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Abstract

:

Body composition (BC), a measure of body fat mass (FM), lean body mass (LBM), and bone mineral content (BMC), can be used as a predictor of cardiorespiratory fitness (CRF). Prior studies have established a relationship between BC and VO2max in healthy individuals over 35 years of age. However, this relationship is poorly understood in chronic disease populations. The focus of the study was to assess the relationship between BC, cardiorespiratory fitness, and chronic kidney disease (CKD). A cross-sectional analysis was conducted among 24 (9 males and 15 females) individuals diagnosed with mid-spectrum CKD (stages G2–G3b) who completed a health screening, dual-energy X-ray absorptiometry (DEXA) scan, and underwent a VO2max exercise test. Normality tests, descriptive statistics, Pearson’s correlations, t-tests, and ANOVAs were conducted in SAS v.9.4. The average percent body fat (%BF) was 36.28 ± 8.47%, LBM was 109.4 ± 29.1 lb, BMC was 2308.7 ± 735.1 g, and VO2max was 20.13 ± 5.04 mL/kg/min−1. BC was able to predict CRF via VO2max (R2 = 0.721, p < 0.001) and CKD stage (R2 = 0.390, p < 0.017). Positive correlations were observed in LBM (r = 0.750, p < 0.0018) and BMC (r = 0.647, p < 0.001), and negative correlations were observed with FM (r = −0.384, p < 0.032) and %BF (r = −0.802, p < 0.0001). BC was able to predict both CRF and CKD stages, with significant associations observed between BC, VO2max, and CKD stage. The progression of the CKD stage was associated with lower LBM, BMC, and VO2max values, indicating a graded effect of BC on CRF and CKD stage.
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1. Introduction


Chronic kidney disease (CKD) is the gradual loss of renal function over time and impacts a significant number (10–16%) of individuals globally [1]. The primary causes of CKD are not fully understood by clinicians and researchers [2]. However, progressive inflammation and damage to the vasculature of the renal capillaries are highly attributed to the development and severity of the disease [3,4]. Hypertension and diabetes have been identified as primary and secondary risk factors for the development of CKD, with body composition (BC) being implicated as a highly probable developmental cause [5,6]. Individuals diagnosed with mid-spectrum (G2-G3b) CKD are recognized as being at a pivotal state in the disease progression, and it is considered a major focus of the intervention phase for potential health improvements [7].



A healthy BC is essential for normal physiological function and overall health [8]. The specific assessment of BC is beneficial in determining cardiometabolic risk factors and preventing chronic disease development [9]. Imbalances in BC regarding percent body fat (%BF), lean body mass (LBM), and bone mineral content (BMC) are directly linked with the prevalence of hypertension and diabetes development, which increases the relation to CKD development in at-risk populations [10,11,12,13]. The diagnosis of obesity accounts for a threefold increase in the risk of cardiovascular disease (CVD) mortality in obese individuals compared to healthy-weight individuals [5,6]. A critical imbalance between LBM, BMC, and FM negatively affects physical function and capabilities [14,15,16]. BC has also been examined (e.g., BMI, DEXA, bioelectrical impedance) across multiple stages of CKD to assist in determining all-cause mortality, cardiovascular events, and dialysis likelihood [17,18,19].



Cardiorespiratory fitness (CRF) is a standard metric that is consistently and accurately used to identify and treat at-risk individuals for cardiometabolic diseases [20]. CRF is diminished in diseased populations compared to healthy, age-gender-matched populations and is directly influenced by BC [20,21,22]. Individuals clinically diagnosed with CKD have significantly reduced CRF capabilities and are at an increased risk of all-cause mortality [21,22,23]. The assessment of total BC (e.g., %BF, LBM, BMC, and visceral adipose tissue (VAT)) has recently been reported as a potentially superior method for determining CRF [9]. However, the emphasis of prior research studies is specific to healthier populations (e.g., young athletic males and females, middle-aged males and females, older females) and does not account for clinical populations (e.g., CKD, CVD, cardiometabolic disease) [24,25]. Therefore, the primary aim of this study was to ascertain if BC can be used to predict CRF and CKD stages in mid-spectrum CKD (e.g., stages G2–G3b). The secondary aim was to determine associations between BC, CFR, and CKD stages.




2. Materials and Methods


2.1. Study Overview


The University Institutional Review Board (IRB) authorized the conducting of human subject research. To safeguard all participants, ethical adherence to the 1975 Declaration of Helsinki was employed by all research personnel in accordance with the institution’s IRB. All individuals eligible to participate in the study were provided with both verbal and written informed consent documents by research personnel regarding the specifications of the study, and the participants were instructed to ask questions if they had any. All participants signed and returned the informed consent document to research personnel and underwent an extensive health history and exercise questionnaire prior to being admitted into the study.




2.2. Research Subjects


Twenty-four individuals were enrolled in the study (n = 9 men; n = 15 women). Individuals were included in the study if they met the following inclusion criteria: (1) 40 to 75 years old, (2) previously diagnosed with CKD stages G2, G3a, and G3b (estimated glomerular filtration rate (GFR), 30–89 mL/min/1.73 m2) using the Modification of Diet in Renal Disease (MDRD) [7,26,27], (3) involved in weekly exercise or physical activity set forth by the American Heart Association and the American College of Sports Medicine, (4) non-smoker for > 6 months, and (5) able to maintain stable medication use throughout participation. Exclusion criteria for the study included: (1) CKD stage G1, 4 or 5, (2) BMI > 35, (3) uncontrolled hypertension, cardiovascular disease, or pulmonary disease, and (4) previously diagnosed with Immunoglobin A (IgA) nephropathy, post-infectious glomerulonephritis, HIV nephropathy, focal stenosis, renal artery stenosis, and lupus nephritis. Our patient-population recruitment goal was to enroll individuals whose CKD diagnosis evolved primarily due to hypertension and diabetes as the primary and secondary diagnoses. Participants were recruited from the local medical center and health clinics. The research subjects’ physiological demographics are provided in Table 1.




2.3. Body Composition Assessment


Baseline parametric measurements (e.g., height, weight) were recorded via electronic scale and stadiometer (Seca 703); participants removed their shoes and non-clothing items prior to stepping on the scale. Preceding the body composition assessment, participants were told to void their bladder and remove all forms of metal which would influence BMC via material density. The total body composition was measured (e.g., lean, fat, bone tissue) via dual-energy X-ray absorptiometry (DXA, Discovery DXA™, Hologic®, Bedford, MA, USA). Participants were placed on the DEXA according to the National Health and Nutrition Examination Survey (NHANES) recommendations: body supine, head straight, a small amount of space between the arms and torso, hands fixed on the table, and feet together [28,29]. To establish body regions, the regions of interests’ analysis lines were placed as portrayed in the NHANES Body Composition Procedures Manual. Specifically, horizontal lines were placed lower than the skull and at the height of the iliac crest; vertical lines were established and aligned adjacent to the vertebral column and between the legs; diagonal lines were used for both glenohumeral joints and femoral necks [29]. To encourage and maintain the reliability of raw data analyses, one researcher analyzed all DEXA scans for the entire study by utilizing the Hologic APEX software (version 4.6, Discovery DXA™, Hologic®, Bedford, MA, USA).




2.4. Health Screening and Exercise Testing


Participants reported to the lab after an 8 to 10 h fast limited to water ingestion only. Participants were asked to wear standard workout attire. A research study physician reviewed the health history, physician release form, medication guidance, and prior blood records with each participant. After the physician screening, a small venous blood sample was obtained and sent to a Center for Disease Control-certified clinical laboratory to confirm prior lab work and verify the medical classification of CKD.



Each participant performed a standardized maximal graded exercise test (Modified Bruce) on a treadmill (TrackMaster, Newton, KS, USA) to determine cardiovascular fitness and normal hemodynamic responses to increasing exercise intensities. Heart rate, blood pressure, ECG, and rating of perceived exertion (RPE) were monitored throughout the test. In addition, respiratory gases (e.g., VO2, VCO2) were measured continuously using an integrated respiratory gas analysis system (ParvoMedics, Sandy, UT, USA). The exercise test began with 5 min of warm-up at a walking pace that was comfortable for the participant. Then, the speed and incline of the treadmill were increased every 3 min until the participant reached volitional fatigue. The test was terminated at the participant’s request, observed signs or symptoms that warrant test termination, 85% of age-predicted maximal HR, or attainment of a respiratory exchange ratio (RER) of 1.15 or greater.




2.5. Statistical Analysis


Normality was assessed via measures of skewness and kurtosis, visual inspection of the histograms and P-P plots, and the independence of residuals was determined by the Durbin–Watson statistic. Means and standard deviations were determined for all normally distributed clinical and body-composition measurements. Non-parametric data are represented as a median and interquartile range (IQR). ANOVAs were conducted to determine differences between BC based on CKD stages. Associations between BC variables (e.g., LBM, FM, BMC, VAT) and VO2max were reported as Pearson correlation coefficients (r) or a Spearman’s rank correlation coefficient (ρ). Multiple linear regression analysis was used to test the relationship between VO2max and BC (e.g., LBM, FM, and BMC). VO2max outcomes were grouped to determine the stage of CKD. Data were analyzed with SAS version 9.4 (SAS Institute Inc., Cary, NC, USA). The significance level was placed at a priori of p < 0.05 with a power of 0.80 for a total of 26 participants with an effect size of 0.50.





3. Results


3.1. Differences in Body Composition and CKD Stage


Table 1 shows the physical characteristics of the research participants. The total body BMD varied by stage, with later stages of CKD having lower BMD (p < 0.05) (See Figure 1). BMC decreased (p < 0.006) with the progression of CKD. LBM decreased (p < 0.0184) as the CKD stage progressed. %BF was not significantly altered based on the CKD stage (p < 0.21). Individuals in later stages of CKD were more likely to be older, but this value was not statistically significant (p < 0.11).




3.2. Exploratory Linear Regression Model


For the entire group (n = 24), BC (LBM, BMC, and FM) accounted for a significant amount of variance in VO2max (R2 = 0.721, p < 0.001). LBM and FM had statistically significant relationships with VO2max (p = 0.0018 and p = 0.004, respectively), while BMC (p = 0.565) was not significantly associated with VO2max (See Table 2). BC (LBM, BMC, and FM) also accounted for a significant amount of the variance in CKD stage (R2 = 0.390, p < 0.017).




3.3. Correlations between Body Composition Variables, VO2max, and CKD Stage


Based on univariate analysis, three of the four predictor variables, LBM (r = 0.750, p = 0.0018), BMC (r = 0.647, p < 0.001), FM (r = −0.384, p = 0.0639), and %BF (r = −0.802, p = 0.0001) were significantly correlated with VO2max. However, VAT was not significantly correlated with VO2max (r = −0.013, p < 0.476). Based on initial correlations, additional correlations were performed on total bone mineral density (BMD) variables (e.g., right arm, left arm, left ribcage, right ribcage, left leg, right leg), and all were significantly correlated with VO2max (See Table 3).



Correlations between BC and CKD stage resulted in significant outcomes with LBM (r = −0.538, p < 0.003), BMC (r = −0.617, p < 0.001), and %BF (r = 0.366, p < 0.039) being correlated with the CKD stage. FM (r = −0.028, p < 0.448) and VAT (r = −0.302, p < 0.076) were not correlated to the CKD stage. Additionally, the CKD stage was significantly (r = −0.608, p < 0.002) correlated with VO2max.





4. Discussion


In the current study, BC significantly predicted CRF via VO2max and CKD stage, while LBM and FM independently predicted VO2max in individuals with mid-spectrum CKD. Significant associations were observed between VO2max and LBM, BMC, and %BF. The CKD stage was correlated with LBM, BMC, and %BF, along with VO2max. Additionally, significant differences were observed between BMD and LBM in CKD stages, with lower stages of CKD resulting in lower BMD and LBM when compared to higher stages.



The assessment of CRF provides an overall direction in calculating health outcomes, such as CKD and cardiometabolic disease, in clinical populations. Frequently there are situations that preclude actual determinates of CRF via VO2max in CKD for various reasons (e.g., physical disability, cost, availability). Hence, our study demonstrates that VO2max outcomes can be predicted (R2 = 0.721, p < 0.001) based solely on BC measurements (e.g., LBM, FM, BMC), both collectively and independently (e.g., LBM, FM), indicating the practicality of BC metrics in tracking the decline of CRF and thus potentially allowing for a better proficiency in the methods used to determine the risk of all-cause-mortality, progression to dialysis, and prevalence of cardiovascular events in CKD individuals. Consequently, our study observed significant differences in LBM and BMD based on the CKD stage. Higher BMD and LBM were observed in stage G2 when compared to stages G3a and G3b, with declining values observed in each lower stage. One can infer from this that as LBM and BMC decrease, CRF decreases. These outcomes in BC and CRF are similar to previously reported studies that demonstrate a direct correlation or effect when examining the association that a lower LBM, BMC, and higher FM have to CRF levels [9]. The results of our study are further supported based on significant correlations between LBM, BMC, FM, and %BF and CRF. Both LBM and BMC were positively correlated with CRF, indicating that as LBM and BMC increased, CRF increased, whereas FM and %BF were negatively correlated with CRF. This result implies that decreases in FM and %BF result in higher CRF levels (See Figure 1A–D).



The decline of renal health and filtration adversely decreases the overall quality and longevity of healthy physiological outcomes in individuals diagnosed with CKD [17]. Our study provides an additive metric for assessing the rate of renal decline in individuals diagnosed with mid-spectrum CKD via BC assessment. Collectively, BC was able to accurately predict the CKD stage (R2 = 0.390, p < 0.017). However, when BC variables were used separately, there were no individual predictors of the CKD stage. A prior study conducted by Kittiskulnam et al. [30] found that LBM was lower and %BF was higher with each stage of CKD progression. The study also found that a 10 mL/min/1.73 m2 decline in eGFR was associated with a 0.59 kg reduction of LBM. Though the results of our study were similar to those of Kittiskulnam et al. [30], there was a difference in the BC assessment methodology. We utilized DEXA, whereas the previous study used multi-frequency bioelectrical impedance analysis. Additionally, other studies utilized bioelectrical impedance and observed similar findings with BC and CKD stages, consistent with the literature [17,31,32]. Thus, our study results reinforce the benefit of incorporating multiple physiological factors to track and attenuate renal outcomes in various clinical populations. In addition, VO2max was able to predict the CKD stage independently (R2 = 0.369, p < 0.002). This finding further strengthens the importance and value of obtaining the CRF status in CKD populations. Given the physiological influence that normal vs. abnormal BC has in healthy and clinical populations, it is in the best interest of researchers and clinicians to consider BC as a means of tracking CKD stage progression.



Bone health is a topic of vital concern in clinical and elderly populations [15,33,34]. The current literature has verified the significance of improving and maintaining BMC and BMD throughout the aging process via aerobic exercise and resistance training [35]. In our study, correlations in total BMD (e.g., right leg, left leg, left ribcage, right ribcage, left leg, right leg) and VO2max were assessed, in addition to LBM, FM, and BMC. All variables included in total BMD were positively correlated to VO2max (See Table 3). These significant associations further corroborate the importance of maintaining healthy BMC in individuals diagnosed with CKD, specifically in earlier stages [36,37]. Lower BMD is indicative of the severity of CKD due to a lower CRF that arises from a more sedentary lifestyle [38]. The results of previous studies support our findings showing that BMD is negatively impacted by CKD severity due to poor physical activity, exercise habits, and inconsistent nutritional intake [15,39]. Although nutritional intake is a factor observed in lower BMD, decreased exercise and physical activity levels significantly impact physiological health outcomes in clinical populations [40].



Limitations of the current study include (1) potential sex differences due to an unequal number of males and females, (2) participants presenting accurate health records and information to be admitted into the study, (3) trusting participants to be honest and to refrain from exercise and nutrition during the critical fasting period, and (4) the small sample size due to the nature of the study being an ongoing exploratory study.




5. Conclusions


In conclusion, BC was able to significantly predict VO2max and CKD stages in a cohort of mid-spectrum CKD individuals, both collectively and individually. These results are further supported by significant associations between BC, VO2max, and CKD stage. Therefore, this study emphasizes the importance of utilizing BC in the treatment (maintaining CRF) and prevention (reducing CKD stage progression) of renal decline in individuals with mid-spectrum CKD. However, further research is needed into therapeutic interventions targeting BC and CRF in the early stages of CKD.
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Figure 1. (A–D) Differences in Body Composition Based on CKD Stage. (A) Individuals with greater progression of CKD stage demonstrate lower lean body mass (g), (B) lower bone mineral (g) content, (C) greater body fat percentage (%), though this was not statistically significant, and (D) lower VAT mass (g), which was not statistically significant. Abbreviations: Total BMC—total body bone mineral content; CKD—chronic kidney disease; VAT mass—visceral adipose tissue mass. 
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Table 1. Participant demographics.






Table 1. Participant demographics.










	Variables
	Mean/Median
	SD/IQR





	Sample Size (M/F)
	24 (9:15)
	



	eGFR (mL/min/1.73 m2)
	54.38
	9.04



	Age (years)
	62.25
	9.2



	Height (m)
	1.68
	0.9



	Weight (kg)
	83.04
	16.44



	BMI
	28.96
	4.12



	BF (%)
	36.28
	8.74



	SBP (mmHg)
	125.33
	10.23



	DBP (mmHg) *
	82.0
	78.0, 85.0



	HR (bpm)
	70.25
	11.19







All normally distributed values are presented as mean ± standard deviation. * Non-normal data are presented as median, interquartile range (IQR). Abbreviations: eGFR—estimated glomerular filtration rates; BMI—body mass index; BF—body fat; SBP—systolic blood pressure; DBP—diastolic blood pressure; HR—heart rate; m—meters, kg—kilograms; mmHg—millimeters of mercury; bpm—beats per minute.
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Table 2. Multiple linear regression model for VO2max and body composition.
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VO2max (mL/kg/min−1)




	
Variables

	
β

	
SE

	
t-Value

	
p-Value






	
Lean Mass

	
0.00026

	
0.000071

	
3.59

	
0.0018




	
Fat Mass

	
−0.00024

	
0.000074

	
−3.25

	
0.004




	
BMC

	
0.00075

	
0.00128

	
0.59

	
0.5646








Statistical significance set at p < 0.05 (bold). Abbreviations: BMC—total bone mineral content.
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Table 3. Body composition correlations to VO2max.
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	Variables
	R-Value
	p-Value





	Lean mass (g)
	0.74959
	<0.0001



	%BF
	−0.802
	<0.0001



	Fat mass (g)
	−0.38403
	0.0639



	VAT mass (g)
	−0.01305
	0.9517



	BMC (g)
	0.647
	0.0006



	BMD (g/cm2)
	0.565
	0.0041



	LA-BMD
	0.744
	<0.0001



	RA-BMD
	0.57
	0.0037



	L-rib BMD
	0.75
	<0.0001



	R-rib BMD *
	0.588
	0.0025



	L-leg BMD *
	0.613
	0.0014



	R-leg BMD *
	0.561
	0.0044







Statistical significance set at p < 0.05 (bold). * Spearman’s rank correlation calculated for non-parametric data. Abbreviations: LBM—lean body mass; %BF—body fat percentage; FM—fat mass; VAT—visceral adipose tissue; BMC—bone mineral content; BMD—bone mineral density; LA—left arm; RA—right arm; L-rib—left ribcage; R-rib—right ribcage; L-leg—left leg; R-leg—right leg.
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