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Abstract

:

This cross-sectional pilot study aimed to assess the relationships of fat and muscle mass with chronic kidney disease (CKD) in older adults. Serum creatinine concentration was used to measure estimated glomerular filtration rate (mL/min/1.73 m2) in the 236 subjects, who were allocated to three groups: a normal (≥60.0), a mild CKD (45.0–59.9), and a moderate to severe CKD (<45.0) group. The Jonckheere-Terpstra test and multivariate logistic regression were employed to assess body composition trends and the relationships of % fat mass (FM) or % muscle mass index (MMI) with moderate-to-severe CKD. Body weight, fat-free mass, MMI, and %MMI tended to decrease with an increase in the severity of CKD, but the opposite trend was identified for %FM. No relationship with BMI was identified. The participants in the middle-high and highest quartile for %FM were 6.55 and 14.31 times more likely to have moderate to severe CKD. Conversely, the participants in the highest quartile for %MMI were 0.07 times less likely to have moderate to severe CKD. Thus, high fat and low muscle mass may be more strongly associated with CKD than obesity per se.
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1. Introduction


Chronic kidney disease (CKD) is increasingly recognized as a major public health problem [1,2,3]. The prevalence of kidney disease in the older population in Korea is 31%, according to the Korean National Health and Nutrition Examination Survey [4]. It has been reported for the last two decades that the prevalence of kidney disease is growing rapidly among older adults, and the increase in the prevalence of kidney disease has paralleled the increase in the prevalence of obesity [1,5,6,7]. Thus, on the basis of previous reports, aging and obesity have been recognized as causes of CKD.



Body mass index (BMI) is widely calculated for the assessment of obesity, but it is a composite measure that does not distinguish the independent influences of fat and muscle mass [8,9]. Body composition changes with age, with a loss of muscle mass and the accumulation of fat mass [8,10] resulting in a net weight loss in the older population. Owing to this aging process, many older adults demonstrate a higher percentage whole-body fat mass (FM) and a lower percentage muscle mass, but non-obesity on the basis of BMI [8]. In recent years, it has become gradually accepted that such sarcopenic obesity confers greater susceptibility than obesity defined using BMI to several medical conditions, including diabetes, cardiovascular complications and cerebrovascular disease [11]. Accordingly, the assessment of muscle and fat mass may be a better measurement than BMI for the management of the health and diseases of older adults.



To date, however, the relationship between body composition and CKD has not been thoroughly investigated in older adults. The lack of research on this issue reflects a failure to appreciate the importance of body composition in older adults [12]. Therefore, in this cross-sectional pilot study, we assessed the relationships of FM and muscle mass with CKD in older adults.




2. Materials and Methods


2.1. Participants


As shown in Figure 1, the participants in the present study were selected from among the 708 participants in a Senior health improvement class that was held during 2017 and 2018 in health centers for community-dwelling adults aged ≥ 65 year, in Pusan, Korea. The inclusion criteria were: (1) age ≥ 70 year; (2) no history of diabetes, or cardiovascular or cerebrovascular disease; (3) no terminal disease, such as cancer; (4) no history of recent muscle injury or surgery; and (5) no history of drug or alcohol abuse. On the basis of these inclusion criteria, 472 individuals were excluded: 205 who were < 70 years old (n = 205); 131 who had a history of diabetes, or cardiovascular or cerebrovascular disease; 32 who had a history of cancer; 20 who had had recent muscle injury or surgery; 18 who had a history of drug or alcohol abuse; and 66 for whom data were missing. Therefore, 236 older Koreans (47 men and 189 women) were included in the study. All the participants provided their informed written consent, and the study was carried out in accordance with the principles of the Declaration of Helsinki and was approved by the Dong A institutional review board (IRB) of the Dong-A University, Korea (No. BR-009-15).




2.2. Anthropometry and Body Composition


We evaluated standing height to the nearest 0.1 cm using a wall-mounted stadiometer. Body weight was measured to within 0.1 kg with a digital electronic scale, with each participant in a light gown. Using this information, BMI was calculated as weight (kg)/height (m2). body composition data were evaluated by using multifrequency bioelectrical impedance (InBody S10, Biospace Co. Ltd., Seoul, Korea), which yielded the whole-body lean mass (LM), appendicular skeletal muscle mass (ASM), and percentage (%) FM. To generate the muscle mass index (MMI), we calculated a height-adjusted index by appendicular muscle mass (kg)/height (m2) [13,14]. The %MMI was calculated by appendicular muscle mass (kg)/body weight, and multiplying the result by 100% [13,14]. Table S1 indicates the average values of estimated glomerular filtration rate eGFR and body composition parameters according to body composition quartile.




2.3. Estimated Glomerular Filtration rate (eGFR) and Biochemical Measurements


Systolic (SBP) and diastolic (DBP) blood pressures were measured on the right arm by using an electronic sphygmomanometer. Blood samples were collected the morning after ≥ 8 h fast statues. Serum levels of total cholesterol (TC), triglycerides (TG) and creatinine were analyzed enzymatically, and high-density lipoprotein-cholesterol (HDLC) was analyzed by the heparin-manganese precipitation method. Levels of fasting plasma glucose (FPG) and insulin were analyzed by the glucose oxidase method and radioimmunoassay, respectively. eGFR was calculated using the new Japanese coefficient-modified Modification of Diet in Renal Disease study equation: eGFR (mL/min/1.73 m2) = 194 × (serum creatinine) − 1.094 × (age) − 0.287 (× 0.739 for women) [15]. The participants were allocated to three groups according to eGFR tertiles: a normal (≥60.0 mL/min/1.73 m2) group, a mild CKD (45.0–59.9 mL/min/1.73 m2) group, and a moderate-to-severe CKD (<45.0 mL/min/1.73 m2) group [15,16].




2.4. Statistical Analysis


Data were presented as means ± standard deviation or % (number of cases) in Table 1, and means and 95% CI in Table 2, Table 3 and Table 4. Differences between men and women were analyzed using the χ-square test for categorical data and the unpaired t-test for continuous data. One-way analysis of covariance (ANCOVA), with age and sex as covariates, was used to compare mean anthropometric, body composition, and biochemical characteristics among the three groups; except for age, which was analyzed using one-way analysis of variance (ANOVA). The Bonferroni post-hoc test was then used when the ANOVA or ANCOVA scores showed significant differences (p < 0.05). For data that were not normally distributed, the Kruskal-Wallis test was used to analyze differences among the groups (p < 0.05). The Jonckheere-Terpstra test was used to determine the trends in the values in the three groups (two-tailed, with a statistical significance of p < 0.05). The Jonckheere-Terpstra test generates a standardized statistic, which indicates the strength of trends for parameters to decrease or increase across the groups. Logistic regression was employed to assess the relationships of %FM or %MMI with moderate-to-severe CKD. All the models were adjusted for potential confounders that are known or suspected to influence the relationship of fat and muscle mass with CKD in older adults. Model 1 was adjusted for age and sex; Model 2 was adjusted for the model 1 parameters plus BMI; Model 3 was adjusted for the Model 2 parameters plus the serum TC and triglyceride concentrations; and Model 4 was adjusted for the Model 3 parameters plus smoking and drinking. The results are presented as odds ratios (ORs) with 95% confidence intervals (CIs). During logistic regression analysis, the lowest quartile %FM and %MMI groups were used as the reference groups. SPSS software, version 20.0 (IBM, Inc., Armonk, NY, USA), was used for the statistical analyses.





3. Results


3.1. Characteristics of the Study Participants and the Differences between Men and Women


Table 1 shows the characteristics of the study participants and the differences between men and women. There were no differences between men and women, except with respect to SBP and DBP (p < 0.05) and creatinine (p < 0.01).




3.2. Anthropometric Parameters


The study participants were categorized by eGFR as follows: (A) a normal group (eGFR ≥ 60 mL/min/1.73 m2, n = 102), (B) a mild CKD group (eGFR 45–59 mL/min/1.73 m2, n = 98), and (C) a moderate to severe CKD group (eGFR < 45 mL/min/1.73 m2, n = 36). Table 2 shows the anthropometric characteristics and trends adjusted for age and sex, and trends by eGFR categories. ANCOVA showed that the participants in group (A) were taller than those in groups (B) and (C), but there was no difference between groups (B) and (C). The body weight of group (A) was higher than that of group (C), but there were no differences between groups (A) and (B) or (B) and (C). There were trends for height (standardized statistic (SS) = −6.40, p < 0.01) and weight (SS = −2.48, p < 0.05) to decrease and for age to increase (SS = 2.54, p < 0.05) across groups (A) to (C). There were no differences among the three groups or trends with respect to BMI.




3.3. Body Composition Parameters


Table 3 shows characteristics of body composition adjusted for age and sex, and trends by eGFR categories. To avoid the confounding effects of age and sex, ANCOVA was performed, using age and sex as covariates. Post-hoc and trend tests demonstrated differences among the three groups for all of the variables. LM, ASM, MMI, and %MMI did not differ between groups (B) and (C), but were higher in group A than in the other groups. The %FM in groups (B) and (C) was higher than that of group A, but there were no differences between groups (B) and (C). With the exception of %FM, the trend test also demonstrated decreases across groups (A) to (C) (SS = −5.51, −5.60, −3.95, and −5.47, respectively; p < 0.01 for all). The opposite tendency was identified for %FM (SS = 4.27, p < 0.01).




3.4. Biochemical Parameters


The biochemical measurements and trends by eGFR categories are presented in Table 4. Multiple comparisons demonstrated differences among the three groups for all of the variables, except SBP and plasma insulin. The DBP of group (B) was higher than that of group (C). Creatinine concentration increased (SS = 12.66, p < 0.01) and eGFR decreased (SS = −15.45, p < 0.01) across groups (A) to (C). Although there was no significant difference in TC or HDLC between groups (A) and (B) or (B) and (C), they significantly differed between groups (A) and (C) (p < 0.05). In addition, there were trends for TC (SS = −2.58, p < 0.05) and HDLC (SS = −2.64, p < 0.01) to decrease across groups (A) to (C). TG concentration tended to increase across groups A to C (SS = 3.15, p < 0.01) and there was a significant difference between the (A) and (C) groups (p < 0.05). FPG did not differ between groups A and B, but the values for both these groups were lower than that for group (C) (p < 0.01). Finally, there was a significant increasing trend in plasma insulin concentration (SS = 2.43, p < 0.05).




3.5. Odds Ratios for the Percentage of Fat Mass


The relationship of %FM with moderate-to-severe CKD is shown in Figure 2. When the participants were divided into quartiles on the basis of %FM, high %FM were more likely to have moderate-to-severe CKD. In Model 1, the middle-high and highest quartile had odds ratios of 3.34 (95% CI 1.14–9.80) and 4.96 (95% CI 1.56–15.80), respectively, of moderate-to-severe CKD, compared with the lowest quartile. Similarly, in Models 2–4, the middle-high and highest quartile had odds ratios of 5.92 (95% CI 1.54–22.78) and 12.49 (95% CI 2.15–72.37); 6.40 (95% CI 1.48–27.69) and 13.92 (95% CI 2.06–93.94); and 6.55 (95% CI 1.51–28.45) and 14.31 (95% CI 2.04–100.55), respectively, of moderate-to-severe CKD, compared with the lowest quartile.




3.6. Odds Ratios for the Percentage of Muscle Mass Index


Figure 3 shows the relationship between %MMI and moderate-to-severe CKD. When the participants were divided into quartiles on the basis of their %MMI, individuals with low %MMI were more likely to have moderate-to-severe CKD. In Model 1, the highest quartile had an odds ratio of 0.11 (95% CI 0.03–0.37) for moderate-to-severe CKD, compared with the lowest quartile. Similarly, for Models 2–4, the highest quartile had odds ratios of 0.09 (95%CI 0.02–0.35), 0.08 (95%CI 0.02–0.36), and 0.07 (95%CI 0.02–0.34), respectively, for moderate-to-severe CKD, compared with the lowest quartile.





4. Discussion


We conducted a cross-sectional pilot study to assess the relationships of fat and muscle mass with CKD in older adults. Our principal findings were as follows. First, we identified trends for age to increase and weight to decrease with CKD, but no trend with respect to BMI (Table 2). Second, %FM was higher and %MMI was lower in participants with moderate to severe CKD versus those without kidney disease (Table 3). Third, circulating TG and insulin concentrations increased with CKD, and FPG was higher in participants with moderate to severe CKD than in those without kidney disease or mild CKD (Table 4). Finally, the participants in the middle-high, and highest quartile for %FM were 6.55 and 14.31 times more likely to have moderate to severe CKD. Conversely, the participants in the highest quartile for %MMI were 0.07 times less likely to have moderate to severe CKD (Figure 2 and Figure 3). These findings suggest that a body composition that includes high FM and low muscle mass may be more strongly associated with CKD than obesity per se.



It has long been known that aging and obesity are associated with CKD [1,7,17,18]. The findings of the present study are consistent with those of studies that have shown CKD to be related to aging, but not with those indicating that obesity, assessed using BMI, is closely related to CKD (Table 1). Recently, the measurement of fat accumulation in either lean or obese individuals has been shown to identify individuals at risk of several medical conditions more effectively than a BMI-based definition of obesity [11]. In the case of CKD, Kim et al. (2014) showed that high body fat is a significant risk factor for CKD, regardless of body weight [19]. In addition, Chen et al. (2018) showed a detrimental effect of high body fat on kidney function [20]. In the present study, %FM, along with the circulating concentrations of TG, FPG, and insulin, tended to increase with CKD (Table 2 and Table 3). Consistent with these findings, previous studies have shown that fat accumulation is closely related to the onset of proteinuria, which may be indicative of detrimental effects of fat accumulation on kidney hemodynamics [21]. Such a relationship is supported by evidence of crosstalk between adipose and blood vessels [22,23]. The adipose tissue of individuals with obesity becomes highly inflamed and causes vascular dysfunction through greater secretion of vasoconstrictors, including via the renin-angiotensin-aldosterone system, superoxide, and proinflammatory adipokines, which are important contributors to endothelial activation, vascular inflammation, and neointimal formation [24]. Consequently, it is thought that fat accumulation is closely associated with CKD. Furthermore, logistic regression analysis of the present data showed that the middle-high quartile had odds ratios of 3.34–6.55 for moderate-to-severe CKD in Models 1–4, relative to the lowest quartile; and the highest quartile had odds ratios of 4.96–14.31 for moderate-to-severe CKD in these models (Figure 2).



Interestingly, all of the muscle mass-related variables (LM, ASM, MMI, and %MMI) tended to decrease with increasing severity of CKD (Table 2), and the highest quartile had odds ratios of 0.11–0.07 for moderate-to-severe CKD, compared with the lowest quartile, in Models 1–4 (Figure 3). Many recent studies have shown the importance of the maintenance of muscle mass in older adults, which emphasizes the need to minimize the loss of muscle mass with age [25,26]. Because excessive muscle mass loss in older adults can cause several problems, such as frailty and sarcopenia [10,25,26], it is essential to investigate the relationship between the loss of muscle mass and CKD in older adults. However, it is still uncertain whether a loss of muscle mass is associated with CKD, or whether CKD is a cause of a loss of muscle mass. Workeneh and Mitch (2010) reported a possible mechanism for the link between the loss of muscle mass and CKD as follows: inflammation, metabolic acidosis, and angiotensin II cause defects in insulin/ insulin-like growth factor 1 (IGF-1)-activated intracellular signaling, which aggravates muscle protein degradation by the ubiquitin proteasome system and caspase-3 [27]. Thus, excessive fat accumulation may be associated with CKD, which accelerates the loss of muscle mass in older adults. This implies that, to prevent rapid kidney disease and muscle mass loss in older adults, FM should be reduced.



The limitations of the present study included its small sample size, the lack of adjustment for confounding factors such as lifestyle characteristics, the lack of a sex-based analysis, and the lack of identification of a precise mechanism. Because the small sample size limited the statistical power of the present study, a larger-scale study should be conducted in the future. Recent epidemiological studies have revealed associations between lifestyle characteristics, such as physical activity and dietary habits, and a variety of health problems. These findings imply that the relationships between high fat and low muscle masses and CKD could be rendered more accurate by adjusting the data for variations in lifestyle characteristics. There is a difference in body composition between men and women: men have a higher mean muscle mass and a lower mean FM than women. Thus, high %FM mass and low %MMI may not confer the same risks of the moderate to severe CKD in each sex, and a sex-specific analysis should be conducted in a future study. The mechanism for the harmful effects of fat accumulation on kidney function has been investigated for decades, but it is still unclear why CKD is associated with a loss of muscle mass. In the future, the mechanism involved should be determined in detail.




5. Conclusions


%FM increases and %MMI decreases with the severity of CKD, regardless of BMI. The participants in the middle-high, and highest quartile for %FM were 6.55 and 14.31 times more likely to have moderate to severe CKD. Conversely, the participants in the highest quartile for %MMI was 0.07 times less likely to have moderate to severe CKD. The results of this cross-sectional pilot study suggest that a body composition that includes high FM and low muscle mass may be more strongly associated with CKD than obesity per se.








Supplementary Materials


The following are available online at https://www.mdpi.com/1660-4601/17/23/9124/s1, Table S1: Average values of eGFR and body composition parameters according to body composition quartile.





Author Contributions


Substantial contributions to study conception and design: B.K., H.P. and S.O.; data acquisition: B.K., H.P. and G.K.; data analysis: B.K. and G.K.; data interpretation: B.K., G.K., T.I., T.S. and H.P.; drafted the article: B.K. and S.O.; revised the article critically for important intellectual content: T.I., T.S., and S.O. All authors have read and agreed to the published version of the manuscript.




Funding


This work was supported in part by the National Research Foundation of Korea grant funded by the Ministry of Education (No. NRF-2017R1A6A3A01077087), a grant of the Korea Health Technology R&D Project through the Korean Health Industry Development Institute, funded by the Ministry of Health and Welfare, Republic of Korea (No. HI15C3153) and a Grants-in-Aid for Scientific Research from the Ministry of Education, Culture, Sports, Science and Technology, Japan (No.18K17918).




Acknowledgments


We thank all the study participants and staff for their assistance.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Tsujimoto, T.; Sairenchi, T.; Iso, H.; Irie, F.; Yamagishi, K.; Watanabe, H.; Tanaka, K.; Muto, T.; Ota, H. The dose-response relationship between body mass index and the risk of incident stage ≥3 chronic kidney disease in a general Japanese population: The Ibaraki prefectural health study (IPHS). J. Epidemiol. 2014, 24, 444–451. [Google Scholar] [CrossRef]

	



Zhang, L.; Wang, F.; Wang, L.; Wang, W.; Liu, B.; Liu, J.; Chen, M.; He, Q.; Liao, Y.; Yu, X.; et al. Prevalence of chronic kidney disease in China: A cross-sectional survey. Lancet 2012, 379, 815–822. [Google Scholar] [CrossRef]

	



Imai, E.; Horio, M.; Watanabe, T.; Iseki, K.; Yamagata, K.; Hara, S.; Ura, N.; Kiyohara, Y.; Moriyama, T.; Ando, Y.; et al. Prevalence of chronic kidney disease in the Japanese general population. Clin. Exp. Nephrol. 2009, 13, 621–630. [Google Scholar] [CrossRef]

	



Kang, H.T.; Lee, J.; Linton, J.A.; Park, B.J.; Lee, Y.J. Trends in the prevalence of chronic kidney disease in Korean adults: The Korean National Health and Nutrition Examination Survey from 1998 to 2009. Nephrol. Dial. Transplant. 2013, 28, 927–936. [Google Scholar] [CrossRef] [PubMed]

	



Coresh, J.; Selvin, E.; Stevens, L.A.; Manzi, J.; Kusek, J.W.; Eggers, P.; Van Lente, F.; Levey, A.S. Prevalence of chronic kidney disease in the United States. JAMA 2007, 298, 2038–2047. [Google Scholar] [CrossRef] [PubMed]

	



Ejerblad, E.; Fored, C.M.; Lindblad, P.; Fryzek, J.; McLaughlin, J.K.; Nyren, O. Obesity and risk for chronic renal failure. J. Am. Soc. Nephrol. 2006, 17, 1695–1702. [Google Scholar] [CrossRef] [PubMed]

	



Chadban, S.J.; Briganti, E.M.; Kerr, P.G.; Dunstan, D.W.; Welborn, T.A.; Zimmet, P.Z.; Atkins, R.C. Prevalence of kidney damage in Australian adults: The AusDiab kidney study. J. Am. Soc. Nephrol. 2003, 14, 131–138. [Google Scholar] [CrossRef]

	



Rothman, K.J. BMI-related errors in the measurement of obesity. Int. J. Obes. 2008, 32, 56–59. [Google Scholar] [CrossRef]

	



Burkhauser, R.V.; Cawley, J. Beyond BMI: The value of more accurate measures of fatness and obesity in social science research. J. Health Econ. 2008, 27, 519–529. [Google Scholar] [CrossRef]

	



Evans, W.J. Skeletal muscle loss: Cachexia, sarcopenia, and inactivity. Am. J. Clin. Nutr. 2010, 91, 1123S–1127S. [Google Scholar] [CrossRef]

	



Hamdy, O.; Porramatikul, S.; Al-Ozairi, E. Metabolic obesity: The paradox between visceral and subcutaneous fat. Curr. Diabetes Rev. 2006, 2, 367–373. [Google Scholar] [PubMed]

	



Sharma, D.; Hawkins, M.; Abramowitz, M.K. 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. [Google Scholar] [CrossRef] [PubMed]

	



Kim, B.; Tsujimoto, T.; So, R.; Zhao, X.; Oh, S.; Tanaka, K. Changes in muscle strength after diet-induced weight reduction in adult men with obesity: A prospective study. Diabetes Metab. Syndr. Obes. 2017, 10, 187–194. [Google Scholar] [CrossRef] [PubMed]

	



Kim, B.; Tsujimoto, T.; So, R.; Zhao, X.; Oh, S.; Tanaka, K. Weight reduction does not induce an undesirable decrease in muscle mass, muscle strength, or physical performance in men with obesity: A pilot study. J. Exerc. Nutr. Biochem. 2017, 21, 37–44. [Google Scholar] [CrossRef]

	



Matsuo, S.; Imai, E.; Horio, M.; Yasuda, Y.; Tomita, K.; Nitta, K.; Yamagata, K.; Tomino, Y.; Yokoyama, H.; Hishida, A. Revised equations for estimated GFR from serum creatinine in Japan. Am. J. Kidney Dis. 2009, 53, 982–992. [Google Scholar] [CrossRef]

	



Lee, S.; Shimada, H.; Park, H.; Makizako, H.; Lee, S.; Doi, T.; Yoshida, D.; Tsutsumimoto, K.; Anan, Y.; Suzuki, T. The association between kidney function and cognitive decline in community-dwelling, elderly Japanese people. J. Am. Med. Dir. Assoc. 2015, 16, 349.e1–394.e5. [Google Scholar] [CrossRef]

	



Hsu, C.Y.; McCulloch, C.E.; Iribarren, C.; Darbinian, J.; Go, A.S. Body mass index and risk for end-stage renal disease. Ann. Intern. Med. 2006, 144, 21–28. [Google Scholar] [CrossRef]

	



Iseki, K.; Ikemiya, Y.; Kinjo, K.; Inoue, T.; Iseki, C.; Takishita, S. Body mass index and the risk of development of end-stage renal disease in a screened cohort. Kidney Int. 2004, 65, 1870–1876. [Google Scholar] [CrossRef]

	



Kim, J.K.; Song, Y.R.; Kwon, Y.J.; Kim, H.J.; Kim, S.G.; Ju, Y.S. Increased body fat rather than body weight has harmful effects on 4-year changes of renal function in the general elderly population with a normal or mildly impaired renal function. Clin. Interv. Aging 2014, 9, 1277–1286. [Google Scholar] [CrossRef]

	



Chen, Y.Y.; Fang, W.H.; Wang, C.C.; Kao, T.W.; Chang, Y.W.; Yang, H.F.; Wu, C.J.; Sun, Y.S.; Chen, W.L. Changes of percent body fat as a useful surrogate for risk of declined renal function. Sci. Rep. 2018, 8, 17289. [Google Scholar] [CrossRef]

	



Henegar, J.R.; Bigler, S.A.; Henegar, L.K.; Tyagi, S.C.; Hall, J.E. Functional and structural changes in the kidney in the early stages of obesity. J. Am. Soc. Nephrol. 2001, 12, 1211–1217. [Google Scholar] [PubMed]

	



Li, F.Y.; Cheng, K.K.; Lam, K.S.; Vanhoutte, P.M.; Xu, A. Cross-talk between adipose tissue and vasculature: Role of adiponectin. Acta Physiol. 2011, 203, 167–180. [Google Scholar] [CrossRef]

	



Gu, P.; Xu, A. Interplay between adipose tissue and blood vessels in obesity and vascular dysfunction. Rev. Endocr. Metab. Disord. 2013, 14, 49–58. [Google Scholar] [CrossRef] [PubMed]

	



Xu, A.; Vanhoutte, P.M. Adiponectin and adipocyte fatty acid binding protein in the pathogenesis of cardiovascular disease. Am. J. Physiol. Heart Circ. Physiol. 2012, 302, 1231–1240. [Google Scholar] [CrossRef] [PubMed]

	



Malmstrom, T.K.; Miller, D.K.; Herning, M.M.; Morley, J.E. Low appendicular skeletal muscle mass (ASM) with limited mobility and poor health outcomes in middle-aged African Americans. J. Cachexia Sarcopenia Muscle 2013, 4, 179–186. [Google Scholar] [CrossRef] [PubMed]

	



Zamboni, M.; Mazzali, G.; Fantin, F.; Rossi, A.; Di Francesco, V. Sarcopenic obesity: A new category of obesity in the elderly. Nutr. Metab. Cardiovasc Dis. 2008, 18, 388–395. [Google Scholar] [CrossRef] [PubMed]

	



Workeneh, B.T.; Mitch, W.E. Review of muscle wasting associated with chronic kidney disease. Am. J. Clin. Nutr. 2010, 91, 1128–1132. [Google Scholar] [CrossRef]








[image: Ijerph 17 09124 g001 550] 





Figure 1. Flow diagram of the enrollment and classification of the study participants. 
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Figure 2. Odds ratios for the relationships between the percentage of fat mass and chronic kidney disease. Model 1 was adjusted for age and sex; Model 2 was adjusted for the model 1 parameters plus BMI; Model 3 was adjusted for the Model 2 parameters plus the serum total cholesterol and triglyceride concentrations; and Model 4 was adjusted for the Model 3 parameters plus smoking and drinking * p < 0.05. ** p < 0.01. 
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Figure 3. Odds ratios for the relationships between percentage muscle mass index and chronic kidney disease. Model 1 was adjusted for age and sex; Model 2 was adjusted for the model 1 parameters plus BMI; Model 3 was adjusted for the Model 2 parameters plus the serum total cholesterol and triglyceride concentrations; and Model 4 was adjusted for the Model 3 parameters plus smoking and drinking. ** p < 0.01. 
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Table 1. Characteristics of the study participants and the differences between men and women.
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	Total (n = 236)
	Men (n = 47)
	Women (n = 189)
	p Value





	Age, year
	76.8 ± 3.7
	77.3 ± 3.7
	76.7 ± 3.7
	=0.25



	Height, cm
	155.7 ± 6.8
	155.5 ± 6.0
	155.7 ± 7.0
	=0.83



	Body weight, kg
	60.0 ± 8.7
	58.2 ± 8.4
	60.4 ± 8.7
	=0.11



	BMI, kg/m2
	24.8 ± 3.2
	24.1 ± 3.2
	24.9 ± 3.1
	=0.09



	LM, kg
	37.2 ± 5.7
	36.1 ± 5.3
	37.5 ± 5.8
	=0.13



	ASM, kg
	15.4 ± 3.2
	15.2 ± 3.7
	15.5 ± 3.0
	=0.55



	MMI, kg/m2
	6.3 ± 1.0
	6.3 ± 1.5
	6.3 ± 0.8
	=0.65



	%MMI, %
	25.8 ± 4.5
	26.3 ± 7.0
	25.6 ± 3.6
	=0.37



	%FM, %
	37.5 ± 7.7
	37.5 ± 7.6
	37.5 ± 7.7
	=0.96



	SBP, mm Hg
	139.1 ± 18.3
	145.0 ± 17.8
	137.7 ± 18.2
	<0.05



	DBP, mm Hg
	74.3 ± 11.3
	78.3 ± 12.4
	73.3 ± 10.8
	<0.05



	CRE, mg/dL
	0.8 ± 0.2
	1.0 ± 0.2
	0.8 ± 0.2
	<0.01



	eGFR, mg/dL
	57.7 ± 12.4
	58.9 ± 11.8
	57.4 ± 12.6
	=0.44



	TC, mg/dL
	184.3 ± 36.3
	176.5 ± 34.2
	186.3 ± 36.6
	=0.10



	HDLC, mg/dL
	53.7 ± 13.7
	50.3 ± 13.0
	54.5 ± 13.8
	=0.06



	TG, mg/dL
	131.2 ± 61.5
	125.8 ± 53.1
	132.5 ± 63.5
	=0.51



	FPG, mg/dL
	99.6 ± 23.2
	102.7 ± 19.8
	98.8 ± 23.9
	=0.31



	Insulin, IU
	8.8 ± 7.7
	8.5 ± 7.2
	8.9 ± 7.8
	=0.77



	Smoking (yes)
	5.1 % (12)
	4.3 % (2)
	5.3 % (10)
	=0.77



	Alcohol (yes)
	25.0 % (59)
	19.1 % (9)
	26.5 % (50)
	=0.30







Values are means ± standard deviation or % (number of cases). BMI = body mass index; LM = whole body lean mass; ASM = appendicular skeletal muscle mass; MMI = muscle mass index; % MMI = percentage of muscle mass index; % fat mass = percentage of whole body fat mass; SBP = systolic blood pressure; DBP = diastolic blood pressure; CRE = Creatinine; TC = total cholesterol; HDLC = high density lipoprotein-cholesterol; TG = triglyceride; FPG fasting plasma glucose.
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Table 2. Anthropometric characteristics, and trends, adjusted for age and sex, by eGFR categories.






Table 2. Anthropometric characteristics, and trends, adjusted for age and sex, by eGFR categories.





	

	
eGFR Category (mL/min/1.73 m2)

	
Post Hoc

	
b SS

	
p for b Trend




	
(A) eGFR ≥ 60

	
(B) eGFR 45–59.9

	
(C) eGFR < 45




	
(n = 102)

	
(n = 98)

	
(n = 36)






	
# Age, year

	
76.1 (75.4, 76.8)

	
77.2 (76.5, 77.9)

	
77.6 (76.3, 78.3)

	
NS

	
2.54

	
<0.05




	
a Height, cm

	
159.0 (157.8, 160.2)

	
153.7 (152.4,154.9)

	
151.5 (149.5, 153.6)

	
A > B, C

	
−6.40

	
<0.01




	
Body weight, kg

	
61.6 (59.9, 63.3)

	
59.2 (57.5, 60.9)

	
57.6 (54.7, 60.4)

	
A > C

	
−2.48

	
<0.05




	
BMI, kg/m2

	
24.5 (23.7, 25.0)

	
25.0 (24.4, 25.6)

	
25.1 (24.1, 26.1)

	
NS

	
1.53

	
=0.13








Values are means and 95% CI. # One-way analysis of variance was employed to adopted to assess the difference among the groups a Kruskal-Wallis test was applied to assess the difference among three groups. b Jonckheere-Terpstra test was used to assess the trend by eGFR categories. eGFR = estimated glomerular filtration rate; SS = standardized statistic; NS = not significant; BMI = body mass index.
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Table 3. Body composition parameters, adjusted for age and sex, and trends by eGFR categories.






Table 3. Body composition parameters, adjusted for age and sex, and trends by eGFR categories.





	

	
eGFR Category (mL/min/1.73 m2)

	
Post Hoc

	
b SS

	
p for b Trend




	
(A) eGFR ≥ 60

	
(B) eGFR 45–59.9

	
(C) eGFR < 45




	
(n = 102)

	
(n = 98)

	
(n = 36)






	
LM, kg

	
39.8 (38.8, 40.9)

	
35.4 (34.4, 36.4)

	
34.6 (32.9, 36.3)

	
A > B, C

	
−5.51

	
<0.01




	
ASM, kg

	
16.8 (16.2, 17.3)

	
14.6 (14.0, 15.2)

	
13.8 (12.8, 14.7)

	
A > B, C

	
−5.60

	
<0.01




	
MMI, kg/m2

	
6.6 (6.4, 6.8)

	
6.2 (6.0, 6.4)

	
6.0 (5.7, 6.3)

	
A > B, C

	
−3.95

	
<0.01




	
%MMI, %

	
27.2 (26.3, 28.0)

	
24.9 (24.0, 25.8)

	
24.0 (22.6, 25.5)

	
A > B, C

	
−5.47

	
<0.01




	
%FM, %

	
35.0 (33.6, 36.5)

	
39.5 (38.0, 41.0)

	
39.3 (36.8, 41.7)

	
A < B, C

	
4.27

	
<0.01








Values are means and 95% CI. b Jonckheere-Terpstra test was used to assess the trend by eGFR categories. eGFR = estimated glomerular filtration rate; SS = standardized statistic; NS = not significant; LM = whole body lean mass; BMI = body mass index; ASM = appendicular skeletal muscle mass; MMI = muscle mass index; %MMI = percentage of muscle mass index; %FM = percentage of whole body fat mass.
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Table 4. Biochemical characteristics, adjusted for age and sex, and trends by eGFR categories.






Table 4. Biochemical characteristics, adjusted for age and sex, and trends by eGFR categories.





	

	
eGFR Category (mL/min/1.73 m2)

	
Post Hoc

	
b SS

	
p for b Trend




	
(A) eGFR ≥ 60

	
(B) eGFR 45-59.9

	
(C) eGFR < 45




	
(n = 102)

	
(n = 98)

	
(n = 36)






	
SBP, mm Hg

	
138.0 (134.4, 141.5)

	
141.7 (138.1, 145.3)

	
135.5 (129.5, 141.4)

	
NS

	
0.48

	
=0.63




	
DBP, mm Hg

	
73.3 (71.4, 75.8)

	
76.3 (74.1, 78.5)

	
70.9 (67.2, 74.5)

	
B > C

	
−0.61

	
=0.54




	
CRE, mg/dL

	
0.7 (0.65, 0.69)

	
0.8 (0.8, 0.9)

	
1.1 (1.1, 1.2)

	
A < B < C

	
12.66

	
<0.01




	
eGFR, mg/dL

	
68.8 (67.7, 70.0)

	
53.2 (52.1, 54.3)

	
38.3 (36.4, 40.1)

	
A > B > C

	
−15.45

	
<0.01




	
TC, mg/dL

	
189.3 (182.3, 196.2)

	
183.8 (176.7, 190.9)

	
171.6 (159.9, 183.4)

	
A > C

	
−2.58

	
<0.05




	
HDLC, mg/dL

	
56.0 (53.3, 58.6)

	
53.3 (50.7, 56.0)

	
48.3 (43.8, 52.7)

	
A > C

	
−2.64

	
<0.01




	
TG, mg/dL

	
120.7 (108.7, 132.7)

	
135.2 (123.0, 147.4)

	
150.0 (129.9, 170.1)

	
A < C

	
3.15

	
<0.01




	
FPG, mg/dL

	
97.3 (92.9, 101.8)

	
97.1 (92.6, 101.6)

	
112.7 (105.2, 120.1)

	
A, B < C

	
1.96

	
=0.05




	
Insulin, IU

	
7.8 (6.2, 9.3)

	
9.7 (8.2, 11.2)

	
9.6 (7.0, 12.1)

	
NS

	
2.43

	
<0.05








Values are means and 95% CI. b Jonckheere-Terpstra test was used to assess the trend by eGFR categories. eGFR = estimated glomerular filtration rate; SS = standardized statistic; NS = not significant; SBP = systolic blood pressure; DBP = diastolic blood pressure; CRE = Creatinine; TC = total cholesterol; HDLC = high density lipoprotein-cholesterol; TG = triglyceride; FPG fasting plasma glucose.
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