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Abstract

Objective: To determine whether higher membrane capacitance (Cpy), a bioelectrical measure of
cell membrane function, is associated with insulin resistance (IR) and/or metabolic syndrome
(MetS).

Methods: Cross-sectional analyses were performed on 2,191 relatively healthy adults from the
National Health and Nutrition Examination Survey. The Cy, of those with low/no disease risk was
compared to those with IR, MetS, or both IR and MetS using analysis of covariance. The
associations between Cy, and related clinical measures were assessed with multiple linear
regression.

Results: Compared to those with low/no risk, women and men with IR (p < 0.001) and IR +
MetS (p < 0.001) had higher Cpy, whereas Cy, was similar in women (p = 0.4526) and men (p
=0.1126) with MetS alone. Positive associations with Cy, were seen with waist circumference
(women and men STD-B = 0.18, p<0.0001) and fasting insulin (women STD-p = 0.15 p<0.0001;
men STD-p = 0.12, p<0.0001).

Conclusion: Higher Cy, was associated with IR in relatively healthy adults. Higher Cy, was not
associated with MetS as defined by its clinical diagnostic criteria in the absence of IR. This study
suggests that with further investigation, Cyy may be a potential tool to detect IR-related cell
membrane dysfunction.
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Introduction

Metabolic syndrome (MetS) is a group of metabolic abnormalities that represents a
significant public health concern due to its association with increased risk for
cardiometabolic disease (CMD) (e.g., diabetes, cardiovascular disease, and cancer).! MetS
includes insulin resistance (IR), hyperinsulinemia, hyperglycemia, abdominal obesity,
hypertension, dyslipidemia, and inflammation. Although IR has been removed from clinical
guidelines to simplify assessments, the consensus remains that IR is the central component
of MetS and that IR is a principal determinant of CMD risk.13 Although early detection of
IR might mitigate disease risk, current practices often fail to detect IR and related conditions
due to a lack of clinically-suitable screening methods for IR. Direct measures of insulin
sensitivity (i.e., the inverse of IR) come from the hyperinsulinemic-euglycemic clamp,
which takes several hours to perform and requires repeated intravenous sampling that is too
expensive and impractical for wide-spread screening applications. Further, MetS screening
is often not performed or performed too late to prevent progression to CMD, due to rising
costs and limited access.*° Thus, widely-accessible methods to identify MetS and IR are
needed and will become more critical as the prevalence of obesity, MetS, and IR continue to
rise.3

Bioelectrical impedance spectroscopy (BIS) may provide a non-invasive approach to detect
underlying cellular dysfunction in those with MetS and IR. BIS is a widely-accepted
approach that has several practical advantages such as low cost, non-invasiveness, and
suitability for high-throughput use.® BIS passes alternating current through the body’s water-
and electrolyte-rich tissues over a range of frequencies (1 kilohertz (kHz) to 1000 kHz).” By
fitting frequency-specific measures of resistance (R) and reactance (X) to the Cole
bioelectrical model, 8 BIS can characterize the health of cells and tissues within the
current’s path using estimates of membrane capacitance (Cp4) in nanoFarads (nF) and
resistivity (i.e., opposition to the current) of the intracellular (R|) and extracellular (Rg) fluid
in ohms. Recent interest in using BIS as an approach to assess health and disease has grown,
6.10-14 however, BIS has not been thoroughly examined in the context of IR or MetS.

Cm might capture MetS and IR related disturbances to the structural integrity and functional
health of cell membranes. Cy, represents an aggregate measure of the frequency-dependent
responses that are exhibited by the healthy cell membrane’s function as an imperfect
capacitor that briefly stores the current as it passes through the fluid-membrane-fluid cell-
matrix within tissues. Evidence suggests that membrane lipid and protein composition,
membrane thickness/saturation, and transmembrane potential influence Cp.%1° Hence, Cy
is lower in several advanced disease states where catabolism occurs, including diabetes,13.14
cancer,12 and cardiovascular diseases.1%:16 However, unlike in advanced disease where cell
membranes are catabolized, in MetS and IR, chronic shifts in glucose, insulin, lipids, body
water, and electrolytes lead to membrane lipid restructuring and abnormal membrane-ion
interactions, which can increase membrane thickness and transmembrane potential.17-21
Therefore, we hypothesize that Cy; would be higher in those with IR and MetS.

The purpose of this study was to determine whether higher Cy is associated with IR, MetS,
and related clinical measures. We compared the Cy,; of women and men with low/no CMD

Obesity (Silver Spring). Author manuscript; available in PMC 2021 April 27.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Barry et al.

Methods

Page 3

risk to Cpy among those with higher CMD risk: IR, MetS, or both conditions. Also, we
evaluated the linear association of Cy, with clinical measures related to IR and MetS.
Analyses controlled for the influence of age, sex, race/ethnicity, height, fat mass, lean mass,
smoking, alcohol, and medication use.

Study Design and Population

This cross-sectional study was designed to analyze data from the 1999 — 2004 National
Health and Nutrition Examination Survey (NHANES). We included all Non-Hispanic
White, Non-Hispanic Black, or Mexican American participants from the morning (fasted)
subgroup that were 18 — 49 years old with completed data for relevant laboratory,
sociodemographic, BIS, and dual-x-ray absorptiometry (DXA) variables.

We excluded those with a medical history, current diagnosis, or laboratory values indicating
human immunodeficiency virus, cancer, diabetes (type 1 or type 2), and liver, thyroid,
cardiovascular, or cerebrovascular disease. We excluded those using diuretics, or using anti-
diabetes, chemotherapy, kidney disease, anti-hypertensive, cardiac, lipid-lowering (e.g.,
statins), and hormone therapy/replacement medications. We also excluded those using
muscle relaxers or supplements that influence fluid balance, such as potassium.

NHANES did not perform BIS on those who were older than 49 years; had amputations,
artificial joints, pins, plates, or other types of metal objects in the body; had a pacemaker or
automatic defibrillator; or had a coronary stent or metal suture material in the heart. DXA
was not performed on persons who weighed over 300 pounds (limitation for the examination
table), or were pregnant.

Bioimpedance Spectroscopy

BIS data were collected with a HYDRA ECF/ICF Bio-Impedance Spectrum Analyzer
(Model 4200; Xitron Technologies, Inc., San Diego, California). This device uses a whole-
body, tetrapolar, technique where an individual lies supine on a nonconductive surface, and
electrodes are placed on their right hand, wrist, foot, and ankle. A detailed description of the
method used with this BIS device is given elsewhere.® This particular device is no longer
commercially available, but more up — to — date spectroscopy devices that include
technological and methodological refinements are commercially available.15:22

This device estimates the Cole model terms Cy, Ry and Rg by fitting impedance
measurements taken at 50 frequencies between 5 kilohertz (kHz) and 1000 kHz.” The model
fit for each individual’s BIS data was labeled as excellent, good, marginal, questionable,
bad, or unable to fit. For this study, we excluded individuals that were coded as “bad fit” or
“unable to fit.” Further discussion of the Cole parameter derivation is beyond the scope of
this paper, but several publications are dedicated to the Cole model and parameters.8:9:23

Cardiometabolic Disease Risk Group Classifications

Clinical measures were analyzed as continuous variables and included systolic and diastolic
blood pressure (mmHg), fasting triglycerides (mg/dl), high-density lipoprotein (HDL)
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cholesterol (mg/dl), c-reactive protein (ug/mL), fasting glucose (mg/dl), fasting insulin (ulU/
ml), and homeostatic model assessment of IR (HOMA-IR) calculated by the equation:
fasting insulin (ulU/ml) x fasting glucose (mg/dl)/22.5.4

MetS was defined using the National Cholesterol Education Program Adult Treatment
Program Three (NCEP ATP 1) guidelines as having three or more of the following five
conditions: abdominal obesity: waist circumference over 101 centimeters (men) or 88
centimeters (women); hypertension: blood pressure over 130/85 mmHg;
hypertriglyceridemia: fasting triglyceride level over 150 mg/dl; dyslipidemia: fasting HDL
level less than 40 mg/dl (men) or 50 mg/dl (women); and hyperglycemia: fasting glucose
100 mg/dl and above. 1 IR was defined as having HOMA-IR greater than 2.6.4

Participants were assigned to one of four groups based on their cardiometabolic disease risk:
1. Low/No Risk: Neither IR nor MetS.
2 MetS Only (MetS): Three or more MetS criteria and HOMA-IR < 2.6.
3. IR Only: HOMA-IR > 2.6 with two or fewer MetS criteria.
4 IR and MetS (IR + MetS): Both IR and MetS.

Other variables

Anthropometric variables included height (cm), weight (kg), waist circumference (WC; cm),
and body mass index (BMI; kg/m?2). Body composition measures included total and regional
measures of fat mass, lean mass, and percent fat from DXA (Hologic QDR 4500A; Software
version 8.26:a3; Hologic, Inc., Bedford, Massachusetts). Behavioral factors were assessed as
binary variables based on self-reported use of alcohol, tobacco, and prescription medications
within the 30 days before testing. Serum measures of sodium (Na*), potassium (K*), and
chloride (CI") in millimoles per liter (mmol/L) were measured by the UniCel® DxC800
Synchron Clinical System (Beckman Coulter, Inc; Brea, California). Serum osmolality in
milliosmoles/kg of water (mOsm/kg) was estimated by the equation: Osmolality = 2 x
(sodium + glucose + urea), with all in mmol/L.

Statistical Analysis

Descriptive statistics were calculated by sex and CMD risk group. The characteristics of
each high/at risk group (i.e., MetS, IR, and IR+MetS) were compared to the low/normal-risk
group using the Rao-Scott chi-square test for categorical variables and analysis of variance
(ANQOVA) for continuous variables. Continuous variables were expressed as the unweighted
mean and standard deviation. Categorical/dichotomous variables were expressed as the
unweighted percentage. The normality of variable distributions was checked by the
Kolmogorov Smirnov or the Shapiro Wilk Tests. DXA fat mass, DXA lean mass, and
HOMA-IR were log-transformed to achieve normality, but untransformed values are
reported.

First, we performed ANOVA on Cy,; (dependent) by CMD risk group (independent).
Analyses showed a significant interaction term indicating that the effects of CMD group on
C differed by sex. Therefore, we conducted all analyses within sex groups.
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To compare Cy, between those with low/no risk and those in high/at risk groups, two
analysis of covariance (ANCOVA) models were performed on Cyy by CMD risk group.
Model 1 adjusted for height? and R, to account for their relationships with Cy; and to avoid
using ratios (i.e., Cp/R; or Cpw/ht?) in the analyses.?® Model 2 adjusted for height?, R), age,
African American race/ethnicity, Mexican American race/ethnicity DXA fat mass, DXA
lean mass, smoking, alcohol, and medication use to account for other potential confounders.
Additionally, we substituted BMI and DXA percent fat for heightZ, DXA fat mass, and DXA
lean mass, but the substitution did not change the model fit or significance. Least squared
(LS) means adjustments were made to account for unbalanced groups. The Tukey-Kramer
post-hoc test was used to account for multiple comparisons.

To evaluate the association of Cy; with each clinical measure, we performed two multiple
linear regression analyses for each measure, adjusting for the same covariates in model 1 and
model 2, as described above. Normality and residuals were verified by visual inspection. A
variance inflation factor (VIF) below ten was used to indicate an acceptable level of
multicollinearity in the regression analyses.

We evaluated Cy, as a potential predictor of IR and MetS by analyzing the area under the
curve (AUC) from receiver operating characteristic (ROC) curves. The optimal cut-off value
of Cpy was located by finding the highest vertical axis point and the furthest left horizontal
axis point, then maximizing the Youden Index [(sensitivity + specificity) —1] as previously
described.24

All analyses were two-sided and were checked to conform to the appropriate test-dependent
assumptions. Statistical significance was established at p < 0.05. Our analyses accounted for
the complex NHANES design by 1) calculating 6-year sampling weights for the fasting
subsample; 2) using NHANES-generated sampling statistical strata, clusters, and weights;
and 3) performing all analyses using PROC SURVEY procedures (e.g., FREQ, REG, and
MEANS) in SAS (version 9.4, SAS Institute, Inc; Cary, NC).2°

Sample Characteristics

The sample characteristics by sex and CMD risk group are presented in Table 1. Of the total
sample (N = 2,191), 60.4% (N = 1,323) were classified as low/no CMD risk, 5.4% (N= 118)
MetS, 21.9% (N=480) IR, and 12.3% (N = 270) IR + MetS. Overall, the sample was 43.3%
female, 44.2% (N = 968) Non-Hispanic White, 23.1% (N = 506) African American, 32.7%
(N =717) Mexican American, and the weighted mean age was 30.3 = 9.8 years. The mean
number of MetS criteria for the total sample was 1.4 = 1.1: 0.9 + 0.7 in the low/no CMD risk
group, 3.2 = 0.4 in the MetS group, 1.3 £ 0.8 in the IR group, and 3.4 £ 0.6 in the IR + MetS
group. The mean HOMA-IR score was 2.3 + 0.4 for the total sample: 1.5 = 0.5 in the low/no
group, 1.9 £ 0.5 in the MetS group, 3.9 = 1.1 in the IR group, and 4.6 £ 1.6 in the IR+MetS

group.
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Comparison of Cy, Between the High/At Risk and Low/No Risk Groups

In model 1 (Figure 1A), Cyy was significantly higher among women in the IR (1.85 + 0.02
nF, p=0.0007) and IR + MetS (1.89 + 0.05 nF, p=0.0012) groups, compared to women in
the low/no risk group (1.53 £ 0.01 nF). Cy; was also significantly higher among men in the
IR (2.65 + 0.02 nF, p=0.0002) and IR + MetS (2.70 £+ 0.03, p<0.0001) groups, compared to
men in the low/no-risk group (2.43 = 0.02 nF). Among, women (1.67 + 0.05 nF, p= 0.4526)
and men (2.53 £ 0.04 nF, p=0.1126) in the MetS groups, Cyy was not significantly different
from those with low/no risk. In model 2 (fully adjusted) (Figure 1B), Cy, was significantly
higher for women in the IR (1.66 = 0.03, p=0.0142) and IR + MetS (1.68+ 0.03 nF, p =
0.0336) groups, compared to women with low/no risk (1.57 + 0.03 nF). For men, CMD risk
group was not a significant predictor of Cy, after adjusting for covariates [F (3,44) = 1.54,
p=0.2173]. There were no significant differences between men in the low/no risk group
(2.48 £ 0.02 nF) and higher risk groups (MetS: 2.46 + 0.08 nF, p=0.9842; IR: 2.46 + 0.03
nF, p=0.2170; or MetS + IR: 2.55 + 0.04, p=0.2915).

Associations of Cy; with Clinical Measures Related to CMD Risk

In model 1, (Table 2) among women, Cy; was associated with HOMA-IR (B = 0.15, p<
0.0001), fasting insulin ( = 0.14, p< 0.0001), fasting glucose (B = 0.10, p< 0.0001), waist
circumference (B = 0.18, p< 0.0001), and diastolic blood pressure (p = 0.05, p =0.0406).
Among men, Cy; was associated with HOMA-IR (B = 0.12, p < 0.0001) fasting insulin (B =
0.12, p<0.0001), fasting glucose (B = 0.06, p =0.0022), waist circumference (p = 0.18, p<
0.0001), diastolic blood pressure (p = 0.08, p =0.0406), triglycerides (p = 0.07, p< 0.0001),
and HDL-C (B = -0.03, p =0.0427). In model 2 (fully adjusted), (Table 2) among women,
Cwm was associated with HOMA-IR (B = 0.11, p =0.0007), fasting insulin (§ = 0.10, p =
0.0020), fasting glucose (p = 0.07, p =0.0026), and waist circumference (f =0.13, p =
0.0289). Among men, Cy, was associated with HOMA-IR (p = 0.06, p =0.0381), fasting
insulin (p = 0.05, p =0.0385), and waist circumference (f = 0.17, p =0.0102).

Cwm as a predictor of IR and MetS

For women, Cy, was a significant predictor of IR [AUC = 0.80; (95% CI = 0.77 — 0.84)] and
MetS [AUC = 0.75; (95% CI = 0.71 - 0.79)] (Figure 2A). For men, Cy, was also a
significant predictor of IR [AUC = 0.79; (95% CI = 0.76 — 0.82)], and MetS [AUC = 0.67;
(95% CI1 = 0.62 — 0.70)] (Figure 2B). The optimal cut-off value for Cy, as a predictor of IR
was calculated as 1.65 nF for women and 2.67nF for men.

Discussion

The main finding of this study was that higher Cy, is associated with IR. We found that,
compared to those with low/no disease risk, women and men with IR regardless of MetS
status had higher Cy;. We also found that higher Cy, was present in women with IR
independent of tested confounders. In contrast, for men with IR, DXA fat and lean mass
accounted for the observed higher Cps. We determined that women and men with low/no
disease risk had an approximate Cy, of 1.53 nF and 2.43 nF, respectively, and that the
optimal cut-off for IR within this cohort was 1.65 nF for women and 2.67 nF for men.
Reference values for Cy, have not been reported in women, but our findings are consistent
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with the previously reported Cy of 2.41 nF for the average healthy man.1® To the best of our
knowledge, this is the first study to investigate the association of Cy, with IR. Nevertheless,
our findings align with studies of the phase angle at 50 kHz, which is widely investigated
and reported to reflect Cp.1526 Such studies indirectly show that higher Cy is associated
with IR in women with obesity.16:27 However, such associations have not been previously
reported for men. Hence, the results of this study add to the existing literature that IR is
associated with higher Cy, in apparently healthy women and men and that determinants of
the association may be sex-specific. The results of this study provide evidence that with
further investigation, higher Cyy might provide a non-invasive indicator of IR in relatively
healthy women and men.

The second finding of this study was that higher Cp; was not associated with MetS, as it is
clinically diagnosed by the NCEP: ATP Il1, in the absence of IR. We found that compared to
those with low/no disease risk, Cp, was not statistically different among women or men with
MetS in the absence of IR. We found that Cy, was positively associated with three of five
clinical measures used to screen for MetS and associated with all five measures among men.
However, after fully adjusting for covariates, only the association with waist circumference
in both sexes and glucose among women remained significant. Several studies have reported
an association between MetS and the phase angle, and MetS is linked to disturbances of the
cell membrane and its surrounding milieu.28:2% One explanation for the difference in our
study is that our MetS groups were relatively small. As a result, we may have been
underpowered to detect a difference in Cy, relative to the low/no risk groups. An alternative
and more likely explanation is that previous bioimpedance studies might have detected IR,
rather than MetS. This explanation is plausible because IR is the principal cause of cellular
disturbances in MetS.12 Furthermore, most individuals with MetS generally also have IR.3
Taken together, the results of this study suggest that the association between Cy, and MetS is
explained by other factors such as IR.

The association between Cy, and IR may be related, at least in part, to the underlying
disruptions to the cell membrane that occur in IR. Cy is a reflection of the health and
function of cell membranes (e.g., membrane polarization, porosity, thickness, and integrity),
which are essential regulators of insulin action and an important site of insulin resistance.
11,12.27|R s characterized by lower membrane fluidity, higher saturation, increased cell
volume/surface area (skeletal muscle and adipose tissue), higher resting membrane potential,
and lower hydration status.17-21:30 Therefore, it is plausible that these factors would lead to
higher Cy in those with I1R.31-33 Some conditions that are co-morbid to IR, such as those of
MetS may exert similar effects on the membrane.28:29 Therefore, future studies are needed
to examine the specific mechanisms by which IR would influence Cy, and determine the
sensitivity and specificity of the association between Cy, and IR.

The interpretation of this study’s findings should be made considering some limitations.
First, this is a cross-sectional analysis of national survey data; therefore, causality could not
be determined. Second, this study’s results may not be generalizable to persons with
advanced age or higher body weight because NHANES only collected BIS data for adults
less than 50 years old (range: 18-49) and under 300 Ibs. (BMI range:15 to 49 kg/m?). Third,
our analyses selected participants from the NHANES fasting subsample; however, some BIS
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data may not have been collected under fasting conditions. It is unclear to what extent this
may have influenced results. Fourth, we were unable to account for the menstrual cycle or
birth control usage among women, which may have influenced BIS measurements.34 Lastly,
the dataset did not account for supplemental use of calcium, chloride, magnesium, and
sodium and several other water-soluble vitamins (e.g., vitamin €) that could affect hydration
status and electrolyte balance.

Our study has several strengths, despite its limitations. This study investigated an innovative
and novel application for BIS, which is an existing technology that is affordable, easily
accessible, and clinically-accepted. This study stringently tested hypotheses in a sample of
relatively healthy adults that included an appropriate representation across sex and racial/
ethnic groups. Lastly, our analyses rigorously adjusted for potential confounders and
considered evidence from literature from electrophysiology and pathophysiology to support
our inferences about Cy.

With further investigation, measuring Cy, with BIS could be a cost-effective, non-invasive,
and potentially high-throughput method for IR screening. Currently, IR screening is mostly
not performed in patient-care settings due to a lack of clinically suitable methods.3%:3¢ The
results of this study suggest that a bioimpedance approach may detect bioelectrical variation
in apparently healthy adults with IR. In this study, we found that the association between Cy
and IR, as reflected in the area under the ROC curves (0.80 for women; 0.79 for men) is
similar to that observed between IR and more invasive surrogate measures such as fasting
insulin and triglycerides.3 Collectively, the results of this study indicate that further research
into Cy is warranted.

This study should be followed up with further rigorous studies to inform on the
reproducibility and validity of the association between Cy; and IR. Therefore, future studies
should 1) evaluate Cp, against a more accurate measure of insulin sensitivity, such as would
be given by the euglycemic clamp; 2) quantify the effects of hydration status and total body
water taken by rigorous methods on Cy; 3) verify clinical cut-offs and explore the need for
race/ethnicity- and age-specific cut-offs; 4) evaluate the reliability of the association
between Cy, and IR with longitudinal studies and currently available BIS instruments.

Altogether, we determined that higher Cy, is significantly associated with IR in relatively
healthy men and women. Cy, was not elevated in those with MetS by its clinical diagnostic
criteria when isolated from IR, indicating that higher Cy, is specific to IR. The results of this
study provide the first evidence that with further studies, Cy, has the potential to be used in
the future as a non-invasive indicator of IR in men and women without chronic disease.
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Study Importance
. What is already known about this subject?

- Bioelectrical impedance spectroscopy (BIS) can be used to
investigate the cellular health and fluid status of cells and tissues by
non-invasively passing alternating current through the body.

- Membrane capacitance (Cy,) is formally the ratio of charge to
potential across a cell membrane. Cy, measures the ability for cell
membranes within the path of an applied current to store electrical
charge and reflects the membrane’s structural integrity and substrate/
electrolyte transport.

. What does your study add?

- Higher Cy, is associated with insulin resistance (IR), defined as a
homeostatic model assessment of insulin resistance (HOMA-IR) >
2.6) in relatively healthy men and women.

- Cw is linearly associated with HOMA-IR, waist circumference, and
fasting insulin. These associations are independent of age, sex, race/
ethnicity, height, fat mass, and lean mass.

. How might your results change the direction of research or the focus of
clinical practice?

- The results of this study indicate that further investigation of the
association between Cp, and insulin resistance is warranted.
Measuring Cy, could be a potential approach to detect cell
membrane dysfunction associated with IR. However, given that this
is the first study to investigate this association, further rigorous
studies must be performed to guide clinical applications.
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Figure 1.
ANCOVA comparing the membrane capacitance (Cy,) of women and men with low/no

CMD risk (reference groups) to those in groups with increased CMD risk: metabolic
syndrome (MetS), insulin resistance (IR), and insulin resistance and metabolic syndrome (IR
+ MetS). A) Model 1 adjusted for height2and intracellular resistance (R)); and B) Model 2
adjusted for height?, R), age, African-American race/ethnicity, Mexican American race/
ethnicity, DXA lean masst, DXA fat mass*, medication use, smoking, and alcohol use.

Data are expressed as the least-squares adjusted mean * standard error.

** 1< 0.001 versus the low/no-risk group; *** p < 0.0001 versus the low/no-risk

¥ variable is log-transformed.

Abbreviations: nF, nanoFarads; DXA, Dual-x-ray-absorptiometry.
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Figure 2.
Receiver operating characteristic (ROC) curves for membrane capacitance (Cy) as a

predictor of insulin resistance (black lines) and metabolic syndrome (grey lines). ROC
models are adjusted for height? and intracellular resistance (R)). The area under the curves
(AUC) are shown for A) women [IR: AUC = 0.80 (95%CI = 0.77 — 0.84); MetS: AUC =
0.75 (95%CI1 = 0.71 — 0.79)] and B) men [IR: AUC = 0.79 (95%CI = 0.76 — 0.82); MetS:
AUC = 0.67 (95%CI = 0.63 - 0.70)].
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Multiple Linear Regression Results For Membrane Capacitance (Cpy)

Table 2.

Model 1 Standardized B (p-value)

Model 2 Standardized B (p-value)

Clinical Measures Women Men Women Men

HOMA-IR # 0.15 (<0.0001)  0.12 (<0.0001)  0.11 (0.0007) 0.06 (0.0381)
Fasting Insulin, uU/ml # 0.14 (<0.0001)  0.12(<0.0001) 0.10 (0.0020) 0.05 (0.0385)
Fasting Glucose, mg/dl 0.10 (<0.0001) 0.06 ( 0.0022) 0.07 (0.0026) 0.02 (0.2684)
Waist Circumference, cm 0.18 (<0.0001)  0.18 (<0.0001) 0.13 (0.0289) 0.17 (0.0102)
Systolic Blood Pressure, mmHg 0.02 (0.2936) 0.04 (0.0624) -0.04 (0.1117) -0.00 (0.8509)
Diastolic Blood Pressure, mmHg 0.05 (0.0406) 0.07 (<0.0001) 0.00 (0.6792) 0.00 (0.1839)
Fasting Triglycerides, mg/dI # 0.05 (0.0546) 0.08 (<0.0001) 0.05 (0.0528) 0.03 (0.0574)
HDL-C, mg/dl -0.03(0.1946)  —0.03 (0.0427) 0.0 (0.9473) 0.00 (0.8354)

Model 1 is adjusted for height2 and intracellular resistance (R]).

Page 17

Model 2 is adjusted for heightz, R|, age, African-American race/ethnicity, Mexican American race/ethnicity, DXA lean mass, DXA fat mass*,

medication use, smoking,

and alcohol.

£ . .
indicates that variable is log-transformed.

Bold values indicate statistical significance, p < 0.05.

Abbreviations: HOMA-IR, homeostasis model assessment of insulin resistance; HDL-C, High density lipoprotein cholesterol; DXA, dual-x-ray-

absorptiometry.
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