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Abstract: This study aimed to determine the probability of fatty liver, 

hepatomegaly, and liver size ≥2SD with age in each category of BMI percentile. 

It also aimed to investigate the relationship between GFR, BMI percentile, liver 

size, Blood Pressure (BP), and right kidney volume among overweight and obese 

boys and girls and to identify the predictors of GFR. 763 records of boys and 

girls visiting a pediatric clinic in South Texas from 2003 to 2018 were assessed. 

Statistical analyses such as linear regression, binary logistic regression, cubic 

estimation, path analysis, and factor analysis were performed. It was found that 

among all the BMI percentile categories, boys have larger liver sizes than girls. 

Obese boys and girls have the largest liver size than overweight boys and girls 

followed by normal (robust) and underweight (slim) boys and girls. As the BMI 

percentile increases, the probability of fatty liver, hepatomegaly, and liver size 

≥2SD increases. As the BMI percentile increases, decreased kidney function 

prevalence increases in the young Mexican American population. Decreased 

kidney function is also affected by liver enlargement and increased systolic blood 

pressure. Obese boys' and girls' kidney function start to drop at age 7.755 while 

overweight boys' and girls' start to fall at age 9.185. The exponential trends in the 

probabilities between liver size and age indicate that overweight and obese boys 

and girls are at higher risk for fatty and enlarged liver. Overweight and obese 

boys and girls have reduced kidney function as indicated by their decreasing 

GFR.  High BMI percentile, increased liver size, and increased systolic blood 

pressure are precursors (predictors) to decreased kidney function. 

 

Keywords: BMI, Obesity, Liver Size, Kidney Function, GFR, Blood 

Pressure and Predictive Analysis 

 

Introduction  

Current research shows an alarming increase in obesity 

in the United States and the European region. It also reveals 

that obesity has detrimental effects on liver and kidney 

function (Kataoka et al., 2012; Quintana et al., 2018a). 

Chronic Kidney Disease (CKD) affects the individual’s 

quality of life (Kataoka et al., 2012), and has become a big 

concern in health conditions, which might cause negative 

effects on people's daily activities and work                          

(Kataoka et al., 2012; Cohen et al., 2016; Nuttall, 2015; 

Wang et al., 2008). With the prevalence of obesity among 

the young population, the US Department of Health and 

Human Services (DHHS) must focus on its adverse effects 

on the liver (Quintana et al., 2018b) and kidney function 

(Kataoka et al., 2012; Kitsos et al., 2018) to eventually find 

possible solutions for this health issue (Consultation, 2004; 

Nuttall, 2015; Wang et al., 2008) or develop strategies 

in the prevention and management of overweight and 

obese young Americans.   

Recent studies indicate overweight and obesity 

(Kataoka et al., 2012; Kitsos et al., 2018; Cohen et al., 

2016; Lu et al., 2015; Wang et al., 2008) with a high 

prevalence of hypertension (Khan et al., 2018; Wang et al., 

2008) are risk factors for End-Stage Renal Disease (ESRD) 

(Kataoka et al., 2012; Cohen et al., 2016; Lu et al., 2015; 

Wang et al., 2008). Hence, this study evaluates the 

hypothesis that a combination of high Body Mass Index 

(BMI) percentile (including both overweight and obese), 

hypertension (elevated Blood Pressure, BP), and decreased 
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estimated Glomerular Filtration Rate (eGFR) as measured 

by plasma clearance of creatinine are associated with liver 

enlargement (hepatomegaly) and reduced kidney function. 

This study aimed to determine the relationship between 

obesity and kidney function with liver size and blood 

pressure as mediating variables among Mexican American 

children in South Texas. To better understand the problem, 

the following research questions were answered: 
 
1. What are the trends of BMI percentile of girls and 

boys concerning their ages and liver size?  

2. Does fatty liver have relationships with BMI 

percentile and Blood Pressure (BP)? 

3. Is there a significant relationship between BMI 

percentile and liver size?  

4. Is there a significant relationship between BMI 

percentile and hepatomegaly?  

5. Is there a significant relationship between BMI 

percentile and liver size ≥2SD (greater than or equal 

to 2 standard deviations)? 

6. Is there a significant relationship between liver size 

and blood pressure (BP)? 

7. What is the relationship between the probability of 

fatty liver, hepatomegaly, liver size ≥2SD, and BMI 

percentile?  

8. Does GFR have relationships to each of the 

following: BMI percentile, liver size, fatty liver, 

hepatomegaly, liver size ≥2SD, blood pressure, and 

right kidney volume? 

9. Is there a significant relationship between BMI 

percentile and GFR values with liver size, blood 

pressure, and right kidney volume as mediating 

variables? 

10. From the variables included in the study, which are 

the predictors of GFR? 
 

Review of Literature 

Recent studies indicate that obesity has reached epidemic 
proportions and constitutes a major public health problem 
(Kitsos et al., 2018; Wang et al., 2008; Kitsos et al., 2018; 
Wang et al., 2008). Moreover, current research data from the 
European region suggests that more than half of adults are 
either overweight (35.7%) or obese (15.9%). Also, the 
prevalence of obesity affects more than a third of CKD 
patients and has detrimental effects on kidney structure and 
function (Kataoka et al., 2012; Kitsos et al., 2018). In the 
United States, there are approximately 275,000 patients with 
ESRD, and it is estimated that an additional 8 million US 
adults have kidney disease (defined as a Glomerular 
Filtration Rate [GFR] of <60 mL/min per 1.73 m2)                 
(Kataoka et al., 2012; Khan et al., 2018; Coresh et al., 2003; 
Fox et al., 2004). Patients with a mildly reduced GFR should 
be monitored for progression to kidney disease. Because 
kidney disease often progresses to ESRD and its attendant 
complications, the identification of precursors of kidney 
disease is important (Wang et al., 2008). 

In a more recent finding, Quintana et al. (2018c). 

predicted in their study using logistic regression that the 

number of children with the liver disease today may be as 

high as 24.6 million. They concluded that 'if this trend 

continues, the adult population with the liver disease 

could overwhelm the health system in the future and that 

fatty liver will be the main cause of liver transplant' 

(Quintana et al., 2018a; Wang et al., 2019). Adibi et al. 

(2017) reported that fatty liver was significantly 

correlated with BMI (r = 0.37, p< 0.001) Adibi et al. 

(2017). This finding is also supported by Quintana et al. 

(2018b) that liver size increases for both boys and girls as 

the child becomes overweight and obese. This 

relationship holds as the child ages Quintana et al. 

(2018c). Drøyvold et al. (2005) found that an increase in 

BMI and a decrease in BMI were significantly associated 

with increased and decreased Systolic BP and Diastolic 

BP Drøyvold et al. (2005). 

Moreover, Lu et al. (2015) reported that there is an 

association between BMI and reduced kidney function              

(Lu et al., 2015). This result corroborated the findings of 

Quintana et al. (2018a) that eGFR decreases as age increases 

for overweight and obese children from age 1 to age 16+ 

(Quintana et al., 2018b). Duzova et al. (2013) also noted the 

prevalence of hypertension and stage II hypertension, and 

eGFR were associated with obesity (Duzova et al., 2013). 

Accumulating clinical evidence also indicates that the 

presence and severity of nonalcoholic fatty liver disease are 

associated significantly with CKD (defined as decreased 

eGFR). Nonalcoholic fatty liver disease predicts the 

development and progression of CKD (Targher et al., 2014). 

How do the liver and the kidneys work together? In fat 

metabolism, the liver cells break down fats and produce 

energy. They also produce about 800 to 1,000 mL of bile per 

day. The liver cells convert ammonia to a much less toxic 

substance called urea, which is released into the blood. Urea 

is then transported to the kidneys and passes out of the body 

as urine (IHO, 2016).  
According to NIH (2022), BMI is the anthropometric 

height/weight characteristics in adults (18 years and older). It 
is used for categorizing them into groups such as: 
Underweight (slim) = <18.5 kg/m2; Normal weight (robust) 
= 18.5–24.9 kg/m2; Overweight = 25–29.9 kg/m2; and 
Obesity = 30 or greater kg/m2 (Consultation, 2004; 
Nagai et al., 2013; Nuttall, 2015).  It is calculated by 
dividing an individual mass in kg by the corresponding 
square of its height in m2. It represents an index of an 
individual’s fatness or fitness. It is also widely used as a risk 
factor for the development of or the prevalence of several 
health issues (Kataoka et al., 2012; Cohen et al., 2016; 
Nuttall, 2015; Wang et al., 2008) and is commonly used in 
determining public health policies (Consultation, 2004; 
Nuttall, 2015; Wang et al., 2008). Current evidence indicates 
that there is a wide range of BMIs over which mortality risk 
is modest (Nuttall, 2015). In this study, the BMI percentile 
was categorized as follows: 25% as underweight (slim); 26% 
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– 84% as normal (robust); 85% – 94% as overweight; and 
≥95% as obese.  

Normally, creatinine is used to evaluate kidney 

function among elderly patients in clinical practice, which 

has been reported to be affected by socio-demographic 

factors like BMI and age (Khan et al., 2018).  The concept 

of proper renal function measurement has been increasing 

due to the higher prevalence of chronic kidney disease 

throughout the world (El Nahas and Bello, 2005). The 

Glomerular Filtration Rate (GFR) is an important 

parameter to assess renal function using the endogenous 

marker Serum creatinine (Scr) (Hojs et al., 2006).  Many 

factors affect the efficiency of creatinine to calculate 

GFR, i.e., age, gender, muscle mass, food intake, and 

analytic complications associated with evaluation 

methods. Creatinine is a biological inert by-product of 

creatine phosphate breakdown in skeletal muscle. The 

concentration of creatinine in the body is mostly 

dependent on muscle mass and up to some extent on diet 

as well. Generally, the creatinine range increases from the 

normal level only after a decline in GFR of                                        

≤50 mL/min/1.73 m2 (Khan et al., 2018). Kidney function 

is proportional to kidney size, which is proportional to 

body surface area. A body surface area of 1.73 m2 is the 

normal mean value for young adults. Adjustment for body 

surface area is necessary when comparing a patient's 

estimated GFR to normal values or the levels defining the 

stages of CKD (NKF, 2017). 

Results reveal that equations for the creatinine-based 

estimated Glomerular Filtration Rate (eGFR) were 

recently established for Japanese adults (18 years old) 

and children (2–11 years old), respectively, but it is 

unclear whether eGFR can be as useful as 24-h 

Creatinine Clearance (CCr) for assessing renal function 

in patients receiving chemotherapy (Fox et al., 2004; 

Imai et al., 2007; Nuttall, 2015; Inoue et al., 2015). 

The global mean (95%) prevalence of CKD in five 

stages was 13.4% (11.7-15.1%) and from stages three to 

five 10.6% (9.2–12.2%) (Hill et al., 2016). The stages of 

CKD is well-established by the (VHA, 2009) and they are 

as follows: Stage 1-kidney damage with normal eGFR ≥90- 

mL/min/1.73 m2; Stage 2-kidney damage with mildly 

decreased eGFR = 60-89 mL/min/1.73 m2; Stage 3-kidney 

damage with moderately decreased eGFR 30-59- 

mL/min/1.73 m2; Stage 4-kidney damage with severely 

decreased eGFR 15-29 mL/min/1.73 m2; Stage 5-kidney 

failure eGFR <15 mL/min/1.73 m2 (PCV, 2009; USRDS, 

2002). A BMI of 30 kg/m2 or more is associated with rapid 

loss of kidney function in patients with eGFR of at least                             

60 mL/min per 1.73 m2, and this association is accentuated 

in older patients. A BMI of 35 kg/m2 or more is also 

associated with high mortality. A BMI of at least 25 kg/ m2 

but less than 30 kg/m2 is associated with the best clinical 

outcomes (Lu et al., 2015). Therefore, policies should be 

developed to encourage the young population to stay within 

the appropriate BMI percentile or category.  

Hence, this study was conducted to determine the 

relationships, trends, and predictability of the effects of 

BMI on the occurrence of liver disease and the quality of 

kidney function using the plasma clearance of creatinine. 

It also evaluated the effects of BMI, liver size, blood 

pressure, and right kidney volume on chronic liver 

enlargement and kidney function. 

Materials and Methods  

The data in this study were obtained from a South 

Texas pediatric clinic. The Institutional Review Board 

(IRB) at Texas A&M International University (TAMIU) 

has approved the research before obtaining data from the 

pediatric clinic. The clinical records from 763 children 

visiting a South Texas pediatric clinic from 2003 to 2018 

were assessed. Data mining was performed to determine 

trends on the effects of BMI percentile, liver size, blood 

pressure, and right kidney volume on the prevalence of 

chronic liver enlargement and kidney disease progression.  

Statistical analyses were performed using the IBM 

Statistical Package for the Social Sciences (SPSS). 

Descriptive statistics were employed to determine the 

characteristics of the subjects. Associations for continuous 

measures were evaluated using Pearson Product Moment 

Correlation, whereas Spearman's Rho Correlation for ordinal 

or categorical variables. Linear regression was used to find 

out the relationship of continuous variables such as BMI 

percentile, liver size, blood pressure, and right kidney 

volume on GFR. Binary logistic regression was employed to 

determine the probability of fatty liver, hepatomegaly, and 

liver size ≥2 SD concerning BMI percentile. Path analysis 

and factor analysis were also performed to find out the effect 

of BMI percentile, liver size, blood pressure, and right kidney 

volume on GFR. Statistical significance was defined as a 

two-sided p≤0.05 or lower. 

Results and Discussion 

The subsequent data summarizes the results of the 

study. The results are presented as follows: (1) 

Characteristics of the subjects using liver size vs. BMI 

percentile and age, and (2) Relationships between BMI 

percentile, liver size, blood pressure, and right kidney 

volume on liver enlargement and GFR. 

Characteristics of the subjects. Figure 1 compares liver 

size by age between boys and girls. The figure shows that 

liver size in boys increases faster (β = 0.327) than the liver 

size in girls (β = 0.240). At the same age, boys have larger 

liver sizes than girls.  Figure 2 compares liver size by age 

among underweight (slim), normal (robust), overweight, 

and obese boys. The liver size of overweight (β = 0.439) 

and underweight (β = 0.460) boys increases with age almost 

at the same rate.  
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Fig. 1: Comparison of liver size between boys and girls by age 
 

 
 
Fig. 2: Comparison of liver size among underweight, normal, 

overweight, and obese boys by age 
 

 
 
Fig. 3: Comparison of liver size among underweight, normal, 

overweight, and obese girls by age 

 

 

Fig. 4: Path analysis of the predictors of liver enlargement and 

reduced GFR 

 

 

 

Fig. 5: Fatty liver probability vs. BMI percentile for boys 

and girls 

 

 

 

Fig. 6: Hepatomegaly vs. BMI percentile for boys and girls 
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Fig. 7: Liver size ≥2SD probability vs BMI percentile for boys 

and girls 

 

 

 

Fig. 8: Comparison of Fatty liver, Hepatomegaly and Liver 

size ≥2SD probabilities vs. BMI percentile for boys 

and girls 

 

 

 

Fig. 9: Predictive factors of GFR for boys and girls 

 
 
Fig. 10: Cubic estimation of the overweight boys and girls 

 

 
 
Fig. 11: eGFR vs. Age of overweight boys and girls 

 

 
 
Fig. 12: Cubic estimation of the obese boys and girls 
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Fig. 13: eGFR vs. Age of obese boys and girls 

 

However, the liver size of obese (β = 0.376) boys increases 

with age more slowly than the liver size of overweight and 

underweight boys. The liver size of normal (robust) boys 

increases with age at a much slower rate (β = 0.311) 

compared with the other three categories. Between 8 to 9 

years old, the normal and overweight boys have similar liver 

sizes. After this age range, overweight boys have larger liver 

sizes than normal boys. Obese boys have the largest liver size 

at any age.  Figure 3 compares liver size by age among 

underweight (slim), normal (robust), overweight, and obese 

girls. Underweight (β = 0.135) girls have a slower increase 

rate in liver size as compared to the normal (β = 0.314), 

overweight (β = 0.356), and obese (β = 0.280) girls. Liver 

size is larger for obese girls when compared with normal and 

overweight girls. Between 10 to 12 years old, normal and 

overweight girls have similar liver sizes. After this age range, 

overweight girls have larger liver sizes than normal girls. 

Similar conclusion as we had for boys, obese girls have the 

largest liver size at any age.    

Relationships between BMI percentile, liver size, blood 

pressure, and right kidney volume on liver condition and 

GFR. The following results present the degree of relationship 

between BMI percentile and the other predictors of liver 

enlargement and reduced GFR. 

Figure 4 reveals that fatty liver has a relationship with 

BMI percentile and blood pressure. BMI percentile has a 

direct positive relationship of 0.355 (p<0.001) on fatty liver 

and 0.115 (p<0.01) on diastolic blood pressure but not on 

systolic blood pressure. Systolic blood pressure has a 

positive direct effect of 0.172 (p<0.001) while diastolic blood 

pressure has also a direct effect of 0.055 (p<0.001) on fatty 

liver. This result suggests that BMI percentile has a direct 

effect on the fatty liver with systolic and diastolic blood 

pressure as the mediating variables. Figure 4 also shows that 

BMI percentile has significant relationships with liver size (r 

= 0.175; p<0.001), hepatomegaly (r = 0.263; p<0.001), and 

liver size ≥2SD (r = 0.208; p<0.001). Liver size has 

significant relationships with hepatomegaly (r = 0.263; 

p<0.001), fatty liver (r = 0.330; p<0.001), liver size ≥2SD (r 

= 0.746; p<0.001), systolic blood pressure (r = 0.366; 

p<0.001), diastolic blood pressure (r = 0.309; p<0.001), and 

right kidney volume (r = 0.557; p<0.001). 

 Figure 5, 6 and 7 show the results on the probability of 

fatty liver, probability of hepatomegaly and probability of 

liver size ≥2SD vs. BMI percentile and they are given as 

follows: (a) Boys’ and girls’ logistic regression of fatty liver 

vs. BMI percentile (n = 763, α = -4.882, Wald = 43.816,                   

df  = 1, p<0.001; β = 0.044, Wald = 33.62, df = 1, p<0.001), 

(b) boys’ and girls’ logistic regression of hepatomegaly vs. 

BMI percentile (n = 763, α = -4.891, Wald = 41.354, df = 1,                           

p<0.001; β = 0.036, Wald = 22.166, df = 1, p<0.001), (c) 

boys’ and girls’ logistic regression of liver size ≥2SD vs. 

BMI percentile (n = 763, α = -1.491, Wald = 14.119, df = 1,                            

p<0.001; β = 0.022, Wald = 28.381, df = 1, p<0.001). 

Figure 5 describes the probability of fatty liver for boys 

and girls by BMI percentile. The results mentioned above 

reveal that the probability of fatty liver increases 

exponentially as the BMI percentile increases. Figure 6 

illustrates the probability of hepatomegaly for boys and girls 

by BMI percentile. The probability of hepatomegaly 

increases exponentially with BMI percentile. Figure 7 

demonstrates the probability of liver size ≥2SD for boys and 

girls by BMI percentile. The probability of liver size ≥2SD 

increases exponentially as the BMI percentile increases. 

Figure 8 compares the probabilities of fatty liver, 

hepatomegaly, and liver size ≥2SD vs. BMI percentile for 

both boys and girls. Results show that the liver becomes fatty 

first before it gets larger than 2SD. The midpoint of Fig. 5, 6, 

and 7 are the points of inflections. Keeping all other factors 

constant, the additional probability of fatty liver, probability 

of hepatomegaly, and probability of liver size ≥2SD gained 

by another one unit increase of the BMI percentile will 

eventually be smaller than the additional probabilities gained 

by the previous increase in BMI percentile.  

Figure 4 also discloses that GFR has a positive 

relationship with BMI percentile of 0.079 (p<0.05) but has a 

negative relationship of 0.147 (p<0.001) with systolic blood 

pressure. GFR has also a negative relationship of 0.108                   

(p<0.01) with liver size. This implies that increased systolic 

BP and larger liver size correspond to lower GFR. 

Furthermore, although the right kidney volume has 

relationships with BMI percentile (r = 0.146; p<0.001), 

systolic blood pressure (r = 0.389; p<0.001), diastolic blood 

pressure (r = 0.280; p<0.001), liver size (r = 0.557; p<0.001), 

liver size ≥2SD (r = 0.269; p<0.001), hepatomegaly (r = 

0.260; p<0.001), and fatty liver (r = 0.256; p<0.001), the right 

kidney volume has no significant relationship with GFR. 

Also, fatty liver, hepatomegaly, and liver size ≥2SD have no 

significant relationships with GFR. This implies that right 

kidney volume is affected by BMI percentile, systolic BP, 

diastolic BP, liver size, liver size ≥2SD, hepatomegaly, and 
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fatty liver. However, GFR is not affected by the right kidney 

volume. Only BMI percentile, systolic blood pressure, and 

liver size have a direct effect on the reduction of GFR. This 

indicates that kidney function is affected by BMI percentile, 

liver size, and systolic blood pressure.  

Let us look again at the probability results in Fig. 8 and 

the path analysis in Fig. 4. On one hand, Fig. 8 shows that the 

probability of fatty liver, probability of hepatomegaly, and 

probability of liver size ≥2SD increase with BMI percentile 

for boys and girls. On the other hand, Fig. 4 path analysis 

reveals that there are significant relationships between liver 

size and fatty liver (r = 0.330; p<0.001); between liver size 

and hepatomegaly (r = 0.263; p<0.001); between liver size 

and liver size ≥2SD (r = 0.746; p<0.001); between 

hepatomegaly and liver size ≥2SD (r = 0.322; p<0.001); 

between liver size and fatty liver (r = 0.266; p<0.001); 

between BMI percentile and liver size (r = 0.175; p<0.001); 

between BMI percentile and hepatomegaly (r = 0.263; 

p<0.001); between BMI percentile and liver size ≥2SD (r = 

0.208; p<0.001); between BMI percentile and fatty liver (r = 

0.335; p<0.001); and between BMI percentile and right 

kidney volume (r = 0.146; p<0.001). These results 

corroborate each other that liver size, hepatomegaly, fatty 

liver, and liver size ≥2SD are affected by BMI percentile. 

As the child ages with increasing BMI percentile, their 

corresponding liver size, hepatomegaly, fatty liver, and 

liver size ≥2SD increases as well.  
Figure 9 and the probability results (Fig. 5, 6, 7, 8) 

together with the path analysis (Fig. 4) confirm the three 
factors affecting GFR using factor analysis. The Scree Plot 
reveals that there are three factors (components) affecting 
GFR as shown by the eigenvalues greater than or equal to 1. 
Figure 10 is an Equamax Rotated Matrix of the predictor 
variables for GFR. The first component shows that there are 
significant relationships between BMI percentile (r = 0.994) 
and probabilities of fatty liver (r = 0.993), hepatomegaly                
(r = 0.990), and liver size ≥2SD (r = 0.994). The second 
component displays that there are significant relationships 
between liver size (r = 0.714) and age (r = 0.721) together 
with right kidney volume (r = 0.752), systolic (r = 0.783) and 
diastolic (r = 0.738) BP. The third component exhibits that 
GFR (r = 0.921) is an important factor that relates to the 
earlier components. The results of the factor analysis 
confirm the results of the path analysis and the probability 
results that the three factors affecting GFR include BMI 
percentile, liver size, and blood pressure with age as 
mediating variables. Therefore, high BMI percentile, 
increased liver size, and increased systolic blood pressure 
are precursors (predictors) to decreased kidney function. 
Hence, the predictive model function of: 

 

198.632 [0.208* ]

[1.682* ] [0.538* ]

GFR BMI percentile

liver size systolic BP

= +

− −
  (1) 

 

In Eq. 1, all the predictors have a significant effect on 

GFR such as BMI percentile (p<0.01), liver size (p<0.05), 

and systolic BP (p = 0.001). This model suggests that for all 

young (overweight and obese) individuals, their GFR 

decreases with a high BMI percentile along with liver 

enlargement and increased systolic BP. 

Cognizant of the effect of BMI percentile on kidney 

function, it is imperative to determine the age of obese and 

overweight children with decreased GFR. A cubic curve was 

fitted between GFR vs. age for the obese and overweight 

categories of boys and girls to determine the age that GFR 

values start to decrease. Figure 10 shows the cubic estimation 

of overweight boys and girls. Figure 11 reveals that eGFR 

starts to decrease at age 9.185 for overweight children. 

Figure 12 shows the cubic estimation of obese boys and 

girls. Figure 13 describes that eGFR starts to decrease at age 

of 7.755 for obese children. These results show that obese 

children have a higher prevalence of reduced kidney function 

at an earlier age than overweight children. These same results 

reveal that there is a significant effect of age as a mediating 

variable in kidney function. Hence, the corrected predictive 

model function of: 
 

169.126 [0.117* ] [2.648* ]

[0.025* ] [5.542* ]

GFR BMI percentile liver size

systolic BP Age

= − +

+ −
  (2) 

 

In Eq. 2, the only significant predictors of GFR are 

age (p<0.001) and liver size (p<0.01). This suggests 

that for all young (overweight and obese) individuals, 

their GFR decreases with age along with liver 

enlargement. 

Conclusion 

The results of the correlations, generalized regression, 

logistic regression analyses in this study reveal that: (a) Boys 

have bigger liver size than girls do; (b) Obese and overweight 

boys and girls have bigger liver size than normal (robust) and 

underweight (slim) boys and girls do; (c) There is a 

significant relationship (r = 0.335; p<0.001) between BMI 

percentile and fatty liver for a combined population of boys 

and girls; (d) there is a significant relationship (r = 0.263; 

p<0.001) between BMI percentile and hepatomegaly for a 

combined population of boys and girls; (e) There is a 

significant relationship (r = 0.208; p<0.001) between BMI 

percentile and liver size ≥2SD for a combined population of 

boys and girls; (f) There is a significant relationship                            

(r = 0.175; p<0.001) between BMI percentile and liver size 

for a combined population of boys and girls; (g) There is a 

significant relationship (r = 0.115; p<0.01) between BMI 

percentile and diastolic blood pressure for a combined 

population of boys and girls. Reported that fatty liver was 

significantly correlated with BMI (r = 0.37; p<0.001) 

(Adibi et al., 2017). This finding is also supported by 

Quintana et al. (2018c) that liver size increases for both boys 

and girls as the child becomes overweight and obese. This 

relationship holds as the child ages (Quintana et al., 2018a; 

Drøyvold et al., 2005). Found that an increase in BMI and a 



Orlando Patricio et al. / Journal of Mathematics and Statistics 2022, Volume 18: 106-.114 

DOI: 10.3844/jmssp.2022.106.114 

 

113 

decrease in BMI were significantly associated with 

increased and decreased Systolic BP and Diastolic BP 

(Drøyvold et al., 2005).  

Moreover, the liver size probability results together 

with path analysis and factor analysis reveal confirmatory 

findings that the BMI percentile, liver size, and systolic 

BP are factors affecting GFR. Liver size, systolic BP, and 

age as mediating variables. As BMI percentile increases 

in boys and girls, their liver size increases, and this 

relationship is maintained as the child ages. Therefore, 

high BMI percentile, increased liver size, and increased 

systolic blood pressure are precursors (predictors) to 

decreased kidney function. Lu et al. (2015) reported that 

there is an association between BMI and reduced kidney 

function (Lu et al., 2015). This result corroborated the 

findings of Quintana et al. (2018b) that eGFR decreases 

as age increases for overweight and obese children from 

age 1 to age 16+ (Quintana et al., 2018c). Duzova et al. 

(2013) also noted the prevalence of hypertension and stage 

II hypertension, and eGFR were associated with obesity 

(Duzova et al., 2013). In a nutshell, the Department of Health 

and Human Services should develop strategies for the 

prevention and management of overweight and obesity in 

children. Such critical action would lessen the escalating 

health issues of chronic liver enlargement and reduced 

kidney function among young Americans. 
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