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Introduction

Chronic kidney disease (CKD) patient’s exhibit elevated rates of deaths compared 
to the general population [1], with almost similar increase in proportion of 
cardiovascular (CV) and non-CV deaths [1]; however, the CV mortality risk in pa-
tients starting dialysis is much higher compared to the general population (unstan-
dardized CV risk—15-fold higher/age-standardized CV risk—almost 9-fold higher 
than in matched individuals from the general population) [1]. This huge mortality 
risk is not determined by the same classical, traditional risk factors; indeed, classi-
cal atherosclerotic disease is not the most important and common cause of death in 
a modern dialysis population. Analysis traditional CV risk factor (like hypertension 
(HTN), diabetes, or lipids) interventions in CKD has been disappointing. Over the 
past decade, numerous nontraditional risk factors have been investigated: left ven-
tricular hypertrophy, anemia, mineral metabolism disturbance (phosphate, calcium, 
vascular calcification or FGF-23), inflammation, electrolyte shifts during hemodi-
alysis (HD) or abnormalities in myocardial ultrastructure and function, including 
endothelial dysfunction, interstitial fibrosis, impaired coronary flow reserve, and 
diminished ischemia tolerance, but the results were equally disappointing [2]. In 
2013, we still have an enormous mortality rate.

In this context, a new approach would be interesting to be considered. We 
summarize what is so special about CKD patients and then discuss how these 
particularities can be used for improving the enormous morbidity and mortality risk.
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A “typical” CKD patient has:

a. HTN—gradually increasing with the severity of CKD (35.8 % in CKD stage 1, 
48.1 % in CKD stage 2, 59.9 % in CKD stage 3, and 84.1 % in CKD stage 4–5)

b. Resistant HTN
c. High prevalence of nondipping HTN even in patients with early impairment of 

GFR
d. Overhydration, subclinical in almost 25 % of the cases, secondary volume-

dependent HTN, left ventricular hypertrophy and death
e. Autonomous dysfunction associated with impaired heart rate variability, resting 

tachycardia, exercise intolerance, abnormal blood pressure regulation and ortho-
static hypotension

f. High prevalence of arrhythmias and sudden cardiac death
g. High prevalence of sleep apnea syndrome

Coming back to the issue, the best-characterized CKD model patient has HTN, 
infraclinic overhydration, obesity, and frequently apnea sleep syndrome.

Obesity and Metabolic Syndrome in CKD

Obesity is an extremely important problem in 2014, with an increasing trend in 
prevalence; in 2008, more than 1.4 billion adults of age 20 years and older were 
overweight, and the number is still growing [3]. In CKD patients, obesity is com-
mon [4]. The appropriate methodology used for correct classification of obesity is 
still debated [5]; although body mass index (BMI) is used by almost all nutritional 
guidelines, it provides an inadequate estimation of true fat mass, especially in pa-
tients with gross imbalances of fluid balance, such as kidney disease patients. The 
waist to hip ratio (WHR) and skinfold thickness seem to be better methods for a 
correct estimation of obesity [5].

The consensus definition for metabolic syndrome (MetS) encloses central obesity, 
elevated BP, dyslipidemia (low levels of high-density lipoprotein (HDL) cholesterol 
and elevated serum triglycerides), and elevated fasting glucose (impaired fasting 
glucose or type 2 diabetes).

Obesity/MetS and CKD Stage 3–5

In predialysis CKD population, MetS is highly prevalent (60–65 %) [6], most prob-
ably secondary to a higher prevalence of the individual risk factors for metabolic 
syndrome in these patients.

MetS was independently associated with proteinuria and CKD progression 
in numerous observational studies. However, this evidence is still controversial. 
In the secondary analysis of the African American Study of Kidney Disease and 
Hypertension Trial [7], MetS was associated with a 31 % of increased risk of CKD 
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progression to end-stage renal disease (ESRD), but this risk was no longer significant 
when adjusted for baseline proteinuria. In another recent study, Lee et al. [8] found 
that the influence of MetS on CKD progression was major only in nondiabetic early 
stage (1–3) CKD subjects, and became nonsignificant in late-stage CKD and in 
diabetic (early or late) CKD patients. More recently, Navaethan et al. found in a 
large and retrospective observational study including 25,868 patients with stage 
3–4 CKD an independent association between MetS and ESRD [9]; the subgroup 
analysis showed that the association between MetS and ESRD was attenuated and 
no longer statistically significant with adjustment for proteinuria. In this context, in 
a recent editorial comment, Lea J. suggests that proteinuria could play a central role 
in the potential impact of MetS on CKD progression [9].

The individual components of MetS were also associated with CKD progression. 
High-grade obesity is a well-recognized risk factor; this association appears to be 
stronger in females; the effect could be a direct one, obesity causing glomerular 
hyperfiltration, activation of the renin–angiotensin system, insulin resistance, and 
direct lipotoxicity or indirectly, obesity leading to comorbidities, such as type 2 
diabetes, HTN, and atherosclerosis, which in turn may accelerate progression of 
CKD [10]. Even in dialysis patients, obesity was associated with the loss of the 
residual renal function.

The relationship between obesity and survival is a subject of controversy. In a 
large study [9], MetS was not linked with an increased risk of death in CKD stage 
3–5 patients (individual components, such as low HDL cholesterol level and im-
paired glucose metabolism, were related with an increased risk for death, whereas 
obesity and HTN were related with a lower risk for death). No significant associa-
tion between survival and BMI was shown in modification of diet in renal disease 
(MDRD) study [11]. Often, the different methods used for obesity assessment might 
have generated these different results. Elsayed et al. analyzed 1669 participants with 
CKD from two cohorts and found no significant connection between overweight or 
obesity and cardiac events compared with an ideal BMI (20–24.9 kg/m2). However, 
using WHR, they reported a 36 % greater relative risk of cardiac events in the group 
with the highest WHR (≥ 1.02 and ≥ 0.96 in men and women, respectively) [12].

Obesity/MetS and Dialysis

The prevalence of MetS in HD which varies between 60 and 80 % [13] is increasing 
with age and is more frequent in women. In peritoneal dialysis, the prevalence 
is even higher; these patients have an increased risk of metabolic disturbances 
(hyperglycemia, dyslipidemia, or weight gain), leading to oxidative stress, systemic 
inflammation, and endothelial dysfunction and finally, to increase risk of CV events 
and death. Moreover, the definition of MetS is not appropriate: The plasma glucose 
is complicated to standardize because of the inherent continuous absorption of 
glucose from dialysate; the measurement of waist circumference is also difficult—
as it can fluctuate in relation to the intraperitoneal dialysate volume or residual 
volume after dialysate drainage [14]. Recently, dual-energy X-ray absorptiometry, 
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bioelectric impedance analysis, or abdominal fat computed tomography has been 
used in clinical studies involving PD patients.

Surprisingly, MetS was associated with a better nutritional status, but not with 
CVD or all-cause mortality in dialysis patients. The role of obesity, a central part 
of the MetS represents a complicated dilemma. Numerous studies [15, 16], with 
a short median period of follow-up (2 years) revealed substantial and significant 
advantage in overall and CV survival in the group of patients with BMI of 25 kg/m2 
or greater, including the highest BMI category (≥ 37 kg/m2) compared to patients 
with BMI less than 22 kg/m2. However, several studies with an extended follow-
up (5–10 years), a baseline BMI of 30 kg/m2 or greater was associated with an 
increased risk of mortality compared to patients with ideal BMI [17, 18].

In the same line, truncal fat mass and abdominal obesity were associated with 
inflammation (IL-6 and CRP). Truncal fat mass is associated with an adipokine 
imbalance; an increase of leptin, resistin, tumor necrosis factor-α (TNF-α), and 
IL-6; and a decrease of adiponectin, and thereby, it may contribute to endothelial 
dysfunction, inflammation, oxidative stress, vascular calcification, and CV events.

Obstructive Sleep Apnea

Disturbed sleep patterns can be a disease-generating condition. Obstructive sleep 
apnea (OSA) is one of these conditions, being a high-priority health problem be-
cause it disrupts sleep and reduces quality of life. It is caused by a cessation of 
airflow caused by occlusion of the oropharyngeal tract. The main clinical features 
include sleepiness, fatigue, or poor concentration, signs of disturbed sleep, such as 
snoring, restlessness, and last but not least hypopnea or even long periods apnea 
terminated by loud snorts or snoring. The physical exam can be normal, although 
obesity, elevated blood pressure, a narrow airway, and a large neck circumference 
are common.

Definite risk factors for OSA include obesity, craniofacial abnormalities, and 
upper airway soft tissue abnormalities. Potential risk factors include heredity, 
smoking, and nasal congestion.

The diagnosis is mainly based upon the presence of the mentioned symptoms as 
well as the frequency of respiratory events during sleep. Polysomnography is the 
gold standard method for the diagnosis of OSA, which is defined as an intermittent 
interruption of airflow at the level of nose and mouth during sleep. Episodes of 
apnea are considered clinically relevant if they persist for longer than 10 s, but in 
some cases they may last as long as 2 min.

OSA is associated with obesity, HTN, especially resistant HTN, congestive 
heart failure, diabetes, mild pulmonary HTN; patients with severe OSA being at 
risk for high CV complications and death. Additionally, some patients with OSA 
may present proteinuria, associated with focal segmental glomerulosclerosis, 
hypercapnia, or nocturnal cardiac arrhythmias including bradycardia or atrial fibril-
lation triggered by persistent hypoxemia.
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The presence of OSA may be even more relevant in nephrology because some 
of the factors involved in the pathogenesis of renal disease like HTN, diabetes, 
and obesity are the same that cause, or are associated with, OSA in the general 
population. However, so far, only a few studies assesed the presence of OSA in 
CKD patients with a minor degree of renal dysfunction, OSA being mainly sug-
gested from questionnaires related to specific symptoms (daytime somnolence or 
snoring) and not assessed by polysomnographic examinations.

Several epidemiologic studies provided evidence that obesity is strongly asso-
ciated with CKD, closing the triangle between OSA, obesity, and CKD [19, 20]. 
It appears that OSA is one of the most important triggers of sympathetic activity 
induced by the decreased arterial oxygenation which in turn raises blood pressure, 
particularly during nighttime. The high sympathetic activity engenders three 
intermediate mechanisms: chronic HTN, left ventricular hypertrophy, and arrhyth-
mias, particularly atrial fibrillation, which eventually leads to CV complications 
and death. Another mechanism in the pathogenesis of renal damage in OSA patients 
is impairment of renal hemodynamics as measured by an increased renal resistance 
index (RRI) [21]. This can be of great importance since changes of renal blood flow 
may identify OSA patients at high risk for declining renal function. Furthermore, 
renal perfusion assessed by RRI is improved with an effective treatment of OSA 
[22].

OSA is significantly more common in ESRD patients and it has been related with 
markers of CV disease and poorer survival. Unlike the general population, the usual 
risk factors for OSA (such as obesity, craniofacial abnormalities, nasal congestion, 
and smoking) do not usually apply to dialysis patients. Potential mechanisms im-
plicated with higher prevalence of OSA in ESRD patients include the desensitizing 
effects of uremia or metabolic acidosis on higher respiratory control centers. These 
assumptions came from observational studies that showed improvement of OSA 
after correction of biochemical abnormalities, by increasing ultrafiltration or after 
kidney transplantation. The high prevalence of OSA in ESRD patients can also be 
the result of fluid overload and more precisely by the increased amount of fluid 
displaced from the legs into the neck overnight, which can eventually compress the 
upper airway [23].

In conclusion, OSA seems to be a more frequent disorder even in minor renal 
dysfunction than previously thought. Given the high risk associated with OSA and 
CKD, clinical trials would be warranted in the attempt to reduce the burden of mor-
bidity and mortality linked to respiratory disorders in renal diseases [19].

Competing Risk: OSA–MetS–Obesity: A Possible Link?

The relation between MetS, obesity, and OSA is complex. Obesity is one of the most 
important risk factors for OSA. Even mild to moderate obesity has been associated 
with increased sleep apnea prevalence. In a community of moderately overweight 
men, OSA had a prevalence of approximately 40 % [24], which increased to 90 % in 
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patients with severe obesity (BMI > 40 kg/m2). Changes in body weight determine 
an increasing risk for OSA; two important studies, the Wisconsin Sleep Cohort 
Study and the Sleep Heart Health Study, showed that more than 10 kg weight gain 
over a 5-year period determines a fivefold increased risk in men and 2.5-fold in-
crease in the severity of OSA [25–27]. Additionally, weight loss is associated with a 
parallel decrease in apnea frequency. Being the only modifiable risk factor of OSA, 
numerous studies, using both surgically and medically methods for losing weight 
investigated and founded that weight loss can improve obesity-related OSA [28, 
29].

The mechanisms of this relationship are still uncertain, and may include: (1) 
fat deposition on airway anatomy; (2) changes in the central mechanisms regulat-
ing airway tone or ventilatory control stability. The particularly strong association 
seems to be between visceral fat deposition and OSA; recent studies described neck 
circumference as a positive predictor of OSA, associated with the severity of OSA 
independently of visceral obesity [30].

Inversely, OSA may predispose to obesity. It has been assumed that OSA induces 
neurohormonal changes: a stress reaction activating the hypothalamic–pituitary–
adrenal axis leading to release of cortisol and other hormones may trigger mecha-
nisms generating insulin resistance and preferential abdominal fat accumulation 
[31]. Moreover, hypoxia may generate inflammation in obesity. Adipose tissue con-
tains numerous pro-inflammatory adipocytokines which may support endothelial 
dysfunction, insulin resistance, and lipid peroxidation.

Even more complex, a link between OSA and MetS, independent of obesity can 
be described [32]. Many of the individual components of MetS are associated with 
OSA. The possible mechanisms underlying OSA–MetS–obesity relationship may 
include the determinant role of intermittent hypoxia and sleep fragmentation who 
may determine: (1) the release of reactive oxygen species and oxidative stress; (2) 
inflammation and impaired insulin action in peripheral tissues, associated with in-
sulin resistance, dyslipidaemia, and HTN; (3) release of adipocyte-generated hor-
mones, like adiponectin, leptin, or adipocyte-fatty acid-binding protein. Prospective 
longitudinal cohort studies and interventional trials are needed to establish a defi-
nite direction of the relationship between OSA and MS or its components.

OSA–MetS–Autonomic Dysfunction–HTN

HTN is frequently found in patients with MetS (BP in the high–normal or frankly 
HTN range was found in more than 80 % of individuals with MetS) [33]. One of the 
most incriminate mechanisms is autonomic dysfunction.

Several experimental and human studies reported autonomic dysfunction as one 
of the mechanism for HTN in patients with MetS; it is associated with increased 
heart rate and cardiac output, increased peripheral vascular resistance, increased tu-
bular sodium reabsorption in the kidney, and consequent elevation of systemic blood 
pressure. At the same time, abdominal visceral fat is associated with sympathetic 
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neural activation in humans. Experimental studies suggest a regional sympathetic 
activation in various types of human obesity, in the absence of other comorbidities; 
obesity can be associated with an increase in sympathetic activity in the kidney [34, 
35]. In addition, the insulin resistance typically found in MetS increases plasma 
leptin levels, and leptin has been reported to elevate sympathetic nervous activity, 
suggesting that leptin-dependent sympathetic nervous activation may contribute to 
an obesity-associated HTN.

Treatment

Noninvasive Positive Pressure Ventilation

Noninvasive positive pressure ventilation has been reported to be effective for im-
proving OSA in resistant hypertensive patients, in randomized clinical trials [19, 36, 
37] but, despite advances in technology and easiness of application, this technique 
is either not accepted or refused by many patients. In such cases, pharmacological 
treatment of sympathetic overactivity remains the sole treatment available to coun-
teract the high risk of this condition.

Intensification of Ultrafiltration

In dialyzed patients, as noted above, fluid overload plays an important role in the 
pathogenesis of OSA. Many trials have assessed this issue, intensive dialysis or 
even better nocturnal dialysis having good results in improving OSA in patients with 
severe sleep-disordered breathing [19, 38, 39]. Additionally, ultrafiltration guided 
by bioimpedance or ultrasound lung comets may provide a practical method for 
reaching true patient euvolemia. Renal transplantation is in theory the ideal way for 
correcting OSA, since it eliminates all uremic toxicity. In a case-control study [40], 
the prevalence of OSA was almost identical in renal transplant patients as compared 
to age-, sex-, and BMI-matched healthy subjects, supporting the hypothesis that 
renal transplantation reverses OSA.

Bariatric Surgery

As noted above, obesity is a risk factor for developing CKD that may be improved 
with bariatric surgical weight reduction. Bariatric surgical procedures affect weight 
loss through two fundamental mechanisms: malabsorption and restriction. The main 
indications are patients who failed previous nonsurgical weight loss methods with 
BMI > 40 or > 35 in the setting of other comorbidities like diabetes or sleep apnea.
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The goal of surgery is to reduce the morbidity and mortality associated with 
obesity, and to improve metabolic and organ function all along with reduction of 
hospitalization periods, medication costs, and improving quality of life [41, 42].

Among the positive effects of bariatric surgery we note:

• A reduction of 50 % in incidence of diabetic nephropathy 5 years following bar-
iatric surgery

• An improvement in microalbuminuria in the early postoperative period
• Hyperlipidemia improved in 70 % or more of patients
• HTN resolved in 62 % and resolved or improved in 79 % of patients
• Obstructive sleep apnea resolved or improved in 84 %
• A reduction of 29 % in mortality [3, 41, 43]

Although there have been dramatic improvements in the safety of bariatric proce-
dures in the past decade, bariatric surgery is not without serious risks, including 
significant perioperative complications and mortality. The presence and severity of 
CKD is associated with a higher risk of complications among patients undergoing 
bariatric surgery [44].

Physical Exercise

A healthy lifestyle facilitated by participation in a regular exercise regimen may 
prevent or retard conditions commonly associated with CKD, including HTN, 
hyperlipidemia, and diabetes [45].

Although proteinuria is augmented immediately after exercise, the effect of 
long-term exercise on proteinuria at rest is less clear. Data from a recent systematic 
review showed that intentional weight loss after physical exercise is associated with 
decreased proteinuria and microalbuminuria. Exercise was defined as moderate to 
intense physical activity with at least 1.8 metabolic equivalents for a minimum du-
ration of 15 min/day for at least 2 days/week for a minimum of 1 month [46].

Physical exercise was suggested as a useful approach to diminish impaired 
oxidative defense mechanisms, which is very important in the setting of CKD. 
In a recent study on rats, physical training prevented superoxide production, and 
decreased the oxidative damage in the CKD group. Furthermore, physical training 
before induction of a renal lesion is capable of improving oxidative damage 
parameters and oxidant production, without altering renal function and the antioxi-
dant defense system [47].

Hypolipemiant Treatment

Abnormalities in lipid metabolism occur in patients with all stages of CKD and may 
contribute to the higher risk of CV disease in this population.
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Studies in predialysis are inconclusive as they fail to draw firm conclusions. Some 
studies in patients with CKD show a positive relation between higher cholesterol 
levels and mortality risk, while other studies have found that low serum cholesterol 
is associated with increased mortality. This may reflect the profound adverse effect 
of malnutrition and chronic inflammation upon mortality, resulting in the so-called 
reverse epidemiology.

In CKD stage 1–3 patients with dyslipidemia, the available data suggest that 
statin therapy is associated with a relative reduction in the risk of major CV events. 
Beyond CKD stage 3, the benefits from statin treatment are less clear, more ran-
domized studies with predefined CV end points being needed to make the correct 
decisions.

In dialysis patients, the statin therapy is not recommended currently. This ap-
proach is supported by three large randomized, controlled studies: 4D, SHARP, and 
AURORA. In those studies, the statins failed to demonstrate a significant effect of 
statins in CV or all-cause mortality [48–50].
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