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Abstract

Background and objectives: Obesity is an independent risk factor for development and progression of chronic kidney disease (CKD). We conducted
a systematic review to assess the benefits of intentional weight loss in patients with non–dialysis-dependent CKD and glomerular hyperfiltration.

Design, setting, participants, & measurements: We searched MEDLINE, SCOPUS, and conference proceedings for randomized, controlled trials
and observational studies that examined various surgical and nonsurgical interventions (diet, exercise, and/or antiobesity agents) in adult patients
with CKD. Results were summarized using random-effects model.

Results: Thirteen studies were included. In patients with CKD, body mass index (BMI) decreased significantly (weighted mean difference [WMD]
−3.67 kg/m2; 95% confidence interval [CI] −6.56 to −0.78) at the end of the study period with nonsurgical interventions. This was associated with a
significant decrease in proteinuria (WMD −1.31 g/24 h; 95% CI −2.11 to −0.51) and systolic BP with no further decrease in GFR during a mean
follow-up of 7.4 mo. In morbidly obese individuals (BMI >40 kg/m2) with glomerular hyperfiltration (GFR >125 ml/min), surgical interventions
decreased BMI, which resulted in a decrease in GFR (WMD −25.56 ml/min; 95% CI −36.23 to −14.89), albuminuria, and systolic BP.

Conclusions: In smaller, short-duration studies in patients with CKD, nonsurgical weight loss interventions reduce proteinuria and BP and seem to
prevent further decline in renal function. In morbidly obese individuals with glomerular hyperfiltration, surgical interventions normalize GFR and
reduce BP and microalbuminuria. Larger, long-term studies to analyze renal outcomes such as development of ESRD are needed.

 

Nearly two thirds of US adults are overweight (body mass index [BMI] ≥25 kg/m2), and of these, one half are obese (BMI ≥30 kg/m2) (1). Obesity not
only is associated with an increase in morbidity, mortality, and reduction in life expectancy but also leads to an increase in the incidence of diabetes,
hypertension, and dyslipidemia that are independent risk factors for chronic kidney disease (CKD) and coronary artery disease (2–5). Multiple
mechanisms by which obesity may initiate and exacerbate CKD exist, and recent observational studies have established obesity as an independent
risk factor for CKD and the development of ESRD (6–8).

Currently, >20 million Americans have CKD, and the projections for 2015 estimate that there will be >700,000 prevalent cases of ESRD in the

United States (9). The health care costs that are associated with this increase are staggering. Diabetes and hypertension together account for >70%
of the incident and prevalent cases of ESRD. Given the epidemic of obesity in the United States and around the world, the numbers of obesity-
related cases of diabetes, hypertension, and kidney disease are expected to increase. Several treatment options to prevent the progression of CKD
have been tested. To date, the major impact on the progression of CKD and the incidence of ESRD has been through the treatment of proteinuria
and hypertension (10,11). Although weight loss has been shown to reduce proteinuria in obese patients, the impact on progression of CKD and
development of ESRD is less clear (12). Especially, with the increasing number of weight reduction surgeries being performed, intentional weight
loss might be a therapeutic option for CKD if its benefits are proved (13,14). Hence, we conducted a systematic review to analyze the impact of
weight loss interventions in patients with preexisting CKD and in patients with obesity-related glomerular hyperfiltration.

Materials and Methods



Materials and Methods

Data Sources and Search Strategy
MEDLINE (1966 through -November 2008), SCOPUS (November 2008), and abstracts presented in the years 2004 through 2007 at the annual
meetings of the American Society of Nephrology, National Kidney Foundation, and European Renal Association were searched using the following
MESH terms: “kidney disease,” “weight loss,” “exercise,” “anti-obesity agents,” “resistance training,” and “bariatric surgery.” We used the
bibliographies of relevant studies, the “Web of Knowledge Cited References” list, and the “Related Articles” link in PubMed to identify additional
studies. Studies or review articles that discussed only the effects of obesity on renal function without a weight loss intervention were excluded, as
were articles in languages other than English, studies that enrolled patients who were younger than 18 yr, and those that dealt with animals.

Study Selection
Two reviewers (S.D.N. and H.Y.) independently screened all abstracts and selected studies that met the inclusion criteria. Two major groups of
studies were considered for inclusion: (1) An observational study or a randomized, controlled trial (RCT) aimed to analyze the impact of weight loss
in patients with preexisting CKD and (2) studies that analyzed the impact of weight loss on renal parameters such as GFR in obese patients with
glomerular hyperfiltration (GFR >125 ml/min) (15). We followed the National Kidney Foundation Kidney Disease Outcomes and Quality Initiative
(KDOQI) definition for CKD (stage 1, GFR ≥90 ml/min per 1.73 m2 along with micro- or macroalbuminuria; stage 2, GFR 60 to 89 ml/min per 1.73
m2 along with micro- or macroalbuminuria; stage 3, GFR 30 to 59 ml/min per 1.73 m2, and stage 4, GFR 15 to 29 ml/min per 1.73 m2) (15). The
intervention could be either nonsurgical (diet, exercise, and/or weight loss–inducing medications) or surgical for overweight patients and patients
with any class of obesity (class I, II, or III or morbid obesity) with a follow-up of at least 4 wk duration. The following definitions for various classes of
obesity were used: class I, BMI ≥30 to 34.9; class II, BMI 35 to 39.9; and class III, BMI ≥40 (16). Studies that analyzed multiple interventions were
also considered for inclusion.

Exclusion criteria were (1) case reports and case series, (2) studies that used low-protein diets, (3) studies that analyzed the role of weight loss in
dialysis patients, and (4) studies that assessed the impact of weight loss on albumin excretion in patients with normoalbuminuria. In studies that
enrolled both non–dialysis-dependent patients with CKD and dialysis patients, only data relating to non–dialysis-dependent CKD were included in
the analysis. Similarly, in studies that enrolled both patients with normoalbuminuria and microalbuminuria, only data pertaining to patients with
microalbuminuria (when available) were extracted.

Study Outcome Measures
Pre- and postintervention data in the group that underwent nonsurgical or surgical interventions (in both observational and randomized studies)
were extracted and included in the analysis. Even though we also intended to compare the outcome measures in treatment and control groups, this
was not possible secondary to the lack of consistent reporting of these data in the included studies.

Primary outcome measures in the CKD population were postintervention changes in (1) GFR or creatinine clearance (ml/min) and (2) proteinuria
(g/24 h). The secondary outcome measures in this population were postintervention changes in (1) BMI (kg/m2), (2) systolic BP (SBP) and diastolic
BP (mmHg), (3) glycosylated hemoglobin (HbA1c; %) and/or fasting blood glucose levels (mg/dl), and (4) lipid profile (total cholesterol, LDL
cholesterol, HDL cholesterol, and triglycerides in mg/dl).

Primary outcome measure in patients with glomerular hyperfiltration was the postintervention change in GFR or creatinine clearance (in ml/min)
using measured values (inulin or iothalamate studies, 24-h urinary creatinine clearance). Data from studies that reported estimated GFR were not

included in this analysis. Other secondary outcome measures described already in the CKD population were also included.

Data Collection
Two reviewers (S.D.N. and H.Y.) extracted data after assessing and reaching consensus on eligible studies. Any discrepancies between the two
reviewers were resolved by discussion. Authors were contacted when specific aspects of the data regarding primary outcome measures required
clarification.

Study Quality
For observational studies, the Newcastle-Ottawa Scale was used to assess the study quality (17). A quality score was calculated on the basis of
three major components: Selection of study participants (0 to 4 points), quality of the adjustment for confounding (0 to 2 points), and ascertainment
of the exposure or outcome of interest in the case-control or cohorts, respectively (0 to 3 points). The maximum score was 9 points, representing the
highest methodologic quality. The quality of RCTs was assessed without blinding to authorship or journal using the checklist developed by the
Cochrane Renal Group. The quality items assessed were allocation concealment; intention-to-treat analysis; completeness to follow-up; and
blinding of investigators, participants, and outcome assessors.

Data Analysis and Synthesis
Continuous variables (changes in creatinine clearance or GFR, proteinuria, BMI, BP, and lipid profile at the end of study period) were analyzed
using the weighted mean difference (WMD) and its 95% confidence interval (CI). All P values are reported as two-sided. Results from individual
studies were pooled using the DerSimonian-Laird random effects model when appropriate (18). Few studies did not report SD values for pre- and
postintervention GFR and proteinuria; therefore, not all studies could be included in these analyses. Heterogeneity across the included studies was



postintervention GFR and proteinuria; therefore, not all studies could be included in these analyses. Heterogeneity across the included studies was
analyzed using heterogeneity χ2 (Cochrane Q) statistic and I2 test. I2 values of >25, 50, and 75% were considered evidence of mild, moderate, and
severe statistical heterogeneity, respectively (19). If substantial statistical heterogeneity was noted, then we planned to explore individual study
characteristics and those of subgroups of the main body of evidence if an adequate number of studies was available.

Separate analyses were performed for (1) nonsurgical interventions (dietary interventions, exercise, and/or antiobesity agents) and (2) surgical
interventions because the effect size would differ for these interventions and pooling them together would introduce substantial heterogeneity.
Sensitivity analyses to explore the influence of statistical models (fixed and random-effects model) on effect size and the influence of each study by
excluding one study at a time to assess the robustness of the results for primary outcome measures was conducted. Prespecified sensitivity
(subgroup) analyses that were based on the type of study (observational study versus RCT) were also carried out. Because some studies reported
renal function after adjusting for body surface area and some did not adjust for body surface area, a separate post hoc analysis was conducted to
assess whether any difference existed among these studies (in patients with CKD). All analyses were undertaken in RevMan 5 (Nordic Cochrane
Centre, Copenhagen, Denmark).

Results

Search Results
We identified 762 potentially relevant studies in MEDLINE, SCOPUS, and conference proceedings. A total of 733 studies were rejected because
they were review articles or studies that did not specifically address the impact of weight loss in patients with kidney disease and because of search
overlap. Twenty-nine full-text studies were further reviewed in detail, and 13 studies (11 observational and two RCTs) in 14 publications were
included in the final review (Figure 1) (20–33).

Study Characteristics
Nonsurgical Interventions.
Six studies assessed the impact of weight loss attained through nonsurgical interventions (diet, exercise, and/or antiobesity agents) in patients with
preexisting CKD (20–25). In these studies, the baseline kidney disease was due to diabetic nephropathy, hypertensive nephrosclerosis,
glomerulonephritis, obesity-related glomerulopathy, or undefined proteinuria. In most studies, the cause of CKD was based on clinical diagnosis
rather than biopsy-proven. Among the studies that analyzed the effects of diet and/or exercise, four were observational studies (21,22,24,25) and
two were randomized studies (20,23). Dietary intervention included hypocaloric diets with no protein restriction in most studies. Only one study
included a co-intervention with Orlistat (24). Length of follow-up ranged from 4 wk to 1 yr among the included studies with a mean follow-up of 7.4

mo. Most studies reported 24-h protein or albumin excretion. Renal function was reported using 24-h urinary studies (21–23) and Cockcroft-Gault
formula (20). A few studies reported renal function after adjusting for body surface area, whereas some did not. Other outcomes analyzed in the
included studies were the effects on diabetes, such as fasting blood glucose, oral glucose tolerance test, HbA1c, and insulin secretion, as well as
BP, lipids, and liver function tests. All other study characteristics are outlined in Table 1.

Surgical Interventions.
Seven studies (eight publications) analyzed the effects of surgical interventions on GFR in patients with glomerular hyperfiltration (26–33). Except
for the study by Alexander et al. (23), most studies assessed the impact of weight loss on renal parameters in patients with normo- and
microalbuminuria. Surgical interventions included gastric bypass, gastroplasty, and biliopancreatic diversion. All surgical intervention studies were
observational in nature (26–33), and few studies used healthy control subjects as comparators. Length of follow-up ranged from 1 to 2 yr among the
included studies. Most studies reported 24-h protein or albumin excretion. Renal function was reported using 24-h urinary studies (26–28) and inulin
clearance (29). All other study characteristics are outlined in Table 2.

Study Quality
The quality of the observational studies varied from 3 to 8 points, with a mean of 5 (suggesting that these are low- to moderate-quality studies).
Allocation concealment was unclear in both of the included RCTs, and participants, investigators, and outcome assessors were not blinded in either
of these trials. None of these trials was analyzed on an intention-to-treat basis. There were no dropouts in either treatment or control group of these
RCTs.

Study Outcomes
Effects of Nonsurgical Interventions
GFR or Creatinine Clearance.
For patients who received the nonsurgical interventions, weight loss did not result in a change in GFR or creatinine clearance at the end of study
period (five studies, 87 patients, WMD 4.25 ml/min; 95% CI −3.30 to 11.81; P = 0.27) (20,21,23,24). A mild statistical heterogeneity was noted
among the included studies (heterogeneity χ2 = 6.29, I2 = 36%, P = 0.18; Figure 2). There was no significant difference in the GFR or creatinine
clearance among studies that adjusted for body surface area (WMD 4.35 ml/min per 1.73 m2; 95% CI −4.42 to 13.12) and that did not adjust for
body surface area (WMD 1.78 ml/min; 95% CI −13.15 to 16.71) with no significant differences noted between the groups (P = 0.56).

Morales et al. (20) reported that the creatinine clearance did not differ in the treatment group (between baseline and 5-mo of follow-up), whereas it
declined from 61.8 ± 22.1 ml/min to 56 ± 19.9 ml/min during a 5-mo period in the control group. Praga et al. (23) demonstrated no difference in



declined from 61.8 ± 22.1 ml/min to 56 ± 19.9 ml/min during a 5-mo period in the control group. Praga et al. (23) demonstrated no difference in
creatinine clearance between the group that received captopril and the group that underwent hypocaloric therapy.

Proteinuria.
Weight loss that was attained through nonsurgical interventions reduced the proteinuria at the end of study period (four studies, 75 patients, WMD
−1.31 g/24 h; 95% CI −2.11 to −0.51; P = 0.001) (20–23) with significant heterogeneity noted among the included studies (heterogeneity χ2 = 4.12,
I2 = 75%; P = 0.04, Figure 3). Vasquez et al. (25) reported that eight of 24 patients regressed from microalbuminuria to normoalbuminuria at the end
of the study period.

BMI.
Weight loss attained through nonsurgical interventions resulted in a significant decrease in BMI at the end of study period (five studies, 107 patients,
WMD −3.67 kg/m2; 95% CI −6.56 to −0.78; P < 0.001; 20–24) with significant statistical heterogeneity noted among the included studies
(heterogeneity χ2 = 40.33, I2 = 90%, P < 0.001). Vasquez et al. (25) reported BMI values at baseline but not in the follow-up; however, they reported
a significant decrease in body weight with hypocaloric diet (P < 0.05).

Systolic BP.
Nonsurgical interventions resulted in a significant decrease in SBP at the end of the study period (three studies, 66 patients, WMD −8.98 mmHg;
95% CI −14.23 to −3.74; P < 0.001) (20–22) with low statistical heterogeneity noted among the included trials (heterogeneity χ2 = 2.81, I2 = 29%, P
= 0.24).

Lipids.

Nonsurgical interventions resulted in a significant decrease in total cholesterol (four studies, 75 patients, WMD −16.61 mg/dl; 95% CI −31.83 to
−1.38) (20–22) at the end of study period; however, there was no significant change in triglycerides (four studies, 75 patients, WMD −47.99 mg/dl;
95% CI −102.80 to 6.82) (20–23) or HDL cholesterol levels (three studies, 66 patients, WMD 4.79 mg/dl; 95% CI −1.61, 11.20) at the end of study
period.

Glycemic Control.
Pre- and postintervention HbA1c and fasting blood glucose levels were not reported consistently in the included studies to conduct a meta-analysis.
Solerte et al. (22) reported a decrement in fasting blood glucose along with a reduction in insulin dosage after diet therapy. Saiki et al. (21) reported
that the HbA1c decreased from 7.11 ± 1.42 to 6.68 ± 1.21% (P < 0.05) in 22 obese patients who received a low-calorie, normal-protein diet.

Effects of Surgical Interventions
GFR.
Weight loss that was attained through surgical intervention resulted in normalization of GFR (three studies, 77 patients, WMD −25.56 ml/min; 95%
CI −36.23 to −14.89; P < 0.0001) in patients with glomerular hyperfiltration (26,27,29) with no heterogeneity noted among the included studies
(heterogeneity χ2 = 0.78, I2 = 0%, P = 0.68; Figure 4). Alexander et al. (31) reported nine of 45 patients for whom the renal function remained stable
after gastric bypass surgery.

Proteinuria.
Agrawal et al. (30) reported that there was a significant decrease in urinary albumin-creatinine ratio in patients who had microalbuminuria and
underwent Roux-en-Y gastric bypass surgery (median urinary albumin-creatinine ratio 66 mg/g [39 to 106 mg/g] to 13 mg/g [8 to 21 mg/g]). Data
related to patients with microalbuminuria alone were not reported in studies that had both patients with normoalbuminuria and microalbuminuria
(26–29).

BMI.
Weight loss that was attained through surgical intervention resulted in a significant decrease in BMI at the end of study period (three studies, 104
patients, WMD −16.53 kg/m2; 95% CI −19.59 to −13.48; P < 0.001) (26,27,29) with significant heterogeneity noted among the included studies
(heterogeneity χ2 = 9.04, I2 = 78%' P = 0.01).

Systolic BP.
Surgical interventions resulted in a significant decrease in SBP at the end of study period (three studies, 104 patients, WMD −22.63 mmHg; 95% CI
−26.19 to −19.07; P < 0.001) (26,27,29) with significant heterogeneity noted among the included trials (heterogeneity χ2 = 14.70, I2 = 86%; P =
0.006).

Exploration of Heterogeneity
There was a mild to moderate significant heterogeneity in the analysis of primary outcome measures that could be attributed to the differences in the
interventions used in each group, study type, study duration, patient population, and formulas used to calculate GFR. This heterogeneity was further
explored in the sensitivity analysis.

Random-Effects versus Fixed-Effects Model.
The fixed-effects analysis of GFR yielded effect sizes that were similar in direction and significance to those obtained from random-effects analysis.



Study Exclusion.
The sensitivity analysis of proteinuria with weight loss after the exclusion of one study at a time yielded effect sizes similar in magnitude and
direction to the overall estimates in the analysis of nonsurgical interventions. Exclusion of the study by Solerte et al. (22) resulted in an elimination of
heterogeneity in the GFR analysis because that study reported an increase in GFR after weight loss in contrast to other studies, which showed no
changes in GFR.

Type of Study.
In the GFR analysis (impact of exercise and/or medications), subgroup analysis including RCTs alone yielded similar results (WMD −2.53 ml/min;
95% CI −17.48 to 12.43) to that of subgroup analysis that included observational studies (WMD 3.54 ml/min; 95% CI −7.38 to 14.45; Figure 2). In
the proteinuria analysis, subgroup analysis including RCTs alone showed greater reduction in proteinuria (WMD −1.65 g/24 h; 95% CI −2.62 to
−0.69) than observational studies (WMD −1.05 g/24 h; 95% CI −2.08 to −0.01; Figure 3).

Discussion

The results of our systematic review show that in patients with CKD, weight loss that was attained through nonsurgical interventions was not
associated with a change in GFR, but statistically significant improvement in proteinuria was observed during a short period of follow-up.
Conversely, weight loss that was attained through bariatric surgery was associated with a normalization of glomerular hyperfiltration (i.e., decrement
in GFR to normal range). After weight reduction that was achieved through either intervention, SBP and total cholesterol levels were reduced. There
is a lack of long-term studies that analyzed the impact of these various weight loss interventions on patient-centered data such as development of
ESRD.

Obesity contributes independently both to the development of CKD (i.e., development of obesity-related glomerulopathy) and to decline in renal
function in patients with preexisting CKD. Adipose tissue releases several biologically active compounds that regulate energy balance, insulin
sensitivity, angiogenesis, BP, and lipid metabolism (34,35). In obesity, these adipokine and cytokine profiles are such that there are increased levels
of TNF-α, IL-6, resistin, and leptin and reduced levels of adiponectin with resultant increase in the insulin resistance, blood lipids, endothelial
function, fibrinolysis, and inflammation (36,37). Ramos et al. (38) reported that the detrimental effects of oxidative stress and inflammation noted
with obesity are augmented in patients with CKD. These negative effects subsequently contribute to the decline in renal function and increased
cardiovascular disease, as evident from the available observational study results (6–9).

In this analysis, we compared the pre- and postintervention data in patients who had CKD and underwent weight reduction. There was no significant
change in the GFR that could be interpreted as “no treatment benefit”; however, this could be viewed as “treatment benefit” for following reasons: (1)
A decline in GFR occurred in the control groups of the included studies and (2) the GFR stabilized in a mean follow-up of 7.4 mo. Unfortunately,
GFR data of both treatment and control groups were not reported consistently in these studies to be pooled together.

We considered the impact of weight loss on glomerular hyperfiltration as a separate outcome because of the documented detrimental renal effects
of obesity, which include elevated GFR, elevated renal blood flow, and renal hypertrophy, that subsequently lead to the development of obesity-
related glomerulopathy. Given the lack of universal definition for glomerular hyperfiltration, we chose the cutoff of 125 ml/min on the basis of the
normal range of GFR (15) and previous studies in the literature. Bariatric surgery currently offers the most effective durable weight loss treatment in
morbid obesity while at the same time ameliorating obesity-related comorbidities (39,40). In the morbidly obese population, weight loss that is
attained through bariatric surgery results in an improvement in insulin resistance, oxidative stress, and vascular endothelial function (41,42). These
improvements may contribute to the observed better long-term outcomes after bariatric surgery in the general population (43,44). Our review shows
that bariatric surgery is associated with a decrease in BMI with resultant normalization in glomerular hyperfiltration; however, whether this
normalization in hyperfiltration translates into long-term renal benefits remains to be seen. Studies that assess the impact of medical interventions
on glomerular hyperfiltration are lacking.

Patients who undergo weight loss might also lose muscle mass with a decrease in serum creatinine level (45). None of these studies explored the
change in body composition with weight loss; therefore, the impact of loss of muscle mass on serum creatinine and renal function reported in these
studies is unknown. This is important because the Modification of Diet in Renal Disease (MDRD) and Cockcroft-Gault formulas are unreliable to
estimate GFR in obese patients, and some of the included studies used these formulas to report renal function (46–48). Twenty-four-hour urinary
studies are recommended to estimate creatinine clearance in obese patients with CKD. Some studies used 24-h urinary studies to estimate
creatinine clearance, but some reported estimated GFR; therefore, we performed cumulative and subgroup analyses that did not show either
decline or improvement in GFR with both methods of reporting.

Obesity is causally related to the development of high BP, diabetes, and hypercholesterolemia. Both BP reduction and lipid lowering reduce urinary
protein excretion (49,50). We noted that weight reduction with diet and/or exercise was associated with improved SBP and lipid profile, but how
much this improvement contributed to the reduction in proteinuria and stabilization/normalization of GFR could not be assessed from this analysis.
Furthermore, given the smaller sample size, studies did not adjust for potential confounders such as the use of renoprotective medications and
improvement in other important comorbid conditions, such as insulin resistance, which might independently influence the outcome measures
studied.



The major strengths of our systematic review are the comprehensive search method, data review, and extraction by two reviewers. Like any other
systematic review, this review is subject to publication bias even though we searched relevant conference proceedings to identify the studies. Other
limitations of our meta-analysis include the suboptimal quality of the included studies and the presence of heterogeneity in the analysis. The
included studies were of short duration and were not adequately powered to measure patient-centered outcomes such as progression of kidney
disease (in terms of either doubling of serum creatinine or development of ESRD that warranted dialysis or transplantation) and mortality with
intentional weight loss.

Most included studies enrolled patients with stages 1 through 3 CKD; therefore, these results may not be extrapolated to patients with more severe
forms of kidney disease. One short-term study showed no relationship between amount of weight loss and the amount of reduction in proteinuria,
whereas a long-term study showed contrary results. We could not assess whether the proteinuria and renal function differed on the basis of the
amount of weight loss as a result of the lack of adequate number of studies that reported the necessary details. We used the mean and SD of
proteinuria (rather than geometric mean) from the included studies. Proteinuria, however, has a skewed distribution, which further limits the
interpretation of this analysis.

Several questions merit investigation in this area. The most important is to study whether intentional weight loss with either bariatric surgery or diet
and exercise affects renal function, the development of ESRD, and mortality in patients with preexisting kidney disease independent of its impact on
diabetes, hypertension, and hyperlipidemia. This is important given the “obesity paradox” reported in dialysis patients: Obese patients live longer
than patients who are nonobese. Furthermore, future studies should use consistent measures for assessing obesity and renal function given the
limitations that are associated with the various measures that are used to assess BMI (51). Even before that, it may be prudent to study the impact
of weight loss on inflammation, insulin resistance, and oxidative stress in patients with preexisting kidney disease, because these lie in the causal
pathway for obesity and the development of kidney disease.

Conclusions

It seems that weight loss may offer renal benefits in addition to the cardiovascular benefits, thereby reducing both the cardiovascular and the CKD
risks in these patients; however, the evidence supporting the role of intentional weight loss in patients with mild to moderate CKD to slow the
progression of kidney disease is modest at best, and more research is needed in this area.
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Figures and Tables

Figure 1.

Flow chart showing number of citations retrieved by individual searches and number of trials included in the review.



Table 1.

Characteristics of studies that analyzed the effects of dietary and pharmacologic interventions to reduce weight on renal parameters

Reference
Type of
Study

Baseline
Kidney
Disease

Preintervention
BMI (kg/m2) Comorbidities

No. of
Patients Intervention

Follow-
up

Renal
Outcomes

Nonrenal
Outcomes

a

Observational

Cook et al.

(24), 2008

Prospective

cohort

Stage 2

through 4

CKD and

ESRD

35.7 ± 4.5 NA 44 (total)

19

(predialysis)

22 (dialysis)

3

(transplant)

Hypocaloric (500

kcal less than

usual), low-fat,

renal diet plus

exercise 3×/wk

plus orlistat 120

mg thrice daily

12 mo eGFR Exercise

capacity,

functional

ability

Saiki et al.

(21), 2005

Prospective

cohort

Creatinine

<265 mmol/L

and

proteinuria

>300 mg/d

30.4 ± 5.3 Diabetes 22 Hypocaloric diet

(11 to 19 kcal/kg

per d) using

formula diet

4 wk 24-h

creatinine

clearance,

24-h

proteinuria

Lipid

profile,

HbA1c,

visceral fat

analysis

using CT

scan

Solerte et al.

(22), 1989

Prospective

cohort

Proteinuria

>500 mg/d

33.5 ± 1.6 Diabetes,

retinopathy

24 Hypocaloric diet

(1410 kcal/d)

12 mo GFR (Tc

injection),

24-h

creatinine

clearance,

24-h

proteinuria

Lipid

profile, BP,

HbA1c

Vasquez et

al. (25),

1984
b

Prospective

cohort

Proteinuria 36.1; 47.6; 39.1 Normal,

borderline

diabetes

37 Hypocaloric diet

(500 kcal/d less

than usual)

82 to

110 d

Serum

creatinine,

24-h

proteinuria

BP,

albumin,

liver

function

tests

Randomized

Morales et al.

(20), 2003

Randomized

study

Proteinuric

nephropathies

with Cr <2.0

mg/dl

33 ± 3.5 Diabetes,

hypertension

30 Hypocaloric diet

(500 kcal less

than usual);

protein intake 1.0

to 1.2 g/kg per d

versus usual

dietary intake

5 mo CG

creatinine

clearance,

24-h

proteinuria

Lipid profile

Praga et al.

(23), 1995
c

Randomized

study

Proteinuria

(>1 g/d) with

Cr 0.8 to 2.3

mg/dl

37.1 ± 3.1 Hypertension 17 Hypocaloric diet

(1000 to 1400

kcal/d) versus

captopril 50 to

12 mo 24-h

creatinine

clearance,

24-h

Lipid profile



mg/dl captopril 50 to

150 mg/d

24-h

proteinuria

CG, Cockcroft-Gault; Cr, creatinine; CT, computed tomography; eGFR, estimated GFR.
aAll studies measured BMI and change in weight over time.
bProteinuria data from these studies were not included in the analysis because of the lack of adequate information. This study had three arms: Normal control subjects, patients with borderline

diabetes, and patients with type 2 diabetes.
cWe used the pre- and postintervention data from the hypocaloric arm only for the analysis.

Table 2.

Characteristics of studies that analyzed the effects of surgical interventions to reduce weight on renal parameters

Reference
Type of
Study

Baseline
Kidney Disease

Preintervention
BMI (kg/m2) or
Body Weight
(kg) Comorbidities

No. of
Patients Intervention

Follow-
up

Renal
Outcomes

Nonrenal
Outcomes

a

Agrawal et Retrospective Microalbuminuria 49.1 ± 7.4 Diabetes, 94 Roux-en-Y 12 mo Urine Hs-CRP,



Agrawal et

al. (30),

2008

Retrospective Microalbuminuria 49.1 ± 7.4 Diabetes,

metabolic

syndrome

94 Roux-en-Y

gastric bypass

12 mo Urine

albumin-

creatinine

ratio

Hs-CRP,

BP,

diabetes

Alexander

and

Goodman

et al. (31),

2007

Prospective

cohort

ESRD, CKD NA NA 45 (total)

23

(CKD)

22

(dialysis)

Roux-en-Y

gastric bypass

Up to

13 yr

Serum

creatinine

NA

Brochner-

Mortensen

et al. (32),

1980

Prospective

cohort

Glomerular

hyperfiltration

136.4 kg None 8 End-to-side

jejunoileostomy

1 yr Serum

creatinine,

GFR (using

EDTA)

Extracellular

volume

Chagnac

et al. (29),

2003

Prospective

cohort

Glomerular

hyperfiltration

48 ± 2.4 Hypertension 17 Gastroplasty 12 to

17 mo

GFR (using

inulin

clearance),

renal plasma

flow, filtration

fraction,

albuminuria

Oral

glucose

tolerance

test, BP

Navarro-

Diaz et al.

(27),

2006
b

Prospective

cohort

Glomerular

hyperfiltration

53.6 ± 9.6 CAD,

hypertension

85 Gastroplasty 24 mo 24-h urinary

creatinine

clearance,

proteinuria

BP

Palomar et

al. (26),

2005

Prospective

cohort

Microalbuminuria

and overt

proteinuria

46.9 ± 6.3 Hypertension,

diabetes,

obstructive

sleep apnea

35 Biliopancreatic

diversion

12 mo Proteinuria,

nephrolithiasis

Lipid profile,

BP,

hematologic

parameters

Serra et al.

(28),

2006
b

Prospective

cohort

Microalbuminuria 53.3 ± 9.6 Hypertension 70 Roux-en-Y

gastric bypass

12 mo 24-h urinary

creatinine

clearance,

proteinuria

Leptin,

adiponectin,

lipid profile,

insulin level,

BP

CAD, coronary artery disease; hs-CRP, high-sensitivity C-reactive protein.
aAll studies measured BMI and change in weight over time.
bSame set of patients were included and different outcome measures were reported, and only study with longer duration of follow-up was used for analysis.

Figure 2.

Effect of nonsurgical interventions on GFR in CKD.



Figure 3.

Effect of nonsurgical interventions on urinary protein excretion in CKD.



Figure 4.

Effect of surgical interventions on glomerular hyperfiltration.
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