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Abstract

Objective: To determine whether video-based instructions improve the accuracy of
self-measures of waist and hip circumference compared with written instructions.
Design: Population-based, cross-sectional study. Self-measurements of waist cir-
cumference (WC) and hip circumference (HC) of fifty-seven participants randomly
allocated to receive either written instruction or video instruction were compared
with those of a trained technician.
Setting: Aberdeen, Scotland, and Brussels, Belgium, between February and April
2010.
Subjects: Adults aged 18–62 years with a high level of English language and no prior
training in anthropometry.
Results: WC was significantly overestimated by the written method (1?75 cm bias;
P 5 0?007) but not the video method (0?95 cm bias; P 5 0?239). HC was significantly
underestimated in both written (20?35 cm bias; P 5 0?009) and video methods
(20?75 cm bias; P 5 0?046). Reliability was not significantly affected by age, sex,
BMI or WC. Bland–Altman plots demonstrated wide limits of agreement for WC
(26?83, 6?08 cm for written method; 210?14, 6?72 cm for video method) and HC
(212?85, 1?60 cm for written method; 210?82, 2?50 cm for video method).
Conclusions: Video technology can support more accurate self-measurements of
anthropometric data in epidemiological studies. Further research is warranted using
larger and more heterogeneous samples in order that results can be generalised.
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Obesity is becoming increasingly prevalent worldwide.

Historically, BMI and waist:hip ratio (WHR) have been

used as indices of obesity and related disease risk in

epidemiological studies(1). However, waist circumference

(WC) is a better indicator of body fat distribution than

BMI(2) and it has been demonstrated that central

deposition of adipose tissue can better predict risk of

disease(3). Additionally, WC is a more precise marker of

central adiposity than WHR as WHR will remain constant

if WC and hip circumference (HC) increase proportion-

ally. Furthermore, HC has been found to be indepen-

dently associated with disease, with larger HC providing

a protective effect for a given WC(1,4). Therefore mea-

surement of both WC and HC can act as simple indicators

for disease risk.

Anthropometric measurements such as WC and HC are

traditionally collected by a trained technician; however,

this method can be time-consuming and costly to con-

duct. For this reason epidemiological studies often rely on

self-administered questionnaires to obtain data. Previous

studies have demonstrated reliability of self-measures

of anthropometry(5–8) but vary in terms of over- and

underestimation of body girths. Correlations between

self- and technician measurements have ranged from 0?79

to 0?98(7,8) for WC and from 0?74 to 0?96(9,10) for HC;

mean errors have ranged from 0?14 cm to 5?2 cm(11,12) for

WC and from 0?56 cm to 1?8 cm(9,10) for HC; and limits of

agreement have ranged from 25?0, 4?2 cm to 214?9,

8?9 cm(6,13). These studies therefore support the utilisation

of self-measurements in providing a simple and inexpen-

sive method to enable reliable data collection in epidemio-

logical studies.

Previous studies examining the accuracy of self-

measured body circumferences compared with technician

measurements have predominantly provided written

instructions to participants. However, instruction provided

via video technology, with directive voice-over, may

improve accuracy. Providing instruction in a dual format,

i.e. audio and visual, can improve the effectiveness of

working memory(14). A recent study(15) described a com-

puter-based video tutorial for teaching self-measurement

of WC, compared with technician measurement, and

found this method to be reliable and effective for teaching

WC to untrained individuals. Compared with written
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instruction, video instruction has been shown to improve

skill, performance and understanding in a range of appli-

cations including electric toothbrush usage(16), laboratory

experiments(17) and patient education(18).

Within developed countries computer ownership and

Internet access is rising annually. Of UK households, 72 %

owned a home computer in 2008 and 70 % had Internet

access in 2009(19,20). Computers can therefore provide the

majority of the population with low-cost and easy access

to a range of educational materials(21), providing a simple

means with which to follow video instruction provided as

part of epidemiological studies.

To date, only one published study has examined the

accuracy of self-measurements of body circumferences using

video instruction(15). No previous studies have compared

instruction formats. The aim of the present study therefore

was to investigate if video instruction can improve the

accuracy of self-measurement of WC and HC compared with

written instruction. It was hypothesised that using computer-

based video technology instructions for self-measures of

anthropometry would improve accuracy compared with

written instruction. Secondary objectives were to assess

whether reliability was affected by sex, age, BMI and WC.

The present study is the first one known to compare dif-

ferent methods of teaching girth measurement technique to

assess whether instruction methods differ in their ability to

enable accurate and reliable measurements by participants.

Method

Participants

Participants were recruited via posters, an email bulletin

distributed in a large educational establishment and word

of mouth. Inclusion criteria were: (i) a high level of

English language, i.e. native English speaker or minimum

IELTS (International English Language Testing System) or

TOEFL�R (Test of English as a Foreign LanguageTM) score

of 6?0 or 550, respectively; and (ii) no prior training in

anthropometry. All volunteers received an information

sheet detailing the study background, process, and

clothing requirements (loose, light clothing) prior to

providing written consent to participate. The participants

were randomised to receive either written instructions

(‘written method’) or video instructions (‘video method’).

Anthropometry

Participants were advised to follow instructions carefully;

to read/watch them as many times as required until suf-

ficiently confident to take measurements; to measure

each parameter in duplicate to the nearest 0?1 cm; and to

document measurements on the questionnaire provided,

including how many times they read/watched each set of

instructions. In addition, participants also completed a

questionnaire detailing age, sex and education level.

A flexible steel tape measure (Lufkin W606PM; Cooper

Industries, Lexington, SC, USA) and a mirror were pro-

vided to participants; the technician ensured participants

could clearly see their reflection in the mirror. Written or

video instructions, based on an established protocol(22),

were provided.

Written instructions were adapted from a previous

study(23) and were drafted to a Flesch–Kincaid Grade Level

of 7?4. A diagram was included with the written instructions

highlighting the approximate location of measurements.

Professional video instructions were developed and incor-

porated into a PowerPoint�R 2007 (Microsoft Corporation,

Redmond, WA, USA) presentation. Two separate videos

were included, WC (32 s duration; Fig. 1) and HC (35 s

duration; Fig. 2), and included audio and visual instructions

of measurement technique. Participants in the video

method were verbally instructed to click on the computer

screen to start each video but were left alone to complete

their measurements; the technician was available should

the participants encounter any problems. Once complete,

the technician returned to the room and measured partici-

pants’ WC and HC in duplicate according to the same

protocol. The technician was blinded to participants’ self-

measurements during the experimental process. WC was

measured at the narrowest point of the abdomen and HC

measured at the level of the greatest posterior protuberance

of the buttocks(22). Body weight was measured with shoes

9s 13s 27s 33s

Fig. 1 Video captures of waist circumference measurement

11s 17s 25s 26s 34s

Fig. 2 Video captures of hip circumference measurement
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removed, to the nearest 0?5kg, using reliable weighing

scales (Seca Mechanical Scales; Seca, Hamburg, Germany

or Soehnle Mechanical Scales, Soehnle, Backnang,

Germany). Height was measured with shoes removed, to

the nearest 0?1 cm, using a portable stadiometer (Leicester

Height Measure; Seca Ltd, Birmingham, UK). BMI was

subsequently calculated. All measurements were taken by

a single, trained researcher (technician) with experience

of undertaking anthropometric measurements in both

clinical and academic settings prior to the study. In

addition, the technician received additional training

and assessment by a Level 4 Criterion Anthropometrist,

accredited by the International Society for the Advance-

ment of Kinanthropometry (ISAK), to determine inter-

and intra-tester accuracy and reliability.

Data analysis

The mean of duplicate measurements for both self- and

technician measurements were used in the analysis. Par-

ticipants failing to complete the measurement procedure

were excluded from analysis. Where only single mea-

surements were provided for both WC and HC these

measurements were used for analysis. Where participants

used the wrong side of the tape measure to record their

measurements (imperial rather than metric), this was

converted to metric units for inclusion in the analysis.

Participants were stratified into sub-categories relating to

sex, age, BMI and WC in order to identify potential diff-

erences in accuracy which may exist according to these

characteristics. For the purpose of analysis participants were

split into two groups for age (#26 years, .26 years), BMI

(,25kg/m2, $25kg/m2) and WC (,80 cm, $80 cm for

women and ,94 cm, $94 cm for men). Cut-off points for

BMI and WC were those specified in current guidelines(24).

Data were screened for normality and Mann–Whitney

U tests and x2 analysis used to assess distribution of the

data across instruction methods. The Mann–Whitney U test

was used to assess whether self- and technician-measured

circumferences differed within sex, age, BMI and WC

sub-categories within each instruction method. Spearman’s

rank correlation coefficients examined the relationship

between accuracy of measurement and number of times

instructions were reviewed. The Wilcoxon signed-rank

test was used to assess differences between self- and

technician-measured circumferences. Due to the skewed

nature of the data, the average differences between self-

and technician measurements (biases) are reported in

terms of median error. Agreement between measure-

ments was examined in relation to instruction method,

sex, age, BMI and WC using Bland and Altman’s(25,26)

non-parametric approach to the limits of agreement

method. Statistical significance was accepted at P , 0?05.

All analyses were performed using the SPSS for Windows

statistical software package version 15?0 (SPSS Inc., Chi-

cago, IL, USA).

The study was approved by the Institutional Ethical

Review Panel in February 2010. All information obtained

was confidential and participants were free to withdraw

from the study at any time.

Results

Intra-tester precision of the trained researcher was

assessed using the technical error of measurement, which

was 0?2 % for WC and 0?14 % for HC.

Participant characteristics

Table 1 shows both the mean and median values for

participant characteristics. Following stratification of par-

ticipants based on instruction method, x2 analysis con-

firmed that the two groups did not differ significantly in

terms of sex, age group, BMI group and WC group.

Owing to the homogeneity of the sample in terms of

educational status, this variable was not considered in

subsequent analysis. Only one participant failed to com-

plete the measurements and was therefore excluded from

subsequent analysis.

Table 1 Characteristics of the participants by instruction method: adults aged 18–62 years in Aberdeen (Scotland) and Brussels (Belgium),
with a high level of English language and no prior training in anthropometry, February–April 2010

All participants (n 57) Written method (n 29) Video method (n 28)

Characteristic Range Mean SD Median Mean SD Median Mean SD Median P value-

Age (years) 18–62 33?3 14?6 26?0 33?3 15?2 26?0 33?2 14?3 26?0 0?930
WC (cm) 61?0–125?7 78?5 10?8 78?6 78?0 13?6 77?6 78?9 6?9 80?0 0?247
HC (cm) 84?0–119?5 98?4 6?4 98?5 98?5 7?8 98?0 98?4 4?7 98?5 1?000
No. times instructions

read/watched (WC)
1–3 1?7 0?7 2?0 1?8 0?6 2?0 1?5 0?7 1?0 0.133

No. times instructions
read/watched (HC)

1–4 1?6 0?7 1?0 1?7 0?7 2?0 1?4 0?7 2?0 0?009

Height (cm) 148?8–199?9 169?8 10?2 168?0 169?9 10?4 168?0 169?6 10?2 169?1 0?805
Weight (kg) 43?5–119?0 68?1 13?3 67?0 67?9 16?3 66?0 68?4 9?6 68?8 0?380
BMI (kg/m2) 16?4–39?5 23?6 3?6 23?6 23?4 4?6 21?5 23?7 2?2 24?5 0?371

WC, waist circumference; HC, hip circumference.
-Mann–Whitney U test for the difference between written and video methods.
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Waist circumference

Figure 3 illustrates the biases and limits of agreement for

all participants within the written and video methods.

Table 2 shows the biases and limits of agreement between

self- and technician measurements for different partici-

pant characteristics within each instruction method.

The mean WC was overestimated in all sub-categories

regardless of instruction method. There were no sig-

nificant differences between the biases within the sub-

categories for sex, age, BMI or WC for either instruction

method. Accuracy was greater for WC in the video

method and no significant differences were observed

between self- and technician measurements for partici-

pants within any sub-category in the video method only.

The number of times instructions were read/watched

for WC correlated significantly with WC bias in the video

method (rS 5 0?387; P 5 0?042) and with the number of

times instructions were read/watched for HC in the

written method (rS 5 0?494; P 5 0?009) and the video

method (rS 5 0?600; P 5 0?001).

Hip circumference

Figure 4 illustrates the biases and limits of agreement for

all participants within the written and video methods.

Table 3 shows the biases and limits of agreement between

self- and technician measurements for different partici-

pant characteristics within each instruction method. HC

was underestimated in all sub-categories regardless of

instruction method. Accuracy of HC did not differ sig-

nificantly within sub-categories for sex, age, BMI or WC

for either instruction method.

Participants in the written method read/watched

instructions for HC significantly more times than those in

the video method (P 5 0?009).

Discussion

In the present study WC was predominantly overestimated

and HC predominantly underestimated by participants,

findings consistent with previous studies(7,9,11,15,27,28).
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Fig. 3 Bland–Altman plot of biases of waist circumference
(WC) measurement with limits of agreement, comparing self-
measurements with technician measurements for the written
method (a) and the video method (b). Negative differences
indicate underestimation; positive differences indicate over-
estimation; —— indicates zero bias; – – – indicates median
error; ???? indicates the 5th and 95th percentile limits of
agreement

Table 2 Biases and limits of agreement of waist circumference
measurements in video and written instruction methods

n Bias (cm)- P value-

-

LOA (cm)y

Written method
All participants 29 1?75 0?007** 26?83, 6?08
Sex

Male 10 1?75 0?007** 20?05, 6?15
Female 19 2?55 0?131 28?00, 6?00

Age
#26 years 16 1?73 0?008** 25?65, 5?50
.26 years 13 2?55 0?196 28?00, 6?15

BMI
,25 kg/m2 19 1?70 0?003*** 25?65, 5?40
$25 kg/m2 10 3?55 0?333 28?00, 6?15

WC
,80/94 cm 22 1?73 0?007** 27?65, 5?91
$80/94 cm 7 3?70 0?237 24?65, 6?15

Video method
All participants 28 0?95 0?239 210?14, 6?72
Sex

Male 13 1?50 0?075 28?10, 6?25
Female 15 0?75 0?925 210?30, 7?10

Age
#26 years 15 1?50 0?100 28?10, 6?25
.26 years 13 0?25 0?875 210?30, 7?10

BMI
,25 kg/m2 19 0?75 0?528 210?30, 7?10
$25 kg/m2 9 1?05 0?173 28?10, 3?95

WC
,80/94 cm 23 0?85 0?200 210?23, 6?93
$80/94 cm 5 1?05 0?893 24?35, 3?30

WC, waist circumference; LOA, limits of agreement.
Significance of the difference between self- and technician WC measure-
ments: **P , 0?01, ***P , 0?005.
-Median error, the difference between self- and technician measurements
(self-measured minus technician-measured). Positive indicates over-
estimation; negative indicates underestimation.
-

-

Wilcoxon signed-rank test for agreement between self- and technician
measurements.
y5th and 95th percentiles, non-parametric LOA(26).
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Although significant biases existed within the video

method, fewer significant biases were observed for both

WC and HC, suggesting improved accuracy using video

instruction.

Overall biases observed for WC and HC, in both

the written and the video methods in the current study,

are smaller than those observed in several previous

studies(9,12,15,27), suggesting improved accuracy using the

ISAK measurement protocol(22). ISAK is an organisation

which has developed international standards for anthro-

pometric assessment and an international anthropometry

accreditation scheme which aims to assist with global

standardisation of anthropometry(22,29).

Many studies have used correlational analysis in

reporting reliability of self-measurements. However the

use of correlations in examining accuracy of measure-

ment may be misleading as correlation ignores any sys-

tematic bias which may be present between the

measurements and therefore does not identify the level of

agreement between two methods(25). For this reason

several studies have also used limits of agreement to

examine the accuracy of self-measurement(6,8,11,13,15,28).

The limits of agreement in the current study fall within the

range of those observed in previous studies. However,

few previous studies(30,31) have used the narrowest waist

as a measurement location and no previous studies where

this specific location has been used have examined limits

of agreement; therefore any comparison of results needs

to be interpreted with caution. Similarly, no previous

studies have investigated limits of agreement for HC. The

wide limits of agreement observed in the current study

are influenced by the inclusion of outliers in the analysis.

Participants who displayed extreme measurement errors

were included as they represent a valid segment of the

population; in epidemiological research it is likely that

any population examined will comprise individuals

who may demonstrate greater difficulty in understanding

and implementation of instructions. Indeed, the homo-

geneity of the study sample towards a higher educational

level may be a confounding factor. For this reason, the
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Fig. 4 Bland–Altman plot of biases of hip circumference (HC)
measurement with limits of agreement, comparing self-
measurements with technician measurements for the written
method (a) and the video method (b). Negative differences
indicate underestimation; positive differences indicate over-
estimation; —— indicates zero bias; – – – indicates median
error; ???? indicates the 5th and 95th percentile limits of
agreement

Table 3 Biases and limits of agreement of hip circumference
measurements in video and written instruction methods

n Bias (cm)- P value-

-

LOA (cm)y

Written method
All participants 29 20?35 0?009** 212?85, 1?60
Sex

Male 10 21?23 0?093 212?65, 1?85
Female 19 20?30 0?061 213?05, 1?35

Age
#26 years 16 22?53 0?011* 213?05, 1?85
.26 years 13 20?25 0?421 28?60, 1?30

BMI
,25 kg/m2 19 22?05 0?005** 213?05, 1?85
$25 kg/m2 10 20?10 0?878 28?60, 1?35

WC
,80/94 cm 22 21??78 0?008** 212?99, 1?72
$80/94 cm 7 20?25 0?735 23?70, 1?35

Video method
All participants 28 20?75 0?046* 210?82, 2?50
Sex

Male 13 20?95 0?463 28?50, 2?50
Female 15 20?75 0?078 212?30, 1?50

Age
#26 years 15 20?75 0?233 28?50, 2?50
.26 years 13 21?25 0?108 212?30, 2?50

BMI
,25 kg/m2 19 20?75 0?235 212?30, 2?50
$25 kg/m2 9 20?95 0?051 28?50, 1?10

WC
,80/94 cm 23 20?75 0?162 211?64, 2?50
$80/94 cm 5 23?90 0?138 28?05, 1?25

WC, waist circumference; LOA, limits of agreement.
Significance of the difference between self- and technician HC measure-
ments: *P , 0?05, **P , 0?01.
-Median error, the difference between self- and technician measurements
(self-measured minus technician-measured). Positive indicates over-
estimation; negative indicates underestimation.
-

-

Wilcoxon signed-rank test for agreement between self- and technician
measurements.
y5th and 95th percentiles, non-parametric LOA(26).
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exclusion of these outliers from the analysis would result

in a misrepresentation of the population and removal of

participants from analysis due to higher or lower than

expected values is not recommended(26,32).

Previous studies, predominantly looking at self-reported

height and weight, have demonstrated that reporting of

anthropometric measures is affected by body size, age,

sex and social status(33–35). Reduced accuracy has been

reported in younger(28), older(6,9) and male(28) indivi-

duals. Several studies have also found greater misreport-

ing in those with a higher body weight(12,27), higher

WC(9,13,27) and HC(9) and higher BMI(9,12,13). However, in

the present study, insufficient participant numbers and

homogeneity in terms of BMI and WC do not permit

accurate conclusions to be made with regard to accuracy

according to body girth size and BMI, and future studies

using larger and more heterogeneous samples are

required to assess any potential differences in accuracy

according to these characteristics.

In a study of a Dutch, overweight, working popula-

tion(28) the authors reported a greater degree of accuracy

among females and older participants when measuring

WC. The current study provides some support for these

findings; the variability observed among certain sub-

categories suggests that distinct populations perform dif-

ferently depending on instruction format and further

research is warranted to investigate if these differences

persist in a more heterogeneous population.

Many previous studies have observed a tendency to

underestimate WC, particularly in females, which could

lead to misclassification of fat distribution and a sub-

sequent underestimation of disease risk(36). However, the

current study demonstrates a tendency for participants to

overestimate WC. This finding may be due to the mea-

surement protocol, as the location of ‘narrowest waist’

significantly minimises the likelihood of underestimation.

In general, video instruction improved accuracy.

However, improved accuracy of HC measurements with

written instruction in certain sub-categories suggests

some individuals may perform better using written

instruction. The varied results may be suggestive of the

potential benefit of a combined instruction format such as

that used in previous research(15), in which written and

video instruction were combined into a computer-based

tutorial for WC measurement, which may maximise

accuracy by providing participants with a mixed instruc-

tion format. The video format used in the current study

resulted in smaller bias than the prior video study(15) in all

sub-categories analysed, suggesting easier measurement

technique using the narrowest waist as a point of refer-

ence. The location of the midpoint halfway between the

lowest rib and the iliac crest was used as the reference

point in devising the healthy cut-off points(37). For this

reason, cut-off points for measurements taken at the

narrowest waist may need to be reviewed to enable

accurate prediction of risk; studies have shown significant

differences between measurements taken at the narrowest

waist and other commonly used reference points(38).

Within the video method the number of times partici-

pants watched the instructions was positively, but

weakly, associated with the bias for WC, suggesting that

error increased with increased viewing of the instructions –

an unexpected finding. This may be indicative of a poorer

understanding of the appropriate anthropometric tech-

nique and should be further explored in future research.

The finding that instructions for HC measurement were

viewed significantly more in the written method is sug-

gestive of improved comprehension of the measurement

technique with video instruction. However, the number

of times instructions were read/watched may be due to

participants’ willingness to devote only a given amount of

time to measurements rather than representing their

comprehension of the technique and must therefore be

interpreted cautiously. Indeed, a significant advantage of

the video instruction used in the current study, in terms of

maintaining participant attention, is the short duration.

There are many potential explanations for the biases and

variability of errors observed in the current study. Although

all participants were provided with instructions and the

appropriate materials to carry out measurements, it cannot

be ascertained whether they followed the correct proce-

dure. Errors may have resulted from misreading, incorrect

positioning or ‘cinching’(36) of the tape. Preconceptions of

the location of the ‘waist’ and ‘hips’ may have biased results

as several participants reported that they thought WC was

lower and HC higher. Previous studies have used the

alternative terms ‘torso’ or ‘abdomen’ and ‘buttocks’(5,10) in

an attempt to minimise the effect of such preconceptions.

Additionally, the type of clothing worn by participants may

have affected measurements as some did not wear the

requested loose, light clothing. However, this did not have

an effect on WC as measurements were taken on bare

skin. It may have had an impact on HC as both participants

and the technician may have been unable to accurately

identify the exact location of the widest protrusion of

the buttocks, resulting in underestimation of girth. The

observed variability of error for HC between instruction

formats in different sub-categories is supportive of this.

The use of a standardised, easy-to-follow video instruc-

tion format such as that used in the present study provides

a simple, inexpensive method of enabling individuals to

provide accurate, reliable measurements in epidemiological

studies and previous studies have demonstrated good

reliability of repeated measurements by individuals(10,39).

Additionally, the use of video instruction based on a

standardised technique may be beneficial in educating

health-care professionals about appropriate measurement

technique and healthy cut-off points. Indeed, a previous

study(40) found there was a high level of variation among

health-care professionals on the suggested specific values

for a healthy waist (74–88 cm for females and 90–100 cm for

males), demonstrating the need to develop more robust
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educational tools to support awareness-raising of central

adiposity and its associated risks. The resulting standardi-

sation would be beneficial to epidemiologists who rely on

health-care professionals’ records to monitor populations

and to patients in ascertaining an accurate indication of

their health risks.

Conclusions

To the authors’ knowledge, the present study is the first to

compare the influence of instruction format on reliability

of self-measures of anthropometry. Although previous

studies have shown that the use of written instruction

enables individuals to reliably self-measure body girths,

the findings of the current study confirm that video

instruction can improve reliability and accuracy of self-

measurement of waist girth compared with written

instruction, thus providing a cheap and easy-to-use

method for inclusion in epidemiological research. Future

studies using larger and more diverse samples are required

to provide further insight into whether video instruction

can improve accuracy across a more varied population.
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