Chapter 14
Self-Report and Direct Measures of Health:
Bias and Implications

Sarah Connor Gorber and Mark S. Tremblay

Abstract Much of the world’s population health, public health and clinical infor-
mation is based on self-reported data. However, significant and meaningful bias
exists across a broad range of health indicators when self-reported data are com-
pared to direct measures. This bias can lead to over- and underestimation of risk
factor and disease prevalence and burden. Understanding the implications of such
bias for health surveillance, research, clinical practice and policy development may
provoke adjustments to current epidemiological practice and may assist in under-
standing and improving the health of populations.

14.1 Introduction

Measuring the state of health within a population is crucial for health surveillance,
research, clinical practice and policy development. It provides a current picture of a
population’s status, allows for monitoring changes over time and indicates ineq-
uities between population sub-groups and among countries. Adequate measurement
strategies are essential to ensure that evidence upon which resources will be
allocated and interventions designed is reliable and valid.

Occasionally, epidemiologists who seek to relate physical activity and health
may have access to relatively accurate data, such as clinical measurements of
height, weight, and systemic blood pressure. But much of our health information
is based on subjective or self-reported measures of health, because most population
data come from surveys that rely on self-reports of participants’ health status and
disease experience. Self-reports are often used because of their practicality, low
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cost, low participant burden, and general acceptance in the population [1]. Increas-
ingly, however, the accuracy of self-reported data has been called into question and
there has been a push to include more objective measures in our health information
system [2]; a trend that is facilitated by advances in technology allowing for more
feasible direct measurement. This brief analysis examines the bias in self-reported
information across a range of population, public health and clinical conditions and,
using obesity as an example, discusses the implications of this bias for Canadian
policy and practice.

14.2  Self-Report vs. Direct Measures Bias

A recent series of systematic reviews has highlighted the bias in self-reported
measurements for a variety of health conditions and determinants in both children
and adults. Reviews have examined the relationship between reported and mea-
sured height, body mass, and body mass index (BMI) (64 studies) [3], smoking
(67 studies) [4], hypertension (144 studies) [5] and physical activity in adults
(173 studies) [6] and in children (83 studies) [7]. These reviews have consistently

Table 14.1 Differences between reported and measured estimates of health variables from
5 published systematic reviews [3—7]

Studies Studies with | Studies with male and
with males | females female data combined®
Height (mean difference, mm) 12 10 1.7 cm
Body mass(mean difference, kg) -0.7 —-1.3 —1.1
Body Mass Index (mean differ- —0.6 -0.6 -0.9

ence, kg/mz)

Physical activity—vs, accelerometer measurements

Adults (mean percent difference) 44 % 138 % 44 9%
Children/Youth (mean percent 114 % 584 % 147 %
difference)

Hypertension

Awareness of hypertensive status at 58 %
140/90 mmHg

Awareness of hypertensive status at 62 %
160/95 mmHg

Smoking

Sensitivity vs. cotinine concentra- 86 %

tions measured in saliva

Sensitivity vs. cotinine concentra- 76 %
tions measured in blood

Sensitivity vs. cotinine concentra- 75 %
tions measured in urine

“Mean estimates include data from different studies, depending on whether studies report data for
males and females separately or together—many studies only reported data for males and females
combined
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demonstrated that reported data under- or over-estimated measured values
(Table 14.1). For example, self-reported height was consistently overestimated,
while body mass and BMI were consistently underestimated in adults, which led to
an underestimation in obesity prevalence [3]. Smoking [4] and hypertension [5]
prevalence were also underestimated when data were based on individuals’ self-
reports. Furthermore, if a standard clinically-determined systemic blood pressure of
140/90 mmHg was used to diagnose hypertension, just over half of respondents in
the studies, which included data on more than 1 million people, were aware of their
hypertensive status [5].

Low to moderate correlations were found between direct measures of physical
activity (e.g. accelerometers, doubly labelled water) and self-reports (e.g. surveys,
questionnaires, diaries) [6, 7]. In pediatric populations (less than 19 years of age)
the self-reported measures of physical activity overestimated children’s activity
levels, implying that children and youth were much less active than they believed
they were (overall mean percent difference of 147 %) [7]. In adults both under- and
over-reporting were present and varied according to the sex of the participants and
the level of physical activity measured, with greater discrepancies seen at higher
levels of exertion or with more vigorous exercise [6].

Katzmarzyk and Tremblay [8] discussed the apparent contradiction in Canadian
health surveillance data that indicated a temporal decrease in physical inactivity and
a decrease in food intake, yet an increase in obesity and obesity/inactivity-related
chronic disease. They concluded that inherent short-comings of self-report data and
inconsistencies in data analyses likely contribute to these contradictory findings and
they suggested the use of direct measures. The recent reports on the fitness of the
nation from the Canadian Health Measures Survey (CHMS) [9, 10] strongly suggest
the physical inactivity trend data are misleading and likely incorrect.

Other recent Canadian data have confirmed the bias between reported and
measured health conditions such as obesity. For instance, Shields and colleagues
[11] found that the prevalence of obesity based on measured data was 7 percentage
points higher than the estimate based on self-reported data (22.6 % versus 15.2 %).
They also found that the extent of under-reporting rises as BMI increases, so the
greatest bias was seen in individuals who were overweight or obese [11].

14.3 Implications for Health Surveillance

Underestimating disease prevalence is one consequence of the reporting bias
discussed above, but the misclassification that results from using reported data
can have further implications for understanding the burden associated with specific
health conditions. Using obesity as an example, a study using data from the 2005
Canadian Community Health Survey found that for adults aged 40 years and older
who were classified as obese based on self-reported data 360,000 were also
classified as having diabetes. If, however, measured data were used to classify
respondents as obese, then 530,000 adults (nearly 50 % more) had diabetes [12].
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With self-reported data, therefore, the burden of disease due to obesity is signifi-
cantly underestimated.

Research has also shown that when estimates of obesity are based on self-
reported data, the relationship between obesity and obesity-related health condi-
tions such as diabetes, hypercholesterolemia, hypertension, arthritis and heart
disease is substantially exaggerated [12—14]. One study [12] found that the odds
ratios for associations between measured overweight, obesity class I and obesity
class II or III and diabetes were 1.4, 2.2, and 7.0 respectively, but when the reported
BMI was used to classify respondents into obesity categories the odds ratios
increased to 2.6, 3.2, and 11.8. This distortion occurs because fewer respondents
are classified as overweight or obese when the classification is based on reported
data, since many of the population are classified into a lower weight category. Yet,
the average weights of those who do self-report as being overweight or obese are
higher than the average weights of those whose measured data place them in the
overweight or obese categories. As a result, a stronger association with morbidity is
observed when overweight and obese categories are based on self-reported data,
because the respondents in these categories are actually heavier (Fig. 14.1).

Researchers have attempted to correct self-reported data statistically to deter-
mine if the reported numbers could be adjusted to approximate the measured values
more closely [15-18] (Fig. 14.2). This was successfully accomplished in a Cana-
dian study in which the reported prevalence of excessive body mass was corrected
sufficiently so that the prevalence of overweight and obesity was no longer statis-
tically different from the corresponding measured estimates [18]. In addition,
sensitivity (the proportion of the population correctly classified as obese) for
males increased from 59 % using reported data to 74 % using corrected data, and
from 69 % to 86 % in females.

The generalizability of these correction equations, however, is questionable; the
reporting bias in Canada, for example, has varied over time, doubling in the last
decade [19]. If the bias was constant, or at least changed systematically over time as
it has in the United States, it is more likely that a standardized statistical adjustment
could be successful. Therefore, the most effective way to deal with reporting bias

Fig. 14.1 Arnaud Chiolero
of Lausanne is a Swiss
epidemiologist who has
written on the discrepancy
between reported and actual
body mass
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Fig. 14.2 Michael Plankey
is among epidemiologists
who questioned whether
prediction equations can
correct errors in the self-
reporting of body mass

may not be by making post-collection data corrections, but rather by increasing the
epidemiologist’s capacity to collect directly measured data.

14.4 Implications for Research

Though self-report methods of assessing health indicators are convenient for
research purposes, they must be employed with caution, especially when they are
related to socially desirable behaviours, and due consideration should be given to
the fact that results may lack reliability and validity. Accordingly, future research
should:

o further compare self-report and direct measures across different variables and in
different populations;

» where possible use directly measured data to reassess behaviour—health rela-
tionships that have been examined previously using self-report data;

» work to advance direct measurement methods to reduce their cost, respondent
burden and reactivity; and

« if subjective measures are used, ensure that a subset of research respondents are
assessed by both self-report and direct measurements, allowing for study-
specific correction factors to be developed and used.

14.5 Implications for Clinical Practice

Standard clinical practice regularly uses a variety of biomarkers to inform diagno-
ses and monitor treatment progress. These measurements are generally collected
using carefully validated procedures and analytical techniques that are both accu-
rate and precise. Such data quality assurance is not mirrored when behavioural
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information is collected. The systematic reviews summarized above [3-7] clearly
indicate cause for concern when relying on self-reported data to assess health-
related behaviours and their outcomes. Consequently, indicators related to common
chronic diseases should be tracked with direct measurements (e.g. height, body
mass, systemic blood pressure). Pedometers or accelerometers can be used to
measure daily activity objectively, and because there is as yet no equivalent direct
measurement procedure for diet, the development of an appropriate technique
should be a high priority for future research. Assessment of behaviour modification
treatments that are based on self-report or subjective data may result in misleading
findings and suboptimal clinical care.

14.6 Implications for Policy

Research based on data with measurement biases as described above may not
contribute meaningfully to the health research literature. Indeed, it may utilize
finite research resources ineffectively. It may also misinform policy directions,
and could even cause harm. These side-effects of poor measurement can occur at
the individual patient/respondent level (misinforming, misdiagnosing, misadvising)
as well as at the population level (misinforming policy, expenditure allocations,
burden of disease planning). Using self-reported data to determine obesity status,
the estimated number of Canadian adults with diabetes was underestimated by
nearly 50 % [12].

14.7 Limitations of Direct Measurements

Direct measures are not without their limitations. For example, the estimation of the
intensity and total volume of weekly energy expenditures has become practical for
epidemiologists with the replacement of questionnaires by relatively low cost
objective monitoring devices. Step counting has become progressively more
sophisticated, with an ability to classify the intensity of impulses and accumulate
activity data over long periods. Pedometers/accelerometers yield precise data for
standard laboratory exercise, and in groups where steady, moderately paced walk-
ing is the main form of energy expenditure they can provide very useful epidemi-
ological data. Nevertheless, such instruments remain vulnerable to external
vibration and they fail to reflect adequately the energy expenditures incurred in
hill climbing and isometric activity, as well as many of the everyday activities of
children and younger adults. Multi-phasic devices hold promise as a means of
assessing atypical activities, but appropriate and universally applicable algorithms
based on such equipment have as yet to be developed. Moreover, the multiphasic
equipment is at present too costly and complex for epidemiological use.
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14.8 Conclusions

Much of the world’s epidemiological research and evidence is based on self-
reported data. Such data have systematic biases and limitations, and the reported
values often deviate significantly and meaningfully from more robust direct (objec-
tive) measurements. This bias can lead to both over- and under-estimation of risk
factor and disease prevalence and burden. Understanding the implications of such
bias on health surveillance, research, clinical practice and policy development may
provoke adjustments to current epidemiological practice that can assist in under-
standing and improving the health of populations.
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