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Abstract: Purpose: This study assessed the validity of body mass index (BMI) derived from self-reported height and
weight in comparison to BMI derived from clinical measurement. We further examined the misclassification effect of
self-reported BMI in association with complaints of snoring and excessive daytime sleepiness.
Methods: Data came from a population-based study of chronic fatigue syndrome (CFS) and unwellness, between
September 2004 and July 2005, in metropolitan, urban, and rural Georgia. We compared self-reported with clinicallymeasured height and weight from 774 persons aged 18-59 and the bias impact on their association with snoring and
excessive daytime sleepiness.
Results: The correlation coefficient between self-reported and clinically-measured BMI was 0.92 (p<0.0001) and intraclass correlation coefficient was 0.90. For overweight persons (BMI >=25 kg/m2), self-reported BMI had 89% sensitivity
and 95% specificity compared to clinically-measured BMI. Misclassification of self-reported BMI categories revealed
slightly higher odds ratios (ORs) for obese categories in predicting the likelihood of having a snoring problem than those
based on measured values.
Conclusions: Self-reported height and weight are valid for determining BMI categories and the relationship to snoring in a
large-scale population study.

Keywords: Body mass index (BMI), self-reported data, snoring, excessive daytime sleepiness, misclassification, intra-class
correlation.
INTRODUCTION
The prevalence of overweight and obesity has increased
worldwide during the past 30 years [1] and coincides with an
increased prevalence of sleep disorders such as sleep apnea
[2]. There are two common correlates of sleep apnea. Snoring correlates with sleep apnea, increasing up to late middle
age and decreasing thereafter; obesity is the other major
correlate of sleep apnea [2]. Various studies have found the
prevalence of snoring in the adult population ranges from
5% to 59% [2-8]. Snoring and increased upper airway resistance are recognized precursors for impaired academic and
professional performance, as well as increased morbidity and
mortality [9-11]. In addition to correlating with sleep apnea,
several population-based studies have shown an association
of obesity with snoring and daytime sleepiness. A study from
Shanghai demonstrates that snoring is positively correlated
with body mass index (BMI), independent of menstrual
status, in women [12]. Additionally, Bixler and colleagues
show that excessive daytime sleepiness (EDS) is strongly
associated with BMI [13]. In both studies, BMI was
calculated from self-reported height and weight.
Self-reported data are a cost-effective way of obtaining
information such as BMI and behavioral and lifestyle factors
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in large epidemiologic population-based studies. However,
there is debate about the validity of “self-reported” BMI as
calculated from self-reported height and weight. In a recent
systematic review, Connor et al. demonstrated that selfreported data typically result in underestimating weight,
overestimating height and significant misclassification of
BMI categories [14]. The misclassification of self-reported
BMI categories obscured the association between obesity
and health conditions such as asthma [15], diabetes [16],
high blood pressure [17], and heart disease [18]. On the contrary, using disease biomarkers (i.e. systolic blood pressure,
fasting blood levels of glucose, high-density lipoproteincholesterol, triglycerides, C-reactive protein, and leptin),
McAdams et al. [17] showed that the accuracy of selfreported BMI is sufficient for epidemiological studies.
Efforts to evaluate the misclassification effect of selfreported BMI categories in association with sleep are
limited. In this study, we assessed the validity of selfreported BMI obtained during a Computer Aided Telephone
Interview (CATI) with BMI obtained during a follow-up
clinical examination. We further examined the misclassification effect of self-reported BMI categories in association
with snoring and excessive daytime sleepiness.
METHODS
This study was reviewed and approved by the CDC
Institutional Review Board, as required by the Department of
2010 Bentham Open
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Health and Human Services. All participants provided
informed consent.
Overview of Study Design
Data came from a large-scale study of chronic fatigue
syndrome (CFS) in metropolitan, urban, and rural Georgia
[7, 19]. Between September 2004 and July 2005 we used
random-digit-dialing to contact 10,837 households and
queried the household informant concerning the health status
of the 19,381 residents. We then conducted detailed telephone interviews with 5,623 of those residents who had been
identified as unwell or as well. Based on the health and
health-related information from the detailed phone interviews, subjects were classified three groups:
1.

CFS-like – characterized by severe fatigue lasting six
months or longer that was not alleviated by rest;
caused substantial reduction in occupational, educational, social, or personal activities; and accompanied
by at least four of the CFS case-defining symptoms
[20].

2.

Chronically unwell – having chronic (≥ six months)
unwellness with or without fatigue, but not meeting
the criteria for CFS-like.

3.

Well – does not meet the criteria for CFS-like or
chronically unwell, because all measurements fall in
the normal range.

We invited all persons in the CFS-like group to
participate in the one-day clinical evaluation. We also invited
a random selection of persons in the chronically unwell
group. Finally, we randomly selected well respondents from
the telephone interviews to participate in the clinic and
matched these persons on age, sex, race, and geographic
stratum to persons with CFS-like illness. Forty-eight percent
(783) of invited subjects participated in the clinical
evaluation.
Measurements
Demographics
Age, sex, race, residential area, and education were selfreported in the detailed phone interviews and further confirmed at the clinical evaluation.
Body Mass Index (BMI)
Self-reported weight and height were obtained during the
CATI. Participants were specifically asked, “How tall are
you?” and “How much do you weigh?” Responses for height
were recorded in feet and inches and weight was recorded in
pounds. These were later converted into metric units. Clinical measurements of height and weight were measured by a
research nurse upon participants’ arrival at the clinic. Height
was measured in feet and inches, to the nearest quarter-inch.
Weight was measured to the nearest pound, using a mechanical weight scale with participants in their street clothes
(without shoes, hats, or coats). The values were converted
into metric units. We computed BMI, from self-reports and
clinic measurements, as the ratio of the weight in kilograms
to height in meters squared (kg/m2). We estimated bias of
self-reported body measurement as the difference between
“self-reported” and “clinically measured” BMI. We further
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classified the continuous BMI into the categorical BMI
groups: underweight (BMI< 18.5), normal weight (BMI=
18.5-24.9), overweight (BMI= 25-29.9), obese class I (BMI=
30.0-34.9), and obese class II (BMI= 35-39.9).
Sleep Problems
The sleep problems of interest were snoring and
excessive daytime sleepiness. Snorers were identified as
those who answered “Yes” to the question, “Do you know,
or have you ever been told, that you snore loudly during
sleep?” We used the Epworth Sleepiness Scale (ESS) to
determine the level of daytime sleepiness [21]. The questionnaire asked the subject to rate his or her probability of
dozing off or falling asleep on a scale of increasing probability from 0 to 3 in eight different situations, in contrast to
feeling just tired. The scores for the eight questions were
added to obtain a single number. A score of 10 or more was
considered excessive daytime sleepiness.
Statistical Analysis
We reported summary statistics for bias of self-reported
weight, height, and BMI by the demographic variables of
age, sex, race, residential area, and education. Pearson correlation and intra-class correlation coefficients were employed
to determine the reliability of self-reported and clinicallymeasured BMI. The sensitivity, specificity, positive predictive value, negative predictive value, and Kappa coefficient
were used to determine the validity of the prevalence of
overweight (BMI >= 25 kg/m2) using self-reported BMI. We
performed a multivariate linear regression analysis to
examine the bias effect of self-reported BMI (continuous) on
snoring and EDS. A multivariate logistic regression with the
adjustment of demographic variables was performed to
examine the misclassification effect of BMI categories on
the risk of having sleep problems. Statistical analyses were
performed using SAS Version 9.1 (SAS Institute; Cary, NC).
Significance levels were set at 0.05 for two-sided tests.
RESULTS
Nine of the 783 clinic participants had not reported their
weight during the telephone interview. Thus, this report
concerns the 774 persons with both self-reported and measured heights and weights. The majority of participants were
age 40 or older (69%), female (76%), white (71%), welleducated (75% some college or above), and lived in the
urban or rural areas (83%) (Table 1).
Validity of Self-Reported BMI
Weight and height reported by participants were significantly correlated with their measured values (weight: r=0.95;
height: r=0.96; p<0.0001). The correlation coefficient between self-reported and measured BMI was 0.92 (p<0.0001)
and their intra-class correlation coefficient was 0.90 (95%
CI= 0.89 - 0.91). The difference between BMI derived by
self-reported height and weight with that measured during
the clinical evaluation was not significantly correlated with
the duration of time lapse between measurements (Pearson
correlation r=0.02, p=0.57). Among 140 subjects who had
less than a 60-day time elapse between the phone survey
(self-reported) and the clinical evaluation (measured), the
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Biasa of Self-Reported Height, Weight, and BMI by Demographic Variables

Table 1.

Bias
n (%)

Height (in)

Weight (lb)

BMI (kg/m2)

All

774

0.02 (1.06)b

-6.33 (12.07)

-1.06 (2.09)

18-29

94 (12.1)

0.02 (1.22)

-5.34 (11.49)

-0.86 (2.07)

30-39

144 (18.6)

-0.01 (1.25)

-7.41 (15.52)

-1.22 (2.68)

40-49

279 (36.0)

-0.08 (0.96)

-7.33 (11.64)

-1.12 (2.09)

50-59

257 (33.2)

0.16 (0.97)

-5.01 (10.32)

-0.97 (1.68)

Female

588 (76.0)

-0.07 (0.91)

-7.53 (12.33)

-1.21 (2.16)

Male

186 (24.0)

0.32 (1.40)

-2.54 (10.36)

-0.60 (1.78)

White

546 (70.5)

0.02 (1.03)

-6.04 (10.64)

-1.01 (1.88)

Black

193 (24.9)

0.03 (1.16)

-7.36 (15.69)

-1.24 (2.63)

All Other

35 (4.5)

0.08 (0.94)

-5.21 (9.99)

-0.89 (1.74)

Metropolitan

128 (16.5)

0.07 (0.96)

-5.22 (9.82)

-0.92 (1.68)

Urban

265 (34.2)

0.00 (1.00)

-6.96 (14.54)

-1.15 (2.41)

Rural

381 (49.2)

0.02 (1.13)

-6.27 (10.80)

-1.04 (1.97)

< High School

45 (5.8)

0.15 (1.22)

-6.23 (18.96)

-1.16 (3.08)

High School Graduate

146 (18.9)

0.08 (1.16)

-5.60 (11.93)

-0.97 (1.99)

Some College or above

582 (75.2)

0.00 (1.02)

-6.54 (11.44)

-1.08 (2.02)

Age

Sex

Race

Residential Area

Education

a

Bias of self-reported height= self-reported height – measured height.
b
Values are mean bias (standard deviation of bias).

duration of time elapse was also not significantly correlated
with differences between self-reported and clinicallymeasured BMI (r=0.02, p=0.56). The self-reported BMI to
detect overweight (>=25 kg/m2) had a sensitivity of 89%
(95% exact binomial CI= 87% - 92%), a specificity of 95%
(95% exact binomial CI= 92% - 98%), a positive predictive
value of 98% (95% exact binomial CI= 96% - 99%), and a
negative predictive value of 81% (95% exact binomial CI=
76% - 85%). The Kappa coefficient was 0.81(95% CI= 0.76
- 0.85).
Bias Impact of Self-Reported BMI on its Association with
Sleep Problems
Table 1 also presents the differences between selfreported and clinically-measured weight and height and their
derived BMI. On average, participants under-reported their
weight by 6.33 lb, over-reported their height by 0.02 inches
and so, under-reported their BMI by 1.06 kg/m2. Underestimation of BMI was considerably greater for women than
men. However, this difference was not influenced by age,
race, residence, or education. The overall prevalence of
overweight was 68% when it was calculated from measured
BMI at the clinic, compared to the 62% prevalence of
overweight calculated from self-reported BMI at the phone
interview (data statistics not shown in tables).

Table 2 presents the associations (unadjusted and adjusted coefficient β) between the bias of self-reported BMI
(derived from self-reported height and weight) with covariates including demographic variables, snoring or daytime
sleepiness. Men overestimated height by 0.32 inches while
women underestimated height by an average of 0.07 inches
(p=0.0004); men and women underestimated their weights
by 2.54 lb and 7.53 lb (p<0.0001), respectively. This led to
BMI being underestimated for men by 0.61 kg/m2 and for
women by 1.21 kg/m2 (p=0.0001). Age, race, residential
area, and education were not significantly associated with
self-reported underestimation of BMI. Neither snoring nor
excessive daytime sleepiness was associated with self-reported underestimation of BMI. Multivariate linear regression
analyses demonstrated that only sex was significantly associated with the difference between self-reported BMI and
measured BMI.
We observed a strong relationship between the history of
snoring and self-reported BMI categories and excessive
daytime sleepiness. Of 403 snorers, the most commonly
observed traits included being overweight (79% based on
measured BMI; 74% based on self-reported BMI), excessive
daytime sleepiness (49%) and obesity (44% based on
measured BMI; 38% based on self-reported BMI. All yield p
< 0.0001 for percentage differences between snorers and
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The Differencea between Mean Self-Reported and Measured BMI According to Demographic and Clinical Characteristics

Table 2.

Unadjustedb
βd

Adjustedc
95% CI for β

β

95% CI for β

Age
18-29

Reference

30-39

-0.37

-0.91, 0.18

Reference
-0.34

-0.88, 0.20

40-49

0.10

-0.32, 0.52

0.08

-0.34, 0.50

50-59

0.15

-0.20, 0.50

0.13

-0.22, 0.49

Female

-0.61

-0.95, -0.26

-0.62

-0.97, -0.28

Male

Reference

Sex*
Reference

Race
White

0.18

Non-white

Reference

-0.15, 0.50

0.20

-0.14, 0.53

Reference

Residence
Metropolitan

0.12

-0.30, 0.54

0.26

-0.18, 0.71

Urban

-0.10

-0.43, 0.22

-0.03

-0.36, 0.32

Rural

Reference

< High School

Reference

High School Graduate

-0.19

-0.89, 0.51

-0.22

-0.92, 0.48

Some College or above

0.11

-0.27, 0.49

0.14

-0.24, 0.53

Snorers

0.08

-0.22, 0.37

0.11

-0.20, 0.41

Non-Snorers

Reference

Reference

Education

Snoring Problem
Reference

Excessive Daytime Sleepiness
Present

-0.19

Absent

Reference

-0.49, 0.11

-0.18

-0.49, 0.13

Reference

a

Bias of self-reported BMI= self-reported BMI – measured BMI.
Unadjusted coefficients were obtained from simple linear regression analysis.
Adjusted coefficients were obtained from multivariate linear regression analysis with all variables and adjusted for all other variables in the table.
d
Regression Coefficient.
b
c

non-snorers. Fig. (1) graphically depicts these differences
between snoring and non-snoring individuals.

Misclassification Effect of Self-Reported BMI Categories
in Association with Sleep Problems

Note: p<0.0001 for the percentages of each outcome variables
between snorers and non-snorers.

Table 3 presents adjusted odds ratios of the probability of
having sleep problems for self-reported and clinically-measured BMI categories. When self-reported BMI categories
were used in the analysis with the adjustment of age, race,
residential area, and education, subjects in the “Obese Class
II” category were about three times more likely to snore than
subjects in the normal weight category (adjusted OR=3.64).
When the same adjustments were made for clinicallymeasured BMI categories, subjects in the “Obese Class II”
category were only twice as likely to be snorers (adjusted
OR= 2.97). In general, for the risk of being a snorer, the odds
ratios for the obese categories were slightly higher for
models based on self-reported values than those based on
measured values (reduction of ORs at clinic: 1% for Obese
Class I; 18% for Obese Class II). There were no significant
reductions in the odds ratios of excessive daytime sleepiness
for self-reported BMI categories in comparison to those for
measured BMI categories.

SR stands for self-reported; EDS stands for excessive daytime
sleepiness.

DISCUSSION

Fig. (1). Percentages of overweight, obesity, excessive daytime
sleepiness between snorers and non-snorers.

We demonstrated that self-reported and clinically-measured height and weight are highly correlated. We also

90%
80%
70%
60%

EDS

Obesity (Measured BMI)

Overweight (Measured BMI)

Obesity (SR BMI)

Overweight (SR BMI)

EDS

10%

Obesity (Measured BMI)

20%

Obesity (SR BMI)

30%

Overweight (SR BMI)

40%

Overweight (Measured BMI)

50%

0%
Snorers

Non-Snorers

Validity of Self-Reported Body Mass Index

Table 3.
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Adjusted Odds Ratios (OR) Relating Self-Reported and Measured BMI Categories to the Risk of Having Sleep Problems:
Excessive Daytime Sleepiness and Snoring Problem
Based on self-reported BMI

Based on measured BMI

Adjusted
OR

95% CI for
OR

Adjusted
OR

95% CI for
OR

Under weight (<18.5)

0.96

0.34, 2.77

0.48

0.13, 1.81

Normal weight (18.5-24.9)

Reference

Overweight (25-29.9)

1.27

0.88, 1.83

1.26

0.86, 1.84

Obese Class I (30.0-34.9)

1.54*

1.03, 2.30

1.51

0.99, 2.31

Obese Class II (35-39.9)

1.47

0.78, 2.78

1.53

0.93, 2.52

0.31, 2.83

0.54

0.14, 2.03

Excessive Daytime Sleepiness
Reference

Snorers
Under weight (<18.5)

0.93

Normal weight (18.5-24.9)

Reference

Overweight (25-29.9)

1.98*

1.37, 2.85

1.98*

1.36, 2.89

Obese Class I (30.0-34.9)

4.01*

2.62, 6.13

3.97*

2.55, 6.18

Obese Class II (35-39.9)

3.64*

1.86, 7.10

2.97*

1.79, 4.95

Reference

Note: Models control for age, sex, race, residential area, and education. Odds ratios for underweight group should be interpreted carefully because of small sample size.
* p<0.05

observed under-reporting of weight and over-reporting of
height, leading to a one-unit underestimation of BMI. Our
study shows that sex influenced the extent to which weight
was underestimated and height was overestimated. This concurs with findings from previous studies [22-25], in which
women underestimated their weight and men overestimated
their height.
We also demonstrated that errors in self-reported weight
and height, and thus BMI, led to the underestimation of prevalence rates of overweight or obesity. This confirms
findings from several prior studies [15, 26-32]. We now extend those findings by demonstrating that self-reported height
and weight yield BMI values that detect an overweight
status, with good sensitivity, high specificity, good positive
and negative predictive values, and acceptable Kappa
coefficients.
Our analyses reveal that the association with excessive
daytime sleepiness was not overestimated when BMI categories were derived from self-reported height and weight.
With regards to snoring, the association was exaggerated
only for the “Obese Class II” category of self-reported BMI
categories. However, this does not imply that the burden of
snoring itself is overestimated. In fact, the total burden of
snoring and obesity is underestimated by utilizing selfreported weight and height to estimate the case of obesity.
Snoring may represent increased vulnerability for sleep
apnea [33]. Results from our study suggest that the telephone
survey’s ascertaining prevalence rates for snoring and increased risk for sleep apnea can derive accurate assessments
from self-reported data.
We recognize several limitations inherent to our study
design and analyses. First, during the phone survey we did
not ask “when” a person had last measured his/her height
and weight. Thus, weight may have changed between the last
time it was measured and our phone survey. The recall bias
cannot be eliminated. In addition, an average of 117 days
elapsed between the phone survey and the clinical evaluation, during which time weight may have also changed.

McAdams et al. [17] found a significant correlation between the three oldest age groups: 60-69, 70-79, and 80+ and
bias of BMI derived from self-reported weight and height.
Our study did not recruit subjects from these age groups.
Therefore, we cannot confirm the bias impact of selfreported BMI on the older age groups.
Excessive daytime sleepiness measured by the Epworth
Sleepiness Scale was not validated with the results of the
multiple sleep latency test, considered the gold standard of
the diagnosis of EDS or maximum wakefulness test [34-36].
Future studies are needed to further compare the association
between self-reported daytime sleepiness and BMI with
objective measures. This will better determine the feasibility
that phone surveys can accurately ascertain the prevalence of
snoring and daytime sleepiness and their association with
BMI.
CONCLUSION
Our study demonstrates that self-reported data may be a
cost-effective way of obtaining information about BMI,
although with limitations, because of under-reporting weight
and over-reporting height in self-reported data, thus underestimating BMI and the proportion of participants with
elevated BMI. Our finding of a strong association with
snoring based on self-reported and clinically-measured BMI
calls for further research, including studies that examine the
potential benefit of integrating weight-loss/maintenance
interventions into the treatment of sleep disorders.
ABBREVIATIONS
BMI = Body mass index
CATI = Computer aided telephone interview
CFS

= Chronic fatigue syndrome

EDS = Excessive daytime sleepiness
ESS

= Epworth sleepiness scale
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