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Background: To date, body composition assessments in Hispanics, computed
via bioimpedance devices, have primarily focused on body fat percent, fat mass,
and fat-free mass instead of total body water (TBW). Additionally, virtually no
information is available on which type of bioimpedance device is preferred for
TBW assessments in Hispanic populations.

Purpose: The purpose of this study was to validate two bioimpedance devices for
the estimate of TBW in Hispanics adults when using a criterion deuterium oxide
(D,0O) technique.

Methods: One-hundred thirty individuals (males: n=70; females: n=60) of
Hispanic descent had TBW estimated via D,0O, single-frequency bioimpedance
analysis ([SF-BIA] Quantum V, RJIL Systems) and bioimpedance spectroscopy
(BIS] SFB7 Impedimed).

Results: The mean values for SF-BIA were significantly lower than D,O when
evaluating the entire sample (374 L and 38.2 L, respectively; p <0.05). In contrast,
TBW values were not statistically significant when comparing D,O against BIS
(384L, p>0.05). Bland—Altman analysis indicated no proportional bias when
evaluating the entire sample for SF-BIA or BIS. The standard error of estimate
and total error values were <2.3L and Lin's concordance correlation coefficient
were > 0.96 for all comparisons.

Conclusion: The SF-BIA and BIS devices evaluated in the current study hold
promise for accurate estimation of TBW in Hispanic adults. While both methods
demonstrated relatively low errors relative to the D,O criterion, BIS exhibited
a more consistent performance, particularly at the group level. These findings
provide essential information for researchers and clinical nutrition practitioners
assessing TBW in Hispanic adults.

hydration, BIA, dilution, body composition, fat-free mass, lean mass

Introduction

Multi-compartment models are highly regarded for body composition assessments due to
the ability to account for the aqueous content of fat-free mass (1-3). For example, previous
research has shown that fat-free mass hydration varies between 68-81% (4). As a result, total
body water (TBW) is an important metric to consider when seeking to quantify body
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composition in more sophisticated multi-compartment models. The
reference standard for laboratory based TBW measurements is
deuterium oxide (D,0). Although highly desired, administering D,O
is time-consuming (4-6h.), expensive, and requires a high level of
technical expertise. As a result, the use of D,O outside of a well-funded
research laboratory is impractical. Consequently, the assessment of
TBW via simpler bioimpedance-based methods is a more
feasible approach.

Conventional hydration assessments in clinical care have been
determined via single-frequency bioimpedance analysis (SF-BIA). This
method simply involves the use of gel electrodes and leads that can
be connected to a portable bioimpedance device. Once configured, an
electrical signal is sent through the body at 50kHz to measure body
impedance (resistance and reactance). Afterwards, total body water
(TBW) measurements can be obtained via SF-BIA based on the
assumption that the electrical current primarily travels through water.
While SE-BIA is convenient for quick hydration assessments, other
bioimpedance methods have been developed due to limitations such
as the use of regression equations to estimate TBW. Accordingly,
sophisticated bioimpedance technology has led to the development of
bioimpedance spectroscopy (BIS), which employs Cole modeling (5)
and mixture theories (6), instead of equations. This advancement has
prompted the idea that BIS is more accurate than SF-BIA. Despite these
assertions, a thorough evaluation of SF-BIA and BIS across a single
time-point remains elusive, particularly among Hispanic populations.

The assessment of bioimpedance devices in Hispanics has
primarily focused on body fat percent, fat mass, and fat-free mass
instead of TBW (7, 8). For example, Nickerson and Snarr (9) observed
moderate-to-strong proportional bias when comparing a multi-
frequency bioimpedance device against dual energy X-ray
absorptiometry in Hispanic adults. The error in previous research is
likely attributed to deviations in fat-free mass hydration values from
the assumed constant of 73.8% that bioimpedance devices employ
when estimating body composition (10). For instance, Hispanics
fat-free mass hydration values have been found to range from 63.76-
79.55% (11). Accordingly, these findings highlight the importance of
including a measure of TBW when seeking to estimate body
composition in Hispanic adults. However, research is lacking in this
area. Additionally, there is no agreement on whether BIS is preferred
over SF-BIA for TBW measurements when D,O is unavailable in a
Hispanic population. Therefore, the purpose of this study was to
validate two bioimpedance devices (SE-BIA and BIS) for the estimate
of TBW in Hispanics adults when using a criterion D,0O technique.

Materials and methods
Participants

One-hundred thirty individuals (males: n="70; females: n=60) of
Hispanic descent had body composition estimated via D,O, SF-BIA,
and BIS. Recruitment occurred via flyers, word of mouth, and
classroom recruitment. Inclusion criteria consisted of Hispanic
females and males that were: (1) 18-65years of age and apparently
healthy (i.e., free from orthopedic disorders and who had no known
signs or symptoms of cardiovascular, pulmonary, or metabolic
diseases), (2) < 350 lbs., and (3) did not have conditions or take
medications that may affect body composition. Participants were
asked to complete an overnight fasting protocol, which consisted of

Frontiers in Nutrition

10.3389/fnut.2023.1221774

not eating or drinking 8h prior to participation and to also avoid
exercise 24h before testing. Prior to testing, participants provided
written informed consent and completed a self-reported medical
history questionnaire to ensure inclusion criteria were met. This study
was conducted according to the guidelines laid down in the
Declaration of Helsinki and all procedures involving human subjects
were approved by the Institutional Review Board of the host university
(IRB # 2016-10-16).

Procedures

Upon completion of the informed consent and medical history
questionnaire, participants’ hydration status was assessed from a urine
sample using a handheld refractometer. Urine specific gravity (USG)
values <1.029 were required for inclusion in this analysis (12). After
assessing hydration, height was measured (to the nearest 0.1 cm) with
a stadiometer that has a maximum capacity of 205cm (SECA 213,
Seca Ltd., Hamburg, Germany).

Deuterium oxide

Criterion TBW was conducted using D,O (99.8% 2H, Cambridge
Isotope Laboratories, Inc., Andover, MA, United States). Prior to D,O
ingestion, urine samples were collected from all participants. Each
participant was instructed to void their bladders as much as possible.
Urine samples obtained during this time point were used for baseline
analysis. After voiding the bladder completely, participants ingested ~
11 grams of D,0 along with a 100 mL rinse of deionized water. The
exact amount of D,0O ingested for each participant was recorded.
Subjects were then asked to void their bladder at 3.5h to clear the
bladder of any urine that had not been completely diluted. Next,
subjects waited another 30 min and were instructed to provide a post-
urine sample at 4h. Participants were asked to remain in the Body
Composition Laboratory during the 4h equilibration period to ensure
that eating, physical exertion, and other factors that can impact results
did not occur prior to the post-urine sample collection. Urine-diluted
D,0 was analyzed in triplicate using an isotope-ratio mass
spectrometer at an independent laboratory (Metabolic Solutions, Inc.,
Nashua, NH). Isotope abundances in the urine was calculated
following the method of Wong et al. (13). Total body water was
calculated from the dilution of isotopic water and corrected for the
exchange of D,0 with nonaqueous tissue.

Single-frequency bioimpedance analysis

Subjects had their TBW measured with SF-BIA (Quantum V, RJL
systems, Clinton MI). For SF-BIA testing, the subjects’ right and left
shoe and sock were removed, and their arms were placed >30° away
from the body with legs separated and not touching. Excess hair at
electrode sites was removed and the skin was cleaned with alcohol
pads and dried prior to electrode placement. Surface electrodes were
placed on the right and left wrist beside the ulnar head and on the first
joint of the middle finger. Surface electrodes were also placed on the
right and left foot beside the medial malleolus and on the base of the
second toe. Next, leads were attached to the eight electrodes and a
single-frequency (i.e., 50kHz) whole-body impedance measurement
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was obtained for each subject to calculate TBW. All TBW
measurements were computed using the built-in SF-BIA algorithm.

Bioimpedance spectroscopy

Subject’s TBW was also determined via BIS (Imp™ SFB7,
ImpediMed Limited, Queensland, Australia). Testing occurred
immediately after SF-BIA scans. For testing, the subjects’ right shoe
and sock remained off and their arms placed >30° away from the body
with legs separated and not touching. Two single tab electrodes were
placed at the distal end of the subject’s (1) right wrist and hand and (2)
right ankle and foot, with 5 cm between each set of electrodes in order
measure TBW. The BIS device employed 256 frequencies based upon
Cole modeling (5) and mixture theories (6) rather than regression
equations. Lastly, the TBW measurements were computed using the
inherent BIS calculation.

Statistical analysis

For all analyses, the D,0O TBW value was considered as the
criterion measure, with alternate TBW estimates provided by BIS and
SE-BIA. All analyses were performed in the entire sample (n=130), as
well as females (1=70) and males (n=60) individually. Traditional
null hypothesis significance testing was performed through one-way
analysis of variance and follow-up pairwise comparisons with Tukey
adjustment. Additionally, equivalence testing was performed with 90%
confidence limits for two one-sided t-tests (TOST) to assess whether
each individual bioimpedance method demonstrated equivalence with
D,0, using a+ 1-liter equivalence region (14).

Bland-Altman analysis was performed, Bland and Altman (15)
including generation of the 95% limits of agreement and linear
regression to allow for examination of proportional bias (i.e., a slope
differing from 0). Ordinary least squares regression was performed to
compare the slope and intercept of the linear relationship observed
between methods to the line of identity (i.e., a perfect linear
relationship, with an intercept of 0 and slope of 1). Additional validity
metrics were also considered. The constant error (CE) was calculated
as the mean of the individual differences in TBW between D,O and
each bioimpedance technique, and total error (TE) was calculated as
the root mean square error between D,0O and each bioimpedance
technique. Standard error of the estimate (SEE) was defined as the
residual standard error value from ordinary least squares regression.
Other values of interest included Lins concordance correlation
coefficient (CCC), Pearsons correlation coefficient (r), and the
coefficient of determination (R?).

All data analysis was performed using R (v. 4.1.2) and the
software packages afex (v 1.0-1), emmeans (v. 1.7.2), TOSTER (v.
0.4.0), and DescTools (v. 0.99.44) (16-20). Statistical significance was
accepted at p<0.05.

Results

All participants

In the entire sample (n=130; Table 1), TBW estimates significantly
differed by method (p<0.001 via one-way ANOVA). Follow up
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TABLE 1 Participant characteristics.

Females Males

Altln =130 _70) (n = 60)

Mean SD Mean SD Mean SD
Height (cm) 166.6 8.8 160.7 5.8 173.4 6.2
Weight (kg) 782 17.8 72.1 16.5 85.4 16.7
BMI (kg/m?) 28.1 5.8 27.9 63 283 5.1
Age (y) 292 113 30.0 11.2 282 115
D20 (g) 10.9 02 10.9 02 10.9 0.1
Waist (cm) 91.0 15.5 88.5 16.5 93.9 13.9
Hip (cm) 104.7 10.8 105.8 11.8 103.6 9.3
BIS TBW (L) 38.4 83 32.9 5.1 44.8 6.5
SFBIA TBW (L) 374 82 316 45 44.1 6.3
D,0 TBW (L) 382 7.9 326 46 447 57

D0, deuterium oxide; BIS, bioimpedance spectroscopy; SE-BIA, single-frequency
bioelectrical impedance analysis; TBW, total body water.

pairwise comparisons indicated differences when comparing SF-BIA
against D,O (p=0.0003) and BIS (p <0.0001). No differences were
found for other comparisons (p>0.48 for all). Additionally, BIS
(p<0.0001, Figure 1A), but not SF-BIA (p=0.16, Figure 1B)
demonstrated equivalence with D,O for TBW estimates. For BIS, the
slope and intercept of the best fit line did not significantly differ from
the line of identity (Figure 2A); additionally, Bland-Altman analysis
indicated no proportional bias (Figure 3A). For SE-BIA, the slope and
intercept of the best fit line did not significantly differ from the line of
identity (Figure 2B); additionally, Bland-Altman analysis indicated no
proportional bias (Figure 3B). CE values were < 1 L for both methods,
with CCC values >0.96, and SEE and TE values <2.3L.

Females

In females (n=70), TBW estimates significantly differed by
method (p<0.001 via one-way ANOVA). Follow up pairwise
comparisons indicated differences when comparing SF-BIA against
D,0 (p=0.0001) and BIS (p <0.0001). No differences were found for
other comparisons (p>0.19 for all). Additionally, BIS (p=0.002,
Figure 1C), but not SF-BIA (p=0.50, Figure 1) demonstrated
equivalence with D,O for TBW estimates. For BIS, the slope and
intercept of the best fit line did not significantly differ from the line of
identity (Figure 2C); however, Bland-Altman analysis indicated slight
proportional bias (Figure 3C). For SF-BIA, the intercept of the best fit
line did not significantly differ from the line of identity, but the slope
differed from 1 (Figure 2D); however, Bland-Altman analysis
indicated no proportional bias (Figure 3D). CE values were< 1L for
both methods, with CCC values >0.90, and SEE and TE values <2.1%.

Males

In males (n=60), TBW estimates did not significantly differ by
method (p=0.10 via one-way ANOVA). BIS (p=0.002, Figure 1E), but
not SF-BIA (p=0.11, Figure 1F) demonstrated equivalence with D,O
for TBW estimates. For BIS, the slope and intercept of the best fit line
did not significantly differ from the line of identity (Figure 2E);
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FIGURE 1
Equivalence testing. In each panel, the distribution of mean differences is displayed, along with confidence intervals. The entirety of a 90% two one-
sided t-tests (TOST) interval being contained within the specified equivalence region (+1 liter) indicates statistical equivalence between the deuterium
oxide criterion and a given bioimpedance technique. Results for the entire sample (n = 130) are displayed for (A) BIS (ImpediMed SFB7) and (B) SF-BIA
(RIL Quantum V); results for females only (F; n=70) are displayed for (C) BIS and (D) SF-BIA; and results for males only (M; n = 60) are displayed for
(E) BIS and (F) SF-BIA.

however, Bland-Altman analysis indicated slight proportional bias
(Figure 3E). For SE-BIA, the slope and intercept of the best fit line did
not significantly differ from the line of identity (Figure 2F);
additionally, Bland-Altman analysis indicated no proportional bias
(Figure 3F). CE values were < 0.6 L for both methods, with CCC values
>0.90, and SEE and TE values <2.6%.

Discussion

A greater proportion of Hispanic adults exhibit overweight or
obesity as compared to those who are non-Hispanic (82.0% in
Hispanic vs. 49.6 to 75.7% in non-Hispanic White, Black, and Asian
adults, based on 2015-2018 data from the United States) (21).
However, due to limitations of body mass index for evaluation of
adiposity (22), consideration of body composition characteristics is
warranted. While bioimpedance is a convenient option for body
composition monitoring, it has been noted that the validity of
bioimpedance in Hispanic populations is yet to be thoroughly
evaluated, with most existing comparisons utilizing non-criterion
comparison methods (23). As bioimpedance body composition
applications typically rely on the estimation of TBW followed by
subsequent prediction of body fat and fat-free mass (24), examining
the validity of bioimpedance-based TBW estimates in Hispanics is an
essential first step to establishing bioimpedance as valid assessment
method in this population.

In the present analysis, the validity of default TBW estimates from
two distinct, commercially available bioimpedance technologies was
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examined in Hispanic adults. The primary findings were: (1) in the
entire sample, BIS demonstrated the best performance for TBW
estimation, as indicated by statistical equivalence and no significant
difference from D,0, no deviation from the line of identity, and no
proportional bias; when separated by sex, these features were also
seen, except for the presence of slight proportional bias (slopes of 0.10
t0 0.13) and (2) in all analyses, SF-BIA failed to demonstrate statistical
equivalence and differed significantly from D,0O, but best fit lines
typically did not deviate from the line of identity; additionally,
proportional bias was not observed in any analysis. When examining
additional validity metrics, both bioimpedance methods demonstrated
relatively low error relative to D,0 (CE<1L, CCC>0.96, SEE and
TE<2.3L, and LOA <4.3L in the entire sample). Collectively, these
results suggest that both bioimpedance devices analyzed in the current
study hold promise for accurately estimating TBW in groups of
Hispanic adults, but that BIS demonstrated the best overall
performance in the present analysis.

Although Hispanics have traditionally been underrepresented in
body composition methodology research, select works have reported
the agreement between body composition technologies or described
body composition characteristics of Hispanic populations (9, 11, 23,
25). Several of these studies have demonstrated sex differences in the
performance of bioimpedance technologies in Hispanic populations,
with greater errors in females as compared to males (9, 26). These
findings provided the rationale for examining sex differences in the
present analysis; however, with minor exception, performance of the
selected bioimpedance technologies were similar in males and females
in the present study. This is notable as prior work demonstrating sex
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FIGURE 2
Line of identity comparisons. In each panel, the ordinary least squares regression line indicating the performance of both bioimpedance devices for
estimating total body water (TBW) as compared to the line of identity (i.e., perfect agreement with the deuterium oxide criterion) is displayed. The
shaded regions indicate the 95% confidence limits for the regression line. Constant error (CE), regression line equations, standard error of the estimate
(SEE), coefficient of determination (R?), total error (TE), and Lin's concordance correlation coefficient (CCC) are also presented. Results for the entire
sample (n = 130) are displayed for (A) BIS (ImpediMed SFB7) and (B) SF-BIA (RIL Quantum V); results for females only (n = 70) are displayed for (C) BIS
and (D) SF-BIA; and results for males only (n = 60) are displayed for (E) BIS and (F) SF-BIA.

differences compared bioimpedance-based body composition  used or sex differences in fat-free mass properties that could have

estimates to those derived from dual-energy X-ray absorptiometry (9,  introduced errors when predicting fat-free mass from TBW (11, 25).
26), which is a limitation compared to multi-compartment models ~ While outside the scope of the present work, deviation from assumed
including TBW estimates (3, 4, 27). In contrast, the present study  values of certain body components, such as fat-free mass hydration,
employed a criterion estimate of TBW, indicating the previously  in specific racial or ethnic groups necessitates race-specific evaluation

documented sex differences could be due to the comparison method  of commonly used assessment methods (7-9, 11, 25). Finally,
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FIGURE 3

males only (n = 60) are displayed for (E) BIS and (F) SF-BIA.

Bland—Altman analysis. In each panel, the relationship between the average of the total body water estimates of a given bioimpedance device and the
reference deuterium oxide (D,0O) method (x-axis) and the difference in the estimate from the bioimpedance device minus that of the deuterium
method (y-axis) is displayed. The linear regression line and associated 95% confidence limits, indicated by the shaded regions, indicate the degree of
proportional bias. Horizontal dashed lines indicate the upper and lower limits of agreement (LOA), and the horizontal solid line indicates the constant
error between methods. Linear regression equations and 95% LOA values are also displayed. Results for the entire sample (n = 130) are displayed for
(A) BIS (ImpediMed SFB7) and (B) SF-BIA (RIL Quantum V); results for females only (n = 70) are displayed for (C) BIS and (D) SF-BIA; and results for

characteristics of the Hispanic populations in existing research have
varied, with some works including Hispanic individuals of Caribbean
origin (26) and others, including the present study, predominantly
evaluating Mexican-Americans (9).

Although the present results support the use of select bioimpedance
technologies for TBW estimation in Hispanic adults, these conclusions
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should not be indiscriminately applied to all bioimpedance
technologies due to differences in physical characteristics and TBW
estimation algorithms (28, 29). For instance, the posture used during
bioimpedance assessments (supine vs. standing) has been demonstrated
to influence raw bioelectrical properties (28, 30). Notably, the current
study used two bioimpedance devices that require lying supine during
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testing. Although SF-BIA and BIS demonstrated strong group-level
performance relative to D,O in the present analysis, it is unknown
whether these findings extend to bioimpedance devices that require
standing during testing. Accordingly, the accuracy of octopolar
bioimpedance devices that require standing should be further evaluated
in a Hispanic population for the estimation of TBW.

Strengths of the present investigation include the use of the
criterion D,0 method for TBW estimation, the use of two
commercially available bioimpedance analyzers representing a range
of specific technologies (BIS and SF-BIA), and the recruitment of an
understudied population. Limitations include a lack of direct
comparison with other racial/ethnic groups and the use of a single
testing site, which could potentially limit the generalizability of these
findings to some contexts. The focus of the present analysis was the
validation of default TBW estimates produced by two commercially
available bioimpedance technologies, and the strong performance may
indicate a lack of need for Hispanic-specific TBW prediction
equations. Nonetheless, additional exploration of this question in
additional samples is warranted before definitive conclusions should
be established.

In conclusion, two commercially available bioimpedance
technologies hold promise for accurate estimation of TBW in Hispanic
adults. While both methods demonstrated relatively low errors relative
to the D,O criterion, BIS exhibited better performance than SF-BIA,
particularly at the group level. Nonetheless, SF-BIA performed well as
assessed by several metrics, such as demonstrating a lack of
proportional bias, systematic differences in TBW estimates were
observed. However, both technologies demonstrated relatively low
error that may be acceptable in some settings. These findings provide
clinical nutrition

essential information for researchers and

practitioners assessing TBW in Hispanic adults.

Data availability statement

The raw data supporting the conclusions of this article will
be made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by Texas A&M
International University. The studies were conducted in accordance
with the local legislation and institutional requirements. The

References

1. Esco MR, Nickerson BS, Fedewa MV, Moon JR, Snarr RL. A novel method of
utilizing skinfolds and bioimpedance for determining body fat percentage via a field-
based three-compartment model. Eur ] Clin Nutr. (2018) 72:1431-8. doi: 10.1038/
541430-017-0060-3

2. Moon JR, Eckerson JM, Tobkin SE, Smith AE, Lockwood CM, Walter AA, et al.
Estimating body fat in NCAA division I female athletes: a five-compartment model
validation of laboratory methods. Eur ] Appl Physiol. (2009) 105:119-30. doi: 10.1007/
s00421-008-0881-9

3. Nickerson BS, Narvaez SV, Juarez MI, Czerwinski SA. Effect of total body water
estimates via bioimpedance on bod pod-based three-compartment body fat models. Eur
J Clin Nutr. (2022) 76:581-7. doi: 10.1038/s41430-021-00982-7

Frontiers in Nutrition

10.3389/fnut.2023.1221774

participants provided their written informed consent to participate in
this study.

Author contributions

BN designed the study and collected the data for analysis. GT
analyzed and interpreted the data. BN and GT wrote the manuscript
with input from CS, K-SP, ME, AM, and SC. All authors contributed
to the article and approved the submitted version.

Funding

Research reported in this publication was supported by the
National Institute of General Medical Sciences of the National
Institutes of Health under Award Number SCIGM135099. The
content is solely the responsibility of the authors and does not
necessarily represent the official views of the National Institutes
of Health.

Acknowledgments

The authors would like to acknowledge Rocio Gallegos for her
efforts in the administrative assistance and data collection of the
current study. The authors have no potential, perceived, or real
conflicts of interest to disclose.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

4. Wang Z, Deurenberg P, Guo SS, Pietrobelli A, Wang J, Pierson R Jr, et al. Six-
compartment body composition model: inter-method comparisons of total body fat
measurement. Int J Obes Relat Metab Disord. (1998) 22:329-37. doi: 10.1038/sj.
ij0.0800590

5. Cole KS. Permeability and impermeability of cell membranes for ions. Cold Spring
Harb Symp Quant Biol. (1940) 8:110-22. doi: 10.1101/SQB.1940.008.01.013

6. Hanai T. (1968). Electrical properties of emulsions in emulsion science. Sherman PH:
New York, NY, USA. 354-477.

7. Beeson WL, Batech M, Schultz E, Salto L, Firek A, Deleon M, et al. Comparison of
body composition by bioelectrical impedance analysis and dual-energy X-ray
absorptiometry in Hispanic diabetics. Int ] Body Compos Res. (2010) 8:45-50.

frontiersin.org


https://doi.org/10.3389/fnut.2023.1221774
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://doi.org/10.1038/s41430-017-0060-3
https://doi.org/10.1038/s41430-017-0060-3
https://doi.org/10.1007/s00421-008-0881-9
https://doi.org/10.1007/s00421-008-0881-9
https://doi.org/10.1038/s41430-021-00982-7
https://doi.org/10.1038/sj.ijo.0800590
https://doi.org/10.1038/sj.ijo.0800590
https://doi.org/10.1101/SQB.1940.008.01.013

Tinsley et al.

8. Gibson AL, Holmes JC, Desautels RL, Edmonds LB, Nuudi L. Ability of new
octapolar bioimpedance spectroscopy analyzers to predict 4-component-model
percentage body fat in Hispanic, black, and white adults. Am J Clin Nutr. (2008)
87:332-8. doi: 10.1093/ajcn/87.2.332

9. Nickerson BS, Snarr RL. Proportional bias of multifrequency bioimpedance
analysis is larger in Hispanic females than males. Nutr Res. (2022) 103:40-6. doi:
10.1016/j.nutres.2022.03.007

10. Brozek ], Grande F, Anderson JT, Keys A. Densitometric analysis of body
composition: revision of some quantitative assumptions. Ann N Y Acad Sci. (1963)
110:113-40. doi: 10.1111/j.1749-6632.1963.tb17079.x

11. Nickerson BS, Tinsley GM, Fedewa MV, Esco MR. Fat-free mass characteristics of
Hispanic adults: comparisons with non-Hispanic caucasians and cadaver reference
values. Clin Nutr. (2020) 39:3080-5. doi: 10.1016/j.cInu.2020.01.013

12. Armstrong LE. Assessing hydration status: the elusive gold standard. ] Am Coll
Nutr. (2007) 26:5755-84S. doi: 10.1080/07315724.2007.10719661

13. Wong WW, Lee LS, Klein PD. Deuterium and oxygen-18 measurements on
microliter samples of urine, plasma, saliva, and human milk. Am J Clin Nutr. (1987)
45:905-13. doi: 10.1093/ajcn/45.5.905

14. Dixon PM, Saint-Maurice PE, Kim Y, Hibbing P, Bai Y, Welk GJ. A primer on the
use of equivalence testing for evaluating measurement agreement. Med Sci Sports Exerc.
(2018) 50:837-45. doi: 10.1249/MSS.0000000000001481

15. Bland JM, Altman DG. Statistical methods for assessing agreement between two
methods of clinical measurement. Lancet. (1986) 1:307-10.

16. Lakens D. Equivalence tests: a practical primer for ¢-tests, correlations, and meta-
analyses. Soc Psychol Personal Sci. (2017) 8:355-62. doi: 10.1177/1948550617697177

17. Singmann H, Bolker B, Westfall ], Aust F, Ben-Shachar MS. (2020). Afex: analysis
of factorial experiments, 2021. R package version, 1-0.

18. Lenth R, Singmann H, Love ], Buerkner P, Herve M. (2019). Computer Software:
Emmeans - estimated marginal means, aka least-squares means (R package version 1.5. 1.).

19. Andri S, Ken A, Andreas A, Nanina A, Tomas A, Chandima A, et al. (2021).
DescTools: tools for descriptive statistics. R package version 0.99, 43.

20. R Core Team. R: a language and environment for statistical computing. Vienna,
Austria: R Foundation for Statistical Computing (2021).

Frontiers in Nutrition

08

10.3389/fnut.2023.1221774

21. Centers for Disease Control and Prevention. (2015). Normal weight, overweight,
and obesity among adults aged 20 and over, by selected characteristics: United States,
selected years 1988-1994 through 2011-2014. National Center for Health Statistics, Office
of Analysis and Epidemiology.

22. Gonzalez MC, Correia M, Heymsfield SB. A requiem for BMI in the clinical
setting. Curr Opin Clin Nutr Metab Care. (2017) 20:314-21. doi: 10.1097/
MCO.0000000000000395

23. Blue MNM, Tinsley GM, Ryan ED, Smith-Ryan AE. Validity of body-composition
methods across racial and ethnic populations. Adv Nutr. (2021) 12:1854-62. doi:
10.1093/advances/nmab016

24. Kyle UG, Bosaeus I, De Lorenzo AD, Deurenberg P, Elia M, Gémez JM, et al.
Bioelectrical impedance analysis? Part I: review of principles and methods. Clin Nutr.
(2004) 23:1226-43. doi: 10.1016/j.clnu.2004.06.004

25. Tinsley GM, Smith-Ryan AE, Kim Y, Blue MNM, Nickerson BS, Stratton MT, et al.
Fat-free mass characteristics vary based on sex, race, and weight status in US adults. Nutr
Res. (2020) 81:58-70. doi: 10.1016/j.nutres.2020.07.002

26. Forrester JE, Sheehan HM, Joffe TH. A validation study of body composition by
bioelectrical impedance analysis in human immunodeficiency virus (HIV)-positive and
HIV-negative Hispanic men and women. ] Am Diet Assoc. (2008) 108:534-8. doi:
10.1016/j.jada.2007.12.003

27. Tinsley GM. Five-component model validation of reference, laboratory and field
methods of body composition assessment. Br J Nutr. (2021) 125:1246-59. doi: 10.1017/
$0007114520003578

28. Dellinger JR, Johnson BA, Benavides ML, Moore ML, Stratton MT, Harty PS, et al.
Agreement of bioelectrical resistance, reactance, and phase angle values from supine and
standing bioimpedance analyzers. Physiol Meas. (2021) 42:035003. doi:
10.1088/1361-6579/abe6fa

29. Stratton MT, Smith RW, Harty PS, Rodriguez C, Johnson BA, Dellinger JR, et al.
Longitudinal agreement of four bioimpedance analyzers for detecting changes in raw
bioimpedance during purposeful weight gain with resistance training. Eur J Clin Nutr.
(2021) 75:1060-8. doi: 10.1038/s41430-020-00811-3

30. Tinsley GM, Stratton MT, Harty PS, Williams AD, White SJ, Rodriguez C, et al.
Influence of acute water ingestion and prolonged standing on raw bioimpedance and
subsequent body fluid and composition estimates. | Electr Bioimpedance. (2022)
13:10-20. doi: 10.2478/joeb-2022-0003

frontiersin.org


https://doi.org/10.3389/fnut.2023.1221774
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://doi.org/10.1093/ajcn/87.2.332
https://doi.org/10.1016/j.nutres.2022.03.007
https://doi.org/10.1111/j.1749-6632.1963.tb17079.x
https://doi.org/10.1016/j.clnu.2020.01.013
https://doi.org/10.1080/07315724.2007.10719661
https://doi.org/10.1093/ajcn/45.5.905
https://doi.org/10.1249/MSS.0000000000001481
https://doi.org/10.1177/1948550617697177
https://doi.org/10.1097/MCO.0000000000000395
https://doi.org/10.1097/MCO.0000000000000395
https://doi.org/10.1093/advances/nmab016
https://doi.org/10.1016/j.clnu.2004.06.004
https://doi.org/10.1016/j.nutres.2020.07.002
https://doi.org/10.1016/j.jada.2007.12.003
https://doi.org/10.1017/S0007114520003578
https://doi.org/10.1017/S0007114520003578
https://doi.org/10.1088/1361-6579/abe6fa
https://doi.org/10.1038/s41430-020-00811-3
https://doi.org/10.2478/joeb-2022-0003

	Deuterium oxide validation of bioimpedance total body water estimates in Hispanic adults
	Introduction
	Materials and methods
	Participants
	Procedures
	Deuterium oxide
	Single-frequency bioimpedance analysis
	Bioimpedance spectroscopy
	Statistical analysis

	Results
	All participants
	Females
	Males

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note

	References

