2018;362:k3760

1284 Cardiorenal Risk Changes After GBP in T2DM Diabetes Care Volume 43, June 2020

D
ow

nloaded from
 http://ada.silverchair.com

/care/article-pdf/43/6/1276/630205/dc191703.pdf by guest on 19 M
ay 2023


