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Abstract

The psychiatric condition of patients suffering from anorexia nervosa (AN) is affected by their nutritional status. An optimal assessment
of the nutritional status of patients is fundamental in understanding the relationship between malnutrition and the psychological symptoms.
The present review evaluates some of the available methods for measuring body composition in patients with AN. We searched literature in
Medline using several key terms relevant to the present review in order to identify papers. Only articles in English or French were
reviewed. A brief description is provided for each body composition technique, with its applicability in AN as well as its limitation. All
methods of measuring body composition are not yet validated and/or feasible in patients with AN. The present review article proposes
a practical approach for selecting the most appropriate methods depending on the setting, (i.e. clinical v. research) and the goal of the
assessment (initial ». follow-up) in order to have a more personalised treatment for patients suffering from AN.
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Anorexia nervosa (AN) is one of the most common chronic
diseases in adolescents’” and can also persist into adult-
hood. AN is associated with severe somatic symptoms
due to restrictive eating and abnormal behaviour such as
purging, potomania, over-exercising, laxative abuse,
etc'®. Malnutrition is a serious somatic aspect of AN; its
amelioration is a fundamental part of the treatment: clini-
cally, malnutrition affects the psychiatric condition of the
patient®® . Similarly, in research, questions have been
raised on the relationship between malnutrition and the
psychological symptoms in AN (anxiety, depression and
obsessionality). However, in previous studies, the method-
ology was questionable, as only body weight had been
used for the nutritional assessment®~®. Complementary
to body weight measurements, assessing the body’s
muscle and fat stores is fundamental for the diagnosis
and treatment of malnutrition in AN as well as for assessing
the patient’s response to nutritional and other therapies.

Generally, the two-compartment (2-C) model is used in
studies that assess body composition in AN. The 2-C
model separates the composition of the body into fat
mass (FM) and fat-free mass (FFM) which requires the
assumptions that body hydration level and bone mineral
content are both stable. As those assumptions cannot con-
stantly be done in AN patients, the 2-C model can thus lead
to potentially large errors in estimates of components of
body composition'”.

Recently, the four-compartment (4-C) model for asses-
sing body composition has allowed researchers to measure
variations in hydration levels and bone mineral contents'.
By adding measurements only from direct and scientifically
accepted methods of total body water (for example, via *H
dilution), bone mineral density (for example, via dual-
energy X-ray absorptiometry (DXA)), and body density
(for example, via underwater weighing (UWW)), it is poss-
ible to measure individual variations in minerals and
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water''”. In theory, this should lead to a more accurate
measurement of percentage body fat in AN. However, to
our knowledge, and because of practical constraints, no
study has been done in AN using the 4-C model although
it has been done in populations such as in elderly
patients(m.

The present review will describe the impact of AN on
body composition and will appraise the accuracy and
applicability of the different methods for measuring body
composition such as anthropometric measurements (for
example, body weight, skinfolds measurements), bioelec-
trical impedance analysis (BIA), DXA and some other
methods for research use only. In the final section,
recommendations are made on which method to use
depending on the setting, (i.e. clinical ». research) and
the goal of the assessment (initial v. follow-up).

Body composition alterations in anorexia nervosa

AN has a deep impact on body composition'®. Adaptive
changes to low body weight have an impact on bone
metabolism and decrease bone mass density'®. Mazess
et al™ found that absolute bone mineral content was
25% lower in AN patients when measured using dual-
photon absorptiometry. The decreased bone mineral den-
sity in AN is related to the loss of muscle mass and reduced
muscle strength rather than the bone mineral density
itself>1” The FM, FFM and total body water are not all
affected to the same extent due to the variable impact of
factors such as physical activity, vomiting, laxative abuse
and diet. For instance, patients with AN who achieve an
extreme weight loss by semi-starvation can have a different
body composition profile from patients who achieved the
weight loss primarily through excessive exercise'”.
Based on The American Council on Exercise, normal fat
percentages for adult women are between 21 and 31%
and for men between 14 and 25% of total body weight,
depending on age and exercise. In patients with AN, altera-
tions are represented mainly by an extensive loss of FM,
suggesting a preferential loss of body fat'*'® Nevertheless,
there is also a loss in FFM but the extent of the loss
depends on the level of exercise maintained by the
patient’”.  Concerning weight gain, lketani et al*”
assessed by dual-photon absorptiometry twenty-one AN
patients and showed that after weight gain and resumption
of menses, most of the weight gain consisted of FM (80-6 %
of total weight gained) compared with lean body mass
(19:3% of total weight gained). Also, Probst et al.*" who
assessed AN patients by UWW and skinfolds thickness
(SFT) found that after 23 weeks of treatment, patients
gained more in FM (55:5% of total weight gained) than
in FFM (44:5% of total weight gained). Besides, Russell
et al*® found that the regained lean body mass assessed
by SFT and anthropometric measurements had a complete
restored function. On the contrary, an older study, in
which body composition was assessed by SFT and by
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neutron activation analysis, found that FM accounts less
than lean body mass to weight gain®®.

As a result, it is crucial to obtain the parameters of body
composition in relative percentages of the total body mass
in order to monitor accurately the response of the fat and
lean components to therapy®*%>.

Body composition-measuring techniques in anorexia
nervosa

Anthropometric techniques, BIA and DXA are clinically
available methods for measuring body composition and
will be discussed below. Many of those methods have limi-
tations in AN. Practitioners can use some of these tech-
niques whereas others are limited to research settings.

Basic anthropometric measurements: body height,
weight and BMI

Brief description of body weight, height and BMI. When
measuring body height, the patient should be standing with
heels together, arms to the side, legs straight, shoulders
relaxed and head in the horizontal plane while the patient
is looking straight ahead’. Measurement should be rounded
to the nearest 0-1 cm®® . Weight is measured in light clothing
and the subject should be standing still in the middle of the
scale’s platform and not touching surrounding objects®”.
Measurement reading should be rounded to the nearest of
100 g. Because of diurnal variations (difference reaching
up to 2kg in adults), a good practice would be to record
the time when weight was measured?®. Alternatively, it is
easy to determine the body weight in the morning after
waking up and having voided the bladder. From the
measured height and weight, BMI can be calculated. In chil-
dren and adolescents, BMI should be used with caution as it
is relative to the country’s reference growth chart G.e.
Centers for Disease Control growth charts in the USA®)
and to the age; a BMI of 17-5kg/m* would be on the 3rd
percentile for a 19-year-old but on the 50th percentile
for an 11-year-old®”.

Applicability and limitation of body weight and
BMI. 1In cases of severe malnutrition, body weight alone
is not a sensitive tool to determine nutritional status®*>".
The loss of body cell mass can be compensated by extra-
cellular fluid accumulation and thus cannot be accurately
sensed by body weight measurement®*®  Trocki &
Shepherd®® showed that in adolescents with AN, changes
in BMI do not correlate well with changes in body compo-
sition. Although BMI alone does not differentiate between
fat and lean masses in children and teenagers®?, it is
correlated with components of body composition. For
example, BMI in children correlates more strongly with
FM at the upper end of the adiposity range where FM
makes up a larger proportion of weight, than at the
lower end. Thus in thin children, BMI is a better predictor
of lean mass than FM®. Cole’s index for thinness does not
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quantify malnutrition but rather gives cut-off points under
which an individual is classified as thin or undernourished.
Nevertheless, body weight for age and height and BMI per-
centiles have been shown to correlate with the resumption
of menses in girls with AN and can therefore be used in set-
ting a target weight. Golden et al.*® have found that 86%
of patients who achieved a weight goal of 90 % of the aver-
age weight for age and height (using the National Center
for Health Statistics (NCHS) tables) resumed menses
within 6 months. More recently, Golden e al.*” have set
the BMI percentile cut-off points at which adolescents
with AN resumed their menses. Of the patients, 50%
resumed their menses when their BMI reached = the
14th percentiles.

Body weight alone is not a complete assessment tool;
however, it is still essential to use it in the initial nutritional
assessment and follow-up in clinical settings. Other
methods have been developed to measure body compo-
sition. Commonly available methods to assess body
composition (skinfolds, BIA, DXA) have not yet been
validated against a reference 4-C model in AN patients.
This would be important because in patients with AN,
body composition extremely alters and they undergo
drastic shifts in their electrolytes and hydration status.

Skinfolds thickness, mid-upper arm circumference and
waist-to-hip ratio

Brief description of skinfolds thickness. SFT measure-
ment is an inexpensive and basic tool for determining
body composition®”. It consists of measuring the thickness
of a double fold of skin and compressed subcutaneous
adipose tissue with a caliper at specific points in the
body. There are three points that are the most commonly
used (triceps, subscapular, supra-iliac); however, there
are other possible reference points (i.e. thigh)*”. The
measures obtained are then wused in prediction
equations®”. Because 80% of the body’s adipose tissue
is localised under the skin, SFT is a surrogate of body fat
percentage®®. From clinical experience, SFT can still be
assessed quite well in very lean subjects.

Applicability and limitation of skinfolds thickness in
anorexia nervosa. SFT measurements have been fre-
quently used in AN studies®”. Measurements are less
affected by the hydration status of the patient compared
with other methods, which makes this technique advan-
tageous in AN patients. Disadvantages of SFT are its low sen-
sitivity to short-term nutritional changes“*”, to measuring
visceral abdominal fat"” and to detecting changes in
regional fat distribution®’. Another general drawback of
SFT is the large variability between different observers. As a
result, SFT measurement is mainly relevant in healthy popu-
lations, especially in an epidemiological research setting®”.

Brief description of mid-upper arm circumference.
Another reproducible and easy-to-do method is mid-
upper arm circumference (MUACQ). It consists of measuring
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on the non-dominant arm, midway between the tip of the
acromium process and the olecranon using a non-stretch
paper measuring tape, the circumference of the arm. It is
an indicator of muscle mass™?.

Applicability and limitation of mid-upper arm circum-
ference in anorexia nervosa. Martin et al.*> have used
this method in AN, considering that weight and BMI can
misinform on nutritional status, as AN patients can attempt
to mislead the physician often by water-loading or dis-
creetly placing weights on their body in order to increase
their recorded weight, putting them at risk of compli-
cations of malnutrition. They found that MUAC was
highly correlated with BMI (» 0-79; P<<0-001) and individ-
uvals with MUAC greater than 20cm rarely required
hospitalisation.

Brief description of waist-to-hip ratio. Waist-to-hip
ratio (WHR) is used as an indicator of central fat distri-
bution. It is the quotient of the waist circumference divided
by the hip circumference. One of the accepted reference
points to measure the waist circumference is at the level
immediately below the lowest ribs and hip circumference
is measured below the iliac crest; however, the importance
is to always use the same reference point and to standar-
dise the measurements“?.

Applicability and limitation of waist-to-hip ratio in
anorexia nervosa. The WHR in AN allows follow-up on
regional fat distribution, especially during weight
gain® =7 Forbes et al.*> were the first to examine body
fat distribution in a cross-section of underweight women
with AN. Using the WHR as a measure of body fat distri-
bution, they reported no difference in the WHR between
women with AN and healthy control subjects. However,
Mavyer et al.“*® found by measuring the WHR that, immedi-
ately after weight restoration to a normal weight, women
with AN have an adipose tissue distribution that differs sig-
nificantly from healthy control subjects.

Bioelectrical impedance analysis

Brief description of body impedance analysis. The con-
cept of BIA is based on applying to the human body a
low-intensity electrical current through electrodes placed
on the ankles and wrists. The current passes predominantly
through water and electrolytes while it faces resistance
through cell membranes and adipose tissue. Resistance
and reactance are the main parameters measured. They
are used to calculate, using mathematical equations, the
FFM. However, it is important to note that those equations
are based on the assumption that hydration status is con-
stant: this is not the case in AN®*>%_ The FM is indirectly
measured by subtracting the FFM from the total weight.
BIA is an easy-to-perform, reproducible, non-invasive
and inexpensive method to measure body composition.
Applicability and limitation of body impedance analysis
in anorexia nervosa. BIA is reliable in healthy subjects
and ill patients with a stable fluid/electrolytes balance
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(using the appropriate equations). It has not yet been
validated for use in extreme cases, such as in severely mal-
nourished (including AN cases) or obese individuals“®®*”,
Many reference equations have been proposed in different
studies, but they were based on either healthy subjects**?
or on a sample poorly representative of the general popu-
lation. In AN, the variability in extra-cellular and intracellu-
lar volume is likely to be responsible for reduced accuracy
of BIA measurements and for the unexplained variance of
body FFM and leg FFM®”. Sexual dimorphism is an
important factor, which has led to sex specificity in the
BIA equations; Sun et al.®" have studied BIA equations
in men and women based on 1801 subjects with BMI
between 14 and 39 kg/m?. They did not restrict their popu-
lation to very lean subjects. Using Sun’s equations, Piccoli
et al®® have compared results of body composition
measured by SFT and BIA in seventy-four women with a
BMI between 10 and 17-5kg/m? They showed that BIA
and anthropometric measurements were highly correlated
(r 0:80-0-90; P<0-05) when BMI values were above
15kg/m?. With BMI values less than 15kg/m?, there was
a disagreement of FM and FFM estimates between the
two different methods. They concluded that for patients
with AN with a BMI below 15kg/m® down to 10kg/m?
neither skinfold measurements nor BIA should be used.
This statement is in line with the consensus recently pub-
lished that BIA should be interpreted with caution in longi-
tudinal follow-ups of body composition (BMI between
16 and 34kg/m»“” | in cases of malnourished individuals.
Moreno et al.®” compared various BIA methods during
refeeding against DXA in AN. They found that FFM derived
from two commercially available BIA instruments (i.e.
Tefal® and Xitron®) was underestimated v. FFM derived
from DXA measurements. Only one study has used
multi-frequency BIA in order to differentiate between
extracellular and intracellular water; Mika et al.° found
that multi-frequency BIA may be an appropriate tool for
monitoring nutritional status during refeeding in AN
patients; however, they did not use a 4-C model reference.

BIA in AN should be used with caution, but can still be
clinically relevant in following up the relative changes in
body compartments (rather than one punctual measure-
ment)®? in patients with AN even if it is not yet validated
against a 4-C model.

Dual-energy X-ray absorptiometry

Brief description of dual-energy X-ray absorptiometry.
The DXA scanner has a scanning X-ray source, an X-ray
detector that records absorption data at two energy
levels, and an interface with a computer system for proces-
sing and analysing the absorption data. Body tissues
absorb X-ray energy differently. Assumptions regarding
the level of hydration, bone edge detection and body
thickness are used to convert absorption data into mass
values for bone, fat and lean tissue components. These
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measurements can be made for the entire body or specific
body parts”’”’. DXA is a valuable tool for body composition
determination in research settings and in clinical settings it
is mainly used for bone density assessment.

Applicability and limitation of dual-energy X-ray
absorptiometry in anorexia nervosa. The limitations of
DXA are related to the differences in the calibration for
fat proportion between the different brands of DXA scan-
ners and between models from the same manufacturer.
Even small differences in calibration may lead to anoma-
lous results in subjects with AN?*>*5_ Moreover, DXA is
associated with radiation exposure even if it is considered
low; therefore it is not ideal to perform multiple measure-
ments in children"”. However, Blake et al.®® propose to
use the infant whole body mode (only available on the
A-model), and stress the fact that it is still important to
keep radiation as small as possible, even though doses
from child DXA examinations are low (for details about
adjusting the DXA scan on infant modes, see Blake
et al®®). Recently, a study compared the body compo-
sition of premenopausal women, ranging from AN to obes-
ity, with DXA and computed tomography (CT) scanning.
They found that in AN, DXA is a useful method for asses-
sing body composition. Measurements underestimated,
compared with CT scanning, trunk FM by 10:7% and
thigh fat by 3-8 %, with an overestimation of thigh muscle
mass of 3-5%. This might be due to the hydration status
in AN, which can have a greater impact on DXA accuracy
when assessing changes in body composition such as in
treatment and follow-up®”>®. Another study on AN
female adolescents that compared DXA with skinfolds
measurements found that, on an individual level, although
body fat measurements from DXA and skinfolds were
highly correlated, estimates of body fat were 9% higher
or 6% lower when using SFT. This wide difference is not
acceptable clinically in AN, as the limits of the Bland—
Altman agreements were wide. (The Bland—Altman plot
is a statistical method that describes the agreement
between two quantitative measurements; explained pre-
viously in Bland & Altman®”.) Even small differences in
adiposity have great impact on physiological interpret-
ations in patients with AN”. Some authors consider that
DXA cannot be considered as a ‘gold standard technology
to assess fat mass’ in AN©?, Nevertheless, Helba & Binko-
vitz''” concluded in their review article that DXA is the
most accurate and reliable method of determining body
composition in children with AN; it identifies accurately
variations in FM and FFM in children and provides a
better diagnostic and treatment follow-up tool of malnu-
trition in children with AN. In fact, DXA is accurate in
measuring FM, but the value of FFM indicated by DXA
does not indicate the level of hydration.

Since monitoring body composition in patients with AN
is crucial for treatment and follow-up, BIA and DXA have
been compared in several studies. In their study done on
thirteen anorexic patients, Moreno et al.®” found that
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BIA instruments underestimated FFM in subjects with AN in
comparison with DXA, but an adjustment in the software
corrected this discrepancy. Additionally, DXA and BIA
machines available on the market have different prediction
equations and different physical characteristics, making
their comparison with other techniques unreliable.

In their review, Pichard et al.®" explain that changes in
body composition determine the patient’s overall health
status. Therefore, in patients with AN, it is recommended
to monitor systematically the variation levels between
two measurements rather than the absolute values of FM
and FFM®? because methods of measuring body compo-
sition are not yet validated against a 4-C model.

Some other methods: computed tomography and
underwater weighing

Some other methods usually reserved for research pur-
poses include CT and UWW.

Brief description of computed tomography. CT is an
imaging technique that is particularly useful in studying
the relative deposition of subcutaneous and intra-
abdominal fat®®. However, its use is limited by the
problems of availability (mostly used for diagnostic
procedures other than nutritional assessment), radiation
exposure and the high cost of the instrument.

Applicability and limitation of computed tomography in
anorexia nervosa. In AN, many studies used this method
in order to study regional fat distribution: Mayo-Smith
et al’®® used CT to measure subcutaneous and visceral
adipose tissue in women with AN. They reported that the
proportion of visceral adipose tissue to total adipose
tissue in the CT image was significantly higher in patients
with AN (0-4) compared with control subjects (0-14).
Zamboni et al.*? replicated and extended the findings of
Mayo-Smith et al.“®® and they also concluded that patients
with AN gain more in abdominal fat than other body
regions.

Brief description of underwater weighing. UWW esti-
mates FM starting from body density and applying math-
ematical equations. The body density is measured by
submerging the body in water'®. It is commonly used in
order to validate other indirect methods of body compo-
sition measurements©®.

Applicability and limitation of underwater weighing in
anorexia nervosa. Probst et al.*" compared the skinfold
method and the UWW method and tested their validity
for evaluating body composition before and after weight
gain in patients with AN with a BMI between 11:9 and
17-5kg/m”. They examined the effects of weight changes
on body composition and subcutaneous fat after a refeed-
ing protocol. They found that body fat estimation by the
SFT equation appeared to be as accurate as UWW with
an acceptable error of percentage body fat between 2-5
and 3-8 %.
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Conclusion

The success of the psychiatric treatment of patients with
AN necessitates an improvement in their nutritional
status. Unfortunately, body weight alone does not reflect
the evolution of the different body compartments during
refeeding in AN. Thus, it is beneficial that the treating
team assesses the nutritional status of the patient according
to methods that are accurate, reproducible and applicable
clinically while keeping in mind the respective limitations
of each method. The ‘gold standard method’ is the 4-C
model which requires several hours for completion. There-
fore, the choice of method for nutritional assessment in AN
is mostly led by the techniques available and the objective
of the assessment (routine v. research).

In clinical settings (i.e. follow-up of patients, punctual
nutritional assessment, etc) a pragmatic recommendation
is to maximise standardisation of the condition of measure-
ments in order to get a homogeneous follow-up trend.
When performed by trained personnel, weight, height
and body impedance analysis are well adapted to the clini-
cal setting for AN patients as well as MUAC and WHR. The
latter is a very important tool in detecting the redistribution
of the FM in AN patients. SFT might not be a sensitive tool
for short-term weight-restored AN patients. DXA is a more
expensive tool, but it also provides relevant information
about bone mass status and can be used as one punctual
assessment. A practical approach that is a reflective
method for nutritional assessment and follow-up in AN
and in clinical settings remains the use of at least two
methods of assessment, for example, the BMI and BIA. It
is recommended that the change between two periods is
monitored rather than the isolated absolute values for
any used method.

In research settings, more sophisticated methods such as
UWW and CT can be considered if available in addition to
DXA, BIA or SFT (for large sample population). As
hydration and bone density cannot be considered stable
in AN, it is recommended that a combination of at least
two methods is used that do not measure directly the
same compartments such as DXA and body impedance
analysis, SFT and BIA, etc. This will ensure that a high
level of accuracy is obtained and it meets partially the
concept of the 4-C model, which takes into account the
different components of body composition and not only
FM and FFM.

We still lack an accurate, unfailing and clinically appli-
cable method of body composition measurement in AN
patients. More studies are needed to further validate and
standardise the different methods of body composition
measurements in AN.
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