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Abstract

Obesity is a critical public health issue worldwide. Patients with obesity have markedly increased 

morbidity and mortality compared to the general population. The increased health risks of obesity 

in part are due to its close association with each of the other components of the metabolic 

syndrome, including hypertension, dyslipidemia, and insulin resistance. Accordingly, obese 

individuals are at particularly increased risk of cardiovascular disease and chronic kidney disease. 

Modest weight loss results in improvements in serum cholesterol levels, blood pressure, and 

glycemic profiles. Lifestyle interventions for weight loss have long been the mainstay of treatment 

in obesity. However, the existing literature demonstrates limited weight loss sustainability and 

inconsistent cardiovascular and renal benefits using these modalities. In addition to improvements 

in intermediate risk factors, surgical interventions provide a more lasting impact on long-term 

cardiovascular and renal outcomes, though carry higher short-term risks due to perioperative 

complications.
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Introduction

Obesity is a widespread and constantly evolving public health issue in the United States of 

America (USA) and other developed countries. Obesity is defined as a body mass index 

(BMI) ≥30 kg/m2, class I obesity is a BMI of 30–34.9 kg/m2, severe obesity or class II 

obesity is a BMI of 35–39.9 kg/m2, and class III obesity (previously known as morbid 

obesity) is a BMI of ≥40 kg/m2 [1]. According to the National Health and Nutrition 

Examination Survey, the number of obese adults in the US population increased from 22.9 

% in 1988 to 1994 to 35.7 % in 2009 to 2010 [2, 3]. Although the rate of obesity in the USA 
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seems to be stabilizing based on the most recent survey results, there continues to be an 

alarming increase in the prevalence of severe levels of obesity, particularly among 

adolescents [4, 5]. Patients with class II and III obesity place the greatest burden on the 

healthcare system. In 2010, the estimated healthcare costs of obesity and comorbidities 

associated with obesity were 315.8 billion dollars in the USA alone [6]. These costs were 

substantially greater in patients with a BMI ≥35 kg/m2, particularly in patients with 

concurrent diabetes [6].

Obesity is a major contributing risk factor to a number of serious morbidities, resulting in 

increased disability and mortality and in reduced overall quality of life. Specifically, obesity 

is a strong independent risk factor for the development of each of the other components of 

the metabolic syndrome, including insulin resistance, dyslipidemia, and hypertension [7, 8]. 

Obese men are at a 7-fold increased risk, and obese women are at a 12-fold increased risk of 

developing type 2 diabetes mellitus compared to normal-weight individuals [8]. Obese men 

and women have a 2-fold and 3-fold increased risk of cardiovascular disease, respectively, a 

2-fold increased incidence of hypertension, and a 1.5-fold increased incidence of stroke 

compared to normal-weight individuals [8].

Additionally, obesity substantially increases the risk for development and progression of 

kidney disease. Obesity plays a critical role in increasing the rate of progression of chronic 

kidney disease (CKD) in patients with underlying glomerular disease [9]. The increased risk 

of kidney disease in obese patients is likely, in part, due to the increased incidence of 

diabetes and hypertension as these conditions account for the majority of CKD cases in the 

USA [10]. However, obesity is also a significant independent risk factor for the development 

of CKD and end-stage renal disease (ESRD) [11, 12]. In 2006, Hsu et al. performed a 

retrospective cohort study of 320, 252 patients linking the Kaiser Permanente database to the 

US Renal Data System Registry. After adjusting for diabetes and hypertension, the authors 

found a 3-fold increased incidence of ESRD in all levels of obesity and a 5-fold increased 

incidence of ESRD in morbidly obese patients compared to normal-weight individuals [11].

The proposed mechanisms of obesity-associated cardiovascular disease and kidney disease 

are multifactorial and seem to be closely intertwined (see Fig. 1). When occurring in the 

setting of excess adipose tissue, these disease processes have each been linked to insulin 

resistance, inflammatory cytokines (i.e., IL-6 and TNF-α), oxidative stress, increased 

sympathetic nervous activity, adiponectin deficiency, increased leptin production, and 

increased renin, angiotensin, and aldosterone activity [13–15]. The effect of directly 

intervening on these metabolic parameters has not been thoroughly investigated. However, 

there is a growing body of epidemiologic evidence evaluating the impact of various weight 

reduction modalities on long-term cardiovascular and renal outcomes.

Even modest weight reduction in individuals with a BMI≥ 35 kg/m2 is associated with 

notable improvements in many of the intermediate comorbidities associated with 

cardiovascular and renal disease, such as type 2 diabetes mellitus [6]. Multiple international 

efforts have been implemented to determine the most efficient, cost-effective, sustainable, 

and safest means of weight reduction among obese patients [1]. Numerous methods of 

weight reduction have been widely studied, including both discrete use and combinations of 
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diets, exercise regimens, medications (for appetite suppression or decreased fat absorption), 

and surgical interventions, with variable results with regard to weight loss and reduction of 

comorbidities [16•, 17, 18].

Cardiovascular Effects of Lifestyle Interventions

Lifestyle interventions have been the mainstay of obesity treatment for the past several 

decades. However, lifestyle interventions have long been criticized for inadequate 

effectiveness and durability. Accordingly, a recent Cochrane systematic review of lifestyle 

modifications in the treatment of obesity revealed that diet, exercise, or both in combination 

with a counseling model to facilitate behavioral change were not effective at yielding 

sustained weight loss [18]. Nonetheless, combined lifestyle interventions, including 

counseling along with diet and/or exercise, reduce intermediate cardiovascular outcomes 

such as cholesterol and blood pressure. In a meta-analysis of existing interventional studies 

involving behavioral counseling, Lin et al. demonstrated that total cholesterol decreased by a 

pooled mean of 4.48 mg/dL (95 % confidence interval (CI) 2.59–6.36), low-density 

lipoprotein decreased by 3.43 mg/dL (95 % CI 1.49–5.37), systolic blood pressure decreased 

by 2.03 mmHg (95 % CI 1.15–2.91), and diastolic blood pressure decreased by 1.38 mmHg 

(95 % CI 0.84–1.92) [19]. However, the included studies were limited to a maximum of 2 

years of follow-up and were not exclusive to obese patients. In an observational analysis of 

1-year follow-up data from a recent randomized control trial (RCT; Look AHEAD (Action 

for Health in Diabetes)) of intensive lifestyle interventions in type 2 diabetic patients, Wing 

et al. found similar improvements in cardiovascular risk factors. In patients who lost 5–10 % 

of their body weight, there was a 5 mg/dL increase in high-density lipoprotein cholesterol 

(odds ratio (OR) 1.69, 95 % CI 1.37–2.09), 40 mg/dL decrease in triglycerides (OR 2.20, 95 

% CI 1.71–2.83), 5 mmHg decrease in systolic blood pressure (OR 1.56, 95 % CI 1.27–

1.91), and 5 mmHg decrease in diastolic blood pressure (OR 1.48, 95 % CI 1.20–1.82) [20]. 

However, the Look AHEAD trial was stopped early after a median follow-up of 9.6 years 

due to a failure to detect a difference in the composite outcome of cardiovascular death, 

myocardial infarction, non-fatal stroke, or hospitalization for angina, despite significantly 

greater weight reduction in the intervention group [21••].

Correspondingly, changes in surrogate markers of cardiac disease observed in short-term 

intervention studies did not correlate to cardiovascular outcomes in long-term observational 

studies of non-surgical weight loss in obese subjects. Several observational studies over the 

past two decades demonstrated that non-surgical weight reduction was associated with no 

difference in cardiovascular outcomes [22] or was paradoxically associated with increased 

cardiovascular morbidity and mortality [23, 24]. That said, a recent meta-analysis by Quinn 

et al. found that some of the adverse cardiac outcomes associated with weight loss in 

observational studies seem to be related to unintentional weight loss [25]. The authors 

suggest that many observational studies capture weight loss that occurred due to unmeasured 

confounders like malnourishment or severe chronic illness, which may heavily bias the 

results.

Most RCTs evaluating lifestyle modifications in the treatment of obesity failed to report 

long-term cardiovascular outcomes [18, 26]. Two RCTs evaluating the effect of lifestyle 
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modification on development of type 2 diabetes mellitus in overweight individuals did 

report cardiovascular morbidity and mortality [27, 28]. The Finnish Diabetes Prevention 

Study demonstrated no significant difference in cardiovascular events between the lifestyle 

intervention group and the control group after 10 years of follow-up (relative risk (RR) 1.02, 

95 % CI 0.73–1.42), despite a significant delay in the onset of diabetes [27]. Similarly, the 

Da Qing Diabetes Prevention Trial, which demonstrated lower incidence of diabetes in the 

intervention group, showed no significant difference in cardiovascular events (RR 0.98, 95 

% CI 0.71–1.37) or cardiovascular mortality (RR 0.83, 95 % CI 0.48–1.40) over 20 years of 

follow-up [28]. Both of these studies had lower mortality rates than those in patients with 

similar risk factors in the general population, and the latter study was statistically 

underpowered to detect differences in cardiovascular outcomes, weakening the 

generalizability of the results.

Cardiovascular Effects of Surgical Interventions

Based on a recent Cochrane systematic review of RCTs, bariatric procedures have 

consistently demonstrated more dramatic, persistent weight reduction compared to non-

surgical interventions [16•]. Chang et al. recently published a systematic review and meta-

analysis chronicling the overall benefits and risks of bariatric surgery in studies published 

through 2012 [29]. The meta-analysis encompassed almost 162,000 patients across 127 

observational studies and 37 RCTs. Of the studies that reported perioperative (≤30 days) and 

postoperative (>30 days) mortality rates, RCTs and observational studies demonstrated 0.08 

and 0.22 % perioperative mortality, respectively, and 0.31 and 0.35 % postoperative 

mortality, respectively. The greatest mortality rates were appreciated in gastric bypass, 

followed by sleeve gastrectomy. Sixty-four studies reported complication rates (mean 17 %), 

including bleeding, stomal stenosis, leak, vomiting, reflux, gastrointestinal symptoms, and 

nutritional and electrolyte abnormalities, which were similar across all surgical modalities. 

Adjustable gastric banding had the highest reoperation rates (12 % in RCTs and 7 % in 

observational studies). Only 11 studies (all observational) reported long-term weight loss 

outcomes; these studies demonstrated maintained reduction in BMI of 12–17 kg/m2 at 5 

years following bariatric surgery [29]. Results from the prospective observational Swedish 

Obese Subjects (SOS) study demonstrated 6.5 kg/m2 reduction in BMI from baseline at 10 

years of follow-up [30] and 7.1 kg/m2 reduction in BMI at 15 years of follow-up [31].

Surgical interventions have a greater effect on intermediate risk factors for cardiovascular 

disease than non-surgical interventions. In pooled analyses of RCTs evaluating surgical 

weight loss modalities, 92 % (95 % CI 85–97 %) of patients had remission of diabetes, 75 % 

(95 % CI 62–86 %) had remission of hypertension, and 76 % (95 % CI 56–91 %) had 

remission of dyslipidemias, with slightly less dramatic results reported in observational 

studies [29] and similar results reported in RCTs published after the meta-analysis [32•, 33, 

34]. Diabetes remission rates decreased to 30.4 % at 15 years of follow-up in the SOS study; 

microvascular and macrovascular complications associated with diabetes were significantly 

reduced compared to non-surgical controls [35••]. A recent meta-analysis by Vest et al. of 

echocardiographic parameters in patients who underwent bariatric surgery demonstrated 

regression of left ventricular hypertrophy and improvement in diastolic function over a mean 

of 20.2 months of follow-up [36]. Data evaluating changes in ejection fraction among 
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patients with systolic heart failure were scarce and were determined to be insufficient for 

analysis.

Similar to lifestyle interventions, very few studies of surgical weight loss interventions 

evaluated long-term cardiovascular morbidity and mortality. Three recent observational 

studies (and no RCTs) reported cardiovascular events in bariatric surgery patients. In a large 

retrospective cohort study, Scott et al. found a significant reduction in 5-year rates of 

myocardial infarction (hazard ratio (HR) 0.54, 95 % CI 0.44–0.67), stroke (HR 0.59, 95 % 

CI 0.37–0.95), and death (HR 0.60, 95 % CI 0.34–1.07) in morbidly obese bariatric surgery 

patients compared to morbidly obese patients who underwent unrelated surgeries [37, 38]. 

Johnson et al. performed a population-based, retrospective, propensity-matched cohort study 

of obese type 2 diabetic patients; the study demonstrated a significantly lower 5-year rate of 

composite myocardial infarction, stroke, and all-cause mortality in patients who underwent 

bariatric surgery compared to controls (HR 0.32, 95 % CI 0.19–0.54) [39]. Recently 

published 15-year follow-up data from the SOS study showed significantly lower rates of 

first-time cardiovascular events (myocardial infarction or stroke; HR 0.67, 95 % CI 0.54–

0.83) and cardiovascular death (HR 0.47, 95 % CI 0.29–0.76) in obese patients who 

underwent bariatric surgery versus those who received usual care [40••]. Of note, the usual 

care group in the SOS study had a significantly higher mean age, systolic and diastolic blood 

pressure, prevalence of diabetes, and number of smokers at baseline compared to the 

surgical intervention group, all of which were adjusted for in multivariate analyses [40••]. 

Thus, in retrospective and prospective observational cohorts, bariatric surgery consistently 

demonstrated improvements in long-term cardiovascular morbidity and mortality. Further 

investigation is needed to corroborate these findings in RCT settings and to better 

understand any morbidity resulting from surgical complications.

Renal Effects of Lifestyle Interventions

Due to the hormonal dysregulation present in obesity, particularly increased activation of the 

renin-angiotensin system, renal hemodynamics are frequently altered in these patients. The 

resulting afferent renal arteriolar dilation and efferent renal arteriolar vasoconstriction 

expose each individual nephron to increased renal plasma flow as body mass increases, 

causing increased glomerular pressure and glomerular hyperfiltration. These maladaptive 

changes likely result in the glomerulomegaly, podocytopathy, and focal glomerulosclerosis 

often observed in renal biopsies in these patients [13, 15, 41]. The podocytopathy coupled 

with increased intracapillary pressure often results in proteinuria [13, 15].

A number of studies have evaluated the effects of lifestyle interventions on renal outcomes 

in obese patients, including several small RCTs [42–44]. In the most recent RCT by 

Straznicky et al., 38 patients with metabolic syndrome and normal baseline renal function 

were randomized to dietary restriction, diet combined with aerobic exercise, and no 

intervention. At 12 weeks of follow-up, patients experienced significant weight loss in both 

intervention groups compared to controls, along with significant decrease in serum 

creatinine, increase in estimated glomerular filtration rate (GFR), and decrease in 

albuminuria [44].
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In both observational studies and RCTs evaluating weight loss due to dietary interventions 

in diabetic nephropathy, patients exhibited reduction in proteinuria (mean difference −0.66 

to −1.77 g/24 h); patients who underwent combined diet and exercise interventions had a 

slower decline in renal function compared to control subjects (−9.2 vs. −20.7 mL/min, 

p<0.001) over 2 years of follow-up [45, 46]. Similar improvement in proteinuria and 

decelerated loss of renal function were observed in non-diabetic obese patients and patients 

with more advanced CKD who underwent lifestyle interventions [42, 43, 47]. Improvements 

in renal measures following non-surgical weight loss have been observed both in 

conjunction with and independently of remission of hypertension and diabetes [39, 48]. 

Modest weight loss was associated with decreased muscle sympathetic nerve activity [44] 

and renin-angiotensin activity [48], potentially contributing to the observed improvements in 

both hypertension and renal function.

Studies evaluating lifestyle interventions on renal outcomes in obese patients were greatly 

limited by short durations of follow-up and small sample sizes. No studies have reported 

long-term renal effects of lifestyle modifications beyond 2 years of follow-up. Also, many of 

the studies that reported changes in renal function employed estimated GFR equations. 

These creatinine-based estimating equations can be problematic due to changes in muscle 

mass with lifestyle interventions. Additionally, many of these equations are normalized to 

non-obese body surface area (1.73 m2) [49]. Interpretation of the results is further 

complicated by often misleading, maladaptive elevation in the estimated GFR due to renal 

hyperfiltration in the early stages of obesity-associated renal injury [15]. No studies have 

incorporated renal biopsy data following lifestyle interventions. One study demonstrated 

significant improvement in proteinuria in patients with biopsy-proven obesity-associated 

kidney disease (defined in the study as glomerulomegaly with or without focal segmental 

glomerulosclerosis) who succeeded in sustained weight loss following lifestyle 

modifications after 2 years of follow-up [50]. However, one case report of an obese 

adolescent girl who lost 30 % of her body weight with diet and exercise demonstrated 

progression of focal segmental glomerulosclerosis on biopsy after 1 year, despite remission 

of proteinuria [51].

Renal Effects of Surgical Interventions

By meta-analysis, patients who underwent surgical weight loss interventions had a reversal 

of renal hyperfiltration [52]. More recent observational evidence demonstrated an 

improvement in proteinuria and normalization of estimated GFR in patients with baseline 

hyperfiltration, normal estimated GFR, and mildly decreased estimated GFR 1 year 

following bariatric surgery, with a high proportion of patients experiencing complete or 

near-complete resolution of microalbuminuria [53–57]. A recent small prospective 

observational study demonstrated an improvement in urinary and serum inflammatory 

markers that correlated with normalization of renal function and weight loss 1 year 

following bariatric surgery [58].

Similar to studies of lifestyle modification, most studies of renal outcomes following 

bariatric surgery were limited by a short duration of follow-up, the use of creatinine-based 

estimation equations of renal function, and difficulty in interpreting changes in GFR due to 
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frequent baseline renal hyperfiltration. One recent small prospective study of patients with 

elevated creatinine levels at baseline demonstrated improvement in adiponectin levels but no 

change in measured GFR 1 year following bariatric surgery [59]. Although recent results 

from the SOS study demonstrate a significant overall improvement in diabetic microvascular 

(i.e., ophthalmologic, peripheral nervous, and renal) complications 15 years following 

bariatric surgery, specific renal outcomes were not reported [35••]. One case-controlled 

study followed obese diabetic patients for 10 years after undergoing biliopancreatic 

diversion [60]. The study reported an increase in estimated GFR overtime in patients who 

underwent surgical intervention (13.6±24.5 %) compared to a decrease in estimated GFR in 

those who received usual care (−45.7±18.8 %). In all patients with baseline 

microalbuminuria who underwent surgical intervention, microalbuminuria resolved and did 

not recur. No studies have evaluated changes in pathological findings on renal biopsy 

following bariatric surgery. Case reports and case series of patients with biopsy-proven 

obesity-associated focal segmental glomerulosclerosis have demonstrated improvement in 

proteinuria and stabilization of renal function following bariatric surgery [61–63].

Few studies have reported renal-associated perioperative morbidity in bariatric surgery. 

Based on retrospective data, degree of baseline renal dysfunction directly correlated to risk 

of perioperative complications surrounding bariatric surgery, independent of underlying 

hypertension and diabetes [64•]. Also, a recent retrospective study of patients who 

underwent bariatric surgery demonstrated a relatively high incidence of acute kidney injury 

(5.8 %) [65]. In the study, higher BMI and diabetes were independently associated with 

increased odds of perioperative acute injury.

Conclusions

Weight loss in obese patients is critical in controlling long-term morbidity and mortality. 

Dietary interventions and increased physical activity are reasonably effective in improving 

all of the components of the metabolic syndrome, which typically serve as reliable 

intermediate markers of cardiovascular and renal outcomes. However, lifestyle 

modifications suffer from inadequate durability of weight loss, and no studies have 

demonstrated long-term cardiovascular or renal benefit using these modalities. Bariatric 

surgery carries several associated risks. The existing studies have multiple limitations, but 

the data are nonetheless promising regarding improvements in long-term cardiovascular and 

renal outcomes following bariatric surgery. More investigations are needed to understand 

specific factors that predict improved long-term outcomes in these patients, as well as the 

complex mechanisms contributing to the impact of surgical interventions. Our understanding 

of long-term outcomes in these patients also hinges on developing more appropriate 

measurements of disease, particularly in the setting of renal dysfunction, given the 

limitations of existing estimating equations of glomerular function. In counseling our 

patients with severe obesity, we need to keep in mind that the chronic benefits of bariatric 

surgery should be assessed based on the potential acute risks and contributing comorbidities 

of each individual.
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Fig. 1. 
Mechanisms contributing to cardiovascular disease and chronic kidney disease in obesity 

and the metabolic syndrome
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