
 
 

 

 
Life 2022, 12, 380. https://doi.org/10.3390/life12030380 www.mdpi.com/journal/life 

Review 

The Role of Lifestyle Intervention, in Addition to Drugs, for 
Diabetic Kidney Disease with Sarcopenic Obesity 
Shu-Hua Chen 1,2 and Yao-Jen Liang 2,* 

1 Nephrology Department, MacKay Memorial Hospital, New Taipei City 25160, Taiwan; meinyu@gmail.com 
2 Graduate Institute of Applied Science and Engineering, Department and Institute of Life Science,  

Fu-Jen Catholic University, New Taipei City 24205, Taiwan 
* Correspondence: 071558@mail.fju.edu.tw; Tel.: +886-2-2905-3593 

Abstract: Diabetic kidney disease is the leading cause of end-stage renal disease in developing and 
developed countries. The growing prevalence and clinical challenges of sarcopenic obesity have 
been associated with the frailty and disability of diabetic kidney disease. It has been reported that 
insulin resistance, chronic inflammation, enhanced oxidative stress and lipotoxicity contribute to 
the pathophysiology of muscle loss and visceral fat accumulation. Sarcopenic obesity, which is di-
agnosed with dual-energy X-ray absorptiometry, is associated with worse outcomes in kidney dis-
ease. Growing evidence indicates that adherence to healthy lifestyles, including low protein diet, 
proper carbohydrate control, vitamin D supplement, and regular physical training, has been shown 
to improve clinical prognosis. Based on the higher risk of sarcopenic-obesity-related renal function 
decline, it has led to the exploration and investigation of the pathophysiology, clinical aspects, and 
novel approach of these controversial issues in daily practice. 
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1. Introduction 
The prevalence of end-stage renal disease (ESRD) is up to 10 times higher in people 

with diabetes than in non-diabetic individuals. Glycemic control continues to be focused 
on the targeting of glycohemoglobin (HbA1C) among individuals with diabetes and 
chronic kidney disease (CKD) over the last decades [1]. Despite intensive medical thera-
pies, there remains a significant residual risk of diabetic kidney disease onset and pro-
gression. Diabetic nephropathy begins as glomerular hyperfiltration with increased glo-
merular filtration rate (GFR), and then GFR begins to normalize for several years. As a 
result of progressive metabolic and hemodynamic changes of glomerulus, renal injury is 
characterized by microalbuminuria (between 30–300 mg/day) over time. It is of note that 
the maximal benefits of good glycemic control occur prior to the onset of macroalbumi-
nuria (≥300 mg/day), which are inevitable to progress to renal failure [2]. Nephrotic syn-
drome (≥3 g/day), elevated serum creatinine level, low serum albumin, hyperlipidemia, 
edema and hypertension precede ESRD, on average, by about 3 to 5 years, but this timing 
is extremely variable [3]. According to the USRDS ESRD available database, the percent-
age change in the incidence of treated ESRD attributed to diabetes appears to be strongest 
in Asia [4]. 

The pathogenesis of diabetic kidney disease (DKD) begins with vascular endothelial 
damage, mesangial cell proliferation and matrix expansion due to hyperglycemic hyper-
filtration, advanced glycosylation of tissue protein and cytokines release, e.g., interleukin 
(IL)-1β, IL-6, tumor necrosis factor-α (TNF-α), and transforming growth factor-β (TGF-β) 
[5]. Pathologic nodular glomerulosclerosis appears to correlate with following tubular at-
rophy and interstitial fibrosis. Furthermore, other hemodynamic factors, such as 
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vasoconstrictors, the renin-angiotensin system, endothelin-1, and vasodilators, prostacy-
clin (PGI2) and nitric oxide, are responsible for oxidative stress and the hyalinosis of affer-
ent and efferent arterioles as well as arteriosclerosis. Advanced kidney disease is charac-
terized by metabolic acidosis, electrolyte imbalance and uremia clinically, which promote 
excessive protein degradation, anorexia, muscle loss, edema and body weight loss. To in-
crease awareness of the comorbid catabolic/anabolic alterations of chronic disease, it is 
important to identify the major pathophysiologic issues that show the way to minimize 
disability and slow down complications and comorbidities.  

Metabolic disorders are common in diabetic kidney disease, such as chronic inflam-
mation, oxidative stress, malnutrition, physical inactivity, muscle depletion and high 
body fat. In view of the upcoming aging and the increasing sedentary behavior, progres-
sive accumulation of adipose tissue and impairment of muscle quantity and quality have 
been implicated as both a cause and consequence of altered glucose disposal, as skeletal 
muscle accounts for more than 80–90% of glucose clearance during hyperinsulinemia-
euglycemic clamps [6]. It has become apparent that human skeletal muscle is an endocrine 
organ, which can secrete many myokines for the regulation of either autocrine, paracrine 
or endocrine actions. At a relatively lower mean body mass index (BMI) compared with 
those of European descent, East Asians have a greater amount of total body fat mass and 
a growing tendency to visceral adiposity, which increases metabolic risk [7]. 

In this review article, we focus on early the recognition of negative changes of body 
composition in diabetic nephropathy, and setting up its clinical algorithm of diagnosis 
and management. 

2. Early Detection the Sarcopenic Obesity in Diabetes Kidney Disease 
Diabetic nephropathy is asymptomatic in its early stages following the development 

of microalbuminuria. Progressive tubulointerstitial fibrosis has been proved to correlate 
with the magnitude of proteinuria. If left untreated, urine filtered albumin itself may dam-
age proximal tubular cells by the synthesis of endoplasmic reticulum (ER) stress-related 
protein, e.g., caspase-12, and the accumulation of misfolded protein, e.g., glucose-regu-
lated protein 78 (GRP78) and oxygen-regulated protein 150 (ORP150) [8]. Caspase-12, in 
turn, is responsible for the apoptosis of the cultured kidney epithelial cells (NRK-52E) by 
its potential regulation of nucleotide-binding domain-like receptor protein 3 (NLRP3) in-
flammasome with bovine serum albumin [9]. In addition, the upregulation of NLRP3 in-
flammasome leads to the processing of caspase-1 and the secretion of the proinflamma-
tory cytokines interleukin (IL)-1β and IL-18 with neutrophil infiltration into kidney tissues 
of mouse models [10]. Uremic toxin indoxyl sulfate also contributes to ER stress and reac-
tive oxygen species (ROS) production in cultured human proximal tubular cells, demon-
strated by the increase in C/EBP homologous protein (CHOP) in Western blot [11]. In ad-
dition to reduced GFR with disease progression, overt proteinuria both directly and indi-
rectly increases other organs’ damage. A cross section study of the general population in 
Japan revealed a significantly positive correlation between the number of components of 
the metabolic syndrome and the corresponding prevalence of microalbuminuria (p < 
0.001) [12]. In reality, the Heart Outcomes Prevention Evaluation (HOPE) study showed 
that increased quartile of albuminuria is extremely associated with cardiovascular disease 
and all-cause mortality independently of traditional cardiovascular risk factors in patients 
with type 2 diabetes [13]. Furthermore, the reduced clearance of insulin or glucose-lower-
ing medicine may lead to untoward hypoglycemia and metformin-associated lactic acido-
sis in advanced CKD per se. Early detection and intervention of kidney disease in diabe-
tes, complications and comorbidities can be effectively slowed down.  

Increased muscle protein catabolism and the obesity-related downregulation of adi-
ponectin are also common among frail persons with progressive diabetic kidney disease. 
The coexistence of these sarcopenia and obesity has an extremely high risk of metabolic 
abnormalities, hyperglycemia and chronic inflammation. Fukuda et al. reported that 
eGFR significantly went to a more than 30% decline in people with type 2 diabetes and 
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sarcopenic obesity, which was evaluated by dual-energy X-ray absorptiometry (DXA), in 
a retrospective observational study [14]. In the National Health and Nutrition Examina-
tion Survey (NHANES), there was underestimation of obesity by BMI (41% obese) com-
pared with by DXA (71% obese) in adult participants with estimated glomerular filtration 
rate (eGFR) of 15–29 mL/min per 1.73 m2 [15]. 

There are various pathophysiological changes that link metabolic abnormalities and 
muscle deficits. Increased insulin resistance, free fatty acid, inflammatory cytokines, ad-
vanced glycosylated end-products (AGE), and decreased mitochondrial oxidative capac-
ity-related lipid accumulation are associated with subsequent kidney disease. Following 
glucose intolerance and diabetes, insulin resistance plays a relevant role in impaired glu-
cose transport by reduced insulin receptor tyrosine kinase activity, diminished glucose 
mitochondrial oxidative phosphorylation for generating adenosine triphosphate (ATP) 
and reduced glycogen synthase [16]. It is also well established that insulin is a potent in-
hibitor of lipolysis from adipocytes. The chronic elevation of plasma fatty acid concentra-
tion is a markedly causative role in the insulin resistance of skeletal muscle and results in 
lipotoxicity in kidney, heart and other organs, which lead to inflammation, cellular dys-
function and death [17]. Adiposity may be a potential risk factor for the development of 
kidney disease due to upregulated renal plasma flow, intraglomerular pressure, and 
renin-angiotensin-aldosterone system activity. The accumulation of AGEs has been iden-
tified in muscle atrophy and poor regenerative capacity in mouse and human myoblasts. 
AGEs reduced myotube diameters in vitro with a dose=dependent manner [18]. Hyper-
glycemia is also correlated with increased inflammatory markers, including tumor necro-
sis factor-α (TNF-α), interleukin (IL)-6 and C-reactive protein (CRP). TNF-α has been 
shown to impair insulin signal in peripheral tissues. It is well known that elevated serum 
TNF-α and leptin in type 2 DM are associated with obesity. On the contrary, IL-6 has been 
reported to cause muscle atrophy. In a longitudinal prospective aging study in Amster-
dam in the elderly population, it was shown that high serum IL-6 (>5 pg/mL) and CRP 
(>6.1 mug/mL) levels were involved in two-to-three-fold greater risk of muscle strength 
loss [19]. There are novel explorations of inflammation factors that mark frailty and pre-
dict complications in diabetic subjects, such as neutrophil-to-lymphocyte ratio (NLR) and 
platelet-to-lymphocyte ratio (PLR). A retrospective study showed NLR and PLR are pos-
itively correlated with lower extremity vascular lesion in diabetes with available ankle-
brachial index data and superior predictive ability achieved by PLR [20]. Furthermore, 
different levels of NLR and PLR have substantial influences on the survival of frail pa-
tients with maintenance hemodialysis [21]. 

3. Diagnosis of Sarcopenia Obesity 
Sarcopenia has just been referred to as loss of skeletal muscle mass and strength that 

both accrue across a lifetime span and lead to difficulty with daily living activities. In 
CKD, sarcopenia is not just age-related change; it occurs as a result of the negative net 
protein balance from the disease as well, especially from the dialysis session in itself, ei-
ther hemodialysis or peritoneal dialysis. Foley et al. have verified the correlation between 
increased sarcopenia prevalence and declining glomerular filtration rate based on bioim-
pedance measurements in community indwelling adults [22]. Traditionally, muscle wast-
ing is common among persons with lower eGFR and high BMI may be protective in pa-
tients with CKD. In that regard, an accurate understanding of how to measure body com-
position beyond BMI affects outcome variables of a nutritional disturbance known as pro-
tein-energy wasting in CKD. DXA is a well-defined tool to accurately classify sarcopenia 
and obesity with a low X-ray beam for noninvasive assessment of muscle quantity and fat 
mass. The updated European Working Group on Sarcopenia in Older People (EWGSOP2, 
version 2019) adopted appendicular skeletal muscle mass (ASM)/height2 based on DXA, 
with cut-off points for males <7.0 kg/m2 and females <5.5 kg/m2 to define sarcopenia [23]. 
Applying the EWGSOP2 diagnostic criteria, reduced chair stand capacity (time to perform 
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five repeated chair stands > 15 s), gait speed test ≤0.8 m/s, or reduced grip strength (<16 
kg for women and <27 kg for men) are advised as indicators of severe sarcopenia.  

Moreover, the combined impact of sarcopenia and obesity, i.e., sarcopenic obesity, 
represents a double burden and is vulnerable to aging, physical inactivity, chronic inflam-
mation, and metabolic syndrome. To define obesity, cut points of BMI ≥ 30 kg/m2 (corre-
sponding values of ≥27 kg/m2 in Asian/Middle East/Mediterranean populations), fat mass 
> 42% in women and >30% in men associated with age-specific BMI on DXA, or central 
obesity as a waist circumference ≥88 cm in women and ≥102 cm in men (corresponding 
values of ≥80 cm in women and ≥94 cm in men in Asian/Middle East/Mediterranean pop-
ulations) are used. Android-to-gynoid fat mass ratio (A/G ratio) can also be used as a sur-
rogate marker for visceral fat accumulation: >0.80 for men and >0.62 for women. In fact, 
the combined impact of sarcopenia and obesity represents a double burden and is vulner-
able to aging and chronic disease. A systematic review conducted showed that sarcopenic 
obesity is believed to account for 38% more risk of type 2 diabetes than those healthy con-
trol groups [24]. Additionally, this study revealed that nearly half of all adults with high 
prevalence of sarcopenia were overweight and had obesity without being influenced by 
their gender. 

4. Relationship between Sarcopenic Obesity and Kidney Disease 
Several non-inflammatory factors promote muscle wasting in kidney disease. Meta-

bolic acidosis impairs the insulin receptor signal-transduction cascade that normally reg-
ulates glucose uptake in the skeletal muscle and suppresses proteolysis. Low pH also acts 
as a potent stimulator of protein degradation by triggering intracellular ubiquitin pro-
teasome systems (UPS) and caspase-3 in CKD with acidosis [25]. The renin-angiotensin-
aldosterone system (RAAS) plays a central role in hypertension and CKD. RAAS activates 
signaling pathways that maintain physiological balance of sodium and fluid, and regu-
lates the homeostasis of blood pressure and cardiovascular circulation. Experimental evi-
dence in animals suggests that angiotensin II reduced skeletal muscle regeneration via the 
inhibition of muscle stem (satellite) cell proliferation and the suppression of differentia-
tion markers after cardiotoxin-induced muscle injury in vivo and in cultured satellite cells 
in vitro [26]. Recent growing novel findings in humans, in turn, recognize that changes in 
RAAS function are associated with metabolic changes in muscle quantity and fat mass. 
Clinical and epidemiologic research over the past two decades has witnessed a remarka-
ble concept of the interaction of protein degradation and myostatin (MSTN)/activin sys-
tem in muscle wasting of CKD. Myostatin, released by myocytes and as a negative regu-
lator of muscle growth determining both muscle fiber number and size, has highly con-
served autocrine function to inhibit myogenesis. In line with recent clinical studies, qual-
itative research has investigated the efficacy of MSTN/activin pathway antagonists in sar-
copenic patients. Vitamin D insufficiency arises at an early stage of the renal disease as a 
result of decreased expression of 1-α-hydroxylase enzyme. Additionally, numerous epi-
demiological studies suggest that obesity is one of the risk factors for the exacerbation of 
vitamin D insufficiency due to its sequestration in the large pool of body fat. In a similar 
way, vitamin D deficiency is involved in the progressive loss of renal function. There is 
clear evidence that vitamin D deficiency, in turn, is related to insulin resistance in obesity, 
which impaired glucose transport and promotes hepatic glucose production, and has been 
associated with the risk of onset and progression of type 2 diabetes mellitus [27]. Some 
human and rodent studies support that vitamin D has been shown to have direct effects 
on reducing adipose tissue inflammation and improving hepatic insulin resistance. Low 
vitamin D level is an independent predictor for sarcopenia with low handgrip strength 
tests in elderly men. Early screening and replacement of vitamin D in frailty need to be 
further investigated [28]. On the other hand, there is a mouse model revealing that activa-
tion of vitamin D receptors by 1,25-dihydroxyvitamin D [1,25(OH)2D] upregulates the 
transcription expression of genes involved in calcium handling and muscle protein syn-
thesis [29].  
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Notably, the accumulation of protein-bound uremic toxins, indoxyl sulfate (IS) and 
p-cresyl sulfate (PCs) has been associated with progression of kidney disease and systemic 
inflammation. IS derives from gut tryptophan metabolism and is eliminated by renal 
proximal tubules. Rodrigues et al. have shown that IS has direct toxic effects on myoblast 
by the induction of cell apoptosis of murine cell lines dependent on three different IS con-
centrations in vitro study. However, no effect was observed on the markers of myoblast 
differentiation, MyoD and myogenin mRNA expression by real-time PCR, at any IS con-
centration [30]. PC is formed by gut bacterial fermentation of tyrosine and phenylalanine 
and has previously been described to promote the redistribution of total body fat and 
modify insulin resistance. A cross section study showed a positive association of PCs and 
protein-energy wasting with higher inflammatory markers of LogIL10 and logIL12p70 in 
sarcopenic patients with advanced CKD [31].  

Studies have shown that obesity is a potent risk factor for people developing de novo 
CKD. Obesity-related glomerulopathy (ORG) has been well defined with the property 
characteristics of glomerular hypertrophy, maladaptive podocyte depletion, focal seg-
mental glomerulosclerosis, vacuolated tubules epithelium and interstitial fibrosis [32]. 
Subnephrotic proteinuria is the most common clinical presentation of ORG. Intriguingly, 
high metabolic rate tissues, such as heart myocardium, skeletal muscle and kidney tubule 
epithelium, preferentially take up and oxidize free fatty (FA) acid as an energy source 
during caloric expenditure. However, intracellular lipids overload and diminished β-oxi-
dation of FA have been linked to net ROS production in mitochondrial and the subsequent 
apoptosis of proximal tubular epithelial cells. Thus, several lines of evidence support to 
enhance FA utilization can improve histopathology and slow CKD progression. Peroxi-
some proliferator-activated receptors (PPARs) proteins belong to the superfamily of nu-
clear transcription factors activated by agonists. There are three PPAR isoforms: PPARα, 
-β/δ, and -γ, encoded by separate genes. PPARα is abundantly expressed in the liver, in-
testinal mucosa, renal cortex (proximal tubules, medullary thick ascending limbs and glo-
merular mesangium), skeletal muscle and heart. PPARα is primarily involved in the β-
oxidation of FA, lipolysis, generation of ketone bodies and regulation of energy storage in 
these areas of concern. Upon skeletal muscle as a major metabolic organ, it has also been 
known for its properties in most glucose and lipid homeostasis with PPARs agonists mak-
ing some positive contributions. Fibrate, a potent PPARα agonist, was shown to trigger 
the expression of β-oxidation enzymes, long-chain and medium-chain acyl-CoA dehydro-
genase, and acyl-CoA oxidase in rat renal cortex and to reduce renal lipid accumulation 
and the oxidative stress of glomerular and tubulointerstitial tissues [33]. There have been 
studies demonstrating that PPARα plays a key role in lipid metabolism, such as lowering 
triglyceride and raising high density lipoprotein levels. In contrast, PPARγ is highly en-
riched in adipose tissue, while lower distributed in the renal distal medullary collecting 
ducts, muscle and other tissues. The upregulation of PPARγ is associated with potential 
benefits on fatty acid metabolism and the expression of IL-6, TNFα and adiponectin. In-
terestingly, IL-6 is not only a cytokine, which was involved in pro-inflammation, but also 
a myo- and adipo-kine (“batokine”) with metabolic and regenerative activity. Studies in 
models of exercise/skeletal muscle contraction reveal somewhat myogenesis and insulin-
sensitizing role of IL-6 following exercise [34]. In particular, IL-6 released from brown and 
beige adipose tissues contributes to whole body energy expenditure [35]. Thiazolidinedi-
ones-class drugs are the most extensively studied PPAR-γ ligands. PPARγ agonists have 
been shown to reduce blood glucose and insulin resistance, by comparing the effect of 
TNF-α in adipocytes, with potential therapeutic targets for obesity, dyslipidemia and di-
abetes. Recent studies have demonstrated beneficial effects of PPARγ agonists on reduc-
ing renal fibrosis and glomerulosclerosis by the inhibition of TGF-β-induced fibronectin 
expression in glomerular mesangial cells [36]. Moreover, PPARγ agonists significantly 
mediate protective effects against renal ischemia and reperfusion injury by the inhibition 
of expression intercellular adhesion molecule-1 (ICAM-1) and the reduction of polymor-
phonuclear (PMN) cell infiltration into rat renal tissues in vivo [37] (Figure 1).  
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Figure 1. The pathophysiology of “Sarcopenic obesity of diabetic nephropathy”. Myostatin and 
caspase-3 overexpression in advanced CKD might contribute to protein degradation in the skeletal 
muscle by ubiquitin proteasome system (UPS). Both proinflammatory cytokines IL-1β and IL-18 are 
then secreted following the increased activity of caspase-1 and upregulation of NLRP3 inflam-
masome. Hyperglycemia is correlated with advanced glycosylated end-products (AGE) and IL-6, 
which lead to muscle wasting. Lipid accumulation interacts with decreased microenvironment sig-
nals of PPARα and PPARγ and accelerates diabetic nephropathy. Several non-inflammatory factors 
promote protein energy wasting in kidney disease, including uremic toxin, metabolic acidosis, vit-
amin D deficiency. 

5. Intervention of Sarcopenic Obesity in DM Nephropathy 
With population growth and aging, the prevalence of diabetes and subsequent DM 

nephropathy continue to rise in the foreseeable future. Accelerated protein wasting and 
lipid accumulation occur from the advanced disease per se. There is ongoing development 
of novel therapeutic agents focused on skeletal muscle catabolism and anabolic dysfunc-
tion, such as testosterone replacement, selective androgen receptor modulators and anti-
myostatin therapy. Age-related androgen depletion and lower testosterone level are 
known to be risk factors for various diseases, such as osteoporosis and sarcopenia. Further 
research is required on the development of testosterone therapy and androgen supple-
mentation as promising agents in sarcopenia for less conclusive human data and concerns 
over cardiovascular and prostatic risks with a high dose. In a randomized placebo-con-
trolled trial of testosterone supplementation for 6 months to older men with obesity, it 
was suggested that testosterone may attenuate the weight loss-induced reduction in mus-
cle mass and hip bone mineral density [38]. Results similar to another randomized pla-
cebo-controlled trial of 5 mg/d of transdermal testosterone gel or placebo in older, frail 
men for 12 to 24 months, there was an increase in lean mass and a decrease in fat mass in 
the testosterone group, but no available effects in strength or physical performance [39]. 
In addition, various myo-statin inhibitors involving monoclonal antibodies, myostatin 
propeptides, soluble activin receptors and endogenous antagonists, and follistatin were 
provided in clinical trials for muscle hypertrophy and the reversal of cachexia [40]. 

Inadequate nutritional status due to protein-calorie malnutrition has been associated 
with the worsening of renal function. The main dietary interventions to prevent sarcope-
nic obesity in DM nephropathy include carbohydrate and protein restriction, proper 
amount of fat, and micronutrient supplementation. Low dietary protein, which results in 
a proportional reduction in urea generation and intraglomerular pressure, is routinely 
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proposed . Moreover, the loss of amino acids, such as L-carnitine, and calories during 
hemodialysis and peritoneal dialysis promotes malnutrition and protein-energy wasting. 
L-carnitine deficiency, a nutrient in red meat, results in a decline in muscle power and 
fatigue, while L-carnitine supplement is effective for a decreased muscle mass in the el-
derly [41]. Limited saturated fatty acids (<7% of energy) and trans-fats have remained as 
major suggestions for atherogenic dyslipidemia. Their substitution with consuming plant 
oils and omega-rich fatty acid-containing oils in moderation is crucial to prevent malnu-
trition when total calories from other energy and macronutrients are restrained [42]. As 
most excitable cells, muscle fibers responding to ATP-driven sodium-potassium pumps 
maintain the resting potential or depolarization of muscle sarcolemma. As an interesting 
side note, a low-salt diet and restricted potassium intake are highly recommended in ad-
vanced CKD. A meta-analysis of randomized clinical trials on the benefits of dietary salt 
restriction has shown significantly reduced proteinuria in patients with CKD. The main 
outcome of urinary sodium excretion was 104 mEq/day and 179 mEq/day in low- and 
high-sodium intake subgroups, respectively. Mean differences in proteinuria were −0.39 
g/day and −0.05 g/day [43]. 

Low levels of vitamin D have been proposed to be associated with insulin resistance. 
A cross-sectional cohort study demonstrated 25-hydroxyvitamin D (25(OH)D) serum con-
centration is inversely associated with several inflammatory biomarkers, such as high-
sensitive C-reactive protein (hsCRP), TNF-α and IL-6, in severe obese individuals with 
mean BMI of 43.6 ± 4.3 kg/m2 [44]. However, the effectiveness of vitamin D supplementa-
tion on inflammation in patients with obesity was still controversial. Mousa et al. con-
ducted a double-blind randomized trial and showed no effect of vitamin D supplementa-
tion, with a single 100,000 IU bolus followed by 4000 IU daily cholecalciferol or matching 
placebo for 16 weeks, on any inflammatory markers, such as hsCRP, TNF, monocyte 
chemoattractant protein-1 (MCP-1), interferon-γ (IFN-γ), several interleukins, and nu-
clear factor kappa-B (NFκB) in obese patients with BMI ≥ 25 kg/m2 [45]. Yet, the vitamin 
D receptor is expressed in muscle tissue and vitamin D supplementation was associated 
positively with physical performance and muscle strength in CKD patients with vitamin 
D deficiency (a serum 25-OHD level <20 ng/mL) [46]. Additionally, there were potential 
therapeutic issues for uremic toxin-targeted muscle atrophy of CKD. In conventional 
medical therapy of uremic toxins, it is mainly focused on controlling underlying disease, 
such as diabetes, hyperlipidemia and hypertension. To date, a growing number of studies 
are being designed to inhibit protein-bound toxins to alleviate CKD-associated skeletal 
muscle atrophy. A randomized controlled trial showed AST-120, an oral charcoal adsor-
bent of IS, had potential effects on gait speed change and quality of life, even though there 
was no significant difference in gait speed ≥0.1 m/s in 48 weeks [47]. It should be pointed 
out that exercise training has been effective in improving muscle strength in obese pa-
tients. Aerobic exercise improves endurance capacity and cardiopulmonary fitness, and 
anaerobic exercise regimens improve the cross-section area (CSA) of muscular fibers. An 
8-week progressive resistance exercise training, consisting of 3 sets of 10 to 12 leg exten-
sions thrice weekly, has been assigned to patients with CKD by Watson et al. Patients in 
the exercise group had a mean 8.3% increase in anatomical CSA of the midsagittal plane 
of the thigh using B-mode 2D ultrasonography with the individual prone at a 45° angle, 
with no change in the control group [48] (Figure 2). 
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Figure 2. The management of “Sarcopenic obesity of diabetic nephropathy”. Accordingly, the early 
detection and proper diagnosis of diabetic kidney disease (DKD) and sarcopenic obesity should be 
implemented by routine health examinations and dual-energy X-ray absorptiometry (DXA) scans. 
The clinical assessment of physical performance of the upper and lower extremities function 
through brief tests of gait speed, time to rise from a chair five to ten times and handgrip. Low muscle 
mass and strength are related with comorbidities (e.g., metabolic acidosis and vitamin D deficiency) 
in CKD. Healthy nutrition and physical activity counteract with sarcopenic obesity. New pharma-
cologic therapy targeting muscle wasting and obesity are ongoing, including myostatin inhibitors, 
anabolic hormone and exercise mimetics. 

6. Discussion 
Sarcopenic obesity is associated with chronic low-grade inflammation, increased in-

sulin resistance, and adipocyte hypertrophy. To date, some proinflammatory cytokines 
are capable of inducing muscle dysfunction by auto/paracrine manner, including IL-1, IL-
6, IL-8, IFN-γ, TNF-α, MCP-1 and NFκB. In vitro studies showed insulin resistance and 
lipotoxic environment were characterized by intramuscular lipids accumulation with mi-
tochondrial dysfunction, impaired β-oxidation capacity and in-creased reactive oxygen 
species formation. While reducing obesity is effective in reducing inflammation and de-
laying disease onset and progression, including diabetes, CKD and metabolic syndrome, 
the metabolic effects of hyperglycemia also lead to production of AGE, TGF-β and protein 
kinase C. These toxic products have some role in nephropathy and clinical albuminuria 
with histological changes of thickening of glomerular basement membrane, mesangial 
matrix expansion and arteriolar hyalinosis. Moreover, other non-inflammatory factors re-
lated to kidney dysfunction include metabolic acidosis, renin-angiotensin-aldosterone 
system, uremic toxins, and vitamin D deficiency. 

With a rich knowledge of the pathophysiological of metabolic syndrome and diabe-
tes, there were still suboptimal effective prevention, treatment, and intervention practices 
for patients with established sarcopenic obesity and CKD. Although myostatin inhibitors 
and AST-120 have been shown to increase muscle mass in mice studies [49,50], there were 
concerns of inadequate evidence of these inhibitors used in muscle wasting disorders in 
humans or muscle hypertrophy in athletic performance. Low serum 25(OH)D levels 
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appear to be associated with obesity, insulin resistance, low skeletal muscle mass and 
rapid decline of kidney function. Systemic L-carnitine depletion has been another causa-
tive factor for sarcopenia. The benefits and thresholds of nutritional supplements for vit-
amin D and L-carnitine deficiency are highlighted with ongoing clinical trials and consen-
sus. Fortunately, both sarcopenic obesity and physical performance, e.g., grip strength 
and walking speed, are positively modified by lifestyle interventions, such as nutritional 
modification and exercise training in renal patients [51]. A randomized controlled trial 
suggests that a supervised and home-based training phase is effective, adhered to, and 
safe in patients with kidney disease [52]. There should be many more revised standards 
of the effective and feasible training intensity to increase adherence in patients with CKD. 

7. Conclusions 
Based on the adequate definition of sarcopenic obesity, awareness of these concepts 

and complex metabolic pathways, lifestyle modification, physical activity and weight re-
duction per se lead to physical fitness and preservation of muscle mass. The most effective 
strategies to deal with the future debilitating complications of diabetic nephropathy are 
preventing hyperglycemia, the early diagnosis of kidney disease, starting treatment with 
antihypertensive drugs that reduce the activity of the renin-angiotensin system and lipid-
modifying therapy. The adequate analysis of body composition is also crucial to assess 
the effects of novel medications, nutrition and physical exercise interventions for meta-
bolic disturbances. However, further confirmatory evidence and research combining dif-
ferent approaches are required. 

Author Contributions: S.-H.C.: searched the literature and drafted the initial manuscript; Y.-J.L. 
provided further editing and comments. All authors have read and agreed to the published version 
of the manuscript. 

Funding: This research received no external funding. 

Institutional Review Board Statement: Not applicable. 

Informed Consent Statement: Not applicable. 

Data Availability Statement: Not applicable. 

Conflicts of Interest: The authors declare no conflicts of interest. 

References 
1. The United States Renal Data System (2020). Data source: National Health and Nutrition Examination Survey (NHANES). 2003–

2006, 2007–2010, 2011–2014 and 2015–2018. http://adr.usrds.org/2020/chronic-kidney-disease/1-ckd-in-the-general-population 
2. Philips, A.O. Diabetic nephropathy. Medicine. 2011, 39, 470–474. 
3. O’Brien, F. Merck manual professional version. Washington University in St. Louis, 2021. https://www.msdmanuals.com/pro-

fessional/genitourinary-disorders/glomerular-disorders/diabetic-nephropathy 
4. The United States Renal Data System (2020) ESRD Database: international comparisons. https://adr.usrds.org/2020/end-stage-

renal-disease/11-international-comparisons(access date: 04th March 2022) 
5. Matoba, K.; Takeda, Y.; Nagai, Y.; Kawanami, D.; Utsunomiya, K.; Nishimura, R. Unraveling the Role of Inflammation in the 

Pathogenesis of Diabetic Kidney Disease. Int. J. Mol. Sci. 2019, 20, 3393. 
6. Ferrannini, E.; Simonson, D.C.; Katz, L.D.; Reichard, G., Jr.; Bevilacqua, S.; Barrett, E.J.; Olsson, M.; DeFronzo, R.A. The disposal 

of an oral glucose load in patients with non-insulin-dependent diabetes. Metabolism 1988, 37, 79–85. 
7. Ma, R.C.W.; Chan, J.C.N. Type 2 diabetes in East Asians: Similarities and differences with populations in Europe and the United 

States. Ann. N. Y. Acad. Sci. 2013, 1281, 64–91. 
8. Ohse, T.; Inagi, R.; Tanaka, T.; Ota, T.; Miyata, T.; Kojima, I.; Ingelfinger, J.R.; Ogawa, S.; Fujita, T.; Nangaku, M. Albumin 

induces endoplasmic reticulum stress and apoptosis in renal proximal tubular cells. Kidney Int. 2006, 70, 1447–1455. 
9. Fang, L.; Xie, D.; Wu, X.; Cao, H.; Su, W.; Yang, J. Involvement of endoplasmic reticulum stress in albuminuria induced inflam-

masome activation in renal proximal tubular cells. PLoS ONE. 2013, 8, e72344. 
10. Cao, Y.; Fei, D.; Chen, M.; Sun, M.; Xu, J.; Kang, K.; Jiang, L.; Zhao, M. Role of the nucleotide-binding domain-like receptor 

protein 3 inflammasome in acute kidney injury. FEBS J. 2015, 282,3799-807. 
11. Kawakami T, Inagi R, Wada T; et al. Indoxyl sulfate inhibits proliferation of human proximal tubular cells via endoplasmic 

reticulum stress. Am. J. Physiol Renal Physiol. 2010, 299, 568–576. 



Life 2022, 12, 380 10 of 11 
 

 

12. Hao, Z.; Konta, T.; Takasaki, S.; Abiko, H.; Ishikawa, M.; Takahashi, T.; Ikeda, A.; Ichikawa, K.; Kawata, S.; Kato, T.; et al. The 
association between microalbuminuria and metabolic syndrome in the general population in Japan: The Takahata study. Intern. 
Med. 2007, 46, 341–346. 

13. Gerstein H.C., Mann J.F., Yi Q, Zinman B, Dinneen S.F., Hoogwerf B, et al. HOPE Study Investigators. Albuminuria and risk of 
cardiovascular events, death, and heart failure in diabetic and nondiabetic individuals. JAMA. 2001, 286, 421–426. 

14. Fukuda, T.; Bouchi, R.; Asakawa, M.; Takeuchi, T.; Shiba, K.; Tsujimoto, K.; Komiya, C.; Yoshimoto, T.; Ogawa, Y.; Yamada, T. 
Sarcopenic obesity and faster renal function decline in type 2 diabetes. Diabet. Med. 2020, 37, 105–113. 

15. Sharma, D.; Hawkins, M.; Matthew, K. Abramowitz. Association of Sarcopenia with eGFR and Misclassification of Obesity in 
Adults with CKD in the United States. Clin. J. Am. Soc. Nephrol. 2014, 9, 2079–2088. 

16. Abdul-Ghani, M.A.; DeFronzo, R.A. Pathogenesis of insulin resistance in skeletal muscle. J. Biomed. Biotechnol. 2010, 2010, 
476279. 

17. Nishi, H.; Higashihara, T.; Inagi, R. Lipotoxicity in Kidney, Heart, and Skeletal Muscle Dysfunction. Nutrients 2019, 11, 1664. 
18. Chiu, C.-Y.; Yang, R.S.; Sheu, M.-L.; Chan, D.-C.; Yang, T.-H.; Tsai, K.-S.; Chiang, C.-K.; Liu, S.-H. Advanced glycation end-

products induce skeletal muscle atrophy and dysfunction in diabetic mice via a RAGE-mediated, AMPK-down-regulated, Akt 
pathway. J. Pathol. 2016, 238, 470–482. 

19. Schaap, L.A.; Pluijm, S.M.; Deeg, D.J.; Visser, M. Inflammatory markers and loss of muscle mass (sarcopenia) and strength. Am. 
J. Med. 2006, 119, 526. 

20. Ye, M.; Qian, X.; Guo, X.; Wang, H.; Ni, Q.; Zhao, Y.; Xue, G.; Deng, H.; Zhang, L. Neutrophil-Lymphocyte Ratio and Platelet-
Lymphocyte Ratio Predict Severity and Prognosis of Lower Limb Arteriosclerosis Obliterans. Ann. Vasc. Surg. 2020,64,221–227. 

21. Wang J.; Huang L.; Xu M.; Yang L.; Deng X.; Li B. Study on the Clinical Implications of NLR and PLR for Diagnosing Frailty in 
Maintenance Hemodialysis Patients and Their Correlations with Patient Prognosis. J Healthc Eng. 2022, 2022, 1267200. 

22. Foley, R.N.; Wang, C.; Ishani, A.; Collins, A.J.; Murray, A.M. Kidney Function and Sarcopenia in the United States General 
Population: NHANES III. Am. J. Nephrol. 2007, 27, 279–286. 

23. Cruz-Jentoft, A.J.; Bahat, G.; Bauer, J.; Boirie, Y.; Bruyère, O.; Cederholm, T.; Cooper, C.; Landi, F.; Rolland, Y.; Sayer, A.A.; et 
al. Sarcopenia: revised European consensus on definition and diagnosis. Age Ageing 2019, 48, 16–31. 

24. Khadra, D.; Itani, L.; Tannir, H.; Kreidieh, D.; EIMasri, D.; EIGhoch, M. Association between sarcopenic obesity and higher risk 
of type 2 diabetes in adults: A systematic review and meta-analysis. World J. Diabetes 2019, 10, 311–323. 

25. Workeneh, B.T.; Mitch, W.E. Review of muscle wasting associated with chronic kidney disease. Am. J. Clin. Nutr. 2010, 91,1128S–
1132S. 

26. Kocak, M.Z.; Aktas, G.; Atak, B.; Bilgin, S.; Kurtkulagi, O.; Duman, T.T.; Ozcil, I.E. The association between Vitamin D levels 
and handgrip strength in elderly men. Acta Endocrinol. 2020, 16,263–266. 

27. Yoshida, T.; Galvez, S.; Tiwari, S.; Rezk, B.M.; Semprun-Prieto, L.; Higashi, Y.; Sukhanov, S.; Yablonka-Reuveni, Z.; Delafon-
taine, P. Angiotensin II Inhibits Satellite Cell Proliferation and Prevents Skeletal Muscle Regeneration. J. Biol. Chem. 2013, 288, 
23823–23832. 

28. dos Santos, L.R.; Lima, A.G.A.; Braz, A.F.; de Sousa Melo, S.R.; Morais, J.B.S.; Severo, J.S.; de Oliveira, A.R.S.; Cruz, K.J.C.; do 
Nascimento Marreiro, D. Role of vitamin D in insulin resistance in obese individuals. Nutrire 2017, 42, 17. 

29. Ceglia, L.; Harris, S.S. Vitamin D and its role in skeletal muscle. Calcif. Tissue Int. 2013, 92, 151–162. 
30. Gastaldi, G.G.C.; Dellê, H.; Brito, R.B.O.; de Oliveira Cardoso, V.; Fernandes, K.P.S.; de Carvalho Barreto, F; et al. Indoxyl sulfate 

contributes to uremic sarcopenia by inducing apoptosis in myoblasts. Arch. Med. Res. 2020, 51, 21–29. 
31. Caldiroli, L.; Armelloni, S.; Eskander, A.; Messa, P.; Rizzo, V.; Margiotta, E.; Association between the uremic toxins indoxyl-

sulfate and p-cresyl-sulfate with sarcopenia and malnutrition in elderly patients with advanced chronic kidney disease. Exp. 
Gerontol. 2021, 147, 111266. 

32. Mohamed W.S. Obesity related Glomerulopathy. Eur. J. Gen. Med. 2017, 14, 67–72. 
33. Ouali, F.; Djouadi, F.; Merlet-Bénichou, C.; Bastin, J. Dietary lipids regulate β-oxidation enzyme gene expression in the devel-

oping rat kidney. Am. J. Physiol. 1998, 275, 777–784. 
34. Pal, M.; Febbraio, M.A.; Whitham, M. From cytokine to myokine: The emerging role of interleukin-6 in metabolic regulation. 

Immunol. Cell Biol. 2014, 92, 331–339. 
35. Kristóf, E.; Klusóczki, Á.; Veress, R.; Shaw, A.; Combi, Z.S.; Varga, K.; Győry, F.; Balajthy, Z.; Bai, P.; Bacso, Z.; et al. Interleukin-

6 released from differentiating human beige adipocytes improves browning. Exp. Cell Res. 2019, 377, 47–55. 
36. Guo, B.; Koya, D.; Isono, M.; Sugimoto, T.; Kashiwagi, A.; Haneda, M. Peroxisome proliferator-activated receptor-gamma lig-

ands inhibit TGF-beta 1-induced fibronectin expression in glomerular mesangial cells. Diabetes 2004, 53, 200–208. 
37. Sivarajah, A.; Chatterjee, P.K.; Patel, N.S.A.; Todorovic, Z.; Hattori, Y.; Brown, P.A.J.; Stewart, K.N.; Mota-Filipe, H.; Cuzzocrea, 

S.; Thiemermann, C. Agonists of peroxisome-proliferator activated receptor-gamma reduce renal ischemia/reperfusion injury. 
Am. J. Nephrol. 2003, 23, 267–276. 

38. Barnouin, Y.; Armamento-Villareal, R.; Celli, A.; Jiang, B.; Paudyal, A.; Nambi, V.; Bryant, M.S.; Marcelli, M.; Garcia, J.M.; 
Qualls, C.; et al. Testosterone replacement therapy added to intensive lifestyle intervention in older men with obesity and hy-
pogonadism. J. Clin. Endocrinol. Metab. 2021, 106, 1096–1110. 

39. Kenny, A.M.; Kleppinger, A.; Annis, K.; Rathier, M.; Browner, B.; Judge, J.O.; McGee, D. Effects of Transdermal Testosterone 
on Bone and Muscle in Older Men with Low Bioavailable Testosterone Levels, Low Bone Mass, and Physical Frailty. J. Am. 
Geriatr. Soc. 2010, 58, 1134–1143. 



Life 2022, 12, 380 11 of 11 
 

 

40. Suh, J.; Lee, Y.S. Myostatin Inhibitors: Panacea or Predicament for Musculoskeletal Disorders? J. Bone Metab. 2020, 27, 151–165. 
41. Fukami, K.; Yamagishi, S.-I.; Sakai, K.; Kaida, Y.; Yokoro, M.; Ueda, S.; Wada, Y.; Takeuchi, M.; Shimizu, M.; Yamazaki, H.; et 

al. Oral L-carnitine supplementation increases trimethylamine-N-oxide but reduces markers of vascular injury in hemodialysis 
patients. J. Cardiovasc. Pharmacol. 2015, 65, 289–295. 

42. Briggs, M.A.; Petersen, K.S.; Kris-Etherton, P.M. Saturated Fatty Acids and Cardiovascular Disease: Replacements for Saturated 
Fat to Reduce Cardiovascular Risk. Healthcare 2017, 5, 29. 

43. Garofalo, C.; Borrelli, S.; Provenzano, M.; de Stefano, T.; Vita, C.; Chiodini, P.; Minutolo, R.; de Nicola, L.; Conte, G. Dietary Salt 
Restriction in Chronic Kidney Disease: A Meta-Analysis of Randomized Clinical Trials. Nutrients 2018, 10, 732. 

44. Sulaiman, M.K. Diabetic nephropathy: Recent advances in pathophysiology and challenges in dietary management. Diabetol. 
Metab. Syndr. 2019, 11, 7. 

45. Mousa, A.; Naderpoor, N.; Johnson, J.; Sourris, K.; de Courten, M.P.J.; Wilson, K.; Scragg, R.; Plebanski, M.; de Courten, B. Effect 
of vitamin D supplementation on inflammation and nuclear factor kappa-B activity in overweight/obese adults: A randomized 
placebo-controlled trial. Sci. Rep. 2017, 7, 15154. 

46. Taskapan, H.; Baysal, O.; Karahan, D.; Durmus, B.; Altay, Z.; Ulutas, O. Vitamin D and muscle strength, functional ability and 
balance in peritoneal dialysis patients with vitamin D deficiency. Clin. Nephrol. 2011, 76, 110–116. 

47. Cha, R.-H.; Kang, S.H.; Han, M.Y.; An, W.S.; Kim, S.-H.; Kim, J.C. Effects of AST-120 on muscle health and quality of life in 
chronic kidney disease patients: Results of RECOVERY study. J. Cachexia Sarcopenia Muscle 2022, 13, 397–408. 

48. Watson, E.L.; Greening, N.J.; Viana, J.L.; Aulakh, J.; Bodicoat, D.H.; Barratt, J.; Feehally, J.; Smith, A.C. Progressive Resistance 
Exercise Training in CKD: A Feasibility Study. Am. J. Kidney Dis. 2015, 66, 249–257. 

49. Jang, J.; Park, S.; Kim, Y.; Jung, J.; Lee, J.; Chang, Y.; Lee, S.P.; Park, B.-C.; Wolfe, R.R.; Choi, C.S.; et al. Myostatin Inhibition-
Induced Increase in Muscle Mass and Strength Was Amplified by Resistance Exercise Training, and Dietary Essential Amino 
Acids Improved Muscle Quality in Mice. Nutrients 2021, 13, 1508. 

50. Enoki, Y.; Watanabe, H.; Arake, R.; Fujimura, R.; Ishiodori, K.; Imafuku, T.; Nishida, K.; Sugimoto, R.; Nagao, S.; Miyamura, S.; 
et al. Potential therapeutic interventions for chronic kidney disease-associated sarcopenia via indoxyl sulfate-induced mito-
chondrial dysfunction. J. Cachexia Sarcopenia Muscle 2017, 8, 735–747. 

51. Dierkes, J.; Dahl, H.; Welland, N.L.; Sandnes, K.; Sæle, K.; Sekse, I.; Marti, H.-P. High rates of central obesity and sarcopenia in 
CKD irrespective of renal replacement therapy—An observational cross-sectional study. BMC Nephrol. 2018, 19, 259. 

52. Howden, E.J.; Coombes, J.S.; Strand, H.; Douglas, B.; Campbell, K.L.; Isbel, N.M. Exercise Training in CKD: Efficacy, Adherence, 
and Safety. Am. J. Kidney Dis. 2015, 65, 583–591. 


