¢

European Journal of Clinical Nutrition (2002) 56, 326-337
© 2002 Nature Publishing Group  All rights reserved 0954-3007/02  $25.00

www.nature.com/ejcn

ORIGINAL COMMUNICATION

Total body water measurement using bioelectrical
impedance analysis, isotope dilution and total body
potassium: a scoring system to facilitate
intercomparison

CH Gonzalez!"?*, JA Evans?, SW Smye2 and P Holland®

' Department of Physics, University of Caldas, Colombia; *Department of Medical Physics, University of Leeds, Leeds, UK; and
3Department of Paediatrics, University of Leeds, Leeds, UK

Objectives: (1) To develop a scale that is useful in evaluating the accuracy of multifrequency bioelectrical impedance analysis
(MF-BIA) in the assessment of body water volumes against the accepted gold standard measurements based on isotope-dilution
and total body potassium (TBK). (2) To perform a pilot test of the scale.

Design: A scale was developed to evaluate the accuracy of MF-BIA in the assessment of body water volumes. Questions were
obtained from reading the scientific literature and discussions involving the four authors. Three of these and two additional
independent readers pre-tested the scale. A weighting was identified for each question and a pilot test with a sample of 10
articles (different to those used for the questionnaire performance) was conducted. A further validation was carried out with a
second set of 20 articles and two additional independent readers.

Results: The kappa statistic expressing the level of agreement between pairs of the first three authors using this scale with 10
articles, was 0.3, 0.4 and 0.6 after the first attempt. A second evaluation after specific changes improved the agreement to 0.8,
0.6 and 0.8. The mean score for 10 articles was 252+ 36 points from a total score of 400 (63 +9%). The evaluation with the
second set of 20 articles resulted in a x of 0.7 from two pairs of authors. The evaluation with two additional reviewers resulted in
ax=0.7.

Conclusion: A tool has been developed to assess the accuracy of the MF-BIA technique and to identify methodological
components, plan future studies and critically evaluate data in this area. It is likely that this tool may also be used to assess the
accuracy of single frequency studies.
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Introduction Wong, 1998). Methods based on bioelectrical impedance

A major challenge in clinical practice is to accurately moni-
tor acute and chronic changes in hydration during various
diseases and their clinical management (Johnson et al, 1996;
Pullicino et al, 1992). Thus, the development of methods for
measuring and monitoring the volume of body water and its
distribution has been of increasing recent interest (Ellis &
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analysis (BIA) or its multifrequency variant (MF-BIA) have
attracted attention because of their low cost and high con-
venience. The validation of these techniques normally
involves using isotope dilution (Brummer et al, 1992) and
total body potassium (TBK) as gold standards (De Lorenzo
et al, 1995). There has been a rapid proliferation of BIA
literature. A search from 1985 to 1990 with the keyword:
‘bioelectrical impedance’ (when Lukaski’s article appeared),
retrieved 73 studies; from 1991 to 1995 there were 271
articles and, from 1996 to 2001, 523 articles. This was only
in Medline database. However there are conflicting and
confusing results and conclusions about its accuracy and
its utility (Schoeller, 1996a). Variability in the quality of BIA
studies may have contributed to these inconclusive and



conflicting findings. Differences of quality across the studies
may indicate that the results of some are more reliable than
those of others. Low quality studies are more likely to
produce incorrect inferences and conclusions regarding the
accuracy and usefulness of BIA. Therefore, evaluation of BIA
should be based on evidence from high-quality studies.

The purpose of this paper was to describe a scale to
evaluate the quality of BIA studies and to define and discuss
the evaluation criteria which might be more generally used.

Scale development methods

The process used to perform our study consisted of eight
steps shown in Figure 1. Steps 1-7 are preparation with the
final evaluation (step 8) following at the end. The details of
steps 1-7 are described below.

1. Literature review to identify key characteristics to be
extracted from each paper through examination of:

a. Key characteristics identified as being paramount in pub-
lished checklists evaluating quality of studies published
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in the health technology assessment literature to identify
general headings for evaluation. (Bland et al, 1985; Cho &
Bero, 1994; Detsky et al, 1992; Khan et al, 1996, Moher
et al, 1995; 1996; NHS Centre for Reviews and Dissemina-
tion, 1996; Oxman, 1994)

b. Possible bias (sampling, diagnostic access, spectrum, co-
intervention, verification, withdrawal, work-up, incor-
poration disease progression, observer variability, diag-
nostic review, test review, clinical review and loss to
follow-up bias (Kelly et al, 1997).

c. Articles about BIA, TBK and dilution techniques standar-
disation (Deurenberg et al, 1988; Kushner et al, 1996;
National Institutes of Health Technology Assessment
Conference Statement, 1994; Schoeller et al, 1985;
Schoeller, 1996b; Lykken et al, 1983).

d. Articles about the use of statistics in scientific literature
(Altman, 1980, 1991; Altman et al, 1983; Emerson &
Colditz, 1983; Gardner et al, 1983; 1986; Jenicek, 1989).

e. Views expressed by the authors who have some knowl-
edge and experience in the area: two medical physicists,
one paediatrician and one physician.

Literature review to identify key characteristics for evaluation of health technology, BIA , TBK and dilution studies

.

Definition of quality

\ 4

Development of a questionnaire for specific BIA evaluation under identified characteristics

y

I

Evaluation of the questionnaire by iterative development using 3 readers

Y

I

Design of a weighting system for each characteristic

questionnaire and a;

Pilot test with small sample to evaluate reproducibility and reliability of the
greement in data collection

Further validation with different studies and with 2 independent readers

'

S

Evaluation of all relevant literature using the refined questionnaire

Figure 1 Scale development process.
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This process resulted in steps 2 and 3 below

2. Definition of quality

Quality as defined for our purposes of evaluating BIA
estimates of fluid volumes was based on the following
subheadings:

Study design.

Bias.

Methodological performance.
Statistical analysis.

an o

3. Development of a questionnaire for specific BIA
evaluation

Under the headings identified above, a questionnaire was
composed consisting of 66 questions. Additionally a form
was developed to extract the data from the articles.

4. Evaluation of the questionnaire by iterative
development using three independent observers

Three authors with different backgrounds (two medical
physicists and one physician studying the BIA technique)
pre-tested the questionnaire three times using 10 articles in
order to decide which questions should remain in the final
questionnaire. Specific suggestions were:

a. To record a ‘No’ when a procedure was specifically
mentioned as not done but ‘Not clear’ if the procedure
was mentioned but without sufficient detail to allow
replication.

b. To split compound questions in order to achieve more
specificity.

c. To eliminate duplication in the questions.

The final questionnaire consists of 21 explicitly defined
questions (Appendix 1). Questions 12 and 13 refer to three
sub-questionnaires about procedures on BIA, dilution and
TBK techniques respectively. Possible responses are: ‘Yes’,
‘No’, ‘Not clear’, or ‘Not applicable’.

The questionnaire was divided into four main sections:

a. Section A examines the design of the study and inclu-
sion/exclusion criteria for its subjects.

b. Section B looks for description of the subjects and how
they were selected.

c. Section C is related to the procedures for carrying out the
BIA and the gold standard techniques.

d. Section D concerns calculations and statistical analysis.

Forty-two percent of questions are related only to the quality
of the research design, 16% to the quality of the report
writing and structure and 42% consider both topics. The
original version of the questionnaire was modified to make it
simpler and more self-explanatory.
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5. Identify weighting for each characteristic

A theoretical weighting scheme was used to score the studies
according to Streiner and Norman (1995). In this case the
weighting scheme was established from an analysis of the
literature and from local experimentation. The following
factors were given heavy weighting: study design; sample
selection; BIA; TBK and dilution procedures, hydration
status; and statistical analysis. Each section was scored on a
continuous scale from 0 to 100 for positive answers. Within a
section each item was weighted according to its impact on
results when data were available in the scientific literature or
when a variable could influence the results in more than one
technique (references used to give the weight for each vari-
ables are at www.medphysics.leeds.ac.uk/~chgc/vienaref.
htm). When the data were not available in the literature,
questions were weighted equally. Negative answers did not
receive a score and the ‘Not applicable’ option allowed
reviewers not to penalise a paper if one item was not
necessary for the study. The maximum possible score was
400 points. Figure 2 shows the extent to which each item
contributes to the total score for an article.

6. Pilot test

When the reviewers had agreed on the final version of the
questionnaire, three evaluations were conducted for the
assessment of reproducibility and reliability. An additional
test was performed to evaluate agreement in data extraction.
For the first evaluation a computerised MEDLINE search was
performed to identify articles which used BIA and dilution or
TBK techniques and which were published between 1969
and 1998 (inclusive). This covered the period between the
original article by Hoffer et al (1969) and the time of the
study. The exercise was performed as if these articles were to
enter to a meta-analysis. The search strategy was exploration
by bioelectrical impedance analysis (or 17 substitutes) and body
water (or 13 substitutes) or dilution (or nine substitutes) and
TBK from 1969 to 1998. The search was limited to studies
with human beings, English and Spanish languages. Letters,
abstracts and editorials were also excluded. The initial search
yielded 161 citations.

One of the reviewers read the abstracts and selected those
that had used dilution techniques (TBW/ECW) and/or total
body potassium (ICW) as gold standard. Seventy-two studies
were eligible. From these, random numbers generated by a
calculator selected five articles and five additional articles
were chosen for the pilot test to give a variety of ages and
clinical conditions.

Three reviewers tested the final questionnaire. The revi-
sion was made on the basis of inter-rater agreement and
reviewers’ comments on content validity of individual ques-
tions. The reviewers worked independently. To minimise
observer bias, they were given masked photocopies of the
10 articles. The methods sections of these studies were
photocopied in such a way that the author and journal
names, dates, and all other reference information had been
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PERCENTAGE

CHARACTERISTICS

Figure 2 Contribution (%) of characteristics to score of MF-BIA/dilution studies.

omitted. General guidelines were given on the cover sheet
for the use of the scale. An additional questionnaire to
describe the areas of particular strength, reason for doubt
or for rejection, time spent with the evaluation of each study,
and the influence of the knowledge of one of the articles on
the final decision on it was attached to each paper.

The first evaluation of reproducibility and reliability pro-
duced results which were poor, as expressed by the kappa
statistic (kx <0.6). A second evaluation was performed after
making the following changes:

a. The low agreement in the first evaluation was generally
the result of discrepancies in the use of the response ‘Not
applicable’ and probably fast reading of the articles.
Therefore, the results of the questionnaires were cor-
rected when the answers were unambiguous (side of the
body on which the measurements were performed, base-
line samples for dilution techniques, etc).

b. The instruction manual was expanded to explain in more
detail definitions of terms and the importance of each
question. At this time, the reviewers were given a six-page
set of written instructions.

c. Reviewers suggested that when references were cited in
the ‘Methods’ section, these references should be
included with the article. For the second evaluation the
relevant bibliography was therefore attached to each
article.

The kappa statistic for the same 10 articles was improved
after these changes (x=0.6). An evaluation was done with a
form developed for data extraction. Three reviewers tested
the form by using three of the 10 articles (results not shown).

Selection of the articles. The acceptability of each article
was described as ‘Definitely yes’, ‘Probably yes’ or ‘Not
acceptable’ on the basis of the score. Differences among
reviewers were resolved by re-examining the report and
discussing the particular point.

Inclusion criteria. Studies were selected after three assess-
ments by unanimous decision or by agreement between two
of the three reviewers: studies with a score > 60% of the total
possible score was qualified as ‘Definitely yes’; studies that
were scored from > 50-59% of the total possible score were
qualified as ‘Probably yes’; and the final inclusion or exclu-
sion of these articles was made by a third evaluation between
the readers.

Exclusion criteria. Studies with a score of <50% of total
possible score or studies classified as ‘Probably yes’” which
after a third evaluation still had an score < 60%.

7. Further scale validation

To test whether the repeated review of the same 10 articles
had influenced the results, a second different set of 10
masked articles was reviewed independently by two pairs of
the of the reviewers (20 different articles in total).

After a consistent agreement was obtained between us,
two independent reviewers with experience in the bioimpe-
dance area but not involved in the development of the
instrument were asked to qualify three randomly selected
and masked articles.
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How to use the scale. After revision of the study, each
question was answered by ticking the appropriate box in
the form. Only questions with positive or ‘Not applicable’
answers were weighted. When the study compared BIA with
both dilution and TBK techniques, the weights applied to
these questions were added to the gold standard score.

Statistical analysis

Percentage agreement and kappa statistic were used for the
analysis of agreement between reviewers on study choice.
Acceptable agreement was set at a kappa level from 0.6 to
1.0. Kappa interpretation was made according to Altman
(1991). The score of the articles is expressed as a percentage
of the total possible score.

Results

Three reviewers who used the quantitative scale to rank
independently the set of 10 articles evaluated reproducibil-
ity, reliability and applicability. There were only three
instances of missing data: two from one reader and one for
another reader. Table 1 shows the final questionnaire with
the references on which the score was based and Appendix 1
the forms used for each article. The test required approxi-
mately 20min per article per reviewer. Table 2 shows the
kappa values and percentage inter-rater agreement between

reviewer pairs for their summary ranking scores on the same
10 articles in two occasions. The final result of the evaluation
of the articles is given in Table 3. after the ‘Probably yes’
articles were reviewed again among the three reviewers. The
mean of reviewer scores for 10 articles was 251.6+35.9
points from a total score of 400 (62.9 £ 8.98%; Table 4). In
the further validation of the scale between two pairs of
reviewers with another set of 10 articles per pair, the kappa
statistic was 0.7 (CI 0.6-0.7) and 0.7 (CI 0.6-1.3).

The agreement between the two independent review-
ers was x=0.7 (confidence interval 0.6-0.8) without
corrections for solving differences. Altman (1991) considers
this agreement as good. The average time for new users of
the scale (including the manual) was 17 min.

Discussion

In order to perform a systematic review of primary research
of variable quality, it is necessary to have an adequate
assessment of study quality which guarantees that the results
are likely to be free from bias and consequently can be
generalisable (Khan et al, 1996).

We developed a standardised scale that could be used to
score the quality of BIA studies in comparison with gold
standard techniques. The scale can be used as a simple checklist
or to provide a quantitative summary score. It does not apply
uniform weighting across all questions. It weights them

Table 1Ta Question no. 12 of the questionnaire to evaluate studies BIA procedures

Variable Score Reason
1. Was the bladder emptied before test? 1.8 Studies have shown that this variable can affect the body resistance
about 1.0% (Gonzalez et al, 1999)?
2. Was the menstrual cycle considered or not applicable? 2.1 Studies have shown that this variable can affect the body resistance
about 1.2% (Gonzalez et al, 1999)
3. Was a non-conductive surface used for the test? 1.1 Studies have shown that this variable can affect the body resistance
about 0.6% (Gonzalez et al, 1999)
4. Was the skin cleaned with alcohol? 1.0 Studies have shown that this variable can affect the body resistance
about 0.5% (Gonzalez et al, 1999)
5. Was the environmental or skin temperature noted? 13.1 Studies have shown that this variable can affect the body resistance
about 7.3% (Gonzalez et al, 1999)
6. Was any metallic object removed from the subjects? 1.1 Studies have shown that this variable can affect the body resistance
about 0.6% (Gonzalez et al, 1999)
7. Was the subject position and time in that position recorded? 5.9 Studies have shown that this variable can affect the body resistance
about 3.3% (Gonzalez et al, 1999)
8. Was the height measured to the nearest 0.5cm? (0.1 cm 0.6 An over- or under-estimation of 2.5 cm in height leads to an error of
in children under 3y) ~11in TBW estimation (Kushner et al, 1996). This error is only
slightly lower than that produced by changing electrode size
9. Was the abduction of limbs described? 4.8 Studies have shown that this variable can affect the body resistance
about 2.7% (Gonzalez et al, 1999)
10. Was the electrode position described? (3 cm being the 3.7 Studies have shown that this variable can affect the body resistance
minimal distance between the sense and voltage electrodes about 2.1% (Gonzalez et al, 1999)
in children less than 3y)
11. Was the brand or size of electrodes stated? 0.7 Studies have shown that this variable can affect the body resistance
about 0.4% (Gonzalez et al, 1999)
12. Did the study state the side of the body on which 4.1 Studies have shown that this variable can affect the body resistance
measurements were taken? about 2.3% (Gonzalez et al, 1999)
Subtotal 40

“References available at: www.medphysics.leeds.ac.uk/~chgc/vienaref.htm
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Table 1Tb  Question no. 13 dilution techniques standardisation
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Variable Score

Reason

-

. Were drinks avoided for several hours
before the test?

2. Were baseline physiologic samples taken 4.4
before the dose of tracer?
3. Did each subject take the complete dose? 4.4

(The container used for the dose should be
washed out with water and this water
should be given to the subject)
4. Was the reported period of equilibration 4.4
adequate?
TBW: 3—-4h
ECW: 3-4h
If ECW expanded
TBW: 4-5h
ECW:5-6h
6. Was the measurement procedure the same 4.4
for all subjects?
5. Were the samples stored in airtight tubes? 4.4
7. Was eating/drinking avoided during the 4.4
equilibration period?
8. If the back-extrapolation method was used 4.4
were foods avoided for 1 h after the dose or
not applicable?
9. If urine was sampled for TBW was the first 4.4
specimen discarded and then two samples
collected after the dose or it was not applicable?

Subtotal 40

(Schoeller, 1996b)

Because it was found in the literature what is the
impact of these variables in the results, they were
weighted equally

(Westertep et al, 1995)

(Jebb & Elia, 1993;
Schoeller et al, 1985)

(Jebb & Elia, 1993)
(Schoeller, 1996b)

(Jebb & Elia, 1993)

Table 1c Question no. 13 total body potassium standardisation

1. Did the subjects change their clothes 13.33
before the test?

(Forbes, 1987)

Literature does not inform the proportional impact of
these variables on the estimates of intracellular water.
They were weighted equally

2. Was jewellery removed? 13.33 (Ellis, 1996)
3. Was the calibration of the instrument 13.33 (Jebb & Elia, 1993,
with phantoms confirmed? Ellis, 1996)

Subtotal 40

Table 2 Agreement between three reviewers

Reviewers Agreement (%) Kappa Standard error (K) (kappa) Confidence intervals Interpretation
First agreement between three reviewers

Reviewers 2 -3 70 0.3 0.36 —-05-1.0 Fair

Reviewers 1-3 70 0.4 0.27 —-0.1-1.0 Moderate
Reviewers 1-2 80 0.6 0.26 0.1-1.0 Moderate/good
Second agreement between three reviewers

Reviewers 2-3 90 0.8 0.17 0.4-1.1 Good
Reviewers 1-3 80 0.6 0.26 0.4-0.7 Moderate/good
Reviewers 1-2 90 0.8 0.17 0.4-1.1 Good

according to defined criteria. Scoring for each attribute thereby
defines its relative contribution to the total score.

We chose ‘ > 60%’ as the standard for the highest category
of acceptance to perform the pilot test. It was similar to
Chalmers et al (1990) in which a score of > 6/9 was regarded
as good. This was a cohort study of summary reports of

controlled trials. In another study of 242 randomised con-
trolled trials Rochon et al (1994) found an average score of
37.2+13.1%. We concluded that the greater of these two
criteria was more appropriate.

This scale is an innovation in BIA studies and it is
important for several reasons: firstly, because reviewers can
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Table 3 Selection of articles

Agreement Accepted Probably Rejected
First evaluation
Unanimous 2 3
Two reviewers 3 1 1
Total =10 5 4 1
Second evaluation
Unanimous 5 3
Two reviewers 1 1
Total=10 6 4 0
Third evaluation
Unanimous 6 0 4
Total=10 6 0 4
Table 4 Final score for 10 articles
Article number Score % Reference
1 213.86 53.47 Hannan et al (1995)
2 198.92 49.73 Pullicino et al (1992)
3 262.6 65.65 Armstrong et al (1997)
4 255.14 63.79 Cornish et al (1996)
5 327.16 81.79 Visser et al (1995)
6 280.14 70.04 Ho et al (1994)
7 259.33 64.83 De Lorenzo et al (1995)
8 252.54 63.14 Van Marken Lichtenbelt et al (1997)
9 238.74 59.69 Johnson et al (1996)
10 228.36 57.09 Deurenberg et al (1996)
Mean 251.68 62.92
s.d. 35.94 8.98

use it to identify critical methodological components in this
area. Secondly, researchers can use it to plan their studies;
using the scale ensures that important factors such as room
temperature, which can strongly affect results, will not be
forgotten. Thirdly, literature reviewers wishing to summarise
information on BIA can use it to evaluate and rank the
quality of existing pertinent literature. The scale can help
authors and editors to ensure that all the fundamental
information needed in the reports is included (Lionel &
Herxheimer, 1970).

The scale may be also used as a tool for standardisation of
studies that could be candidates for inclusion in meta-
analyses. Meta-analysis is a novel scientific technique,
which allows a more objective appraisal of the evidence
than do traditional narrative reviews. It provides a more
precise estimate of the effectiveness of health technology
and may explain variability between the results of individual
studies (Hardy & Thompson, 1998).

Methodological quality of a study is defined as a mini-
misation of systematic bias and consistency of conclusions
with results (Cho & Bero, 1984). It is possible to determine
the methodological quality of a study only to the extent that
the study design and analytical methods are reported. Our
process measures criteria critical to achieving high metho-
dological quality; however, in consequence, these criteria
should be adequately reported in any article using BIA,
dilution and TBK techniques. The lack of important items
of description in some apparently well-executed studies may
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at times be due to the short space authorised by editors for
publication.

The ideal kappa for agreement between raters is +1
(Altman, 1991). In the pilot test, the first agreement between
the reviewers was below the desirable score (> 0.6). Similar
studies report a kappa average greater than 0.7 for all reviewers
(Khan et al, 1996). A second assessment of the same 10 articles
was made using more detailed instructions and more precise
definitions of terms. The kappa for this assessment was within
the desirable range. Finally, further discussions and clarifica-
tion resulted in complete agreement (Table 3).

The scale had good reliability and validity when used by
reviewers from different backgrounds who worked comple-
tely independently and without lengthy training sessions.
Independence of reviewers avoids the systematic bias that
can be introduced by consensus conferencing if one of the
reviewers has convincing opinions (Cho & Bero, 1994).

We performed a further evaluation of the scale by using a
second different set of 20 masked articles the agreement was
‘good’ according to the Altman (1991) classification. Two
additional reviewers that work in the bioimpedance field
obtained also a ‘good’ agreement without any further correc-
tion. This reinforces the reliability of the scale.

Any method of evaluating quality of published scientific
studies stimulates discussion of validity. The present scale
has evolved over a period of 3y and will probably be changed
as experience is gained in this field. Among the possible
defects are variation due to subjective judgements, inaccura-
cies due to incomplete reporting, inclusion of questions that
might not be considered meritorious by some experts, and
exclusion of some questions considered important by others.
To some extent, these problems have been handled by the
method of differential photocopies of the studies and by
multiple scoring followed by discussion.

We are aware of the influence of the machine in the MF-
BIA results. However, we have not made a judgement at this
initial stage as to which machine is the most accurate and
therefore the identification of the machine does not properly
form a part of the quality assessment instrument. Having
developed the tool it would then be possible to use it to
study the influence of machine type on the accuracy of
measurements and this would indeed be a useful, but sepa-
rate study.

Theissue of algorithm selection (regression, mixture theory,
etc) is slightly different and we believe that explicit statement
of the derived algorithm used to calculate body water is a
characteristic of a good quality study. Therefore, in question
19 we address the matter related to the algorithm. The judge-
ment of whether the algorithm used was the correct one or not
is beyond the study objectives. In this study, we did not set out
to say which one was better, although a separate study using
this tool could tackle this issue.

To develop the scale we have made and extended review
of literature. However, we would like to discuss with others
the performance of the instrument and we are ready to
update it when it may be necessary. We will prepare the



scale to be discussed in a web page in the near future

(www.medphysics.leeds.ac.uk/~chgc/BIAscoresystem.htm).
This scale is intended for use in a future evaluation of BIA

literature compared with dilution and TBK techniques.
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Study number

Reader number

Date (ddmmyy)

A. Study design

—

. What type of study design was used?
Case report

Uncontrolled experiment

Cohort or case control study

Not clear

2. Were the inclusion criteria clarified? Yes No NC
3. Were the exclusion criteria clarified Yes No NC
B. Subjects

4. Were the recruitment methods of the study group described? Yes No NC
5. Was there a description of the demographic characteristics of the subjects? (ethnicity, gender, age) Yes No NC
6. Was there a description of the clinical characteristics of the subjects? (normal or type of disease and severity) Yes No NC
7. Was the study group free of patients with co-morbid conditions? Yes No NC
8. Was the sample selected in a way that avoids bias? Yes No NC
C. Procedures

9. Was the weight measured to the nearest 0.1kg (1-5g in children less than 3y)? Yes No NC
10. Did the subjects fast overnight or for 8 h before the test? (3 h before in children <3y) Yes No NC
11. Did the subjects avoid strenuous exercise for 8 h before the test? Yes No NC
12. Was the bioelectrical impedance measurements (BIA) performed in a standardised manner? (See questionnaire)

13. Was the gold standard (GS) performed in a standardised manner? (See questionnaire)

14. Were BIA and GS tests done at the same time and in similar conditions? Yes No NC
15. Was the GS test performed on all subjects? Yes No NC
16. Was a test of BIA reproducibility carried out? Yes No NC
17. Was non-random exclusion of subjects avoided? Yes No NC
18. Was the hydration status likely to have remained the same during the whole measurement period? Yes No NC
D. Calculations and statistical analysis

19. Was the algorithm to calculate the water volumes given? Yes No NC
20. Were all results included in the analysis? Yes No NC

21. What was the statistical analysis used?

Non parametric
Correlation/regression
Bland/Altman analysis

NC: not clear.
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BIA technique standardisation
Were the methods described in sufficient detail to allow performance of the BIA replication? If there is reference to another study
this should be evaluated with the same questionnaire.

Study number Reader number

Date (ddmmyy)

OV NOLDANWN=

_

12.

. Was the bladder emptied before the test?

. Was the menstrual cycle considered or not applicable?

. Was a non-conductive surface used for the test

. Was the skin cleaned with alcohol?

. Was the environment or skin temperature noted?

. Were metallic objects removed from the subjects?

. Was the subject position and time spent in that position recorded?

. Was the height measured to the nearest 0.5cm? (0.1 cm in children under 3y)
. Was the abduction of limbs described?

. Was the electrode position described? (In children under 3y the minimal

distance between the sense and voltage electrodes should be 3 cm)

. Were the brand or size of electrodes stated?

Did the study state the side of the body on which measurements were taken?

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes

NC
NA
NC
NC
NC
NC
NC
NC
NC
NC

NC
NC

NC: not clear. NA: not applicable.

Dilution technique standardisation
Were the methods described in sufficient detail to allow performance of the GOLD STANDARD replication? If there is reference
to another study this should be evaluated with the same questionnaire.

Study number Reader number

Date (ddmmyy)

5
6
7.
8
9

. Were drinks avoided for several hours before the test?
. Were baseline physiologic samples taken before the dose of tracer?
. Did each subject take the complete dose?

(The dose bottle should be washed out with water and this water should be given to the subject)

. Was the reported period of equilibration adequate?

TBW: 3-4h
ECW: 3-4h
If ECW expanded TBW: 4-5h
If ECW expanded ECW: 5-6h

. Were the samples stored in airtight tubes?
. Was the measurement procedure the same for all subjects?

Was eating or drinking avoided during the equilibration period?

. If the back-extrapolation method was used were foods avoided for 1h after the dose or not applicable?
. If urine was sampled for TBW was the first specimen discarded and then two samples collected after the dose or it was not applicable?  Yes

Yes
Yes
Yes

Yes

Yes
Yes
Yes
Yes

NC
NC
NC

NC

NC
NC
NC
NA
NA

NC: not clear. NA: not applicable.

TBK standardisation

1. Did the subjects change the street clothes before the test?
2. Was jewellery from the subject removed?
3. Was the calibration of the instrument with phantoms confirmed?

Yes
Yes
Yes

No
No
No

NC
NC
NC
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