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INTRODUC TION

In 2019, Ward et al. (1) proposed a new method to correct for self-
reporting bias in weight and height and to estimate state-specific and 
demographic subgroup–specific trends and projections of the preva-
lence of categories of BMI. Using their new approach, they published 
detailed state-specific estimates of obesity prevalence and projec-
tions of future levels by state in the United States, using data from the 
Behavioral Risk Factor Surveillance System (BRFSS). BRFSS is one of 

the sources (2) of nationally representative data among adults in the 
United States and it provides both national and state-specific estimates. 
However, BRFSS includes only self-reported weight and height data, 
which are well established to be inaccurate relative to measured data 
(3-5). The method of Ward et al. involved standardizing the overall dis-
tribution of BMI calculated from self-reported weight and height (called 
here “self-reported BMI”) from BRFSS values to the overall distribution 
of BMI values calculated from measured weight and height data (called 
here “measured BMI”) in the National Health and Nutrition Examination 
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Abstract
Objective: In 2019, Ward et al. proposed a method to adjust BMI calculated from self-
reported weight and height for bias relative to measured data. They did not evaluate 
the adjusted values relative to measured BMI values for the same individuals.
Methods: A large data set (n = 37,439) with both measured and self-reported weight 
and height was randomly divided into two groups. The proposed method was used 
to adjust the BMI values in one group to the measured data from the other group. 
The adjusted values were then compared with the measured values for the same 
individuals.
Results: Before adjustment, 24.9% were incorrectly classified relative to measured 
BMI categories, including 7.9% in too high a category; after adjustment, 24.3% were 
incorrectly classified, with 12.8% in too high a category. The variance of the differ-
ence was unchanged. The adjustments reduced some errors and introduced new er-
rors. At an individual level, results were unpredictable.
Conclusions: The suggested method has little effect on misclassification, can intro-
duce new errors, and could magnify errors associated with factors, such as age, race, 
educational level, or other characteristics. State-level estimates and projections of 
obesity prevalence from values adjusted by this method may be incorrect.
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Survey (NHANES). Both BRFSS and NHANES are nationally represent-
ative of the civilian noninstitutionalized US population (2,6-8), but un-
like BRFSS, NHANES does not provide state-specific estimates.

Numerous comparison studies of self-reported versus measured 
weight and height show that self-reported weight and height have both 
random and systematic errors (3-5) relative to objectively measured 
weight and height. The systematic errors typically include greater 
underreporting of weight at higher measured weights and greater 
overreporting of height at lower measured heights. These errors can 
lead to what has been called the “flat slope syndrome,” a systematic 
tendency for high values to be underestimated and for low ones to be 
overestimated (9). This makes it difficult to predict the measured value 
from the self-reported value because a given self-reported value may 
arise either from a large measured value with high underreporting or 
a slightly smaller measured value with lower underreporting. This is 
similar to the problem identified by Plankey et al. (10).

The measurement errors in self-reported weight and height 
have also been found to have errors associated with other factors, 
including age, sex, race-ethnic group, region, income, education, 
recent physician visits, dieting behaviors, and health history (11-
19), These errors generally may be affected by a host of issues, 
including social norms and social desirability biases. For example, 
data from several countries suggest that women with higher ed-
ucational levels are more likely to underreport weight (17,19,20).

To standardize the distribution of self-reported BMI in BRFSS to 
the distribution of measured BMI in NHANES, Ward et al. calculated 
mean self-reported BMI from BRFSS by quantile of self-reported 
BMI and calculated mean measured BMI from NHANES by quantiles 
of measured BMI. They then calculated the difference in mean val-
ues between measured and self-reported BMI at each quantile and 
fit cubic splines to smoothly estimate self-report bias as a function 
of quantile across the entire BMI distribution. Each person’s BMI 
was then adjusted for this bias given his or her BMI quantile. The 
smoothed difference was added to the self-reported value in that 
quantile to produce an adjusted BMI value. They found that the re-
sulting distribution of adjusted BMI in BRFSS was not significantly 
different from the distribution of measured BMI in NHANES accord-
ing to the two-sample nonparametric Kolmogorov–Smirnov test.

Ward et al. describe their method as “adjustment for self-report 
bias.” They adjusted each person’s BMI. However, they did not 
demonstrate that the adjustments could provide correct values at 
the level of states, demographic subgroups, or individuals, because 
they did not compare measured BMI and adjusted BMI for the same 
individuals. Our objective was to investigate and describe some char-
acteristics of the results of their method at the individual and sub-
group level by applying the Ward method to a data set in which both 
measured and self-reported data are available for each individual.

METHODS

In order to evaluate the 2019 method used by Ward et al., we used 
unweighted data from the NHANES surveys for survey cycles 1999 

to 2000 through 2013 to 2014. These data sets are free and publicly 
available (21). Although these data come from a complex sample sur-
vey, here these data are used only to provide a large sample of self-
reported and measured data for the same individuals. The difference 
between measured and self-reported BMI values was calculated as 
measured minus self-reported BMI; to reduce any effects of extreme 
errors in self-reported data, we trimmed the NHANES data by delet-
ing values of the difference at or above the 99th percentile and at 
or below the 1st percentile, by sex and survey cycle. After trimming, 
there were 18,783 men and 18,656 women, ages 20 years and above, 
who had both measured and self-reported BMI values. We randomly 
divided the data set into two groups. We used the Ward et al. method 
to derive adjustment factors for self-reported BMI in Group 1 based 
on the distribution of measured BMI in Group 2. Because Group 1 and 
Group 2 are random samples from the same data set, this obviates the 

Study importance

What is already known?

►	 BMI calculated from self-reported weight and height 
has both systematic and random error relative to meas-
ured data, but estimates of obesity prevalence based on 
measured weight and height are not available for indi-
vidual US states.

►	 A proposed method to adjust for the error in self-report 
did not compare measured and adjusted BMI for the 
same individuals.

What does this study add?

►	 The proposed adjustment method had little or no effect 
on misclassification relative to measured BMI. It cor-
rected some errors, introduced new errors, and could 
potentially magnify within- or between-state errors 
associated with factors such as age, race, educational 
level, or other characteristics.

►	 State-by-state comparisons and subgroup estimates of 
obesity prevalence and trends based on values adjusted 
by this method are not necessarily valid and should not 
be relied on.

How might these results change the direction of 
research or the focus of clinical practice?

►	 The limitations of BMI calculated from self-reported 
weight and height should be recognized.

►	 Methods are needed to adjust for the errors caused 
by using BMI calculated from self-reported weight and 
height.

►	 New methods should be validated against data for indi-
vidual participants.
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need to have two different samples that are weighted to the same ex-
ternal population.

We applied the method described by Ward et al. to standardize the 
distribution of self-reported BMI in Group 1 to the distribution of the 
measured data in Group 2. The data in Group 1 were divided into sex-
specific single percentile groupings, thus creating 100 groups for self-
reported BMI. Within each percentile grouping of self-reported BMI, 
we calculated the sex-specific mean value of self-reported BMI. We 
also created 100 sex-specific percentile groups for measured BMI from 
the data in Group 2. Within each percentile grouping of measured BMI 
values, the sex-specific mean value of measured BMI was calculated. 
The mean difference between self-reported BMI from Group 1 and 
the measured BMI from Group 2 was calculated at the corresponding 
percentile of self-reported values. For example, the mean difference at 
the 50th percentile of self-reported values was calculated as the mean 
measured values for the 50th percentile of measured values in Group 
2 minus the mean self-reported value for the 50th percentile of self-
reported values in Group 1. The differences were smoothed over per-
centiles using cubic splines. The smoothed predicted mean difference 
for a given percentile category was added to the self-reported BMI 
values in that percentile category to create an “adjusted” BMI value for 
each individual within that category.

The adjusted values represent adjusted self-reported values 
within categories of self-reported values in Group 1. However, un-
like the analysis of Ward, the data set that we used also provided 
the measured BMI values for the same individuals in Group 1. We 
compared the adjusted self-reported BMI values in Group 1 with 
the measured BMI values in Group 1 to evaluate the effects of the 
adjustments. Descriptive statistics, including means, differences, 
standard deviations, ranges, Pearson correlation coefficients, and 
Bland–Altman limits of agreement (LOA), were calculated. Data 
analysis and statistical procedures were carried out with SAS ver-
sion 9.4 (SAS Institute, Cary, North Carolina). Group 2 was only used 

to calculate adjustment factors. All other analyses were carried out 
only on Group 1.

BMI was categorized according to the suggested groupings of 
<18.5 (underweight), 18.5 to 24.99 (normal weight), 25 to 29.99 (over-
weight), 30 to 34.99 (grade 1 obesity) and ≥35 (grades 2 to 3 obesity) 
(22). For both self-reported BMI and adjusted BMI, we estimated the 
proportion who were correctly classified relative to these measured 
BMI categories. Those who were misclassified were also categorized 
into two further groupings: those whose misclassified value put them 
in a higher BMI category than the measured value (“Too high”) and 
those whose misclassified value put them in a lower BMI category 
(“Too low”). In almost all cases, the difference was only one BMI cate-
gory; fewer than 1% of the sample had larger differences.

To provide subgroup examples, we divided the sample into 
groups based on sex, age group, race-ethnic group, income level, 
smoking status, disease history, alcohol consumption and educa-
tional level and various combinations of these factors. Within each 
subgroup, we calculated mean values for measured BMI, adjusted 
BMI, the difference between them (measured minus adjusted), obe-
sity prevalence from measured BMI, and obesity prevalence from 
adjusted BMI.

For a sensitivity analysis, we repeated the analyses 5 more times 
using different random numbers each time to divide the data set into 
two groups.

RESULTS

Descriptive statistics for self-reported and measured BMI for both 
groups are shown in Table 1. The Kolmogorov–Smirnov test showed 
no significant difference between the distribution of measured BMI 
in the two groups (p = 0.567 for women and 0.554 for men). As ex-
pected, mean values of self-reported BMI were slightly lower than 

TA B L E  1  Descriptive information about the sample data set

Group 1 Group 2

Men Women Men Women

N 9,459 9,290 9,324 9,366

Mean (SD)

Measured BMI 28.13 (5.56) 28.89 (7.00) 28.23 (5.58) 28.96 (7.18)

Self-reported BMI 27.75 (5.29) 28.06 (6.72) 27.83 (5.30) 28.12 (6.84)

Difference (measured minus self-reported) 0.37 (1.49) 0.84 (1.66) 0.40 (1.50) 0.83 (1.68)

Range (minimum, maximum)

Measured BMI 14.14, 72.56 13.18, 71.30 14.86, 66.15 12.04, 82.95

Self-reported BMI 13.69, 66.41 13.52, 70.86 12.65, 61.27 12.21, 76.63

Difference (measured minus self-reported) −4.79, 6.75 −5.04, 8.95 −4.73, 6.73 −4.97, 8.80

Correlations

Measured BMI with self-reported BMI 0.946 0.960 0.947 0.962

Difference with measured BMI 0.368 0.326 0.375 0.352

Difference with self-reported BMI 0.102 0.089 0.112 0.121
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those for measured BMI. The difference between self-reported 
and measured BMI was correlated with measured values (r = 0.371 
for men and 0.339 for women), showing the presence of system-
atic error, whereby the difference varies with the measured values. 
However, the correlation of the difference with self-reported values 
(r = 0.107 for men and 0.105 for women) was lower, likely because of 
the flat slope syndrome caused by systematic errors.

The adjustment procedure of Ward et al. is illustrated in 
Supporting Information Table S1 with examples of adjusting the 
data at the 25th, 50th, and 75th percentiles. In the 25th percentile 
category of self-reported BMI for men from Group 1, self-reported 
BMI values ranged from 24.06 to 24.17 with a mean of 24.12. In 
the 25th percentile category of measured BMI for men from Group 
2, measured BMI values ranged from 24.25 to 24.40 with a mean 
value of 24.33, slightly higher than the mean self-reported value in 
the corresponding percentile of self-reported BMI. The difference 
between means for the 25th percentile is then 0.21 (24.33 minus 
24.12); the smoothed difference was 0.25. As can be seen in the 
table, the difference between means is greater at the higher percen-
tiles. The adjusted BMI values are created by adding the smoothed 
difference for the appropriate percentile to the self-reported BMI; 
the resulting difference between measured and adjusted values is 
close to zero.

The Group 1 data set contains measured and self-reported 
values for each individual, making it possible to assess some ef-
fects of the adjustment. In Supporting Information Table S2, the 
measured values of BMI in Group 1 within selected percentiles of 
self-reported BMI are displayed. Within a given percentile of self-
reported BMI, the measured BMI varied over a range of roughly 3 
to 4 BMI units lower than self-report to roughly 5 BMI units higher. 
The table displays the mean and standard deviations of the individ-
ual differences between the measured and self-reported BMI value 
and between the measured and adjusted BMI values. The mean dif-
ferences were lower after the adjustments. However, the variance 

of the difference between measured and self-reported BMI was 
not changed by the adjustment.

The effects of adjustment on prevalence estimates and on mis-
classification relative to measured BMI are displayed in Table 2. 
Overall, almost a quarter of participants were misclassified. Relative 
to measured BMI categories, the self-reported BMI values tended 
to underestimate the prevalence of higher BMI categories and over-
estimate the prevalence of lower BMI categories. Relative to self-
reported data, the adjusted prevalence estimates agreed much more 
closely with the measured prevalence values. The adjustment in-
creased correct classification at the higher BMI levels but decreased 
correct classification in the normal weight category. Overall, the ad-
justment increased the proportion of people who were classified as 
too high, relative to measured BMI categories, and decreased the 
proportion who were classified as too low. A more detailed break-
down is shown in Supporting Information Table S3. Over 9% of 
men and 6% of women were misclassified into a higher category by 
self-reported BMI than by measured BMI; as shown in Supporting 
Information Table S3, the adjustment did not correct these misclas-
sifications. The adjustment also created new misclassifications into a 
higher category as well, whereby some individuals who are correctly 
classified by self-reported BMI were misclassified upwards by ad-
justed BMI.

A specific example showing how these effects arise is presented 
in Supporting Information Table S4, showing data for the 60 men 
and women with a measured BMI in the range 29.00 to 29.04 (falling 
into the 63rd percentile of measured BMI for men or the 58th per-
centile of measured BMI for women). The corresponding values of 
self-reported BMI for these individuals spanned a wide range, from 
24.4 to 31.7 for men and from 25.2 to 32.2 for women, equivalent to 
the 27th through 81st percentile of self-reported BMI for men and 
39th through 78th percentile for women. The smoothed adjustment 
factor increased with the percentile of self-reported BMI. When the 
self-reported BMI percentile was low, the adjustment factor was 

TA B L E  2  Effects of adjustment of self-reported BMI on prevalence estimates and on misclassification relative to measured BMI by 
measured BMI category

Measured BMI category

<18.5 18.5 to 24.99
25 to 
29.99

30 to 
34.99 ≥35

Prevalence (%)

Men Measured 1.3 28.5 39.8 20.0 10.3

Self-reported 1.1 31.0 40.1 18.8 9.0

Adjusted 1.2 28.4 39.1 20.4 11.0

Women Measured 2.1 30.9 29.5 20.1 17.4

Self-reported 2.8 34.3 30.0 18.6 14.2

Adjusted 2.3 30.9 29.5 19.3 18.1

Correct classification (%)

Men Unadjusted 44.1 82.4 75.0 66.2 76.9

Adjusted 45.7 78.3 73.9 69.2 85.7

Women Unadjusted 66.8 86.8 71.2 62.9 75.5

Adjusted 59.2 82.5 71.7 65.9 87.0
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small, and the adjusted value was still considerably below the true 
measured value. When the percentile of self-reported BMI was the 
same as the percentile of measured BMI, the adjustment factor was 
approximately correct, and the adjusted value was close to the mea-
sured value. When the percentile of self-reported BMI was higher 
than the percentile of measured BMI, the adjustment factor was too 
large, and the adjusted values were higher than the true measured 
values. As a result, in this case, after the adjustment, almost twice as 
many individuals were misclassified at the high end, with adjusted 
BMI values over 30. As these examples show, when the adjustment 
factors differ by percentile of self-reported data, then the effects of 
adjustment vary by self-reported value.

An example of the distortions from a different point of view 
is shown in Supporting Information Table S5, which contains data 
for all men and women with self-reported BMI values in the nar-
row range of 29.00 to 29.03. As the table illustrates, a narrow 
range of self-reported BMI may correspond to a wide range of 
measured BMI. All values of self-reported BMI were increased 
by the adjustment. When the measured values were lower than 
the self-reported values, the adjusted values were higher than the 
measured values. When the measured values were higher than the 
self-reported values, the adjusted values remained higher than 
the measured values for small differences but then lower than the 
measured values for larger differences. The adjustment factor was 
a fixed value for a given value of self-reported BMI. For men, who 
had a fixed adjustment factor of 0.52 in this narrow self-reported 
BMI range, all values of adjusted BMI were <30, regardless of the 
measured BMI value, leading to some classifications that were too 
low relative to measured BMI. In contrast, for women, who had 
fixed adjustment factors of 0.94 or 0.95, all values of adjusted BMI 
were >30, leading to some classifications that were too high rela-
tive to measured BMI.

The errors in self-reported data have been observed to vary by a 
variety of factors, including age, sex, race, region, educational level, 
and other factors. As an example, Table 3 shows the mean values 
of measured and adjusted BMI and of obesity prevalence according 
to measured or adjusted BMI for all combinations of sex, age group, 
smoking status, and race-ethnic group, for which there were at least 
200 individuals. These and other characteristics differ widely across 
US states. As can be seen in Table 3, within each subgroup except for 
the oldest age, the mean adjusted values were higher than the mean 
measured values. In some cases, the absolute value of the difference 
was increased. In some cases, the prevalence of obesity was higher, 
sometimes as much as 4 percentage points higher, when adjusted 
values instead of measured values were used. In others, there was 
no difference in the prevalence of obesity, and in yet others, the 
prevalence of obesity was lower.

Summary results comparing the self-reported and the adjusted 
values are shown in Table 4. The overall misclassification rates were 
similar for self-reported and adjusted values. The proportion classi-
fied as “too low” decreased after the adjustment, and the propor-
tion classified as “too high” increased. The mean difference between 
measured values and adjusted self-reported values was close to 

zero. However, the standard deviation of the difference was almost 
identical for the self-reported and adjusted values. Bland–Altman 
LOA show the range within which approximately 95% of the differ-
ences between self-reported and measured BMI would be expected 
to fall. The LOA for men for self-reported BMI were in the range of 
−3.18 to +3.86 BMI units and the limits for adjusted BMI were in 
the range of −3.75 to + .48 BMI units. The corresponding values 
for women were −2.99 to +4.63 for self-reported BMI and −3.82 to 
+3.88 for adjusted BMI.

As a sensitivity analysis, we repeated the analyses 5 times using 
different random numbers to divide the data sets into two different 
groups. Summary results are shown in Supporting Information Table 
S6 with results that are similar across the repetitions.

DISCUSSION

Here we describe some of the features of an adjusted estimate of 
self-reported BMI generated using the approach described by Ward 
et al. The values presented here are not intended as population es-
timates but simply to provide exploratory and descriptive informa-
tion about the effects of such an adjustment method. These results 
should not be generalized to other data sets or to other BMI group-
ings. Misclassification rates will vary depending on the characteris-
tics of self-reported BMI and also on the number of categories used. 
The characteristics of self-reported BMI vary widely across studies. 
As reported elsewhere, the distribution of self-reported BMI varies 
across national surveys of the same population (2).

Ward et al. adjusted self-reported data from BRFSS using mea-
sured data from NHANES for different individuals. This procedure 
relies on the assumption that the distribution of measured BMI data 
should be same in the two surveys because both are nationally rep-
resentative (6-8). Instead of two different surveys, we divided the 
data set randomly into two groups. The distribution of measured 
BMI was not statistically different in the two groups, corresponding 
to the assumption required for the procedure by Ward et al. We used 
the procedure developed by Ward et al. to adjust the self-reported 
data in Group 1 to the measured data in Group 2. Because we had 
both measured and self-reported data for Group 1, we were able to 
compare the adjusted values for Group 1 with the measured values 
for the same individuals.

Self-reported BMI data commonly exhibit systematic errors, in 
which the error differs by the true value with greater measurement 
error at higher BMI values. As a result, when the self-reported value 
is too low relative to the measured value, the adjustment factor may 
be too low, and the adjusted BMI value may still be lower than the 
measured value. However, if the self-reported value is too high, the 
adjustment factor may be too high, and the adjusted BMI values may 
be higher than the measured value. Only if the self-reported BMI 
percentile is roughly the same as the measured BMI percentile will 
the adjustment factor be approximately correct. This is an inherent 
feature of the method when the difference increases with the mea-
sured value, an effect that is often observed (3-5,23-25).
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This adjustment does not reduce the variance of the difference. 
According to the Bland–Altman method of assessing agreement be-
tween two variables (26), the adjustments would change the numer-
ical Bland–Altman LOA but would not narrow the distance between 
the upper and lower LOA. It should be noted that the LOA are high 
and indicate that regardless of the adjustment, a self-reported BMI 
would fall within a wide range of 6 to 7 BMI units around the mea-
sured value, suggesting relatively poor agreement on the level of the 
individual. After the adjustments, the adjusted BMI was higher than 
the measured BMI for 53% of men and 52% of women.

The method described by Ward et al. changes most values of self-
reported BMI to a different adjusted value. At the overall population 
level, it produces approximately the same prevalence estimates as 
those from measured BMI. This result is predictable because their 
method is simply standardizing the distribution of one variable to 
the distribution of another variable. However, the adjustments do 
not necessarily produce correct values for individuals. The adjust-
ments reduce some errors but also add new errors. As a result, the 
misclassification rates and the variance of the difference between 
self-reported and measured values show almost no change. As noted 
by Ward et al., their method preserves “the relative position of each 
person’s BMI.” (P. 2441). The method used by Ward et al. does not 
change the relative position of self-reported data. Therefore, it does 
not correct for any errors arising from factors such as age, education, 
race, health history, or any other variables. As a result, it is unlikely 
to correct accurately for state-specific and demographic subgroup 
errors. As a result of this and the inability of the NHANES to pro-
vide state-level BMI distributions to make state-specific corrections, 
it is unlikely that the method of Ward et al. can correct accurately for 
state-specific and demographic subgroup errors.

The method proposed by Ward et al. rests on the untested as-
sumption that if the BMI distributions are standardized at the overall 
level, the adjusted results will therefore produce valid obesity prev-
alence estimates for subgroups. Their use of the adjusted values to 
rank, compare, and depict state-specific obesity prevalence rates 
rests on the assumption that the effects of adjustment are constant 
across states. The errors in self-reported weight and height have pre-
viously been shown to vary by demographic factors that also vary 
considerably across states. For example, the population proportion of 
people ages 65 and above ranges from over 20% in Maine and Florida 

to just over 11% in Alaska and Utah (27). The percent living in poverty 
ranges from over 20% in Mississippi and New Mexico to under 10% 
in Hawai’i, Maryland, and New Hampshire (28). In Maryland, the pop-
ulation is 29.4% non-Hispanic Black, whereas in Idaho, 0.6% of the 
population is non-Hispanic Black. The population of Maine is 93.4% 
non-Hispanic White, whereas in California, 37.0% of the population is 
non-Hispanic White (29). The prevalence of smoking ranges from 25% 
in West Virginia to 8.9% in Utah (30). If measurement errors differ 
by these and other factors, then the adjusted values may have errors 
that are different in different states. If one state, for example, has a 
preponderance of some demographic groups whose adjusted values 
tend to be biased upwards, and another state has a preponderance 
of groups whose adjusted values are biased downwards, then the es-
timates of obesity prevalence may be incorrect for both states, and 
comparisons between the two states may also be incorrect.

Measurement errors in exposure variables are an important issue 
(31-33). Unfortunately, the method suggested by Ward et al. does little 
to correct measurement errors and calls into question the accuracy of 
the detailed results reported in their article (1). Their method changes 
the overall mean values but accomplishes little else. Their method does 
not reduce misclassification, has little or no effect on the range of er-
rors, and could potentially magnify errors associated with other factors 
such as age, race, educational level, health history, or other charac-
teristics. At an individual level, almost every value is changed, but the 
results are unpredictable, and the degree of agreement is improved at 
the overall population level, not at the individual or subgroup level.O
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