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Abstract

Background: Understanding blood alcohol concentrations (BAC) achieved after drinking is
critical to predicting alcohol exposure to the brain and other organs and alcohol effects. However,
predicting such end-organ exposures is challenging, as there is a wide variation in BAC achieved
after drinking a similar amount of alcohol. This variation is partly due to differences in body
composition and alcohol elimination rates (AER), but there is limited data on how obesity affects
AER. Here we assess associations between obesity, fat-free mass (FFM), and AER in women and
determine whether bariatric surgeries, which are linked to increased risk for alcohol misuse, affect
these associations.

Methods: We conducted an analysis of data from three studies that used similar intravenous
alcohol clamping procedures to estimate AER in 143 women (21-64 years old) with a wide range
of body mass index (BMI;18.5-48.4 kg/m?). Body composition was measured in a subgroup using
dual-energy X-ray absorptiometry (n=42) or Bioimpedance (n=60), and 19 of them underwent
bariatric surgery 2.1 + 0.3 years before participation. We analyzed data using multiple linear
regression analyses.

Results: Obesity and older age were associated with a faster AER (BMI: rg= 0.70 and age:
rs= 0.61, both P< 0.001). Compared to women with normal weight, AER was 52% faster (95%
Confidence Interval: 42-61%) in women with obesity. However, BMI lost predictive value when
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adding fat-free mass (FFM) to the regression model. Age, FFM, and its interaction explained 72%
of individual variance in AER (F(4, g7) = 64.3, P < 0.001). AER was faster in women with higher
FFM, particularly for women in the top tertile of age After controlling for FFM and age, bariatric
surgery was not associated with differences in AER (P=0.74).

Conclusions: Obesity is associated with a faster AER, but this association is mediated by an
obesity-related increase in FFM, particularly in older women. Previous findings of a reduced
alcohol clearance post-bariatric surgery compared to pre-surgery are likely explained by a
reduction in FFM post-surgery.
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Introduction

Alcohol is the most widely used psychoactive drug in the world and the leading cause

of premature death among people aged 15-49 years, according to the Wealth Health
Organization (Griswold et al., 2018). The short and long-term pharmacologic and toxic
effects of alcohol depend substantially on blood alcohol concentrations (BAC) reached after
drinking (Graham et al., 1998). Therefore, understanding the fate of alcohol while it moves
throughout the body (i.e., alcohol's pharmacokinetics), which determines the BAC-time
profile achieved after alcohol ingestion, is critical to predict exposure to the brain and

other organs and, in turn, the pharmacologic and toxic effects of alcohol (i.e., alcohol’s
pharmacodynamics).

However, predicting individual BAC after alcohol ingestion is challenging. The same dose
of alcohol per kilogram of body weight consumed over the same time can result in different
BAC across individuals (Ramchandani et al., 1999) and, to a lesser but still significant
degree, within individuals under similar conditions (Norberg et al., 2003, Jones and Jonsson,
1994). Variations in the rate of absorption from the gut and in the amount of ingested
alcohol that is metabolized before reaching the bloodstream (i.e., first-pass metabolism) are
among the most important factors underlying large inter- and intra-individual variations in
BAC (Saldich et al., 2021, Lee et al., 2006). Nevertheless, even when researchers administer
alcohol intravenously on a dose/kg-related basis, bypassing the highly variable absorption
processes and alcohol's first-pass metabolism, BAC achieved can vary by 1.5- to 2.0-fold
(Hahn et al., 1994).

Two important contributing factors to individual differences in BAC achieved after
intravenous administration of alcohol are liver volume and body composition (Kwo et al.,
1998, Jones, 2019). Studies that administered alcohol intravenously have used a single
bolus dose (e.g., Hahn et al., 1994) or an alcohol clamp technique (e.g., Kwo et al.,

1998). The clamp technique involves infusing alcohol intravenously following pre-estimated
personalized infusion-rate profiles computed using a physiologically-based pharmacokinetic
(PBPK) model that takes into consideration the individual’s age, height, weight, and gender
to achieve and maintain breath alcohol concentrations (BrAC) at a target level for a
prolonged period (Ramchandani et al., 1999). Using this technique, it has been shown
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that the systemic alcohol elimination rate (AER) is positively associated with liver volume
in both men and women (Kwo et al., 1998). The dependence of AER on liver volume

is logical because most post-absorbed alcohol (95-98%) is removed from the body via
oxidative metabolism in the hepatocyte, mainly by alcohol dehydrogenase (ADH) (Jones,
2019). Body composition, particularly the fat-to-lean tissue ratio, affects the volume of
distribution of alcohol (Vg), as distribution into fat is almost negligible (Endres and Griner,
1994). Therefore women, who generally have a higher percentage of body fat than men,
reach higher peak BAC when both sexes receive the same intravenous dose of alcohol per
kilogram of body weight (Hahn et al., 1994).

Given the critical role that body composition has on BACs achieved after alcohol ingestion,
and even when administered intravenously, the best strategy to estimate BAC achieved after
drinking in people with obesity is unclear. The V4 for alcohol is disproportionately low for
people with obesity (Jones, 2010, Maudens et al., 2014). Furthermore, the two-fold increase
in the risk of developing alcohol use disorders after undergoing some bariatric surgeries
(Mellinger et al., 2021, King et al., 2012, Ostlund et al., 2013, King et al., 2017, Ibrahim

et al., 2019) highlights the need to understand better the influence of obesity and body
composition on alcohol pharmacokinetics. The two most commonly performed bariatric
surgeries in the world, i.e., Roux-en-Y-gastric bypass and sleeve gastrectomy, can double
peak BAC when drinking a similar alcohol dose than before surgery (Pepino et al., 2015,
Acevedo et al., 2018). While these surgeries remarkably reduce body weight and increase
alcohol bioavailability by accelerating alcohol absorption (Pepino et al., 2015; Acevedo

et al., 2018, Klockhoff et al., 2002, Steffen et al., 2013) and minimize alcohol first-pass
metabolism (Seyedsadjadi et al., 2022), their effect on AER is incompletely understood. At
least two observations suggest alcohol clearance is slower after bariatric surgery. First, a
study on patients who underwent gastric bypass surgery shows that patients took longer to
reach zero BAC than non-operated normal weight controls after drinking the same amount
of alcohol (Hagedorn et al., 2007). Second, we have previously shown that the total amount
of alcohol eliminated from the body per hour is higher in women assessed before bariatric
surgery than in women assessed post-bariatric surgery (Acevedo et al., 2018). However,

the differences in alcohol eliminated per hour between pre-surgery and post-surgery groups
became negligible when corrected for body weight (Acevedo et al., 2018). Of importance,
in these two previous studies, alcohol was given orally, and therefore changes in alcohol
elimination kinetics were confounded by changes in absorption kinetics.

The present study aimed to assess associations between AER and body composition in
women with a wide range of body mass index (BMI). Using the alcohol clamp, which avoids
the confounding effects of alcohol absorption processes, we measured AER in women
whose BMI resulted in categorizations ranging from normal to severe obesity. Unlike other
methods for estimating AER, the alcohol clamp is especially suited to individuals with
obesity because, during the steady state “clamped” exposure, no assumptions about V4 or
other kinetic parameters are required. When BrAC is held constant, the rate of alcohol
infusion is equivalent to the rate of alcohol elimination from the body (Ramchandani and
O'Connor, 2006). As a secondary aim, we also investigated whether bariatric surgeries
were associated with a slower AER in women independent of changes in body weight or
composition.
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Methods

Study design and experimental procedures

Using a cross-sectional design approach, we conducted a secondary data analysis of three
studies that used the Computer-Assisted Alcohol Infusion System (CAIS) to conduct an
alcohol clamping procedure to estimate AER (see section The Computer-assisted Alcohol
Infusion System (CAIS) and calculation of alcohol elimination rate (AER)) (Kwo et al.,
1998). Studies were conducted at the University of Illinois at Urbana-Champaign or Carle
Foundation Hospital (Urbana, IL; n=42) and Indiana University (Indianapolis, IN; n=101)
and were approved by the respective Institutional Review Boards.

Because women comprise 80% of the patients undergoing bariatric surgery (Fuchs et al
2015), our studies at Urbana Champaign included only women. Given the significant sex-
related differences in alcohol metabolism (Kwo et al., 1998; Hahn et al., 1994) and the
fact that all participants in the bariatric study were women, this secondary data analysis
excluded men. Potential participants were excluded if they were pregnant or breastfeeding,
were taking any prescribed medication that could affect alcohol metabolism, had a history
of alcohol or substance dependence, or a history of substance abuse disorder (based on
DSM-IV criteria), severe alcohol-induced flushing reactions, had liver abnormalities or
abnormal levels of liver enzymes, renal impairment, a history of heart disease, including
congestive heart failure and coronary artery disease, or gastrointestinal disorders, or were
currently smoking cigarettes or quit smoking less than six months before the study.

Participants

The combined study sample comprised 143 women between 21- 64 years of age (81.1%
Caucasian, 12.6% African American, 6.3% Asian), with a BMI (calculated from measured
height and weight) ranging from 18.5 to 48.4 kg/m? (Table 1). Fat-free mass (FFM) was
assessed in a subsample of these women (n= 102) by using Bioelectrical impedance analysis
system (RJL Quantum X Body Composition Analyzer) (n=60) or by using a dual-energy
X-ray absorptiometry scan (DXA) with a Hologic Horizon W (APEX Software version
5.6.0.5; Hologic) (n=42). Nineteen of these women underwent bariatric surgery on average
2.1 years before participating in the study (range: 0.3- 5.5 years). Fourteen underwent
sleeve gastrectomy, two Roux-en-Y gastric bypass, and three laparoscopic adjustable gastric
banding. Each woman gave informed written consent for the study in which she participated,
including consent for secondary analyses.

The Computer-Assisted Alcohol Infusion System (CAIS) and calculation of alcohol
elimination rate (AER)

Participants arrived at the clinical research facility at about 8:00 AM and were instructed
to abstain from food and any alcoholic drinks for at least 9 hours before their appointment.
Pregnancy status was checked by using a urine pregnancy test upon arrival. The CAIS
was used to administer an 1V infusion of 6% (V/V) ethanol in half-normal saline using

an alcohol clamp paradigm with a PBPK modeling system that calculated the infusion
rate needed to carefully control BrAC (breath alcohol concentration) (Ramchandani et al.,
1999, Kwo et al., 1998, Ramchandani and O'Connor, 2006, Ramchandani et al., 2006,
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Zimmermann et al., 2013). The model was programmed to reach a target BrAC of 60 mg%.
BrAC followed a linear ascent from 0 to the targeted BAC mg% precisely in 15 minutes,
then held pseudo-constant (clamped) for at least 120 minutes. Steady-state infusion rates
were achieved after 75 min of clamping. Serial BrAC readings were collected during the
ascending limb and the clamped state using a breathalyzer machine (Drager Alcotest 7410
Plus or 6510, Germany). Readings were entered into the PBPK model-based algorithm, to
allow online adjustment of the infusion rate to maintain the targeted BrAC within 5 mg%.
The AER was calculated by multiplying the average infusion rate during the steady-state by
the infusate concentration (Kwo et al., 1998).

Statistical analysis

Prior to data analysis, the Shapiro-Wilk and Kolmogorov-Smirnov tests were used to
evaluate the distributional properties of variables. Correlations between variables were
analyzed using Pearson's or Spearman's correlation coefficients, as appropriate. Multiple
linear regression analyses were conducted to analyze the association between AER as the
dependent variable and BMI, FFM, age, and bariatric surgery as predictors. Regression
models were built in three steps. In the first step, the model included age, BMI, and the
interaction term of age and BMI. In this model, AER data was positively skewed and
required a logarithmic transformation to approximate normal distribution. The second model
included age, BMI, FFM, and the interaction term of age and FFM, and the third model
included age, BMI, FFM, bariatric surgery, and the interaction term of age and FFM. FFM,
BMI, and age were centered on their means prior to running the linear regression analyses
to reduce co-linearity among predictor variables. Collinearity was tested with Variance of
Inflation (VIF) in regression models, and VIF values less than four were considered non-
collinear. Based on their BMI values, women were assigned to three groups: normal weight
(BMI> 18.4 and < 25.0 kg/m?), overweight (BMI > 24.9 and < 30.0 kg/m?), or obesity (BMI
> 29.9 kg/m?). One-way ANOVA was used to assess statistical differences in the means

of continuous variables between BMI groups. Levene's Test of Equality of variances was
applied to check the homogeneity of variances between BMI groups. When variances were
not homogenous or distributions were not normal, a Welch's ANOVA or Kruskal Wallis H
test was used to determine statistically significant differences among groups. All statistical
data analyses were performed with SPSS version 27 for Windows (IBM Corp, Armonk,
NY), and a criterion of P value < 0.05 was considered for statistical significance.

Results

Obesity and Alcohol Elimination Rate

Obesity was associated with faster AER (rs (143) = 0.70, P < 0.001; Figure 1 A) and older
age (rs (143) = 0.64, P < 0.001), and older age was associated with faster AER (rs (143) =
0.61, P < 0.001). Multiple regression analysis revealed no interaction between BMI and age
(t(142) = —1.34, P = 0.18). Age and BMI were independent predictors and accounted for 54%
of the variation in AER (F(3, 139) = 56.99, P < 0.001) (Table 2). Group comparison among
categories of BMI showed that mean AER differed among normal weight, overweight, and
obesity groups (Fwelch (2, 64.5) = 47.34, P < 0.001). AER was 52% faster (95% confidence
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interval, 42%- 61%) in women in the group with obesity compared to the group with normal
weight (Figure 1B).

Fat-Free Mass, Bariatric surgery, and Alcohol Elimination Rate

As expected, women with higher BMI had higher FFM than women with lower BMI (Fyyelch
(2,51.5) = 25.94, P < 0.001) (Table 1). Therefore, we determined the contribution of FFM

to the association between AER and BMI by assessing the subgroup of participants with
measured FFM. When FFM, BMI, and age, and the interaction between FFM and age were
included in the regression model, BMI was no longer a predictor of AER (BMI main effect:
t1o1) = 0.03, P = 0.98). Age (t(101) = 5.02, P <0.001), FFM (t(101) = 6.42, P <0.001), and

its interaction (t(101) = 2.39, P < 0.05) were significant predictors and accounted for 72% of
the individual variations in AER (F(4, 97) = 64.26, P < 0.001). To illustrate the interaction
between FFM and age, we stratified women by age tertiles (Figure 2) and by decade of life
(Supplementary Figure 1). We found that higher fat-free mass (FFM) was associated with

a faster AER, ,particularly in women in the oldest subgroups (Figure 2 and Supplementary
Figure 1). Bariatric surgery was not associated with changes in AER in the regression model
that included FFM and age (t(101) = —0.34, P = 0.74) (Table 2).

Discussion

A better understanding of factors that affect BAC achieved after alcohol ingestion is critical
to estimate exposure of the brain and other organs to alcohol and, in turn, the toxic

effects of alcohol. The degree of adiposity and liver volume (which correlates positively
with obesity) (Grant et al., 2020), significantly impact the BAC experienced after alcohol
administration (Kwo et al., 1998). In this study, we investigated the relationships between
body composition and systemic AER using the alcohol clamp technique in women whose
BMI ranged from normal weight to severe obesity. The clamping methodology eliminates
variability arising from oral alcohol absorption and first-pass metabolism, and provides a
direct measure of elimination from the amount of alcohol infused to maintain a steady-state
exposure, which obviates any pharmacokinetic modeling assumptions (Ramchandani et al.,
2006). We found that obesity and older age were associated with 52% faster AER in women.
Nevertheless, BMI was not a significant predictor of AER when FFM and the interaction
between FFM and age were incorporated into the regression model, suggesting that FFM is
a better predictor for faster AER in women with obesity. Further, our data support the notion
that metabolic surgery does not affect AER independently of surgically-related changes in
body weight. For both, non-operated and operated women, FFM and age together accounted
for 72% of women's inter-individual variability of systemic AER.

In absolute terms, people with obesity have larger FFM and fat mass than people of the
same sex, age, and height, without obesity (Forbes and Welle, 1983). A recent study in
100 adult individuals with a wide range of BMI (from 16.9- 51.8 kg/m?) showed that FFM
was a strong predictor of lean liver volume, the part of the liver that is functional for drug
metabolism (Sinha et al., 2020). Therefore, it is likely that the strong dependence of AER
on FFM and age in our findings is due to the robust relationship between FFM and lean
liver size —a key determinant of AER (Kwo et al., 1998, Vatsalya et al., 2022). Findings
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from previous studies of a reduced AER following metabolic surgery-associated weight loss
(Acevedo et al., 2018) are most likely explained by a reduction in FFM (and liver size)
post-surgery.

The findings of this study may have implications with regard to estimating doses to achieve
specific target BACs in alcohol challenge studies, particularly in populations with obesity.
Most alcohol administration studies compute standardized doses based on body weight or
anthropometrically-estimated total body water to adjust for sources of variability in alcohol
V4 (Goist and Sutker, 1985, Jones, 2019). However, these approaches can significantly
impact the target BACs achieved due to the critical impact of adiposity on the V4 (which the
body weight or total body water is attempting to control for). FFM measured using DXA
method, may serve as a more appropriate metric for the Vy of alcohol, and hence a better
measure to standardize doses of administered alcohol in studies that include groups with
obesity (Acevedo et al., 2020, Seyedsadjadi et al., 2022, Pepino et al., 2015, Acevedo et al.,
2018). Taken together, results from this and previous studies (Acevedo et al., 2018, Acevedo
et al., 2020) suggest that the scaling of alcohol dose by FFM is effective as it helps adjust for
individual differences not only in alcohol Vg, influencing peak BAC, but also in AER.

Our finding of the positive association between age and AER is consistent with another
study showing that older adults have higher AER than younger adults (Fiorentino and
Moskowitz, 2013). However, a recent clamp study showed no significant group differences
in AER between younger (21-25 years) and older (55-65 years) men and women and

found that sex-related differences in AER were mostly attributed to differences in FFM and
liver volume. The age-related association with AER might be due to several anatomical
and physiological changes associated with the progression of aging that can affect alcohol
metabolism (Mangoni and Jackson, 2004). For example, there is a progressive reduction in
FFM and total body water, which reduces V4 (Watson et al., 1980) along with a decrease

in liver volume and liver blood flow (Wynne et al., 1989) and changes in hormones that
affect hepatic ADH activity with advancing age (Cederbaum, 2012) which may impact
AER. However, not all anatomical and physiological processes age at the same rate or by
the same magnitude. Therefore, AER may be higher at age ranges when Vg is decreased,
but liver volume is still conserved and hepatic function remains constant. Although the
above-proposed setup for Vg, liver volume, and hepatic function is hypothetical, our finding
of a significant interaction between FFM and age in predicting AER with a steeper upward
tilt of the curve for the group of women who were 34-64 years of age compared to those in
the younger group might illustrate such a scenario. In addition, the effect of hormones on
hepatic ADH activity is complex (Cederbaum, 2012, Mezey, 2000). For example, estrogens
increase, but thyroid and testosterone reduce ADH activity (Mezey, 2000, Mardh et al.,
1986). Therefore, it is possible that changes in these hormones with perimenopause and
menopause, explain some of the observed associations between AER and age in this group
of women.

The results of our study should be interpreted considering its strengths and limitations. The
major strengths of our study are the use of the highly controlled intravenous alcohol clamp
technique, which circumvented the confounding effects of gastric absorption and distribution
kinetics on AER, and the large sample size that included a broad representation of all
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BMI categories. The major limitations of this study are that we only included women and

a relatively small subgroup underwent bariatric surgery. The well-established sex-related
differences in alcohol's pharmacokinetics stress the need for future AER studies to include
men with a wide BMI range. In addition, because the cross-sectional study design does

not allow for inferring causality, longitudinal studies are needed to further evaluate changes
in AER after metabolic surgery Finally, some drawbacks of using DXA to assess FFM in
individuals with obesity merit attention. Weight limits and table dimensions of densitometers
could preclude the participation of some individuals or require the use of half-body scans
(Shepherd et al., 2017). Despite being recognized as the preferred method for bone density
and body composition (Shepherd et al., 2017), DXA systematically overestimates FFM in
men and women (Schoeller et al., 2005; Jensen et al., 2019), and the error increases with
increases in fat mass (Jensen et al., 2019). Nevertheless, the overestimates of FFM by DXA
are within 5-10% (Schoeller et al., 2005; Jensen et al., 2019). To put this in perspective, for a
scaling of 0.5 grams of alcohol by kg of FFM (the dose used in all our studies in the bariatric
population), a 10% overestimation of FFM would result in an additional ~3 ml of alcohol in
the beverage. This amount of extra alcohol can be considered trivial because typically this
same amount of alcohol is added onto the surface of cups to serve as a smell and flavor mask
in studies that include a placebo control beverage (Mennella et al., 2005; Acevedo et al.,
2020).

In conclusion, our study findings show that obesity is associated with a faster alcohol
elimination rate, but the association is strongly dependent on FFM, a good predictor of lean
liver volume (Sinha et al., 2020). In women with BMI status ranging from normal weight to
extreme obesity, FFM and age account for most of the variability in AER.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Obesity was associated with a faster alcohol elimination rate (AER) in women. (A) Age

and body mass index (BMI) were independent predictors and accounted for 54% of the
individual variation in AER. Data are shown as the unstandardized predicted values of AER
from regression models that controlled for age versus mean-centered values of BMI (n =
143). (B) AER differed across groups with normal weight (BMI= 18.5 to 25.0 kg/m?, n =
72), overweight (BMI = 25.0 to 30.0 kg/m?2, n = 28), and obesity (BMI > 30.0 kg/m?2, n =
43). Data are presented as mean = standard deviation (SD) and include individual data points
within each BMI group. *value significantly different from the other group at P < 0.001.

Alcohol Clin Exp Res (Hoboken). Author manuscript; available in PMC 2024 July 23.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Seyedsadjadi et al.

Page 14

5
Q% 14— Age tertiles
% = —e~ 1% (21-22yrs) .
x 2 12— 2™ (23 - 33 yrs)
5 S —— 39(34-64 yrs)
= 10_
e
c O
= O g-
£5
LS 6
O
-C —
o2
=2 T T T 1
<
-10 0 10 20
FFM (Kg)

(Centered value)

Figure 2.
Higher fat-free mass (FFM) was associated with faster alcohol elimination rates (AER),

particularly in women in the oldest tertile group. Age, FFM, and the interaction between
age and FFM accounted for 72% of the individual variation in AER. Data are shown as the
unstandardized AER predicted values versus mean-centered values of FFM stratified by age
tertiles (n = 102).
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Table 1.
Characteristics of study participants
Age Weight | Height BMI FFM | Body Fat

(vear) | (ko) (ecm) | kgm? | (ko) (%)

All women (n=143) 29.4 766 | 165.9 27.9 - -

(10.0) | 0.2) | (6.9 (7.3)

Subgroup with FFM data | All (1=102) 311 798 | 166.3 289 | 475 38.6
@13) | Loy | (6.4) @7 | 67 (8.9)
Normal weight (n=44) | 23.4 629 | 167.2 25 | 433 311
e | 32 | 64 | @nt | @22 | @2
Overweight (n=22) 282 769 | 167.2 215 | 479 37.7
8P [ B8P | 46 | @4 | @or | @4°
Obesity (n=36) 424 | 1023 | 1646 37.7 | 523 483
o6y | a7 | 1) | 8¢ | 68| (@9
Metaboli -19)* 411 89.1 164.6 33.0 50.3 42.8
olic surgery (n=19) ©3 | a6 | @6 | 67 | 64 | 63

All values are means (standard deviations), FFM: Fat-free Mass, *Evaluated on average 2.1 years post-metabolic surgery (range: 0.3 - 5.5 years).

Groups that do not share the same letters are significantly different from each other at P < 0.005.
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Table 2.

Multiple linear regression analyses for the association between alcohol elimination rate (AER) as the
dependent variable and potential predictors (age (year), BMI (kg/m2), FFM (kg), and bariatric surgery)
assessed with three models. VIF: Variance Inflation Factor.

Models n Adj. R? Predictor B Standard t P VIF
coefficient Error

Modd a* | 143 | 054 age 0.003 0.001 3.01 | 0.003 | 2.61

BMI 0.008 0.001 6.90 | 0.000 | 2.08

age X BMI 0.000 0.000 -1.34 | 0.182 | 1.55

Model b 102 0.72 age 0.072 0.014 5.02 0.000 | 2.50

BMI 0.001 0.027 0.03 | 0.978 | 3.97

FFM 0.145 0.023 6.42 0.000 | 2.18

age X FFM 0.004 0.002 2.00 0.019 | 1.22

Model ¢ 102 0.72 age 0.074 0.012 6.35 | 0.000 | 1.65

FFM 0.146 0.017 8.38 | 0.000 | 1.30

age X FFM 0.003 0.002 2.14 | 0.035 | 1.37

Surgery -0.104 0.308 -0.34 | 0.737 | 1.37

FFM, BMI, and age were centered on their means prior to running the linear regression analyses to reduce co-linearity among predictor variables.
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*
Log AER was used to normalize the residuals of model a
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