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ABSTRACT

Objective Adults typically overestimate height and
underestimate weight compared with directly measured
values, and such misreporting varies by sociodemographic
and health-related factors. Using self-reported and
interviewer-measured height and weight, collected from
the same participants, we aimed to develop a set of
prediction equations to correct bias in self-reported height
and weight and assess whether this adjustment improved
the accuracy of obesity prevalence estimates relative to
those based only on self-report.

Design Population-based cross-sectional study.
Participants 38 940 participants aged 16+ (Health
Survey for England 2011-2016) with non-missing self-
reported and interviewer-measured height and weight.
Main outcome measures Comparisons between self-
reported, interviewer-measured (gold standard) and
corrected (based on prediction equations) body mass index
(BMI: kg/m?) including (1) difference between means and
obesity prevalence and (2) measures of agreement for BMI
classification.

Results On average, men overestimated height more
than women (1.6 cm and 1.0 cm, respectively; p<0.001),
while women underestimated weight more than men (2.1
kg and 1.5 kg, respectively; p<0.001). Underestimation
of BMI was slightly larger for women than for men (1.1
kg/m? and 1.0 kg/m?, respectively; p<0.001). Obesity
prevalence based on BMI from self-report was 6.8 and
6.0 percentage points (pp) lower than that estimated
using measured BMI for men and women, respectively.
Corrected BMI (based on models containing all significant
predictors of misreporting of height and weight) lowered
underestimation of obesity to 0.8pp in both sexes and
improved the sensitivity of obesity over self-reported BMI
by 15.0pp for men and 12.2pp for women. Results based
on simpler models using age alone as a predictor of
misreporting were similar.

Conclusions Compared with self-reported data, applying
prediction equations improved the accuracy of obesity
prevalence estimates and increased sensitivity of being
classified as obese. Including additional sociodemographic
variables did not improve obesity classification enough to
justify the added complexity of including them in prediction
equations.

, Alison Moody

, Jennifer S Mindell

STRENGTHS AND LIMITATIONS OF THE STUDY

= The limitations of body mass index (BMI) calculat-
ed from self-reported height and weight are well
known.

= Health examination surveys such as the Health
Survey for England (HSE) enable study of reporting
bias when they collect both self-report and directly
measured data on height and weight from the same
participants.

= This study used HSE 2011-2016 data to derive a set
of adjustments to self-reported height and weight
based on linear regression models that predicted
measured height and weight from self-reported
height and weight, with additional corrections for
sociodemographic and health-related factors pre-
dictive of misreporting.

= Corrected and measured BMI (the gold standard)
were compared to quantify by how much obesi-
ty prevalence estimates were improved relative to
those based on self-report data only.

= Prediction equations are specific to time, place, tar-
get population and methods of data collection. As
such, these may not be applicable to surveys with
more recent data, or with different sociodemograph-
ic, health and self-reported anthropometric profiles.

INTRODUCTION

A few large cross-sectional surveys in England
and the USA include only self-reports of
height and weight, as direct measurement is
not feasible due to factors such as cost. In lieu
of direct measures, body mass index (BMI)
derived from self-reported height and weight
(hereafter, self-reported BMI) is sometimes
used for research' and regularly for esti-
mating obesity prevalence at a subnational
level as part of monitoring efforts.” > However,
systematic literature reviews'’ and epidemi-
ologic studies™' have consistently shown
that adults on average overestimate height
and underestimate weight compared with
measured values. While such misreporting is
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typically moderate on average for continuous variables,
self-reported BMI often results in a systematic misclassi-
fication of BMI categories. Misreporting of height and
weight, plus the skewness of BMI distributions, results in
significant underestimation of obesity prevalence."'

Misreporting of height and weight varies by sociode-
mographic factors, for example, by sex,'" age,' race/
ethnicity'” and socioeconomic status,” and by health-
related factors such as current smoking status® and
self-perceived health.® Younger women, in particular,
underestimate weight (linked to social desirability
bias),"” while older persons overestimate height (linked
to reporting height measured earlier in life, prior to
becoming shorter due to changes in bone and muscle).’
Misreporting of weight is greater in higher BMI catego-
ries'” " 19 the term ‘flat slope syndrome’ in obesity
epidemiology describes the systematic tendency for self-
reported BMI (relative to measured BMI) to overestimate
low values and underestimate high values.” " '®

Health examination surveys (eg, the Health Survey for
England (HSE) and the US National Health and Nutri-
tion Examination Survey (NHANES)) often collect both
self-report and measured data on height and weight from
the same participants, enabling study of self-reporting
bias.'” " As such analyses have shown systematic patterns
in misreporting, equations including variables predic-
tive of misreporting have been developed for use with
surveys collecting self-report but not measured height
and weight.” '’ 'Y In England, self-reported height and
weight in the Active Lives Survey (ALS) data sets are
adjusted by formulae based on HSE data to monitor the
proportion of excess weight (BMI>25 kg/m?) at local
authority (LA) level for the Public Health Outcomes
Framework (PHOF). For surveys such as the ALS with
no direct measurements of height and weight, these
adjustments are made in the expectation that corrected
values improve accuracy of BMI classification, and so esti-
mate levels of excess weight and obesity more accurately,
compared with reliance on self-report data alone.” '°

The HSE is the main data source for monitoring over-
weight and obesity in the general population in England.
Annually since 1991, trained interviewers have measured
participants’ height and weight. Self-reported height
and weight were included in each survey year between
2011 and 2016. The present study aims to analyse HSE
2011-2016 data to develop a set of equations to correct
self-reported height and weight to more closely approxi-
mate measured height and weight. Should corrected BMI
show an improvement over self-reported BMI, these equa-
tions could then be applied to (1) self-report data in HSE
2021 (where interviewer measurement was not possible
for a substantial portion of fieldwork due to COVID-19
pandemic precautions) and (2) other interview-based
surveys (eg, ALS) to improve accuracy of excess weight
and obesity prevalence estimates. Our objectives were
to (1) identify which variables are associated with misre-
porting (thereby meriting inclusion in prediction
equations) and (2) assess whether applying the chosen

equations improved the classification of adults into BMI
categories.

METHODS

Study design and participants

The present study used HSE data on adults (aged 16+
years) from all survey years between 2011 and 2016,
when both self-reported and measured height and weight
were collected. The HSE is a cross-sectional, general
population survey of individuals living in private house-
holds, with a new sample each year randomly selected
by address.”” Data collection occurs throughout the year.
The first stage is a health interview, including questions
about sociodemographic factors, diagnosed health condi-
tions, self-rated health, health-related lifestyle behaviours
and direct measurements of—and in 2011-2016, self-
reported—height and weight. The second stage is a
nurse-visit, including biophysical measurements. Inter-
views and nurse visits take place in the participants’ own
homes. All adults in selected households were eligible
(maximum 10); the percentage of eligible households
participating ranged from 66% in 2011 to 59% in 2016.
Participants gave verbal consent to be interviewed, visited
by a nurse, and to have anthropometric measurements
taken. Research ethics approval was obtained from rele-
vant committees.

Self-reported height and weight were collected with
the questions: ‘How tall are you without shoes?” and ‘How
much do you weigh without clothes and shoes?” Height was
reported in either metres or feet and inches; weight
was reported in kilograms (kg) or stones and pounds.
Height was measured using a portable stadiometer with
a sliding head plate, a base plate and connecting rods
marked with a measuring scale. Participants were asked
to remove their shoes. One measurement (to the nearest
even millimetre) was taken, with participants’ stretching
to the maximum height and the head positioned in the
Frankfort plane. For those not pregnant, a single weight
measurement (to the nearest 100 g; maximum 200 kg)
was recorded using Class III Seca scales; participants were
asked to remove their shoes and any bulky clothing or
heavy items in pockets, etc. No adjustment was made for
the weight of clothing. Participants unable to stand or
unsteady on their feet were not measured. Those who
weighed 200+ kg were asked for their estimated weight
because the scales are inaccurate above this level. Partici-
pants were assigned missing values if they were considered
by the interviewer to have unreliable measurements, for
example, those who were too stooped or wore excessive
clothing. Participants were not told at the time of inter-
view that their height and weight would be measured;
however, given their informed consent, it is likely that
they might have anticipated being measured subsequent
to their report.

Analytical sample
All participants (n=49 817) were asked their height
and weight soon after starting the interview, and the
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measurements took place near the end. As our aim was to
study self-reporting bias, the analytical sample was limited
to n=38 940 participants with non-missing self-reported
and measured height and weight. The participants
excluded were as follows: pregnant (n=471); missing self-
report and measured data (n=1001); missing self-report
but not measured data (n=2550) and missing measured
but not self-report data (n=6855). Missing self-report and
measured data were primarily due to ‘don’t knows’ and
refusals, respectively.

Key variables

BMI was calculated as weight in kg divided by height in
metres squared, and the WHO classification®' was used
to group participants into five categories: underweight
(<18.5 kg/mg); normal weight (18.5 —24.9 kg/mQ); over-
weight, not obese (25.0-29.9 kg/m®); obesity grades I and
IT (30.0-39.9 kg/m?) and obesity grade IIT (>40 kg/m?).
Participants were also classified according to the binary
categories of (1) overweight including obesity (excess
weight: >25 kg/m?) and (2) obesity (=30 kg/m?). These
definitions were applied to all participants as adults are
defined in the HSE series as aged 16+ years.

Age was used as a categorical variable in our main anal-
ysis (1617 years, 18-19 years, and in 5-year intervals up to
85+ years), so that researchers can reproduce the results
and revise/update equations accordingly using the
public-use HSE data sets (since 2015 only categorical age
has been provided to preserve anonymity of participants).
Other potential predictors of misreporting included
ethnic group (white, black, Asian, mixed, other); Govern-
ment Office Region (North East, North West, Yorkshire
and the Humber, East Midlands, West Midlands, East
of England, London, South East, South West); cigarette
smoking status (current, exsmoker, never-smoker); self-
reported general health (very good/good, fair, bad/very
bad); self-reported presence of a limiting longstanding
illness and two indicators of socioeconomic status: (1)
highest educational qualification (university degree or
equivalent, A level/diploma, O level/General Certificate
of Secondary Education (GCSE)/vocational equivalent
or none) and (2) Index of Multiple Deprivation quintile,
a small-area based measure of deprivation (least deprived
to most deprived). These variables were chosen based on
a review of the literature and data availability (collected
in HSE 2011-2016 main interview). To maximise sample
sizes, missing values on independent variables were
assigned to a separate category (n>30) or the modal cate-
gory (n<30).

Statistical analyses
1. Descriptive analysis: comparing self-reported and
measured data.

We decided a priori to conduct sex-specific analyses due
to documented differences in reporting®*'*'*** and the
sexual dimorphisms in height, weight and adiposity.”
Initial analyses showed no linear trend in misreporting
over the 6-year period in either sex (online supplemental

table S1): pooled data were therefore used for subse-
quent analysis.

Among complete cases (n=38 940), self-reported and
measured mean height, weight and BMI were calculated
with 95% CIs. To compare across distributions,”* we
computed values at the 5, 10", 25", 50", 75", 90" and
95™ percentiles."" To compare self-report and measured
data, we first calculated the difference (self-reported
minus measured) between means (height, weight and
BMI) and between prevalence (overweight including
obesity and obesity). The degree of individual variability
in the difference between self-reported and measured
values was summarised by the SD."® Bland-Altman limits
of agreement (LOA) were calculated for height, weight
and BMI. Second, we cross-tabulated self-reported and
measured BMI categories. Using measured BMI as gold
standard, we calculated estimates of sensitivity (the per
cent of true positives) and specificity (the per cent of true
negatives) to quantify the classification accuracy of self-
reported BMI. We also calculated the Youden ] statistic, a
summary index that combines sensitivity and specificity,
assuming both have equal importance.” Cohen’s Kappa
(k) statistic was also used to assess the degree of agree-
ment after accounting for agreement at random."

2. Developing prediction equations in our main analysis.

Linear regression modelling was used to develop equa-
tions to predict measured values of height and weight
from self-reported height and weight, with appropriate
adjustments for any variables independently associated
with misreporting.*™'?'°* This involved three main steps.

Step 1: predictors of misreporting

First, as in other studies,”* ?*” participants with an abso-
lute difference (self-reported minus measured) >4 SD
from the mean were considered outliers (with possible
unrealistic reported values): these were excluded (height:
n=189; weight: n=276) to avoid potentially undue influ-
ence on the equations. For those remaining (n=38
475), separately for height and weight, linear regres-
sion modelling was used to identify which variables were
independently predictive of the difference between
self-reported and measured values. The backward elim-
ination stepwise method was used to select candidates
for inclusion in prediction equations. Continuous vari-
ables for self-reported height and weight were entered
as linear, quadratic and cubic terms to allow for possible
non-linearity'’; as part of model refinement, the model
was refitted with just the linear and quadratic terms if
the p value for the cubic term in the model containing
all three terms was >0.05. For variables with more than
two categories, we used joint Wald tests (null hypothesis
being that all coefficients were equal to zero) to decide
whether to retain the variable in the model. At each step,
after adjustment for self-reported height/weight and age-
group, the sociodemographic or health-related predictor
with the highest p value (>0.05) was removed from the
model.
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Step 2: deriving the prediction equations

Second, as in other studies,’ ** the sample was randomly
splitinto a training (hereafter, split-sample A) and testing
(splitsample B) data set using a 70:30 ratio. Split-sample
A (n=27 033) was used for modelfitting and refinement
and parameter estimation (prediction equations). Split-
sample B (n=11 442) provided an independent assess-
ment of predictive accuracy of the equations. Although
we followed the approach of previous studies, we acknowl-
edge that the most optimal approach would have been
to randomly split the full sample prior to examining the
significance of individual variables in predicting misre-
porting. To develop the prediction equations via linear
regression modelling, measured height and weight were
the dependent variables,® and self-reported height and
weight (including any non-linear terms), age-group and
any other variables significantly associated with misre-
porting (from step 1) were the independent variables. In
a final refinement step, only significant variables (p<0.05)
were retained (hereafter, full models) for reasons of
parsimony (ie, achieved similar goodness-of-fit with as few
predictors as possible). We also fitted models containing
age-group alone as a predictor of misreporting (hereafter,
reduced models): such simpler equations may be partic-
ularly useful for researchers using surveys other than the
HSE that do not contain all the independent variables
retained in the full models. For these and other equations
(see below), the adjusted R* and root mean square error
(RMSE) summarised model goodness-of-fit: high R* and
low RMSE represent explained variability and good preci-
sion, respectively.

Step 3: assessing the accuracy of the equations

Third, the equations generated from splitsample A were
applied to splitsample B. Corrected BMI was derived
using predicted height and weight. Descriptive statistics
(means for continuous variables and percentages for BMI
categories) were used to compare self-reported, measured
and corrected values.

To compare predicted and measured height and weight
(and BMI derived from these) across a set of equations,
the mean difference (predicted minus measured) esti-
mated bias and the SD of the difference quantified the
variability in error (an estimate of reliability).® Using
measured BMI as gold standard, estimates of sensitivity,
specificity and the Youden Index were calculated to quan-
tify by how much corrected BMI improved BMI classifica-
tion. The models considered were as follows:

» A ‘mean-correction’ equation (derived from the full
model for an all mean/reference individual).

» Equation 1: self-reported height/weight
(including any non-linear terms).

» Equation 2: self-reported height/weight, categorical
age (reduced model).

» Equation 3: self-reported height/weight, categorical
age, sociodemographic and health-related factors
associated with misreporting (full model).

alone

For a final set of correction factors (equation 4), self-
reported BMI was added to the full model to estimate any
specific improvement in model performance.

Finally, to investigate the presence of any systematic
error in self-reported BMI (ie, the ‘flat slope syndrome’
mentioned earlier), we fitted a linear regression model in
which the difference between self-reported and measured
BMI was the dependent variable and measured BMI was
the independent variable. To investigate any such error in
corrected BMI, we fitted a linear regression model in which
the difference between corrected and measured BMI was
the dependent variable and measured BMI was the inde-
pendent variable.'® For each case, a significantly nega-
tive slope for BMI would indicate the tendency for BMI
underestimation to increase as measured BMI increases.

Supplementary analysis

Self-reported height and weight in ALS data sets are
currently adjusted by formulae based on HSE data (2012-
2014) to monitor levels of excess weight (BMI >25 kg/m2)
across English LAs. Similar to the approach of Jain et al,"’
the prediction equations were based on linear regression
models to predict measured height/weight as a function
of self-reported height/weight and age (as a continuous
variable). These equations might not be entirely appli-
cable to self-reported data on height and weight collected
since 2014 as the pattern and/or magnitude of misre-
porting bias is subject to change over time. To support
these monitoring efforts for the PHOF, as a supplemen-
tary analysis, we updated these equations using the same
modelling approach on the most recent HSE data (2011-
2016). Linear, quadratic and cubic terms were entered for
self-reported height and weight, and linear and quadratic
terms were entered for age. Each term was retained in
the model (thereby included in the equation) irrespec-
tive of statistical significance to maintain consistency with
the earlier study and to allow for possible associations in
future data sets."

All analyses accounted for the complex survey design,
incorporating survey non-response weights and geograph-
ical clustering. Statistical significance was set at p<0.05 for
two-tailed tests, with no adjustment for multiple compar-
isons. HSE data sets are available via the UK Data Service
(www.ukdataservice.ac.uk)®>® and are subjected to an
end-user license agreement. Data set preparation was
performed in SPSS V.24.0 (IBM, Armonk, New York);
analysis was performed in Stata V.17.1 (StataCorp LLC,
College Station, Texas). Reproducible code will be openly
accessible via GitHub (https://github.com/shaunsll;
GitHub, San Francisco, California).

Patient and public involvement

Patients or the public were not involved in the design,
or conduct, or reporting or dissemination plans of our
research (which involves secondary analysis of existing
data). The project was shaped by discussions with the HSE
Steering Group, including representatives from various
national government agencies and local authorities.
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Table 1

Means and differences in means for self-reported and measured height, weight and BMI by sex

Self-reported (95% CI)

Measured (95% CI)

Absolute difference (95% CI)*

Relative difference (95% CI)t

Men (n=17 868)
Height (cm)
Weight (kg)
BMI (kg/m?)
Overweight including obese (%)
Obese (%)
Women (n=21 072)
Height (cm)
Weight (kg)
BMI (kg/m?)
Overweight including obese (%)
Obese (%)

177.1 (177.0t0 177.3)
82.9 (82.6 to 83.1)
26.4 (26.3 to 26.5)
58.7 (57.8 to 59.5)
18.4 (17.7 to 19.0)
162.9 (162.8 to 163.0)
68.4 (68.2 t0 68.7)
25.8 (25.7 t0 25.9)
47.6 (46.9 to 48.4)
18.6 (18.0 to 19.2)

175.5 (175.4 t0 175.7)
84.4 (84.1 to 84.7)
27.4 (27.3 t0 27.5)
66.7 (65.8 to 67.5)
25.1 (24.4 to 25.8)
161.9 (161.8 to 162.0)
70.5 (70.3 to 70.7
26.9 (26.8 t0 27.0
56.6 (55.8 t0 57.3

)
)
)
24.6 (24.0 to 25.3)

1.6 (1.5t0 1.6)
-1.5(-1.6to -1.4)
-1.0 (-1.0to -0.9)
—-8.0pp (-8.6 to —7.5)
—6.8pp (-7.2 to —6.3)

1.0(1.0to 1.1)
-2.1(-2.1t0 -2.0)
-1.1 (-1.1to -1.1)
-9.0pp (9.4 to -8.5)
—6.0pp (6.4 to —-5.7)

0.9% (0.9 t0 0.9)
-1.5% (-1.6to -1.5)
-3.2% (-3.3 to -3.1)
~12%
—27%

0.6% (0.6t0 0.7)
-2.6% (-2.7 to -2.6)
-3.8% (-3.9 to -3.7)
~16%
-25%

Participants with valid self-reported and measured height and weight (n=38 940). Estimates for height, weight and BMI are mean (95% Cl). Overweight including obese (>25.0 kg/m?).

Obese (=30.0 kg/m?).

*Self-report minus measured. Positive values indicate overestimation; negative values underestimation.

T((Self-report minus measured)/measured) x 100.
BMI, body mass index; pp, percentage points.

RESULTS

Comparing self-reported and measured height, weight and
BMI in the full sample

To compare self-reported and measured data, table 1
presents the difference between means (height,
weight, BMI) and prevalence (BMI categories). On
average, men overestimated height more than women
(difference: 1.6 cm and 1.0 cm, respectively; p<0.001
for sex difference), while women underestimated
weight more than men (difference: 2.1 kg and 1.5
kg; p<0.001). Underestimation of BMI was slightly
larger on average for women than for men (1.1 kg/
m? and 1.0 kg/m? p<0.001). About three-quarters of
adults had self-reported BMI values within 2 units of
measured BMI (data not shown); however, underesti-
mation of BMI was greater in higher BMI categories
(online supplemental table S2). For both sexes, the
upper percentiles of BMI were lower for self-reported
than for measured data, indicating more compressed
distributions (online supplemental table S3 and figure
S1).

The Bland-Altman LOA shows the range within
which approximately 95% of the differences between
self-reported and measured values would be expected
to fall.’* The LOA for self-reported BMI was in the
range of —-4.7 to 2.6 BMI units for men and from
=5.1 to 2.8 units for women (unweighted data: online
supplemental table S4 and figure S2). The SD of the
differences for height, weight and BMI was 2.8 cm, 4.4
kg and 1.7 kg/m? for men, respectively, and 3.2 cm,
4.5 kg and 2.0 kg/m®, respectively, for women (online
supplemental table S4); the distribution of reporting
error was greater in higher BMI categories (online
supplemental figure S3).

The prevalence of overweight including obesity
was 8.0 and 9.0 percentage points (pp) lower for self-
reported than measured data for men and women,

respectively. The equivalent figures for obesity were
6.8pp and 6.0pp (table 1). Using measured BMI as
gold standard, 77% of men and 78% of women were
correctly classified using self-reported BMI (table 2).
The sensitivity of the self-reported obese category was
69% for men and 72% for women; specificity values
were 99% for both sexes, indicating that very few non-
obese participants according to measured BMI were
classified as obese based on BMI derived from self-
report (table 2).

Predicting measured height from self-reported height and
other variables (split-sample A)

Among men, based on multivariable linear regres-
sion analysis (dependent variable: self-reported minus
measured height), older age, lower educational status
(O level or no qualifications vs having a degree), being
Asian (vs white), living in the North East, the North
West and the West Midlands (vs the South East) and
reporting bad/very bad general health (vs good/very
good) were associated with greater overestimation of
height. For women, older age, lower educational status
(O level or no qualifications vs having a degree), living
in the North West (vs the South East), living in the most
(vs least) deprived areas, and being in the black, Asian
or mixed ethnic groups (vs white) were associated with
greater overestimation of height (online supplemental
table S5A,B). The R? values for the full models (indi-
cating the proportion of variance in reporting error
explained by these variables) were 16.1% (men) and
22.3% (women).

The regression coefficients (prediction equations)
for the aforementioned variables based on the models
with measured height as the dependent variable
correct self-reported height upwards (positive signs)
or downwards (negative signs) as appropriate (online
supplemental table SHA,B): for example, compared
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Table 2 Cross-tabulation of measured and self-reported BMI categories by sex

Measured BMI categories

Self-reported BMI categories

Under-weight  Normal Overweight but not obese = Obese | &1l  Obese lll
n (%) n (%) n (%) n (%) n (%)
Men (n=17868)
Underweight 209 (69.2) 167 (2.7) 4 (0.0) 2(0.0) 0(0.0)
Normal 91 (30.1) 5704 (91.0) 1927 (23.5) 49 (1.1) 0(0.0)
Overweight but not obese 2(0.7) 390 (6.2) 6081 (74.2) 1475 (32.0) 5 (1.4)
Obese | and Il 0 (0.0) 7 (0.1) 184 (2.2) 3051 (66.2) 178 (50.9)
Obese llI 0 (0.0) 1(0.0) 1(0.0) 32 (0.7) 166 (47.6)
Sensitivity 69% 91% 74% 66% 48%
Specificity 99% 85% 84% 98% 100%
Youden Index 68% 76% 58% 64% 47%
K 0.66
Women (n=21072)
Underweight 303 (73.7) 292 (3.6) 8 (0.1) 0 (0.0) 0 (0.0)
Normal 106 (25.8) 7524 (93.5) 1886 (30.3) 79 (1.9) 5(0.7)
Overweight but not obese 2 (0.5) 223 (2.8) 4176 (67.1) 1244 (29.9) 10 (1.5)
Obese | and Il 0 (0.0) 7 (0.1) 152 (2.4) 2796 (67.1) 272 (43.3)
Obese llI 0 (0.0) 1(0.0) 2 (0.0) 47 (1.1) 342 (54.5)
Sensitivity 74% 93% 67% 67% 54%
Specificity 98% 82% 89% 97% 100%
Youden Index 72% 75% 56% 64% 54%
K 0.67

k (Cohen’s kappa statistic). Participants with valid self-reported and measured height and weight (n=38 940). Cell counts are
weighted (rounded); estimates are column percentages. Shaded cells indicate those who were classified in the same category
of BMI based on self-reported and measured height and weight. Underweight (<18.5 kg/m?); normal (>18.5-24.9 kg/m?);
overweight but not obese (>25.0-29.9 kg/m?); obese | and Il (>30.0-39.9 kg/m?); obese Il (=40.0 kg/m?).

BMI, body mass index.

with those in the white group, the predicted measured
height from the self-reported height of participants in
the Asian group is corrected downwards by 0.61 cm
(men) and 1.78 cm (women).

Predicting measured weight from self-reported weight and
other variables (split-sample A)

For men, being an ex-regular or never (vs current)
smoker were associated with greater underestimation
of weight; lower educational status (O level or no qual-
ifications vs having a degree) was associated with lower
underestimation. For women, being an ex-regular
or never (vs current) smoker and being in the black
(vs white) ethnic group were associated with greater
underestimation of weight (online supplemental table
S6A,B). The R? values for the full-models were mark-
edly lower than for height: 2.0% (men) and 1.9%
(women). Online supplemental table S6A,B show the
prediction equations for deriving corrected values of
weight: for example, compared with current smokers,
the predicted measured weight from the self-reported

weight of never smokers was adjusted upwards by 0.65
kg (men) and 0.18 kg (women).

Assessing the predictive accuracy of the equations (split-
sample B)
Descriptive statistics
The prediction equations were applied to splitsample B
to generate corrected values. Table 3 shows the means
(height, weight, BMI) and percentages (BMI catego-
ries) for the selfreported, measured and corrected
(full models and reduced models) values. In each case,
corrected estimates were closer than self-reported esti-
mates to measured estimates, and the difference in means
between corrected and measured values was not signifi-
cantly different from zero, with the exception of height
for women (eg, measured height was underestimated on
average by 0.1 cm in the full model (p=0.003; data not
shown)).

Compared with measured BMI, obesity prevalence based
on self-reported BMI was 6.5pp and 5.2pp lower for men and
women, respectively. The corresponding value for corrected
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Table 3 Mean height, weight and BMI for self-reported, measured and corrected data by sex (split-sample B)

Self-reported (95% CI)

Measured (95% CI)

Corrected data

Full model (95% Cl)

Reduced model (95% CI)

Men (n=5297)
Height (cm)
Weight (kg)
BMI (kg/m?)

BMI category (%):
Underweight
Normal weight
Overweight but not obese
Obese | and Il
Obese Il
Overweight including obese
Obese

Women (n=6145)
Height (cm)
Weight (kg)
BMI (kg/m?)

BMI category (%):
Underweight
Normal weight
Overweight but not obese
Obese | and Il
Obese Il

Overweight including obese
Obese

177.1 (176.9 to 177.4)

82.7 (82.2 t0 83.2)
26.3 (26.2 to 26.5)

22(1.8102.7)

39.6 (38.1 to 41.1)
39.9 (38.5 to 41.3)
17.3 (16.2 to 18.5)
1.0 (0.8 to 1.4)

58.2 (56.7 to 59.7)
18.3 (17.2 to 19.5)

162.9 (162.7 to 163.1)

68.2 (67.8 to 68.6)
25.7 (25.6 to 25.9)

3.6 (3.1104.2)
49.8 (48.4 t0 51.2)
28.0 (26.8 t0 29.2)
16.9 (15.9 to 17.9)
1.8 (1.5t0 2.1)

46.6 (45.2 to 48.0)
18.6 (17.6 to 19.6)

175.6 (175.3 to 175.8)

84.2 (83.7 to 84.7)
27.3 (27.1 to 27.4)

1.7 (1.3t0 2.1)

32.0 (30.6 to 33.5)
41.5 (40.0 to 42.9)
23.0 (21.8 to 24.3)
1.8(1.4t02.3)

66.3 (64.8 to 67.8)
24.8 (23.5 to 26.1)

162.0 (161.8 to 162.2)

70.2 (69.8 to 70.6)
26.7 (26.6 to 26.9)

2.5 (2.110 3.0)

42.3 (41.0 to 43.7)
31.3 (30.1 to 32.6)
20.8 (19.7 to 21.8)
3.1 (2.7 t0 3.6)

55.2 (53.8 to 56.6)
23.9 (22.7 to 25.0)

175.5 (175.3 to 175.7)

84.2 (83.7 to 84.6)
27.3 (27.1t0 27.4)

1.3(1.0t0 1.7)

31.4 (30.0 to 32.9)
43.3 (41.8 10 44.7)
22.4 (21.2 to 23.6)
1.6 (1.3t0 2.1)

67.3 (65.8 to 68.8)
24.0 (22.8 to 25.3)

161.9 (161.7 to 162.1)

70.2 (69.8 to 70.6)
26.8 (26.6 t0 26.9)

2.0 (1.6 to 2.4)
42.4 (41.0 to 43.8)
32.6 (31.4 t0 33.9)
20.4 (19.3 to 21.5)
2.7 (2.3 10 3.1)

55.6 (54.3 to 57.0)
23.0 (21.9 to 24.2)

175.5 (175.3 to 175.7)

84.2 (83.7 t0 84.7)
27.3 (27.1t0 27.4)

1.3(0.9t0 1.7)

31.3 (29.8 t0 32.7)
43.5 (42.0 to 45.0)
22.3 (21.1 to 23.6)
1.7 (1.3t0 2.1)

67.5 (66.0 to 69.0)
24.0 (22.7 to 25.3)

161.9 (161.7 to 162.1)

70.2 (69.8 to 70.6)
26.8 (26.6 t0 26.9)

2.0 (1.6 to 2.4)
42.1 (40.8 to 43.5)
32.9 (31.6 to 34.1)
20.4 (19.4 to 21.5)
2.6 (2.2 t0 3.1)

55.9 (54.5 to 57.3)
23.0 (21.9 to 24.7)

Participants with valid self-reported and measured height and weight in split-sample B (n=11 442). Estimates for height, weight and BMI are mean
(95% CI). Full model: measured height/weight predicted from self-reported height/weight, categorical age, socio-demographic and health-related
factors associated with misreporting. Reduced model: measured height/weight predicted from self-reported height/weight, categorical age. Formulae
used to generate corrected BMI values are shown in online supplemental tables S5 and S6 (Supplementary data). Underweight (<18.5 kg/m?); normal
(218.5-24.9 kg/m?); overweight but not obese (>25.0-29.9 kg/m?); obese | and Il (>30.0-39.9 kg/m?); obese Il (>40.0 kg/m?). Overweight including

obese (225.0 kg/m?); obese (=30.0 kg/m?).
BMI, body mass index.

BMI (full models) was 0.8pp for both sexes (table 3; figure 1).
The prevalence of overweight including obesity was slightly
overestimated (1.0% men; 0.4% women).

Model performance criteria

To compare the simpler and more complex equations,
table 4 shows their estimated precision and accuracy
using the adjusted R?, RMSE, mean and SD of the differ-
ence (corrected minus measured) and LOA.

Results were similar for both sexes. First, compared
with self-report (before correction) and mean-corrected
data, the four regression models reduced the mean
error in predicting measured height and weight.
Second, model performance for height was improved
by adding age to the model that included self-reported
height alone, as shown by the decreases in both the
RMSE and the SD of the difference between corrected
and measured height. In general, the simpler equa-
tions containing self-reported height/weight and age

performed comparably to the more complex models,
which included other variables predictive of misre-
porting, and self-reported BMI.

Table 5 compares their estimated accuracy and reliability
for BMI using the mean, and SD, of the difference. To
compare accuracy of BMI classifications, sensitivity and spec-
ificity values (and the Youden Index) are shown for (1) over-
weight including obesity (excess weight) and (2) obesity.

Compared with self-report (before correction) and
mean-corrected data, the four regression models for
height/weight reduced the mean error in predicting
measured BMI; the more complex equations also slightly
reduced error variability. Corrected BMI based on the
full models showed similar distance between the lower
and upper LOA (men: -3.0 kg/m” to 3.0 kg/m?; women:
-3.0 kg/m* to 3.1 kg/m* unweighted data, shown in
online supplemental figure S4) as the simpler equations
containing self-reported height/weight and age.
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Figure 1 Difference in obesity prevalence across population
subgroups by sex (men: left-panel; women: right-panel).
Negative values indicate underestimation; positive value
overestimation.

Based on the full models for measured height and
weight (equation 3), the sensitivity of obesity based on
corrected BMI increased to 86% and 87% for men and
women, respectively, an absolute improvement over self-
reported data by 15.0pp and 12.2pp. Specificity values
for obesity remained very high but were slightly lower for
corrected versus self-reported data. Sensitivity values for
excess weight showed improvement for corrected versus

self-reported BMI (increased by 8.9pp and 10.5pp for
men and women, respectively), but larger decreases in
specificity (decreased by 9.3pp and 7.3pp). In general, the
simpler equations predicting measured height/weight
from self-reported height/weight and age performed
comparably to the more complex equations.

Measures of agreement for the five category BMI classi-
fication are shown in the supplementary material (online
supplemental table S7). Sensitivity values in the normal
weight category (18.5-24.9 kg/m®) were higher for self-
reported (91% men; 94% women) than corrected BMI
(full model: 83% men; 89% women) but specificity values
were lower (self-report: 85% men and 82% women; full-
model: 93% men and 92% women). Sensitivity values
in the underweight category were also higher for self-
reported (80% men; 81% women) than corrected BMI
(full model: 54% men and 60% women); all equations
achieved very high specificity.

The results of linear regression analyses in which measured
BMI was the predictor of error are shown in supplementary
data (online supplemental table S8). The significantly nega-
tive slope for BMI (p<0.001 for both sexes) indicates that the
differences between corrected and measured BMI showed
a systematic, though smaller (relative to uncorrected data),
bias in relation to measured BML

Supplementary analysis
The fitted regression equations describing the relation-
ship between self-reported and measured height/weight

Table 4 Adjusted R?, RMSE, mean difference and SD of the difference, and LOA from regression models developed to predict

measured height/weight from self-reported height/weight

Men Women
Model* Adjusted R> RMSE Mean difference (SD) LOA Adjusted R RMSE Mean difference (SD) LOA
Height
Self-report alone - - 1.59 (2.58) -3.8,7.2 - - 0.93 (2.80) -4.4,6.4
Mean correction - - 0.63 (2.58) -4.7,6.3 - - 1.15 (2.80) -4.2,6.6
Equation 1 0.87 2.61 -0.02 (2.52) -5.2,5.5 0.85 2.67 -0.11 (2.73) -5.3,5.2
Equation 2 0.88 2.47 -0.02 (2.37) -5.0, 5.0 0.87 2.47 -0.10 (2.54) -5.0,4.8
Equation 3 0.89 2.45 -0.02 (2.36) -5.0, 4.9 0.88 2.42 -0.10 (2.50) -4.9,4.7
Equation 4 0.89 2.45 -0.02 (2.35) -5.0,4.9 0.88 2.41 -0.10 (2.49) -4.9,4.7
Model using continuous age  0.88 2.47 -0.11 (2.36) -5.1,4.9 0.87 2.48 -0.11 (2.54) -5.0,4.8
Weight
Self-report alone - - -1.47 (3.70) -9.2, 6.1 - - -1.95 (3.52) -8.7,4.7
Mean correction - - -0.51 (3.70) -8.2,7.1 - - 0.67 (3.52) -6.1,7.4
Equation 1 0.94 3.84 0.02 (3.69) -7.7,7.6 0.95 3.37 -0.01 (3.49) -6.7, 6.6
Equation 2 0.94 3.82 -0.01 (3.68) -7.6,7.6 0.95 3.36 -0.01 (3.49) -6.7,6.6
Equation 3 0.94 3.81 -0.02 (3.67) -7.6,7.6 0.95 3.36 -0.01 (3.48) -6.6, 6.6
Equation 4 0.94 3.81 -0.01 (3.67) -7.6,7.6 0.95 3.36 0.00 (3.48) -6.6, 6.6
Model using continuous age  0.94 3.83 0.01 (3.68) -7.6,7.6 0.95 3.37 —-0.01 (3.49) -6.7,6.6

Model goodness-of-fit (adjusted R? and RMSE) estimated using split-sample A; mean difference (SD) and LOA estimated using split-sample B.

*Mean-correction equation (derived from the full model for an all mean/reference individual: see online supplemental tables S5-S6. Equation 1: self-reported height/weight alone
(including any non-linear terms). Equation 2: self-reported height/weight, categorical age (reduced model). Equation 3: self-reported height/weight, categorical age, other socio-
demographic/health-related variables associated with misreporting (full model). Equation 4: self-reported height/weight, categorical age, other variables, self-reported BMI. LOA

estimated using unweighted data.
.LOA, limits of agreement; RMSE, root mean square error.

Scholes S, et al. BMJ Open 2023;13:e061809. doi:10.1136/bmjopen-2022-061809

1ybuAdoo
Ag pesiold seaines Areiqr] 10N e €20z ‘ST Arenuer uo /wodfwqg-uadolwa//:dny woly pepeojumoq "£Z0z Arenuer €T U0 608T90-220Z-uadolwa/9eTT 0T Se paysiignd 1s1y :usdo CING


https://dx.doi.org/10.1136/bmjopen-2022-061809
https://dx.doi.org/10.1136/bmjopen-2022-061809
https://dx.doi.org/10.1136/bmjopen-2022-061809
https://dx.doi.org/10.1136/bmjopen-2022-061809
http://bmjopen.bmj.com/

Table 5 Mean difference and SD of the difference, LOA, sensitivities, specificities and Youden index in predicting BMI, excess
weight and obesity from regression models developed to predict measured height/weight from self-reported height/weight

(split-sample B)

BMI Excess weight (BMI >25 kg/m?) Obesity (BMI >30 kg/m?)
Cc. Sens. Spec. Youden Index Cc. Sens. Spec. Youden Index
Model* Mean difference (SD) LOA % % % % % % % %
Men (n=5297)
BMI from height and weight
Self-report alone —-0.96 (1.47) -4.1,21 881 85.0 94.4 79.3 91.9 70.6 98.9 69.5
Mean correction -0.36 (1.47) -35,2.7 901 91.5 87.3 78.8 93.2 79.3 97.8 77.0
Equation 1 0.00 (1.45) -3.1,3.0 90.3 93.7 83.6 77.2 93.2 85.0 96.0 81.0
Equation 2 0.00 (1.42) -3.0,3.0 90.8 94.0 84.6 78.6 93.7 85.7 96.4 82.0
Equation 3 0.00 (1.41) -3.0,3.0 90.9 93.9 85.1 79.0 93.6 85.6 96.4 82.0
Equation 4 -0.01 (1.41) -3.0,2.9 91.0 94.1 84.9 79.0 93.7 85.4 96.4 81.8
Model using continuous age  0.03 (1.41) -2.9,3.0 91.0 94.2 84.7 78.9 93.5 85.6 96.2 81.8
Women (n=6145)
BMI from height and weight
Self-report alone —-1.04 (1.65) -4.2,21 89.3 82.5 97.7 80.2 93.2 74.7 98.9 73.6
Mean correction -0.12 (1.66) -3.3,3.0 915 92.0 90.8 82.8 94.3 83.9 97.6 81.5
Equation 1 0.02 (1.62) -3.1,31 914 93.5 88.8 82.3 94.3 86.1 96.9 83.0
Equation 2 0.02 (1.60) -3.0,31 91.7 93.1 89.9 83.0 94.3 86.4 96.8 83.2
Equation 3 0.02 (1.59) -3.0,3.1 91.8 93.0 90.4 83.4 94.5 86.9 97.0 83.8
Equation 4 0.02 (1.59) -3.0,3.1 91.8 93.1 90.3 83.4 94.5 86.7 97.0 83.7
Model using continuous age  0.02 (1.60) -3.0,3.1 91.8 93.1 90.2 83.3 94.3 86.2 96.8 83.0

*BMI derived from predicted values of height and weight. Mean-correction equation (derived from the full models for an all mean/reference individual: see online supplemental tables
S5-S6. Equation 1: Measured height/weight predicted from self-reported height/weight alone (including any non-linear terms). Equation 2: Measured height/weight predicted from
self-reported height/weight, categorical age (reduced model). Equation 3: Measured height/weight predicted from self-reported height/weight, categorical age, other variables
associated with misreporting (full model). Equation 4: Measured height/weight predicted from self-reported height/weight, categorical age, other variables, self-reported BMI. LOA

estimated using unweighted data.

.BMI, body mass index; Cc, correctly classified; LOA, limits of agreement; Sens, sensitivity; Spec, specificity.

with age as the single continuous predictor of misreporting
are shown as supplementary data (online supplemental
tables S9-S10). Model performance was comparable to
the other regression-based equations, apart from a slight
but greater underestimation of measured height among
men (tables 4 and 5). The estimates of sensitivity (excess
weight: 94% men and 93% women; obesity: 86% both
sexes) and specificity (excess weight: 85% men and 90%
women; obesity: 96% men and 97% women) were similar
to the other regression-based equations.

DISCUSSION

Using pooled HSE 2011-2016 data containing self-
reported and interviewer-measured height and weight,
we developed different sets of prediction equations that
can be easily used to correct to some extent for biases
in self-reported BMI. Although not perfectly predictive
of measured BMI, corrected BMI performed better than
self-reported BMI in more closely approximating obesity
prevalence based on measured BMI. Applying corrected
values also increased sensitivity of obesity, while achieving
high specificity. Using measured BMI as gold standard,
the sensitivity of obesity for the full model-corrected BMI
was estimated as 86% and 87% for men and women,
respectively, an improvement in absolute terms over

self-reported BMI by 15.0pp and 12.2pp. In contrast,
sensitivity values for the normal weight category were
lower for corrected than self-reported data, but specificity
values were higher.

Misreporting
The present study showed that mean height was overes-
timated by self-report relative to measured height, and
that mean weight was underestimated, resulting in a net
underestimation of mean BMI. Our estimates for the
difference between means in height, weight and BMI
were within the range shown by systematic literature
reviews.! > In agreement with other studies,” "' we found
that women underestimated weight more than men but
that men overestimated height more than women. As
reported elsewhere,” we do not know whether the differ-
ences between self-reported and measured anthropomet-
rics arise due to participants’ lack of knowledge about
their current height and weight or whether it is due to
misreporting of information that is accurately known.
The mean differences found in the present study
between self-reported and measured data were moderate
on average (around 1 kg/m® for BMI). However, it
is important to look beyond differences in means, as
moderate differences on average can be accompanied by
(1) alarge degree of variability in reporting error between
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individuals (shown by the SD of the difference between
self-reported and measured values),' (2) a compression
of the BMI distribution (shown by lower values at the
upper percentiles for self-reported than for measured
data)'! and (3) sizeable misclassification of BMI catego-
ries based on self-reported data due to such compression
(eg, shifting adults below the BMI cut-off of 30 kg/m® for
obesity), resulting in an underestimation of obesity prev-
alence.'" A large degree of misclassification can occur if a
non-trivial number of adults have a moderate difference
between self-reported and measured BMI at the margins
of broadly defined BMI categories.'” The positively
skewed distribution of BMI increases this effect.

Prediction equations
Our results reaffirm findings from previous studies
developing prediction equations to correct self-reported
height and weight by sociodemographic and health-
related variables to more closely approximate measured
values is feasible. First, the improvements in obesity clas-
sification presented herein compare well with previous
studies. Based on data from the 2005 Canadian Commu-
nity Health Survey (CCHS), equations for measured
height/weight including a full set of predictors improved
the sensitivity of obesity by 17.3pp and 17.6pp among men
and women, respectively: specificity values remained high
(>94%) but were slightly lower for corrected versus self-
report.9 In the USA, based on 1999-2006 NHANES data,
equations including age and race/ethnicity as predictors
improved sensitivity values for obesity by 7.8pp (men) and
8.7pp (women)'’; likewise, based on 2001-2006 NHANES
data, the prediction equation for measured BMI using
self-reported height, weight and demographic predictors
improved obesity sensitivity by 8.2pp.'°®

Second, in our main analysis, corrected BMI reduced
the underestimation of obesity prevalence compared with
BMI from self-report,” but it remained underestimated
(in absolute terms) by 0.8pp for both sexes. As found else-
where,'® measured BMI significantly predicted the differ-
ence between corrected and measured BMI, indicating
that the systematic error in self-reported BMI was not elim-
inated by the prediction equations. The presence of such
residual bias has been identified as a reason for not using
equations to predict measured values from self-reported
values.” However, the usefulness of prediction equations
has been demonstrated by the ability to reduce consid-
erably, although not eliminate, the differences between
self-reported and measured anthropometrics across a
few, easily gathered sociodemographic and health-related
variables,'® as well as increasing the sensitivity of obesity
classification,® while maintaining high specificity. In our
study, adding self-reported BMI to the full models did not
materially improve model performance, suggesting that
reporting error in BMI is more strongly associated with
measured rather than self-reported BML”

Our results also showed that the prediction equations
decreased sensitivity in the normal weight category
(through erroneously shifting a proportion of normal

91619 |

weight participants to the overweight but not obese cate-
gory, leading to slight overestimation of levels of excess
weight). This finding was consistent with previous studies
(eg, sensitivity for the normal weight category based on the
full models were 6.1pp (men) and 6.7pp (women) lower
than self-report in the study based on CCHS data’**) and
likely reflects higher accuracy of self-reported anthropo-
metrics among normal weight adults. In agreement with
our study, specificity for the normal weight category was
higher for corrected versus self-reported data (9.0pp and
8.8pp higher for men and women, respectively).’

Our finding of decreased sensitivity in the underweight
category, along with the caution in our estimates due to
the low prevalence at the extreme ends of the BMI distri-
bution, suggests that the prediction equations presented
are not suitable for classifying adults into the five mutu-
ally exclusive BMI categories. The equations are most suit-
able for classifying adults according to the more broadly
defined dichotomous categories: either overweight or
obese (vs not overweight nor obese), and obese (vs not
obese). For these categories, the modest reduction in
specificity compared with self-reported data is more than
counterbalanced by the reduced gap in prevalence esti-
mates and the increase in sensitivity.

Thirdly, as elsewhere,8 92736 ur similar results based
on full and reduced (age group only) models, and those
of an alternative approach (predicting measured height/
weight directly from self-reported height/weight and
continuous age) currently used to monitor levels of excess
weightacross English LAs, confirmed thatno single model
stood out as the best overall candidate, and that adding
variables such as ethnic group and educational status only
marginally improved model performance. Differences
between demographic subgroups in the misreporting of
weight may be explained to some extent by differences
in measured weight: adjustment for self-reported weight
in regression models therefore results in attenuation of
subgroup differences.”” * Bearing in mind the caveats to
their use (see below), it may be reasonably concluded that
including additional variables such as educational status
and ethnic group does not add enough predictive power
to the models to justify the added complexity of including
them in prediction equations.

Strengths and limitations

Pooling data across 6 years ensured a sample size large
enough to compare self-reported and measured height
and weight overall and by various sociodemographic
and health-related variables and allowed splitting the
data into training and test datasets. Using a regression-
based approach, we were able to correct for differences
in misreporting of height and weight across various
subgroups. Unlike other studies,6 there was no time lapse
between the collection of self-reported and measured
height and weight, and consistent methodology was used
in each survey. We used different approaches to develop
prediction equations to enable researchers to evaluate for
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themselves whether either approach, and if so which, best
suits their data and goals.

A study limitation is the sizeable number of participants
excluded from our analyses due to missing anthropometric
data (eg, about 16% of those interviewed were excluded due
to missing height/weight measurements; in the HSE series,
the propensity to have missing values for measured height/
weight has been shown to be associated with older age, lower
educational status, and fair/bad/very bad general health) R
We used non-response weights available with the data to
minimise the impact of selection bias on our findings. Never-
theless, our findings could be biased if complete cases were
systematically different from those with missing data (eg, if
those who refused to be measured were more likely than
those who did not refuse to underestimate their weight due
at least partly to being heavier), and such bias could result
in prediction equations that are inaccurate.” To partially
evaluate this bias, we compared obesity prevalence based on
self—reg)orted BMI among those with and without measured
BML*’ Obesity prevalence via self-reported BMI was higher
for those without measured BMI (22% men; 25% women)
than for those with measured BMI (18% men; 19% women),
indicating that heavier participants were less likely to agree
to direct measurement.?’ Furthermore, as in other studies,
in developing the prediction equations, we excluded a small
but non-trivial number of participants with a large observed
difference between self-reported and measured height and
weight: this exclusion may have limited the generalisability of
our analyses to some extent. Such cases would be impossible
to identify and exclude in surveys that collect self-report but
not measured data."”

Other limitations include potentially relevant variables
that we could not include in regression models due to
not being available in all HSE years (eg, physical activity;
perceptions of weight). We acknowledge that a more
optimal approach would have been to randomly split the
full sample before, rather than after, identifying signifi-
cant predictors of misreporting. We also decided a prior:
to use age as a categorical rather than continuous vari-
able in our main analysis (full- and reduced-models). As
only categorical age is now provided on publicly available
HSE datasets (to preserve anonymity of participants), our
approach enables researchers to easily reproduce our
results and revise/update equations accordingly. These
equations may be the only option available if continuous
age on an interview-based survey is restricted from public
access to reduce the risk of identifying participants.
Equations using continuous age were presented herein
to support monitoring efforts for the PHOF by updating
the equations currently used to estimate levels of excess
weight across English LAs. Our inclusion of 16-17 year
olds was consistent with the definition of adults in the HSE
series; however, we acknowledge that any misreporting of
height/weight among the youngest age group may be of
a different nature from reporting error among adults (as
the self-reported height and weight of teenagers may be
influenced by psychological vulnerabilities that are less
prevalent in adulthood).’

Finally, although we showed no linear trend in misre-
porting over the study period, the external applicability
of the prediction equations is subject to change over time
in misreporting bias. Hence, these correction factors
might not be entirely applicable to self-reported data on
height and weight collected since 2016. This might be the
case if the social desirability of having a normal weight
was to change (eg, obesity becomes increasingly norma-
tive or health awareness of monitoring one’s own weight
increases/decreases), thereby changing the pattern and/
or magnitude of misreporting bias. Changes in accuracy
of home scales, or in the up-to-date knowledge of one’s
own height and weight (eg, if health workers began to
routinely measure height as part of BMI assessment, and
relay that information to patients) could also affect the
applicability of these equations to more recent data. Like-
wise, any potential increase in misreporting of weight asso-
ciated with weight gain during the COVID-19 pandemic
(eg, due to fewer opportunities for outdoor physical
activity) is not taken into account by the equations devel-
oped herein. The inclusion of both self-reported and
measured height and weight in future HSE surveys will
allow for monitoring of change over time in misreporting
error, and assessment of whether new equations will need
to be developed.

Our findings must also be interpreted with caution.
It is likely that HSE 2011-16 participants might have
anticipated that interviewers would take direct measure-
ments of height and weight, resulting in more ‘truthful’
reporting compared, for example, with a telephone
interview where participants would not anticipate being
measured."’ Previous studies have shown that misre-
porting of height (except for older adults) and weight
was smaller for in-house interviews compared with tele-
phone interviews.”® More ‘truthful’ reporting is associated
with an underestimation of the differences between self-
reported and measured height and weight.” Applying the
prediction equations developed in the present study on
surveys which collect height and weight data by telephone
interviews or mailed questionnaires would likely underes-
timate obesity prevalence to a greater extent than shown
herein. Finally, as cautioned elsewhere,” "' ** prediction
equations are specific to time, place, target population
and methods of data collection. We do not assume that
these equations developed using HSE data collected in
2011-16 are applicable to HSE data beyond this time span
or to non-HSE samples with different sociodemographic,
health and self-reported anthropometric profiles.

CONCLUSIONS

The prediction equations developed in the present study
improved the sensitivity of selfreported obesity, while
achieving high specificity, and took into account the vari-
ations in potential misreporting of height and weight by
sociodemographic and health-related variables. Including
additional sociodemographic variables does not add enough
predictive power to justify the added complexity of including
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them in prediction equations. Potentially, these equations
could be used to adjust for errors in BMI derived from self-
reported height and weight, however, important caveats to
their use need to be considered.

Twitter Jennifer S Mindell @j_mindell
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Differences in means for self-reported and measured height, weight and BMI by survey year and sex

2012

Difference in means (95% Cl)?
2013 2014

2015

2016

Table S1
2011

Men

Height (cm) 1.6(1.5t0 1.7)
Weight (kg) -1.5(-1.6to -1.3)
BMI (kg/m?) -1.0(-1.0t0 -0.9)
Overweight incl. obese (%) -7.8pp (-9.1to -6.5)
Obese (%) -6.8pp (-7.9to-5.7)
Women

Height (cm) 1.0(0.9to 1.1)
Weight (kg) -2.1(-2.2t0-1.9)
BMI (kg/m?) -1.1(-1.2to-1.1)
Overweight incl. obese (%)  -9.6pp (-10.7 to -8.5)
Obese (%) -5.7pp (-6.6 to -4.8)

1.6 (1.4t0 1.7)

-1.6 (-1.8 to -1.4)
-1.0(-1.1to0 -0.9)
-8.6pp (-9.9to -7.3)
-6.4pp (-7.5 to -5.4)

1.0 (0.9 to 1.1)
-2.1(-2.2t0-1.9)
-1.1(-1.2 to -1.0)

-8.4pp (-9.5to -7.3)
-5.7pp (-6.6 to -4.8)

1.5(1.4to 1.6)
-1.5(-1.6 to -1.3)
-0.9 (-1.0to -0.9)

-8.6pp (-9.9 to -7.3)
-6.6pp (-7.6 to -5.6)

1.6 (1.5t0 1.7)

-1.3 (-1.5t0-1.1)
-0.9 (-1.0to -0.8)
-7.4pp (-8.8to-6.1)
-6.1pp (-7.1to -5.0)

0.9 (0.8 t0 1.0)
-2.0(-2.2t0-1.9)
-1.1(-1.1to0 -1.0)

-10.0pp (-11.1 to -8.9)
-5.6pp (-6.5 to -4.7)

1.0 (0.9to 1.1)
-2.0(-2.2t0-1.8)
-1.1(-1.2 to -1.0)

-8.8pp (-10.0to -7.7)
-6.9pp (-7.8 to -5.9)

1.7 (1.6to 1.9)

-1.8 (-2.0to -1.6)
1.1 (-1.2 to -1.0)
-8.3pp (-9.6 to -7.0)
-7.7pp (-8.8 to -6.6)

1.1(1.0t0 1.2)

-2.2 (-2.4 t0 -2.0)
1.2 (-1.2to-1.1)
-8.0pp (-9.1to -7.0)
-6.5pp (-7.4 to -5.6)

1.5(1.4to 1.6)

-1.5 (-1.7 to -1.3)
-1.0(-1.0to0 -0.9)
-7.3pp (-8.6 to -6.0)
-7.2pp (-8.4to-6.1)

1.0 (0.9to 1.1)
-2.0(-2.2t0-1.8)
-1.1(-1.2 to -1.0)

-8.7pp (-9.9 to -7.5)
-5.8pp (-6.7 to -4.8)

BMI: body mass index; Cl: confidence interval; pp: percentage points. Participants with valid self-reported and measured height and weight (n=38,940).
Overweight including obese (>25.0kg/m?). Obese (=30.0kg/m?).
2Self-report minus measured. Positive values indicate overestimation; negative values underestimation.
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Table S2 Means (95% Cl) of self-reported, measured and difference of height, weight and BMI by categories of measured BMI

Measured BMI categories

Men

Heightsg (cm)
Heightm (cm)
HeightD,FF" (cm)

Weightsr (kg)
Weightwy (kg)
WeightD,FF” (kg)

B'VHSR (kg/mz)
BMIwm (kg/m?)
BMlpiee® (kg/m?)

Women
HeightSR (cm)
Heightm (cm)
HeightD,FF" (cm)

Weightsg (cm)
Weighty (cm)
Weightpiee® (cm)
BMlsg (kg/mz)

BMIwv (kg/m?)
BMIpiee® (kg/mz)

Underweight

Normal

Overweight but not
obese

Obese | & Il

Obese Il

176.4 (175.1t0 177.7)
175.2 (174.1 to 176.4)
1.2 (0.6 to 1.8)

55.7 (54.7 to 56.7)
53.8 (53.0 to 54.6)
1.9 (1.3 to0 2.5)

17.9 (17.6 to 18.1)
17.5 (17.4 to 17.6)
0.4(0.2t00.7)

163.1 (162.2 to 163.9)
162.5 (161.7 to 163.4)
0.5(0.1t00.9)

47.4 (46.8 to 48.0)
46.5 (46.0 to 47.1)
0.9 (0.5t0 1.2)

17.8 (17.7 to 18.0)
17.6 (17.5 to 17.6)
0.2 (0.1 to 0.4)

177.6 (177.4 t0 177.8)
176.4 (176.2 to 176.7)
1.2 (1.1to0 1.3)

70.8 (70.5 to 71.0)
70.9 (70.6 to 71.1)
-0.1(-0.2 to 0.0)

22.4(22.4 t0 22.5)
22.7 (22.7 t0 22.8)
-0.3(-0.4t0-0.3)

163.5 (163.4 to 163.7)
162.8 (162.7 to 163.0)
0.7 (0.6 0 0.8)

58.3 (58.2 to 58.5)
59.3 (59.2 to 59.5)
-1.0 (-1.1 to -1.0)

21.8 (21.7 to 21.8)
22.3(22.3t0 22.4)
-0.6 (-0.6 to -0.5)

176.9 (176.7 to 177.1)
175.3 (175.1to 175.4)
1.7(1.6to 1.7)

82.5(82.3 to0 82.7)
84.2 (84.0 to 84.4)
1.6 (-1.7 to -1.5)

26.3 (26.3 to 26.4)
27.4 (27.3 to 27.4)
-1.0(-1.1to -1.0)

162.7 (162.5 to 162.9)
161.5 (161.4 to 161.7)
1.2 (1.1t0 1.3)

69.1 (68.9 to 69.3)
71.3 (71.1to 71.5)
-2.2(-2.3t0-2.1)

26.1(26.0to 26.1)
27.3(27.2t0 27.3)
-1.2(-1.2to-1.2)

176.9 (176.6 to 177.1)
174.9 (174.7 to 175.1)
2.0(1.9t02.1)

98.4 (98.1 to 98.8)
101.5 (101.1 to 101.9)
-3.0(-3.2to0 -2.9)

31.4 (31.3 to 31.5)
33.1(33.0t0 33.2)
-1.7(-1.8 to -1.6)

162.0 (161.7 to 162.2)
160.6 (160.4 to 160.8)
1.3(1.2t0 1.4)

83.2 (82.9 to 83.5)
86.8 (86.5 to 87.1)
-3.6 (-3.8 to -3.4)

31.7 (31.6 to 31.8)
33.6 (33.5 to 33.6)
-1.9(-1.9to -1.8)

177.1 (176.2 to 178.0)
174.7 (173.8 t0 175.7)
2.3(2.0t02.7)

126.8 (124.9 to 128.7)
133.5 (131.6 to 135.5)
-6.7 (-8.0 to -5.5)

40.4 (39.9 to 41.0)
43.7 (43.2 to 44.2)
-3.2(-3.7t0-2.8)

162.5 (162.0 to 163.0)
161.2 (160.6 to 161.7)
1.3(1.1t0 1.6)

107.7 (106.5 to 108.9)
113.8 (112.7 to 114.8)
-6.1(-6.8t0-5.3)

40.8 (40.4 to 41.1)
43.7 (43.4 t0 44.0)
-3.0(-3.3t0-2.7)

BMI: body mass index; Cl: confidence interval; DIFF: difference; M: measured; SR: self-reported. Participants with valid self-reported and measured height

and weight (n=38,940). Estimates are mean (95% Cl). Underweight (<18.5kg/m?); Normal (218.5 — 24.9kg/m?); Overweight but not obese (225.0 —
29.9kg/m?); Obese | & Il (230.0 — 39.9kg/m?); Obese Il (>40.0kg/m?).
2Self-reported minus measured. Positive values indicate overestimation; negative values underestimation.
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Table S3 Selected percentiles and interquartile range (IQR) of height, weight and BMI by sex
5th 10t 25t 50t 75t 9ot 95th IQR

Height (cm)

Men

Self-report 165.1 167.6 172.7 177.8 182.9 186.0 188.0 10.2

Measured 163.5 166.2 170.7 175.5 180.4 184.8 187.5 9.7

Difference® 1.6 1.4 2.0 2.3 2.5 1.2 0.5 0.5

Women

Self-report 152.4 154.9 157.5 162.6 167.6 172.7 175.0 10.1

Measured 150.5 153.0 157.3 162.0 166.5 170.6 173.0 9.2

Difference® 1.9 1.9 0.2 0.6 1.1 2.1 2.0 0.9
Weight (kg)

Men

Self-report 60.8 65.0 72.2 81.3 91.7 101.7 111.2 19.5

Measured 61.3 65.9 73.3 82.5 93.5 105.4 113.8 20.2

Difference® -0.5 -0.9 -1.1 -1.2 -1.8 -3.7 -2.6 -0.7

Women

Self-report 50.0 52.2 58.0 66.0 76.3 88.0 95.3 18.3

Measured 50.2 53.6 59.6 67.9 78.5 90.9 99.9 18.9

Difference® -0.2 -14 -1.6 -1.9 -2.2 -2.9 -4.6 -0.6
BMI (kg/m?)

Men

Self-report 20.0 21.3 23.4 25.9 28.8 32.2 34.6 5.3

Measured 20.4 21.7 24.1 26.8 30.0 33.6 36.3 6.0

Difference® -0.4 -0.4 -0.6 -1.0 -1.2 -1.4 -1.7 -0.6

Women

Self-report 19.1 20.0 22.0 24.8 28.5 32.9 36.2 6.5

Measured 19.6 20.6 22.8 25.8 29.9 34.7 37.9 7.1

Difference® -0.4 -0.6 -0.8 -1.0 -1.4 -1.7 -1.7 -0.6

BMI: body mass index. IQR: inter-quartile range: [75" minus 25" percentile]. Participants with valid

self-reported and measured height and weight (n=38,940).

2Self-reported minus measured. Positive values indicate overestimation; negative values

underestimation.
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Table S4 Means, SD, minimum and maximum, and error distribution for difference between
self-reported and measured height, weight and BMI by sex

Mean (SD) Min Max Percentiles of error LOA
5th 25th 50th 75th 95th

Men
Heightoire® (cm) 1.6 (2.8) -84.0 25.9 -2.6 0.0 1.5 3.2 6.1 -4.2,7.7
Weightoire? (kg) -1.5(4.4) -92.2 1014 -8.6 -3.1 -1.2 0.5 4.3 -10.8,7.7
BMIpire® (kg/m?) -1.0(1.7) -28.7 47.3 -3.7 -1.8 -0.9 -0.1 1.4 -4.7,2.6
Women
Heightoire® (cm) 1.0(3.2) -68.0 72.8 -3.0 -0.6 0.8 2.4 5.8 -5.1,7.3
Weightoir® (kg) -2.1(4.5) -71.1 95.9 -8.8 -3.2 -1.4 -0.2 2.3 -10.7,6.6
BMIpiee® (kg/m?) -1.1(2.0) -25.8 40.4 -4.3 -1.8 -0.9 -0.1 1.1 -5.1,2.8

BMI: body mass index; DIFF: difference; LOA: Bland-Altman Limits Of Agreement; Min: minimum;
Max: maximum; SD: standard deviation. Participants with valid self-reported and measured height
and weight (n=38,940).

2Self-reported minus measured. Positive values indicate overestimation; negative values
underestimation.
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Table S5a

height (full and reduced models) for men (split-sample A)

Linear regression results for difference between self-reported and measured

Predictors of Full model Reduced model
difference B 95% CI p B 95% Cl p
Intercept -101.761 (-125.175; -78.346) <0.001 -93.873 (-117.114; -70.633) <0.001
Height(cm: self-report) 1.053 (0.790; 1.317)  <0.001 0.977 (0.715; 1.239)  <0.001
Height? -0.0026815 (-0.003; -0.002)  <0.001 -0.0024861 (-0.003; -0.002)  <0.001
Age-group (p<0.001):
16-17y REF - -
18-19y 0.461 (-0.027; 0.949) 0.064 0.404 (-0.084; 0.892) 0.105
20-24y 0.120 (-0.309; 0.549) 0.583 0.035 (-0.394; 0.465) 0.871
25-29y 0.056 (-0.355; 0.466) 0.790 -0.055 (-0.462; 0.351) 0.790
30-34y -0.246 (-0.644; 0.152) 0.226 -0.357 (-0.752; 0.038) 0.076
35-39y -0.031 (-0.432; 0.370) 0.881 -0.140 (-0.537; 0.258) 0.491
40-44y 0.369 (-0.023; 0.762) 0.065 0.253 (-0.136; 0.643) 0.203
45-49y 0.392 (-0.006; 0.790) 0.054 0.312 (-0.083; 0.707) 0.122
50-54y 0.470 (0.077; 0.864) 0.019 0.390 (0.000; 0.779) 0.050
55-59y 0.827 (0.428; 1.226) <0.001 0.735 (0.340; 1.129) <0.001
60-64y 1.104 (0.708; 1.500) <0.001 1.001 (0.611; 1.391) <0.001
65-69y 1.568 (1.173; 1.963) <0.001 1.463 (1.073; 1.853) <0.001
70-74y 2.153 (1.735; 2.572) <0.001 2.089 (1.678; 2.499) <0.001
75-79%y 2.517 (2.091; 2.942) <0.001 2.452 (2.031; 2.872) <0.001
80-84y 2.927 (2.443; 3.411) <0.001 2.850 (2.372; 3.329) <0.001
85y+ 4.103 (3.549; 4.657) <0.001 4.025 (3.478; 4.573) <0.001
Region (p=0.033):
North East 0.316 (0.099; 0.534) 0.004 - - -
North West 0.199 (0.014; 0.383) 0.035 - - -
Yorkshire 0.197 (-0.009; 0.402) 0.061 - - -
East Midlands 0.023 (-0.173; 0.218) 0.820 - - -
West Midlands 0.296 (0.089; 0.504) 0.005 - - -
East of England 0.189 (-0.005; 0.383) 0.057 - - -
London 0.122 (-0.066; 0.310) 0.204 - - -
South East REF - - REF - -
South West 0.070 (-0.121; 0.262) 0.471 - - -
Education (p<0.001):
Degree REF - - REF - -
Below degree 0.141 (0.018; 0.265) 0.025 - - -
O level/other 0.276 (0.143; 0.408)  <0.001 - - -
None 0.244 (0.074; 0.414) 0.005 - - -
Missing 0.604 (-0.738; 1.945) 0.378 - - -
Ethnic group (p<0.001):
White REF - - REF - -
Black -0.299 (-0.656; 0.057) 0.100 - - -
Asian 0.605 (0.360; 0.85) <0.001 - - -
Mixed 0.386 (-0.048; 0.82) 0.081 - - -
Other 0.153 (-0.494; 0.799) 0.643 - - -
Missing -0.263 (-2.518; 1.992) 0.819 - - -
General health (p<0.001):
Very good/good REF - - REF - -
Fair 0.123 (-0.014; 0.261) 0.078 - - -
Very bad/bad 0.459 (0.238;0.680)  <0.001 - - -
R? (%) 16.1 15.2
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TABLE S5b

height (full and reduced models) for women (split-sample A)

Linear regression results for difference between self-reported and measured

Predictors of Full model Reduced model
difference B 95% CI [4 B 95% Cl p
Intercept -21.809 (-23.070; -20.548) <0.001 -18.150 (-19.355; -16.944) <0.001
Height(cm: self-report) 0.135 (0.128; 0.142) <0.001 0.117 (0.110; 0.124) <0.001
Age (p<0.001):
16-17y REF - - REF - -
18-19y -0.221 (-0.688; 0.245) 0.352 -0.329 (-0.801; 0.144) 0.173
20-24y -0.515 (-0.903; -0.127) 0.009 -0.644 (-1.028; -0.26) 0.001
25-29y -0.563 (-0.927; -0.200) 0.002 -0.712 (-1.075; -0.35)  <0.001
30-34y -0.310 (-0.679; 0.059) 0.100 -0.388 (-0.755; -0.02) 0.039
35-39y -0.108 (-0.471; 0.255) 0.560 -0.237 (-0.6; 0.126) 0.201
40-44y -0.129 (-0.487; 0.229) 0.481 -0.280 (-0.637; 0.077) 0.124
45-49y -0.114 (-0.473; 0.246) 0.536 -0.318 (-0.675; 0.04) 0.082
50-54y -0.147 (-0.505; 0.212) 0.423 -0.366 (-0.725; -0.008) 0.045
55-59y 0.268 (-0.092; 0.627) 0.144 0.008 (-0.352; 0.367) 0.967
60-64y 0.676 (0.314; 1.037) <0.001 0.449 (0.089; 0.809) 0.015
65-69y 1.057 (0.686; 1.428) <0.001 0.848 (0.479; 1.218) <0.001
70-74y 1.607 (1.225; 1.989) <0.001 1.398 (1.019; 1.776) <0.001
75-7%y 2.349 (1.946; 2.751) <0.001 2.171 (1.774; 2.569) <0.001
80-84y 3.527 (3.068; 3.986) <0.001 3.362 (2.904; 3.820) <0.001
85+y 4.370 (3.823; 4.917) <0.001 4.179 (3.632;4.727)  <0.001
Region (p=0.023):
North East 0.093 (-0.088; 0.274) 0.315 - - -
North West 0.261 (0.099; 0.423) 0.002 - - -
Yorkshire 0.158 (-0.021; 0.337) 0.084 - - -
East Midlands 0.039 (-0.155; 0.233) 0.694 - - -
West Midlands 0.131 (-0.051; 0.314) 0.158 - - -
East -0.048 (-0.204; 0.108) 0.546 - - -
London 0.046 (-0.123; 0.215) 0.594 - - -
South East REF - - - - -
South West 0.015 (-0.144; 0.174) 0.854 - - -
Education (p<0.001):
Degree REF - - - - -
Below degree 0.097 (-0.012; 0.206) 0.081 - - -
O level/other 0.186 (0.073; 0.299) 0.001 - - -
None 0.519 (0.367; 0.671) <0.001 - - -
Missing 0.368 (-0.883; 1.619) 0.564 - - -
Index of Multiple Deprivation (p=0.007):
Least deprived REF - - - - -
2 0.050 (-0.071; 0.172) 0.414 - - -
3 0.100 (-0.029; 0.228) 0.128 - - -
4 0.252 (0.114; 0.390) <0.001 - - -
Most deprived 0.154 (-0.001; 0.308) 0.052 - - -
Ethnic group (p<0.001):
White REF - - - - -
Black 0.529 (0.179; 0.878) 0.003 - - -
Asian 1.785 (1.572; 1.997) <0.001 - - -
Mixed 0.500 (0.044; 0.957) 0.032 - - -
Other 1.696 (1.228; 2.163) <0.001 - - -
Missing -0.066 (-1.654; 1.523) 0.935 - - -
R2 (%) 223 18.6
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Prediction equations: using the same set of independent variables in a linear regression model with
measured values of height as the dependent variable results in the regression parameters below.
These can be used to obtain an estimate of the corrected height measurements for participants.!

Adjusted height: full model (men)= 101.7606 — 0.053301x(heightseit-reported) +
0.0026815x%(heightZeit.reported) — 0.461x(age 18-19y) - 0.120x(age 20-24y) - 0.056x(age 25-29y) +
0.246x(age 30-34y) + 0.031x(age 35-39y) — 0.369%(age 40-44y) — 0.392x(age 45-49y) — 0.470x(age
50-54y) — 0.827x(age 55-59y) — 1.104x(age 60-64y) — 1.568x(age 65-69y) — 2.153x(age 70-74y) -
2.517x(age 75-79y) - 2.927%(age 80-84y) — 4.103x(age 85y+) — 0.316x(North East) - 0.199%(North
West) - 0.197x(Yorkshire & The Humber) - 0.023x(East Midlands) - 0.296x(West Midlands) -
0.189x(East of England) - 0.122x(London) - 0.070%x(South West) — 0.141x(below degree) — 0.276x(0
level/GCSE) — 0.244x(none) — 0.604x(missing education data) + 0.299x%(Black) - 0.605x(Asian) -
0.386x(Mixed) - 0.153x(Other ethnic group) + 0.263x(missing ethnic data) -0.123x(fair general
health) — 0.459x(bad/very bad general health) (R?=88.6%)

Adjusted height: reduced model (men)=93.8731 + 0.0231991x(heightseif-reported) +
0.0024861x(heightXcf.reported) — 0.404x(age 18-19y) - 0.035x(age 20-24y) + 0.055x(age 25-29y) +
0.357x(age 30-34y) + 0.140x(age 35-39y) - 0.253%(age 40-44y) — 0.312x(age 45-49y) — 0.390%(age
50-54y) — 0.735x(age 55-59y) — 1.001x(age 60-64y) — 1.463x(age 65-69y) — 2.089x(age 70-74y) -
2.452x(age 75-79y) - 2.850x%(age 80-84y) — 4.025x(age 85y+) (R?>=88.5%)

Adjusted height: full model (women)= 21.80907 + 0.86503x%(heightseif-reported) + 0.221x(age 18-19y)
+ 0.515x(age 20-24y) + 0.563x(age 25-29y) + 0.310x(age 30-34y) + 0.108x(age 35-39y) + 0.129x(age
40-44y) + 0.114x(age 45-49y) + 0.147x(age 50-54y) — 0.268x(age 55-59y) — 0.676x(age 60-64y) —
1.057x(age 65-69y) — 1.607x(age 70-74y) - 2.349x%(age 75-79y) - 3.527x(age 80-84y) — 4.370x(age
85y+) - 0.093x%(North East) - 0.261x(North West) - 0.158x%(Yorkshire & The Humber) - 0.039x%(East
Midlands) - 0.131x(West Midlands) + 0.048x(East of England) - 0.046x(London) - 0.015%(South West)
—0.097x(below degree) — 0.186x%(0 level/GCSE) — 0.519x%(none) - 0.368x(missing education data) -
0.050%(IMD Q2) - 0.100x(IMD Q3) - 0.252x(IMD Q4) - 0.154%(IMD Q5) - 0.529%(Black) - 1.785x(Asian)
- 0.500%(Mixed) - 1.696x(Other) + 0.066x(missing ethnic data) (R>=87.7%)

Adjusted height: reduced model (women) = 18.14952 + 0.88324x(heightsei.reported) + 0.329%(age 18-
19y) + 0.644x(age 20-24y) + 0.712x(age 25-29y) + 0.388x(age 30-34y) + 0.237x(age 35-39y) +
0.280x(age 40-44y) + 0.318x(age 45-49y) + 0.366%(age 50-54y) — 0.008x%(age 55-59y) — 0.449x(age
60-64y) — 0.848x(age 65-69y) — 1.398x(age 70-74y) — 2.171x(age 75-79y) - 3.362x(age 80-84y) —
4.179x(age 85y+) (R?>=87.1%)

IMD: Index of Multiple Deprivation. Height values are in centimetres. Reference groups (REF): age-
group (16-17y); Government Office Region (South East); IMD (Q1: least deprived areas); educational
status (degree or equivalent); ethnic group (White); smoking status (current cigarette smoker);
general health (very good/good).

Prediction equations for an all-mean/reference individual

In the manuscript we compare simpler to more complex equations using a set of model performance
criteria (e.g. adjusted R and RMSE). We show the results for a simple ‘mean-correction’ equation,
which in the present study, was derived from the full model for an all mean/reference individual.

! The terms in the prediction equations (using self-report values to predict measured values) can be
obtained from the terms in the model of misreporting bias (dependent variable: self-reported minus
measured values) by reversing signs and by first subtracting one from the linear height/weight
coefficient.
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The mean-correction (given by the intercept) for height was obtained by estimating the parameters
in the full model but with self-reported height re-scaled by subtracting its mean value (men: 180cm;
women: 160cm).

e For men, the mean correction factor for a participant of average height, aged 16-17y, living
in the South East, having a degree or equivalent, being White and reporting very good/good
general health was -0.95cm (a downward adjustment of self-reported height).

e For women, the mean correction factor for a participant of average height, aged 16-17y,
living in the South East, having a degree or equivalent, being White and living in the least
deprived areas was 0.21cm (a slight upward adjustment of self-reported height).
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Table S6a

weight (full and reduced models) for men (split-sample A)

Linear regression results for difference between self-reported and measured

Predictors of Full model Reduced model
difference B 95% CI p B 95% CI P
Intercept -10.204 (-16.162; -4.247) 0.001 -9.384 (-15.419; -3.348) 0.002
Weightkg: self-report) 0.324 (0.122; 0.526) 0.002 0.291 (0.084; 0.497) 0.006
Weight? -0.0035785 (-0.006; -0.001) 0.002 -0.0032741 (-0.006; -0.001) 0.005
Weight? 0.0000122 (4.13E-06; 0.003 0.0000113 (3.04E-06; 0.007
2.02E-05) 1.95E-05)
Age (p<0.001):
16-17y REF - REF -
18-19y -0.497 (-1.373; 0.380) 0.267 -0.443 (-1.302; 0.416) 0.312
20-24y 0.433 (-0.277; 1.142) 0.232 0.478 (-0.227; 1.182) 0.184
25-29y 0.321 (-0.371; 1.013) 0.363 0.385 (-0.293; 1.063) 0.265
30-34y 0.530 (-0.149; 1.210) 0.126 0.571 (-0.089; 1.231) 0.090
35-39y 0.217 (-0.446; 0.880) 0.521 0.229 (-0.417; 0.875) 0.487
40-44y -0.055 (-0.730; 0.621) 0.874 -0.033 (-0.694; 0.629) 0.923
45-49y -0.222 (-0.897; 0.454) 0.520 -0.176 (-0.836; 0.485) 0.602
50-54y -0.303 (-0.967; 0.361) 0.372 -0.255 (-0.905; 0.395) 0.442
55-59y -0.434 (-1.107; 0.239) 0.206 -0.394 (-1.052; 0.264) 0.241
60-64y -0.557 (-1.222; 0.109) 0.101 -0.528 (-1.178; 0.121) 0.111
65-69y -0.340 (-1.009; 0.330) 0.320 -0.328 (-0.981; 0.325) 0.325
70-74y -0.285 (-0.966; 0.396) 0.412 -0.253 (-0.913; 0.406) 0.452
75-79%y -0.234 (-0.925; 0.457) 0.507 -0.217 (-0.888; 0.455) 0.528
80-84y 0.025 (-0.707; 0.757) 0.946 0.033 (-0.677;0.744) 0.927
85+y -0.323 (-1.127; 0.481) 0.431 -0.326 (-1.109; 0.458) 0.415
Education (p=0.009):
Degree REF - - - -
Below degree 0.198 (-0.002; 0.397) 0.052 - - -
O level/other 0.305 (0.092; 0.518) 0.005 - - -
None 0.365 (0.118; 0.612) 0.004 - - -
Missing -0.668 (-3.645; 2.308) 0.660 - - -
Smoking status (p<0.001):
Current REF - - - - -
Ex-regular -0.629 (-0.873; -0.386) <0.001 - - -
Never -0.655 (-0.882; -0.428) <0.001 - - -
Missing -0.967 (-2.650; 0.716) 0.260 - - -
R? (%) 2.0 1.4
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Table S6b Linear regression results for difference between self-reported and measured
weight (full and reduced models) for women (split-sample A)

Predictors of Full model Reduced model
difference B 95% CI P B 95% Cl p
Intercept -2.112 (-5.254; 1.030) 0.188 -2.073 (-5.206; 1.060) 0.195
Weightkg: self-report) 0.052 (-0.069; 0.172) 0.400 0.045 (-0.076; 0.165) 0.466
Weight? -0.001 (-0.003; 0.000) 0.076 -0.001 (-0.003; 0.000) 0.089
Weight? 7.45e-06 (1.38e-06; 0.000) 0.016 7.30e-06 (1.23e-06; 0.000) 0.018
Age (p<0.001):
16-17y REF - - REF - -
18-19y 0.821 (0.186; 1.456) 0.011 0.822 (0.157; 1.486) 0.015
20-24y 0.792 (0.223; 1.362) 0.006 0.834 (0.224; 1.444) 0.007
25-29y 1.082 (0.547; 1.616) <0.001 1.127 (0.554; 1.700) <0.001
30-34y 0.939 (0.406; 1.473) 0.001 0.962 (0.389; 1.536) 0.001
35-39y 0.867 (0.344; 1.390) 0.001 0.891 (0.327; 1.455) 0.002
40-44y 0.825 (0.299; 1.350) 0.002 0.852 (0.286; 1.417) 0.003
45-49y 0.564 (0.036; 1.092) 0.036 0.595 (0.026; 1.163) 0.040
50-54y 0.551 (0.025; 1.077) 0.040 0.584 (0.018; 1.151) 0.043
55-59y 0.685 (0.151; 1.219) 0.012 0.720 (0.143; 1.297) 0.014
60-64y 0.651 (0.121; 1.180) 0.016 0.676 (0.107; 1.245) 0.020
65-69y 0.592 (0.071; 1.113) 0.026 0.612 (0.050; 1.173) 0.033
70-74y 0.953 (0.419; 1.487) <0.001 0.961 (0.386; 1.535) 0.001
75-79y 0.562 (0.004; 1.120) 0.049 0.565 (-0.033; 1.162) 0.064
80-84y 0.763 (0.155; 1.371) 0.014 0.768 (0.124; 1.413) 0.019
85+y 1.378 (0.694; 2.062) <0.001 1.377 (0.664; 2.091) <0.001
Smoking status (p=0.034):
Current REF - - - - -
Ex-regular -0.255 (-0.447; -0.063) 0.009 - - -
Never -0.178 (-0.356; 0.000) 0.050 - - -
Missing -0.359 (-2.377; 1.659) 0.727 - - -
Ethnic group (p=0.009):
White REF - - - - -
Black -0.871 (-1.380; -0.361) 0.001 - - -
Asian 0.011 (-0.246; 0.269) 0.932 - - -
Mixed 0.244 (-0.366; 0.854) 0.433 - - -
Other 0.371 (-0.211; 0.953) 0.212 - - -
Missing -0.716 (-2.643; 1.212) 0.467 - - -
R? 1.9 1.7
11
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Prediction equations: using the same set of independent variables in a linear regression model with
measured values of weight as the dependent variable results in the regression parameters below.
These can be used to obtain an estimate of the corrected weight measurements for participants.?

Adjusted weight: full model (men) = 10.20434 + 0.675889x(weightseit-reported) + 0.003579%(weight?es.
reported) — 1.22e-05%(weight3seitreported) + 0.497x(age 18-19y) — 0.433x(age 20-24y) — 0.321x(age 25-
29y) - 0.530x(age 30-34y) - 0.217x(age 35-39y) + 0.055x(age 40-44y) + 0.222x(age 45-49y) +
0.303x(age 50-54y) + 0.434x(age 55-59y) + 0.557x(age 60-64y) + 0.340x(age 65-69y) + 0.285%(age
70-74y) + 0.234x(age 75-79y) - 0.025x(age 80-84y) + 0.323x(age 85y+) - 0.198%(below degree) —
0.305x%(0 level/GCSE) - 0.365x%(none) + 0.668x(missing education data) + 0.629x%(ex-regular smoker)
+ 0.655%(never regular smoker) + 0.967x(missing smoking data) (R>=94.3%)

Adjusted weight: reduced model (men)=9.383598 + 0.7093852x(weightseit-reported) +
0.0032741x(weightZseit-reported) -0.0000113%(weight>sef.reported) + 0.443%(age 18-19y) — 0.478x(age 20-
24y) — 0.385x(age 25-29y) - 0.571x(age 30-34y) - 0.229x%(age 35-39y) + 0.033x(age 40-44y) +
0.176x(age 45-49y) + 0.255%(age 50-54y) + 0.394x(age 55-59y) + 0.528x(age 60-64y) + 0.328%(age
65-69y) + 0.253x(age 70-74y) + 0.217x(age 75-79y) - 0.033x(age 80-84y) + 0.326x(age 85y+)
(R?=94.3%)

Adjusted weight: full model (women) 2.111771 + 0.9482425x%(weightseif-reported) +
0.001364x(weightZeif-reported) -0.00000745x(weight>seit.reported) - 0.821x%(age 18-19y) - 0.792x(age 20-
24y) - 1.082x(age 25-29y) - 0.939x%(age 30-34y) - 0.867x(age 35-39y) - 0.825x(age 40-44y) —
0.564x(age 45-49y) - 0.551x(age 50-54y) — 0.685%(age 55-59y) — 0.651x(age 60-64y) — 0.592x(age
65-69y) — 0.953x(age 70-74y) - 0.562x(age 75-79y) - 0.763x(age 80-84y) — 1.378x(age 85y+) +
0.255x(ex-regular smoker) + 0.178x(never regular smoker) + 0.359x(missing smoking data) +
0.871x(Black) - 0.011x(Asian) - 0.244x(Mixed) - 0.371x(Other) + 0.716x(missing ethnic data)
(R?=95.1%)

Adjusted weight: reduced model (women) =2.072887 + 0.955191(weightseit.reported) +
0.001306(weightsereported) -0.0000073 (weight3eir.reported) - 0.822(age 18-19y) - 0.834(age 20-24y) -
1.127(age 25-29y) - 0.962(age 30-34y) - 0.891(age 35-39y) - 0.852(age 40-44y) — 0.595(age 45-49y) -
0.584(age 50-54y) — 0.720(age 55-59y) — 0.676(age 60-64y) — 0.612(age 65-69y) — 0.961(age 70-74y)
- 0.565(age 75-79y) - 0.768(age 80-84y) — 1.377(age 85y+) (R>=95.1%)

Weight values are in kg. Reference groups (REF): age-group (16-17y); educational status (degree or
equivalent); ethnic group (White); smoking status (current cigarette smoker).

Prediction equations for an all-mean/reference individual

The mean-correction (given by the intercept) for weight was obtained by estimating the parameters
in the full model but with self-reported weight re-scaled by subtracting its mean value (men: 80kg;
women: 70kg).

e For men, the mean correction factor for a participant of average weight, aged 16-17y, being
a current smoker, and having a degree or equivalent was 0.95kg (an upward adjustment of
self-reported weight).

e For women, the mean correction factor for a participant of average weight, aged 16-17y,
being a current smoker and being White was 2.61kg (an upward adjustment of self-reported
weight).

2The terms in the prediction equations (using self-report values to predict measured values) can be
obtained from the terms in the model of misreporting bias (dependent variable: self-reported minus
measured values) by reversing signs and by first subtracting one from the linear height/weight
coefficient.
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Table S7. Sensitivities, specificities and Youden Index in predicting BMI status from regression models developed to predict
measured height/weight from self-reported height/weight (split-sample B)

Agreement measure by Men Women
correction equation
Measured BMI categories Measured BMI categories
Under- Normal Over- Obesel Obese Under- Normal Over- Obesel Obese
weight weight &1 I weight weight &1 I
but not but not
obese obese
%o Yo Yo Yo i Yo Yo % % %0
Sensitivity
Self-report 80 91 74 68 54 81 94 67 70 53
Reduced model 55 83 84 83 71 61 88 80 82 72
Full model 54 83 84 83 71 60 89 81 83 72
Model using continuous age 55 83 84 83 72 67 88 80 82 73
Specificity
Self-report 99 85 85 98 100 98 82 90 97 100
Reduced model 100 93 85 96 100 100 92 89 96 100
Full model 100 93 85 96 100 100 92 89 96 100
Model using continuous age 100 93 85 96 100 99 92 89 96 100
Youden Index
Self-report 79 76 59 66 54 79 76 57 67 53
Reduced model 55 76 69 79 71 61 80 69 78 71
Full model 53 76 69 79 71 60 80 70 79 72
Model using continuous age 55 76 69 78 71 66 80 69 78 72

BMI: body mass index. Participants with valid self-reported and measured height and weight in split-sample B (men: n=5297; women: n=6145).
Formulae used to generate corrected BMI values are shown in Tables S5-S6 (full- and reduced-models) and Tables S8-S9 (models using
continuous age). k (Cohen’s kappa statistic) for five-category BMI classification: self-report (men 0.67; women 0.68); full model (men 0.74;
women 0.76); reduced model (men 0.74; women 0.75); model using continuous age (men 0.74; women 0.76). Underweight (<18.5kg/m2);
Normal (>18.5 — 24.9kg/m?); Overweight but not obese (>25.0 — 29.9kg/m?); Obese I & II (>30.0 — 39.9kg/m?); Obese 111 (>40.0kg/m?).
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Table S8 Linear regression results for difference in error by measured BMi

Regression of difference between self-reported and measured BMI on measured BMI by sex

Men Women
B 95% Cl p B 95% Cl p
Intercept 2.19 (1.90; 2.49) <0.001 1.61 (1.39; 1.82) <0.001
BM measured -0.12 (-0.13; -0.10) <0.001 -0.10 (-0.11; -0.09) <0.001
R? 13.5% 12.9%

BMI: body mass index; Cl: confidence interval. Men and women with valid self-reported and
measured height and weight (split-sample B). Dependent variable: self-reported minus measured
BMI.

Regression of difference between corrected (reduced model) and measured BMI on measured BMI

by sex
Men Women
B 95% CI p B 95% CI p
Intercept 2.15 (1.86; 2.44) <0.001 1.88 (1.68; 2.09) <0.001
BM measured -0.08 (-0.09; -0.07) <0.001 -0.07 (-0.08; -0.06) <0.001
R? 6.7% 6.8%

BMI: body mass index; Cl: confidence interval. Men and women with valid self-reported and
measured height and weight (split-sample B). Dependent variable: corrected minus measured BMI.

Regression of difference between corrected (full model) and measured BMI on measured BMI by

sex
Men Women
B 95% CI p B 95% CI p
Intercept 2.14 (1.85; 2.43) <0.001 1.84 (1.63; 2.05) <0.001
BM measured -0.08 (-0.09; -0.07) <0.001 -0.07 (-0.08; -0.06) <0.001
R? 6.7% 6.6%

BMI: body mass index; Cl: confidence interval. Men and women with valid self-reported and
measured height and weight (split-sample B). Dependent variable: corrected minus measured BMI.

Regression of difference between corrected (full model + self-reported BMI) and measured BMI on
measured BMI by sex

Men Women
B 95% Cl p B 95% Cl p
Intercept 2.44 (2.16; 2.72) <0.001 2.12 (1.91; 2.32) <0.001
BM measured -0.09 (-0.10; -0.08) <0.001 -0.08 (-0.09; -0.07) <0.001
R? 8.7% 8.7%

BMI: body mass index; Cl: confidence interval. Men and women with valid self-reported and
measured height and weight (split-sample B). Dependent variable: corrected minus measured BMI.
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Table S9 Regression of measured height on self-reported height and age by sex
B 95% Confidence Interval p
Men (n=12,374)
Intercept 292.2272 (-31.40156; 615.856) 0.077
Height -3.376333 (-8.858416; 2.105751) 0.227
Height? 0.0217649 (-0.009159; 0.0526887) 0.168
Height? -0.0000364 (-0.0000945; 0.0000217) 0.220
Age 0.0788123 (0.0637780; 0.0938465) <0.001
Age? -0.001256 (-0.0014048; -0.0011073) <0.001
R? 88.5%
Women (n=14,659)
Intercept 160.3468 (-162.7323; 483.426) 0.331
Height -1.736024 (-7.65337; 4.181321) 0.565
Height? 0.0159004 (-0.0201807; 0.0519815) 0.388
Height? -0.0000321 (-0.0001054; 0.0000411) 0.390
Age 0.1119681 (0.0977273; 0.1262089) <0.001
Age? -0.0016046 (-0.0017469; -0.0014624) <0.001
R? 87.0%

Notes: Dependent variable: measured height. Men and women with valid self-reported and
measured height and weight. Parameters estimated using split-sample A.

Prediction equations: These regression parameters can be used to obtain an estimate of the
corrected height measurements for participants. Note that age in our analysis was trimmed to a
maximum of 90 (range: 16 to 90). Height values are in cm.

adjusted height (men) = 292.2272 + (-3.376333 x height) + (0.0217649 x height?) + (-0.0000364 x
height?®) + (0.0788123 x age) + (-0.001256 x age?) (R>=88.5%)

adjusted height (women) = 160.3468 + (-1.736024 x height) + (0.0159004 x height?) + (-0.0000321
x height?) + (0.1119681 x age) + (-0.0016046 x age?) (R?=87.0%)
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Table S10 Regression of measured weight on self-reported weight and age by sex
B 95% Confidence Interval p
Men (n=12,374)
Intercept 9.912568 (3.888776; 15.93636) 0.001
Weight 0.6653765 (0.4598778; 0.8708751) <0.001
Weight? 0.0036857 (0.0014126; 0.0059588) 0.001
Weight® -0.0000125 (-0.0000207; -0.0000043) 0.003
Age 0.0319996 (0.0077196; 0.0562795) 0.010
Age? -0.0001959 (-0.0004268; 0.0000349) 0.096
R? 94.2%
Women (n=14,659)

Intercept 1.281195 (-1.83189; 4.39428) 0.420
Weight 0.9487828 (0.827933; 1.069633) <0.001
Weight? 0.001376 (-0.0001289; 0.0028809) 0.073
Weight? -7.55e-06 (-0.0000136; -1.50e-06) 0.014
Age 0.0083899 (-0.0115418; 0.0283216) 0.409
Age? -0.0000739 (-0.0002655; 0.0001178) 0.450
R? 95.0%

Notes: Dependent variable: measured weight. Men and women with valid self-reported and
measured height and weight. Parameters estimated using split-sample A.

Prediction equations: These regression parameters can be used to obtain an estimate of the
corrected weight measurements for participants. Note that age in our analysis was trimmed to a
maximum of 90 (range: 16 to 90). Weight values are in kg.

adjusted weight (men) = 9.912568 + (0.6653765 x weight) + (0.0036857 x weight?) + (-0.0000125 x
weight®) + (0.0319996 x age) + (-0.0001959 x age?) (R*=94.2%)

adjusted weight (women) = 1.281195 + (0.9487828 x weight) + (0.001376 x weight?) + (-
0.00000755 x weight?®) + (0.0083899 x age) + (-0.0000739 x age?) (R>=95.0%)

16

Scholes S, et al. BMJ Open 2023; 13:€061809. doi: 10.1136/bmjopen-2022-061809



BMJ Open

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
placed on this supplemental material which has been supplied by the author(s)

Supplemental material

l‘“! =
[+ 5]
g
o
S
& Z
g c
@ [
s} (a}
=
34
~
S -
o :
T T T T T T T T T T T T T
40, 50 60 70 10 20 30 40, 50 60 7O
BMI (kg/m )

10 20 30
BMI (kg/m )
Measured

Self-reported

Figure S1: Distributions for self-reported and measured BMI (men: left-panel; women: right-panel)
Plots produced using data from n=38,940 participants with valid self-report and measured height

and weight.
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Figure 52: Bland-Altman plot of the difference between self-reported and measured BMlI vs. the
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average of these two measures of BMI by sex. Plots produced using unweighted data from n=38,940
participants with valid self-report and measured height and weight.

18

Scholes S, et al. BMJ Open 2023; 13:€061809. doi: 10.1136/bmjopen-2022-061809



BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Open
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Figure 53: Box plot of the distribution of reporting error for BMI by measured BMI categories and
Sex.
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Figure S4: Bland-Altman plot of the difference between corrected (full-model: Equation 3 in Tables 4
and 5) and measured BMI vs the average of these two measures of BMI. Plots produced using data
from n=11,442 participants with valid self-report and measured height and weight (split-sample B).
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