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Summary

PURPOSE: There is increasing pressure on general prac-
titioners (GPs) to identify patients with abdominal obesity
in order to reduce the life-threatening consequences of this
condition in the population. We aimed to confirm previous
findings on the inaccuracy of anthropometric measure-
ments performed by GPs in an academic primary care clin-
ic and to assess the effect of theoretical training to improve
the quality of these measurements.
METHODS: This cross-sectional study involved 26 GPs
from private practices in Geneva, Switzerland. They were
asked to measure weight, height, waist and hip circumfer-
ence on ten volunteers within their practice. Two trained re-
search assistants repeated the measurementss after the GPs
(“gold standard”). The GPs were then randomised to re-
ceive information detailing the correct method for taking
measurements (intervention, 14 doctors) or simple inform-
ation about obesity (control, 12 doctors). Measurements
were repeated a few weeks later. Measurement error was
computed by comparing the GPs’ values with the average
value of two measurements taken in turn by the research
assistants, and agreement was examined by Bland-Altman
plots. The GPs’ skills were assessed through auto-question-
naire and direct observation.
RESULTS: All measurements except height were prone to
measurement error, the least affected being weight (and
therefore body mass index [BMI]). Following training,
measurement errors were slightly less prominent in the in-
tervention group. GPs’ skills in measuring waist and hip
circumference were frequently assessed as inadequate, but
showed improvement after training.
CONCLUSIONS: Without proper training, priority should
be given to using classical anthropometric measurements
(i.e. weight, height and BMI determination) in daily prac-
tice.
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Introduction

Worldwide prevalence of obesity is high and increases con-
tinually. It reached epidemic proportions in 2008, when
9.8% of men and 13.8% of women were obese in the world,
compared with 4.8% and 7.9% in 1980 [1]. Estimates in-
dicate more than 2 billion individuals in the world were
overweight or obese in 2013 [2]. In Switzerland, the same
trend is noted with 6.1% of men and 4.7% of women who
were obese in 1992/1993 compared with 11.2% and 9.4%
in 2012, and this figure is evenly distributed throughout the
country [3–5]. This progression is alarming, since obesity
is associated with serious health consequences such as car-
diovascular diseases and type 2 diabetes, and is a leading
cause of global burden of disease with an estimated 35.8
million (2.3%) of global disability-adjusted life years
(DALYs) caused by this condition [6]. In addition, relative
to normal weight, obesity is associated with significantly
higher mortality and it is estimated that, worldwide, at least
2.8 million people die each year as a result of obesity [6,
7]. General practitioners (GPs) play a central role in the
assessment and management of this condition and its life-
threatening consequences. Recent guidelines on its man-
agement emphasise measuring abdominal as well as gen-
eral obesity [8, 9], because abdominal obesity appears to
be a more important risk factor than overall obesity in pre-
dicting the development of type 2 diabetes and cardiovas-
cular diseases. Therefore, overweight patients with abdom-
inal obesity should be urged to pursue weight reduction,
even when they are not particularly at risk according to
body mass index (BMI, weight in kg divided by height in
squared meters [kg/m2]) alone [10–12].
The waist circumference (WC) and the waist-to-hip ratio
(WHR, WC divided by hip circumference, HC) are reliable
measures for measuring abdominal adiposity [13, 14]. An-
thropometric studies have shown that these newer meas-
urement methods presented excellent intra- and inter-ob-
server reproducibility when performed by health profes-
sionals who had been trained in anthropometrics [14–17].
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However, according to a recent study, these newer meas-
urement methods were unreliable in detectecting obesity
when performed by GPs [18]. This study, however, in-
volved only GPs working in an academic primary care clin-
ic, and reliability was assessed using inter-observer variab-
ility. It did not involve computing measurement error, i.e.
comparing doctors’ measurements with those performed by
trained measurers.
Our primary objective was thus to confirm previous find-
ings from a study conducted in an academic primary care
clinic on the inaccuracy of anthropometric measurements
performed by GPs and to assess the effect of a theoretical
training to improve the quality of these measurements. We
also aimed to assess GPs’ measurement knowledge and
practice.

Materials and methods

Recruitment of doctors and volunteers, and
randomisation
The study took place in primary care practices in Geneva,
Switzerland, from September to December 2011. It was de-
signed in two parts: blood pressure [19] and anthropomet-
ric measurements. We report here only the latter. From a
convenience sample of 84 doctors who were personally in-
vited to participate, 26 agreed (31%), slightly fewer than
our target sample of 30 (see sample size estimate below).
Two data collection sessions were planned. For each ses-
sion GPs had to recruit ten volunteers among their patients
(age >18 years, with no other selection criteria) and their
next appointment was synchronised with the study visit
(during which they first signed the informed consent and
then participated in the study). Between the two sessions
the GPs were randomised into two groups, by computer-
generated random numbers and block randomisation. The
first group received a training document, prepared by the
authors, explaining the appropriate measurement methods
according to international recommendations (intervention
group, group I) [20–24]. The other group received a doc-
ument which had an identical format, but only introduced
the concept of obesity and its consequences (control group,
group C). We chose a random allocation in order to differ-
entiate progress related to repeat measurements throughout
the study from improved technique as a result of exposure
to training material. A statistician independent of the study
carried out the randomisation process and sent the doc-
uments to GPs. The outcomes were triple blinded (parti-
cipants, doctors and research assistants).
To take part in the study, both doctors and volunteers had
to read the information sheet and sign consent forms. The
research protocol was aproved by the local research ethics
committee.

Data collection and training for anthropometric
measurements
Two research assistants participated in theoretical and prac-
tical training sessions given by a specialist in anthropo-
metric measurements (two 1 hour-training sessions). The
training was based on international recommendations (see
appendix 1) [20–24]. The research assistants were provided

with a calibrated flat beam scale for mobile use (SECA
877; scale division: 100 g, capacity: 200 kg) combined with
a stadiometer (SECA 217; graduation length: 1 cm, meas-
uring range: 20–205 cm) and two measuring tapes. The 26
GPs were told that the measurements had to be performed
as usual in their consultation room. After having visited
the doctor, the volunteer was directed into a quiet room,
close to the consultation room. While the GP took care of
the next patient, the research assistants entered the room
and each of them made the measurements in turn, accord-
ing to the recommended procedure for which they had been
trained (see appendix 1). A few days after this first ses-
sion, the GPs received the training documents by post. A
few weeks later, the GPs were asked to set-up the second
round of measurements using the same procedure as de-
scribed above.

Gold standard
The average value of the research assistants’ measurements
was considered as the gold standard.

Assessment of the GPs measurement technique and
practice
For the first participant of each of the two sessions, the two
research assistants went into the consultation room with the
doctor and observed the doctors’ measurement technique.
They noted any pitfalls using a formal checklist; doubts and
disagreements about the assessment were resolved by dis-
cussion and consensus between the research assistants. At
the end of the first session, the doctors were asked to com-
plete a questionnaire asking how frequently and in which
manner they perform the measurements in their daily prac-
tice.

Sample size justification and statistical analysis
A sample size of 30 GPs allowed the simultaneous analysis
of three independent variables (a group effect, i.e. com-
parison between two training groups; a time effect, i.e.
comparison before and after intervention; and a doctor ef-
fect, i.e. comparison between the doctors) when dealing
with multiple variables statistical models, as ten subjects by
group are needed for each variable included in the models
according to Harrell [25].
We asked the doctors to recruit only ten volunteers, since
we were interested in the inter-doctor and not the intra-doc-
tor variability.
Frequencies were used to describe the doctors’ character-
istics as well as their knowledge and practice. For each
volunteer, we computed the difference between the doc-
tor’s measurements and the gold standard (measurement
error). After checking the assumption of normality of the
distribution using the Shapiro-Francia test [26], we per-
formed unpaired t-tests to compare the doctors’ and the re-
search assistants’ mean differences in measurements before
and after training, and between groups. Since these val-
ues depend on the magnitude of the measurements, we also
computed the relative measurement differences, in order to
compare the anthropometric measurements by dividing the
absolute difference by the average value of the research
assistants’ measurements [27]. The extent of agreement
between the doctors’ and the research assistants’ meas-
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urements was then examined by plotting the differences
between the pairs of measurements on the vertical axis,
against the mean of each pair on the horizontal axis (Bland-
Altman plots) [28]. Note that for data not showing a normal
distribution, transformations were undertaken when appro-
priate.
By definition, the measurements were considered accurate
when the relative measurement errors (computed by divid-
ing the absolute errors by the average value of the research
assistants’ measurements) were <1% and the 95% limits of
agreement (given by the mean difference between the re-
search assistants’ average value and the doctors’ measure-
ments, plus or minus twice the standard deviation of the
differences) were within 2% of the research assistants’ av-
erage value (example: if the average weight measured by
the research assistants was 100 kg, the 95% of the doctors’
values should be within 100 kg plus and minus 2 kg).
Statistical significance was set at a two-sided p-value
≤0.05. All statistical analyses were performed with STATA
version 12.1.

Results

The 26 GPs who agreed to participate in the study had a
mean age of 44.1 years (standard deviation [SD] 6.1, range
33–59) and 58% were women. Most of them were certi-
fied (general internal medicine 96%, no certification 4%)
and relatively experienced doctors (years since certification
16.3 [SD 5.8], range 7–32).
Anthropometric measurements were performed on 259 vo-
lunteers at baseline and 250 after training. Based on the
measurements made by the research assistants, their mean
weight was 72.7 kg (SD 17.1) and their mean BMI 26.3
kg/m2 (SD 5.4). The mean measurement differences
between the two research assistants was very low (weight:
0.002 kg [SD 0.09]; height: 0.03 cm [SD 0.15]; WC: 0.02
cm [SD 0.14]; HC: 0.01 cm [SD 0.06]).

Table 1 shows the doctors‘ mean measurement error before
and after training, first without taking into account the vari-
ance of the differences between the research assistants’ and
the doctors’ values. The absolute measurement differences
were very small for weight, height, BMI and WHR, and
slightly greater for WC and HC.
We also computed the relative measurement differences:
height was the most accurate measurement (before train-
ing: 0.06%, after training: 0.01%), and weight (0.19% and
0.55%), BMI (0.11% and 0.54%) and HC (0.92% and
0.91%) were also accurate, unlike WC (2.90% and 2.06%)
and WHR (4.60% and 1.14%). The differences with the
research assistants’ measurements (data not shown) were
statistically significant, except for height in the two ses-
sions and BMI in the second session. Measurement dif-
ferences improved after training for WC, HC and WHR:
for HC, only in the intervention group (from 1.81% to
0.78%), whereas for WC and WHR, the intervention group
improved more (WC from 2.49% to 1.40%; WHR from
5.75% to 3.45%) than the control group (WC from 3.36%
to 2.81%; WHR from 3.45% to 1.14%).
The extent of agreement between the doctors’ and the re-
search assistants’ measurements was analysed with Bland-
Altman plots (see appendix 2). The plots confirmed the
lack of systematic bias for weight, height and BMI, since
the horizontal line representing the mean difference
between the GPs’ and the research assistants’ values was
very close to zero. However, when considering the 95%
limits of agreement, except for height, all the anthropomet-
ric measurements were inaccurate (i.e. the 95% limits of
agreement were not within 2% of the research assistants’
average value), though the newer measurements methods
(WC, HC and WHR) were largely more prone to measure-
ment error than classical methods (weight and BMI).
Table 2 presents the GPs’ self-report of their knowledge
and usual practice in anthropometric measurements. They
hardly ever used the newer measurement methods and their
knowledge regarding these measurements was relatively

Table 1: Mean difference between primary care physicians’ anthropometric measurements and gold standard (95% confidence intervals), before and after training, first
overall, then in the intervention group (Group I) and in the control group (Group C).

Before training After training p-value for difference in
mean error before and
after training within each
group

p-value for difference in
mean error between the
two groups

Overall
(n = 259)

Group I
(n = 136)

Group C
(n = 123)

Overall
(n = 250)

Group I
(n = 133)

Group C
(n = 117)

Group I Group C Before
training

After
training

Weight (kg) –0.14
(–0.25 to
–0.03)

–0.07
(–0.22 to
0.09)

–0.22
(–0.38 to
–0.06)

–0.40
(–0.52 to
–0.29)

–0.47
(–0.62 to
–0.33)

–0.32
(–0.51 to
–0.13)

<0.001 0.42 0.17 0.20

Height (cm) –0.10
(–0.23 to
0.04)

–0.09
(–0.28 to
0.10)

–0.11
(–0.31 to
0.09)

–0.01
(-0.19 to
0.17)

–0.02
(–0.21 to
0.17)

0.002
(–0.31 to
0.31)

0.62 0.56 0.89 0.90

BMI (kg/m2) –0.03
(–0.09 to
0.03)

–0.003
(–0.08 to
0.07)

–0.05
(–0.14 to
0.04)

–0.14
(–0.21 to
–0.07)

–0.17
(–0.25 to
–0.09)

–0.10
(–0.21 to
0.01)

0.003 0.47 0.44 0.31

Waist circ (cm) 2.58
(2.01 to 3.16)

2.21
(1.49 to 2.94)

2.99
(2.08 to 3.90)

1.84
(1.33 to 2.35)

1.25
(0.57 to 1.93)

2.51
(1.76 to 3.27)

0.06 0.43 0.18 0.01

Hip circ (cm) –0.94
(–1.73 to
–0.14)

–1.84
(–3.15 to
–0.52)

0.06
(–0.75 to
0.87)

0.92
(0.42 to 1.42)

0.79
(0.20 to 1.37)

1.07
(0.22 to 1.91)

<0.001 0.09 0.02 0.58

WHR 0.04
(0.03 to 0.05)

0.05
(0.02 to 0.07)

0.03
(0.02 to 0.04)

0.01
(0.003 to
0.02)

0.01
(–0.003 to
0.01)

0.01
(0.003 to
0.02)

0.007 0.05 0.23 0.20
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low (most did not know the correct site of tape placement,
the WHR formula and the definition of abdominal obesity).
GPs’ knowledge and practice in anthropometrics were also
assessed through direct observation by the research as-
sistants (table 3). The findings confirmed that the waist
and the hip circumferences measurements were generally
not well performed. Indeed, a large number of doctors
took the measurements without having removed the pa-
tient’s clothes, without palpating the appropriate markers
and without marking the site of measurement. Most doctors
did not take the measurements in the right place. In ad-
dition, they did not measure WC at the end of a normal
expiration as recommended. Finally, GPs’ skills improved
slightly following training in the intervention but not in the
control group (data not shown).

Discussion

Summary
The current study confirms that the classical anthropo-
metric measurements (weight, height and BMI determina-
tion), when performed by GPs within their practice, are less
prone to measurement error than the newer methods (HC,
WC and WHR determination), although only height meas-
urement completely fulfilled our criteria for accuracy. The
measurement errors were only slightly less important fol-
lowing short theoretical training. Finally, the study high-
lights large gaps in measurement techniques for the newer
anthropometric measurements, though GPs’ skills showed
slight improvement after training.

Comparison with existing literature
As shown by several authors, the universality and the rel-
atively simple procedure for measuring height and weight
probably explain why these measurements are more reli-
able in general [18, 29, 30]. Interestingly, our study con-
firms that these measurements are more accurate than the
newer anthropometric measurements, even when per-
formed by untrained measurers.
Contrasting with these results, WC, HC and WHR meas-
ures are highly inaccurate, which could be related to the
fact that they require specific manipulation, that different
measurement sites and/or techniques are recommended
with lack of standardisation [31, 32], and that they are new-
er concepts compared to the worldwide well-known BMI.
GPs’ self-reported skills were relatively low for measuring
WC and HC. This was confirmed through direct observa-
tion of GPs by the research assistants.
Several authors have studied the reliability of these newer
anthropometric measurements and the results tend to con-
firm that they might suffer from a higher measurement
error than weight, height and BMI, even when they are
performed by specially trained measurers [18, 30, 33–35].
To our knowledge, only Sebo et al. have so far studied
the variability of these measurements when performed by
GPs [18]. They showed the higher variability of these new
anthropometric measurements, but improvement occurred
following a short theoritical and practical training.
Interestingly, the results of these two studies were similar,
though the study populations and the statistical analyses
differed greatly: the previous study by Sebo et al. was un-
dertaken in an academic primary care clinic, the measurers
were less experienced doctors (35.5 years [SD 3.2] vs 44.1

Table 2: Primary care physicians’ knowledge and self reported practice in anthropometric measurements (n varies between 24 and 26 owing to missing values).

Characteristics Weight
n (%)

Height
n (%)

BMI
n (%)

Waist circ
n (%)

Hip circ
n (%)

WHR
n (%)

Frequency of scale calibration

≥1x/y 3 (11.5)

<1x/y 13 (50)

Never 10 (38.5)

Frequency of measurement

≥1x/d 18 (69.2) 9 (34.6) 11 (42.3) 2 (7.7) 0 0

≥1x/w, but <1x/d 3 (11.5) 5 (19.2) 6 (23.1) 6 (23.1) 6 (23.1) 1 (3.9)

<1x/w 5 (19.2) 6 (23.1) 8 (30.8) 6 (23.1) 6 (23.1) 1 (3.9)

Never or almost never 0 6 (23.1) 1 (3.9) 12 (46.2) 14 (53.9) 24 (92.3)

Clothing during measurement

Clothes and shoes removed 6 (24) 4 (15.4)

Only shoes removed 16 (64) 20 (76.9)

Fully dressed (with clothes and shoes) 3 (12) 2 (7.7)

Clothing covering tape placement location removed for measurement 18 (72) 12 (48)

Correct site of measurement 1 4 (15.4) 5 (19.2)

Correct time of measurement 2 7 (26.9)

Recorded value to account for the weight of clothes 3

The exact reading 8 (32)

The exact reading – 1 kg 12 (48)

Other 4 (16)

Knowledge of the correct formula 25 (100) 10 (38.5)

Correct definition of overweight 4 22 (84.6)

Correct definition of obesity 4 24 (92.3) 8 (30.8) 2 (7.7)
1 WC = midpoint between lowest rib and iliac crest; HC = maximum extension of buttocks
2 End of normal expiration
3 When clothes and/or shoes not removed
4 overweight: 25 ≤ BMI <30 kg/m2; obesity: BMI ≥30 kg/m2, WC ≥102 cm (men) and ≥88 cm (women), WHR ≥0.95 (men) and ≥0.8 (women)
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years [SD 6.1]), with less experience in family medicine
(8.1 years [SD 3.1] vs 16.3 years [SD 5.8]). There was no
gold standard in this previous study, thus reliability was as-
sessed by using technical error of measurement (TEM) and
coefficient of reliability (R). The two studies showed not
only that the classical anthropometric measurements were
more reliable, but also that WHR was the least accurate
measurement of all. This finding could be explained by the
fact that WHR represents a mixture of two circumferences
(WC and HC) assessed using a similar procedure, each of
which is highly prone to measurement error.
In general, GPs’ skills improved slightly following a short
theoretical training, which is in accordance with previous
studies demonstrating the benefit of training the measurers
in anthropometrics [18, 36]. Adequate training of the meas-
urers is indeed essential to minimise measurement error
and provide accurate data. Interestingly, our study showed

that even a simple teaching document received by post can
lead to improved measurement techniques, though the im-
provement was not sufficient to achieve a high level of ac-
curacy.

Limitations
First, the GPs responded to a personal invitation to parti-
cipate in the study and may thus not be representative of all
GPs in the Geneva region or in Switzerland, which limits
the external validity of our findings. Our results are there-
fore rather conservative, since the doctors who agreed to
participate probably had a particular interest in the theme
under study. This may have favoured the quality of the GPs
involvement and measurements and contributed to the low
rate of missing data. Second, as only 26 GPs agreed to par-
ticipate whereas 30 were expected, the study was slightly
underpowered, but this should have modest effects on the

Table 3: Results of the direct observation by the research assistants of the 26 primary care physicians‘ practice in anthropometric measurements (two measurements per
doctor, n varies between 50 and 52 owing to missing values).

Characteristics n (%) Characteristics n (%)
WEIGHT

Type of scale used Recorded value to account for clothes1

Electronic column scale 4 (7.7) The exact reading – 1 kg 18 (43.9)

Electronic flat scale 8 (15.4) The exact reading – 0.5 kg 2 (4.9)

Mechanical column scale 26 (50.0) The exact reading 21 (51.2)

Mechanical flat scale 14 (26.9) ≥2 measurements 0

Clothing during measurement Measurement to the nearest 0.05 kg2 2 (3.9)

Clothes and shoes removed 10 (19.2)

Only shoes removed 38 (73.1)

Fully dressed (with clothes and shoes) 4 (7.7)

HEIGHT

Type of stadiometer used Legs closed and stretched 50 (96.2)

Electronic fixed scale 41 (78.9) Looking straight ahead 52 (100)

Mechanical fixed scale 11 (21.2) Horizontal bar lowered to the head crown with hair compressed
and head maintained

52 (100)

Shoes removed for measurement 48 (92.3) Measurement at the end of deep inhalation 4/ (7.7)

Back on the side of the vertical board 46 (88.5) ≥2 measurements 0

Heels, buttocks and back touching the vertical board 45 (86.5) Measurement to the nearest 0.1 cm3 6 (12.0)

Standing erect 50 (96.2)

WAIST CIRCUMFERENCE

Participant in standing position 52 (100) Tape applied with correct tension to avoid slipping off and skin
compression

49 (94.2)

Clothing covering tape placement location removed4 34 (65.4) Measurement at the end of normal expiration 3 (5.8)

Iliac crest and lowest rib palpated 20 (38.5) Arms at the sides 16 (31.4)

Correct site of measurement5 17 (32.7) ≥2 measurements 3 (5.8)

Level marked before measurement 3 (5.8) Measurement to the nearest 0.1 cm6 12 (23.1)

Tape placed horizontally 49 (94.2)

HIP CIRCUMFERENCE

Participant in standing position 50 (96.2) Tape applied with correct tension to avoid slipping off and skin
compression

46 (88.5)

Clothing covering tape placement location removed7 28 (53.9) Arms at the sides 20 (38.5)

Correct site of measurement8 11 (21.2) ≥2 measurements 2 (3.9)

Level marked before measurement 0 Measurement to the nearest 0.1 cm9 12 (24.0)

Tape paced horizontally 47 (90.4)
1 When clothes and/or shoes not removed (n = 41).
2 To the nearest 0.1 kg: n = 36; 0.2 kg: n = 2; 0.5 kg: n = 9; other: n = 3.
3 To the nearest 0.5 cm: n = 38; 1 cm: n = 6.
4 In underwear: n = 32; measurement taken under clothing: n = 2.
5 Midpoint between lowest rib and iliac crest.
6 To the nearest 0.5 cm: n = 27; 1 cm: n = 13.
7 In underwear: n = 27; measurement taken under clothing: n = 1.
8 Maximum extension of buttocks.
9 To the nearest 0.5 cm: n = 26; 1 cm: n = 12.
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findings (such as larger standard deviations), as we were
able to detect statistically significant differences. Third,
because to our knowledge no training in anthropometrics
has been offered to GPs in our area in recent years, we
considered it unlikely that the GPs would know the usual
content of such training and thus assumed that they were
blinded. Yet we cannot exclude the possibility that some
GPs may have been exposed to previous training in an-
thropometric measurements in another way. Fourth, meas-
urements were undertaken on volunteers. This could have
led to a lower than expected prevalence of overweight and
obese subjects in our sample, as these could have been re-
luctant to participate for fear that they would be stigmat-
ised. Our findings showed that this was not, however, the
case (overweight: 33.2%, obese: 21.6%, much higher than
the usual prevalence in Switzerland) [5]. Finally, as no data
were collected on patients who refused to participate, we
cannot exclude a selection bias. However, as our focus was
on measurements and not on the prevalence of overweight
and obesity, such a selection bias is unlikely to have affec-
ted our findings.

Strengths
The study conditions were kept close to daily clinical prac-
tice and the GPs had no previous training in anthropometric
measurements. They only discovered the details of their
task several minutes before data collection began, thus lim-
iting the risk of bias. Further, the mean measurement dif-
ference between the two research assistants was very small,
confirming that a short theoretical and practical training
(two 1-hour-sessions) is enough to ensure measurers’
skills. It also justified the choice of the gold standard used
in our study.

Conclusion
Our study suggests that the classical anthropometric meas-
urements, when performed by GPs within their practice,
are less prone to measurement error than the newer meth-
ods, and should therefore be favoured in daily practice,
though more studies in various settings are needed to gen-
eralise these findings.
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Appendix 1

Points emphasised during training of the research assistants (two 1-hour sessions) and the doctors (written training document received by the
doctors in the intervention group).

Weight
The participants should remove their shoes and all clothes except underwear, and then step on the centre of the scale, remaining in a relaxed
position.
Weight is recorded to the nearest 0.05 kg; if a participant refuses to remove his or her clothes, 1 kg is substracted from the measurement reading
to account for the garments worn and the refusal is reported.

Height
The participants should remove their shoes and all clothes except underwear, and stand erect on the floorboard of the stadiometer with their
backs on the side of the vertical board; the weight should be evenly distributed on both feet, the legs closed and stretched, the arms to the sides
and the shoulders relaxed; the heels, buttocks and back should slightly touch the vertical board.
The participant is asked to look straight ahead, inhale deeply and stand fully erect while the examiner lowers the horizontal bar to the head
crown with hair compressed, and takes the measurement to the nearest 0.1 cm

Waist circumference
The participants should remove their shoes and all clothes except underwear, and stand erect; they are asked to roll up the shirt/sweater and to
lower the trouser/skirt waistband, so the examiner can palpate the hip area to identify the measurement reference points, and to mark the level
of measurement (the midpoint between the lowest rib and the iliac crest). The measuring tape is placed horizontally, with sufficient tension to
avoid slipping off but without compressing the skin.
The measurement is made at the end of a normal expiration, twice to the nearest 0.1 cm, the arms of the participant to the sides; if the difference
between the two recorded measurements is greater than 0.5 cm, a third measurement is taken, and the mean of the two nearest values is recorded.

Hip circumference
The participants should remove their shoes and all clothes except underwear, and stand erect; they are asked to lower the trouser/skirt waistband,
so the examiner can palpate the hip area. The tape is placed at the maximum extension of the buttocks, horizontal to the floor, with sufficient
tension to avoid slipping off but without compressing the skin.
The measurement is made twice to the nearest 0.1 cm, the arms of the participant to the sides; if the difference between the two recorded meas-
urements is greater than 0.5 cm, a third measurement is taken, and the mean of the two nearest values is recorded.

Cut-off values
Body mass index (BMI): healthy weight when 18.5 ≤ BMI <25 kg/m2, overweight when 25 ≤ BMI <30 kg/m2, obesity when BMI ≥30 kg/m2.
Waist circumference (WC) and waist-to-hip ratio (WHR): abdominal obesity in men when WC ≥102 cm and/or WHR ≥0.95; abdominal obesity
in women when WC ≥88 cm and/or WHR ≥0.8.
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Appendix 2

Figure 1

Comparison between primary care physicians’ and research assistants’ weight measurement, before (upper figure1) and after (bottom figure2)
training (Bland-Altman plots).

1 Mean difference between doctors’ and research assistants’ measurement: 0.14 kg; 95% limits of agreement: –1.91 to 1.63 kg (note that the 15
points which are outside the limits of agreement (5.8%) are labelled by the primary care physicians’ identification number).

2 Mean difference between doctors’ and research assistants’ measurement: 0.40 kg; 95% limits of agreement: –2.21 to 1.42 kg (note that the
14 points which are outside the limits of agreement (5.6%) are labelled by the primary care physicians’ identification number).
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Figure 2

Comparison between primary care physicians’ and research assistants’ height measurement, before (upper figure1) and after (bottom figure2)
training (Bland-Altman plots).

1 Mean difference between doctors’ and research assistants’ measurement: 0.10 cm; 95% limits of agreement: –2.26 to 2.07 cm (note that the
14 points which are outside the limits of agreement [5.4%] are labelled with the primary care physicians’ identification number).

2 Mean difference between doctors’ and research assistants’ measurement: 0.01 cm; 95% limits of agreement: –2.79 to 2.77 cm (note that the
nine points which are outside the limits of agreement [3.6%] are labelled with the primary care physicians’ identification number).
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Figure 3

Comparison between primary care physicians’ and research assistants’ body mass index determination, before (upper figure1) and after
(bottom figure2) training (Bland-Altman plots).

1 Mean difference between doctors’ and research assistants’ measurement: 0.03 kg/m2; 95% limits of agreement: –0.98 to 0.93 kg/m2 (note that
the 15 points which are outside the limits of agreement [5.8%] are labelled with the primary care physician’s identification number).

2 Mean difference between doctors’ and research assistants’ measurement: 0.14 kg/m2; 95% limits of agreement: –1.20 to 0.93 kg/m2 (note that
the 10 points which are outside the limits of agreement [4.0%] are labelled with the primary care physician’s identification number).
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Figure 4

Comparison between primary care physicians’ and research assistants’ waist circumference measurement, before (upper figure1) and after
(bottom figure2) training (Bland-Altman plots).

1 Mean difference between doctors’ and research assistants’ measurement: 2.58 cm; 95% limits of agreement: –6.61 to 11.78 cm (note that the
21 points which are outside the limits of agreement [8.1%] are labelled with the primary care physician’s identification number).

2 Mean difference between doctors’ and research assistants’ measurement: 1.84 cm; 95% limits of agreement: –6.15 to 9.83 cm (note that the
14 points which are outside the limits of agreement [5.6%] are labelled with the primary care physician’s identification number).
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Figure 5

Comparison between primary care physicians’ and research assistants’ hip circumference measurement, before (upper figure1) and after
(bottom figure2) training (Bland-Altman plots).

1 Mean difference between doctors’ and research assistants’ measurement: 0.94 cm; 95% limits of agreement: –13.65 to 11.77 cm (note that
the nine points which are outside the limits of agreement [3.5%] are labelled with the primary care physician’s identification number).

2 Mean difference between doctors’ and research assistants’ measurement: 0.92 cm; 95% limits of agreement: –6.94 to 8.77 cm (note that the
19 points which are outside the limits of agreement [7.6%] are labelled with the primary care physician’s identification number).
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Figure 6

Comparison between primary care physicians’ and research assistants’ waist-to-hip determination, before (upper figure1) and after (bottom
figure2) training (Bland-Altman plots).

1 Mean difference between doctors’ and research assistants’ measurement: 0.04; 95% limits of agreement: –0.19 to 0.26 (note that the two
points which are outside the limits of agreement [0.8%] are labelled with the primary care physician’s identification number).

2 Mean difference between doctors’ and research assistants’ measurement: 0.01; 95% limits of agreement: –0.09 to 0.11 (note that the 16
points which are outside the limits of agreement [6.4%] are labelled with the primary care physician’s identification number).
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