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Abstract
The goal of this research was to consolidate and expand on current knowledge about the use
of objective and subjective measures to assess the health of Canadians. Specifically, this
dissertation examined the relationship between self-report and direct measures of health to
determine the extent of discrepancies between the two methods. This was accomplished
through a series of five research papers, including three systematic reviews that éxa‘mined
the relationship between self-reported and directly measured estimates of height, weight and
Body Mass Index (BMI), hypertension and smoking. An in-depth examination of the
discrepancies in .reported obesity followed. It included two additional papers, one examining
the feasibility of establishing correction factors to increase the accuracy of reported estimates
of obesity and a second examining the trends in the reporting bias over time and between

‘two different population groups (Canada and the U.S.).

Results clearly documented a bias in self-reported estimates of height, weight, BMI,
hypertension and smoking; reported estimates of height were consistently overestimated
while reported weight, BMI, hypertension and smoking were consistently underestimated in
both men and women. Statistical adjustment of reported values generated estimates of
height, weight and obesity that were more accurate than those generated by self-report alone.
Historical analysis with Canadian and American datasets indicated that the bias in reported
obesity is increasing, implying that the generalizabilty of the correction equations may be
limited and that in Canada, monitoring trends in obesity based solely on self-reported height
and weight may produce inaccurate estimates because of the diverging discrepancy between

self-reported and measured data. This work has made an important contribution to
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understanding the bias in current surveillance practices that are grounded in the collection of
self-reported data and presents a series of recommendations to improve population health

surveillance in Canada.
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Introduction

Measuring Population Health

Measuring the state of health within a population forms a crucial starting point for
population health research. It provides a current picture of a population’s status, allows for
monitoring changes over time and indicates inequities 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.

There are different techniques for measuring health and these may provide discrepant results.
The population health challenge posed by excess body weight, for instance, can be estimated
based on indices such as Body Mass Index (BMI), or measures such as the waist to hip ratio
or waist circurﬁférence, and each may provide a different assessment of the prevalenlce of
weight related health risks in the population. Subjective (often self-reported) and objective
(measured) indicators of health are often drawn into this debate because of their tendency to
provide differing estimates of the same health outcomes (e.g., measured and reported
obesity). For instance, using BMI as a summary indicator, the prevalence of obesity in
Canada has been estimated to be 15% based on self-reported responses, but this rises to 23%

when BMI is based on directly measured values'.

Because population surveys are one of the most common methods used to collect data about
a population’s health and traditionally surveys have mostly used self-reported data, most of
our health information is based on subjective measures of health. In Canada there have been

sporadic initiatives to collect direct physical measures (as in the Nutrition Canada and



Canada Health Surveys in the 1970s, the Heart Health surveys in the 1980s, and more
recently the Canadian Study of Health and Aging®) but it has been more than 30 years since
a national direct measures survey has been undertaken. Recently there has been a push to use
objective measures to collect health data based on the belief that direct measurement of core
health indicators such as height, weight or disease status will lead to more accurate
prevalence estimates. This, in turn, could lead to more appropriate interventions and resource

allocation.!

Objective measures are favoured by many researches because the data they generate are
considered to be more reliable and valid than subjective alternatives’, and in many cases they
are a more appropriate tool. When people are not aware of their health status (because
diseases are not yet diagnosed or patients are not showing symptoms), when there is no other
way to measure the outcome (e.g., levels of environmental toxins in the body) or when
personal or psychological factors may influence the accuracy or truthfulness of a self-

reported response, objective measures are preferred.

There are, however, situations where subjective measures provide insight that could not be
gained from objective measurement alone. The classic self-reported health question “how
would you rate your health compared to others your age?” provides compelling evidence that

there are aspects of health into which we have insight that can only be captured by self-

" For the purpose of this dissertation, objective measures are defined as those that require some type of physical
assessment or examination to determine the condition of a person’s health or functioning as compared to
subjective measures that focus on a person’s interpretation of a state or event. While it is acknowledged that
there may be an element of subjectivity inherent even in objective measures (e.g., in interpreting the measured
data) it was necessary to adopt an operational definition of the term for this research. The terms ‘direct’,
‘physical’ and ‘objective’ measures are used interchangeably.



report. This single question, albeit with different wording and response categories in
different studies, has been shown to be reliable in predicting mortality and morbidity4 and

applicable in different ethnic groups,’ as well as in developed and less developed countries®.

This dissertation examines the relationship between self-report and direct measures of health,
to determine the extent of discrepancies between the two methods. It focuses on Ihealth
indicators for which both objective and subjective measures exist, to provide insight into the
degree of correspondence between the two and to analyze the circumstances in which the
correspondence may be greatest. Three indicators are examined in this thesis: body height,
weight and the resulting BMI; hypertension; and smoking status. These are all examples
where the ideal or gold standard is the objective measure, but where subjective measures are
‘most often employed as a convenient proxy indicator in population health research. This
work is designed to explore whether systematic biases exist in self-reported measures of

these health indicators and to assess their extent, to determine whether we can correct for

such biases, and whether the extent of bias has changed over time.

Objectives

The purpose of this research is to consolidate and expand our knowledge about the use of
objective and subjective measures to assess the health of Canadians. First, a systematic
review of the literature is completed to summarize current knowledge regarding the
agreement between selected subjective and objective measures of health. Height, weight and
BMLI, hypertension and smoking status are chosen as examples. A systematic review is an

effective way to summarize the evidence in a manner that minimizes bias without having to



(re)examine existing data. In order to ensure that researchers are employing the most
appropriate measures in their research it is important to determine if certain approaches to
measurement consistently under- or over-estimate results, which can be done through a

comprehensive examination of past work.

Next, the research focuses on gaining insight into the nature of these discrepancies and their
implications for health research and surveillance using empirical analyses of relevant North
American data. Insights from the systematic reviews assisted in generating hypotheses about
the factors that may influence agreement between the objective and subjective measures,
which were tested in the empirical analyses in Part I of the thesis. Although there is currently
no comprehensive physical measures data set in Canada that would allow an exploration of a
variety of health indicators, the Canadian Community Health Survey (CCHS)’ has collected
both measured and reported values for height, weight and BMI. Part II of the study therefore
focused on obesity, examining whether the discrepancies between reported and measured
values could be statistically corrected. Because measured and reported values of obesity also
exist in historical surveys, this work also examined whether the error in reporting obesity has

varied over time, perhaps reflecting changing awareness of, and attitudes towards, obesity.

As insight is gained into reporting discrepancies relating to obesity this insight can be tested
against other indicators as new surveys such as Statistics Canada’s Canadian Health
Measures Survey (CHMS) become available®. The CHMS collects self-reported measures of

health as well as physical measures such as anthropometry, cardio- respiratory fitness,



physical activity and blood and urine measurements and data for this survey will be available

beginning in 2010.

Research Questions
This dissertation is made up of a series of 5 research papers that are designed to answer three

main research questions:

1. What range of agreement exists between subjective and objective measures of
selected health outcomes? Three systematic reviews were conducted to compare
direct measures versus self-report measures for assessing indicators of 1)
anthropometry (body composition - height, weight and BMI), ii) hypertension and iii)

smoking in observational and experimental studies of adult populations.

The indicators were chosen to represent a possible range in the degree of correspondence
expected between the measured and reported values, with a greater correspondence expected
for indicators of smoking, a moderate correspondence for obesity measures and a low
correspondence for hypertension. This hypothesized range of correspondence reflects the
level of complexity involved in assessing each of the outcomes. People are aware, for
instance, of their smoking status, whereas awareness of hypertension is dependent on having
your blood pressure taken, having it interpreted by a health professional according to a set
cut-off value (which can vary over time) and then receiving and understanding this
information as it is fed back to you. This research question will be answered by the

systematic reviews.



2. Assuming that disagreement exists between the measured and reported values, it is
important to examine certain key indicators (in this case obesity) in more detail to
determine the extent of disagreement using recent Canadian datasets and the
predictors associated with the discrepancies. The second question has two parts:

a. How does the prevalence of obesity differ when assessed with self-report
compared to direct measures?
b. Can correction factors be developed to adjust for the discrepancies when
direct measurement is not feasible?

This research question will be answered via empirical analysis of the Canadian Community

Health Survey data.

3. The third set of questions is answered through an empirical analysis of historical data
sets. Understanding whether the discrepancy has changed as social acceptance of
obesity has evolved may provide insight into the factors that influence the
discrepancy and provide further insight for assessing trends.

a. Has the discrepancy between reported and measured obesity increased or
decreased over time?
b. Does the discrepancy follow the same pattern in Canada and the United

States?

This research question is justified because the burden of obesity on the health care system is

increasingly being recognized; the health costs of obesity represent 2.2% of total health care



costs’. It has been suggested that a change in awareness and attention to issues such as
obesity could affect the way individuals respond to self-report questions’. This analysis will
allow a determination of whether reporting error has increased as society has grown more
aware of obesity and its consequences and felt more pressure to present themselves in a
socially desirable manner or whether the increase in awareness had led to more accurate

reporting.

The dissertation begins by outlining the theoretical framework for the research and
presenting a deta}iled review of the literature to summarize the current state of knowledge
about the relationship between self-reported and directly measured indicators of health. This
is followed by the presentation of each of the 5 research papers, as they were published (or
‘submitted, in the case of the final paper) in national and international health journals. The
final chapter includes a general discussion and summary of the conclusions and the

implications of this work for future health surveillance in Canada.

Theoretical Framework

There is a long standing discussion among researchers about which methods are the most
appropriate to study and explain human action. This discussion is based in the broader
philosophy of truth and how we view the nature of reality'®. Objectivism and subjectivism
are two opposing approaches to establishing truth. Objectivism is most closely tied to the
tradition of positivism. Objectivists maintain that attributes can be measured, that there is
agreement about what should be measured, and that these measurements are repeatable. The

process of measurement under this paradigm should not affect the attribute under study, so



results are independent of the influence of the researcher. Within this approach gold
standards exist and the results of any measurement can be compared to these standards.
Subjectivism, on the other hand, holds that the ultimate purpose of measurement is to record
actual experience and perception rather than empirically verifiable data. It suggests that there
are differing ideas about which attributes of a system should be measured, that there are no
gold standards and no single truth'""'>, Consider measures of social support as an example.
Which is more important in predicting health: the number of friends a person has or the
subjective feeling she has of being supported? Because health (and life itself) is not a purely
mechanical series of chemical and physical reactions, it is possible that objective measures
may be accurate in measuring current health status whereas future prognosis may be better
captured by a more subjective measure. Certainly, subjective measures seem most
appropriate for studying indicators that are themselves more subjective such as quality of life

or well being.

The theoretical perspective subsequently influences the type of data collection and
measurement that is undertaken''. Quantitative methods are generally favoured by
objectivists and are popular in the physical and social sciences, while subjectivists tend to
prefer qualitative methods. The debate between proponents of reported or measured values

of health outcomes (discussed below) is influenced by this theoretical discourse.

Population Health, as a transdisciplinary field, is guided by the theories that underpin the
disciplines that are engaged in its study]3 and thus incorporates elements of both objectivism

and subjectivism in determining reality and in explaining health. Such an approach is



appropriate as there is increasing agreement that it is unlikely that any one method is entirely
sufficient'’. The reality, therefore, is that truth likely lies somewhere between the two
perspectives, with each being able to contribute depending on what question is being posed
and the purpose of the investigation. For example, accurate measures of obesity are
important for diagnosing health risks and estimating treatment needs associated with being
overweight so objective measures would be favoured in these circumstances. Su‘bje‘ctive
measures of body size or obesity may be more appropriate if the purpose is to gain
information about an individual’s psychological well being and their risk of eating disorders
or issues associgted with self-worth or self-esteem. While not denying the relevance of both
perspectives, this thesis is set within an objectivist paradigm, and will treat measured values

of variables as the reality to which self-reported measures should ideally correspond.

When discrepancies between the measures occur, it is important to understand the
underlying contributing factors and whether discrepancies are due to random error or a more
predictable response pattern influenced by personality dispositions, individual characteristics
(e.g., general health, self-confidence) or factors in the broader social and cultural context.
Social desirability, for example, is known to affect responses to subjective questions but
there may be factors (e.g., gender, social roles) that can influence an individual or group’s
likelihood of responding to questions in a socially acceptable manner. A systematic study of

these aspects could lead to the development of correction factors to adjust for their effects.

Theories of social desirability and social approval'*'® provide insight into why indicators

such as height and weight are susceptible to inaccurate reporting. Self-reported weight may



be influenced by cultural norms that emphasize thinness. In an attempt to present themselves
in a more positive light, for instance, women have been shown to underestimate their
weight'®. Larson'” studied the relationship between social desirability and error in reporting
weight and found that women with higher tendencies to act in a socially desirable manner
were more likely to underreport their weight, while those who had lower scores on the social
desirability scale were less likely to underreport their weight. Their study concluded that
younger female populations may be more weight sensitive than other groups and thus more
prone to erroneous self-report. Social desirability has also been suggested as a potential
explanation for the “flat slope syndrome” — the tendency for individuals who are at the
extremes of the weight ranges to provide estimates that are more in line with their socially
desirable rather than their true weights'’. With height, it has been suggested that
discrepancies in self-reported measurements may simply be due to error because height is
not measured as frequently as weight'®, and is less under the control of the individual. Errors
in reporting may be more common in older populations because of shrinkage that is
associated with the aging process'. With hypertension it may be more an issue of awareness

than biased reporting.

As part of this research, it is anticipated that the required blend between the two perspectives
can be established by determining the optimal balance between self-report and direct
measures for selected indicators in health survey research. It is likely that there will be
situations where there is high correspondence between the two measures, and in such cases,
choice of the appropriate alternative should be based on factors such as cost, feasibility and

respondent burden. In cases where there is little correspondence, insight can be gained from

10



studying the determinants of discordance and examining whether theories of personality and
social desirability can help to explain these differences. Understanding these determinants

can help to inform decisions about which method is preferable in which circumstances.

Review of the Literature ~

Self-report and Direct Measures

Self-report measures (replies to questions of interest that are posed through personal or
group interviews or questionnaireszo) are one of the most common ways to collect social and
health data. Self-report measures of health have been consistently shown to be accurate in
predicting mortality and morbidity2]'23. Idler and Benyamini24 reviewed 27 studies that
examined the relatjonship between self-reported health and future mortality and found that in
| nearly all studiles.self-reported health was an independent predictor of mortality even after

controlling for other factors that are known to predict mortality.

Self-reports have often been employed because of their practicality, efficiency, low cost and
because they are the only way to measure certain indicators such as pain or emotions. They
are quick and easy to administer and are a good way to sample large numbers of individuals.
However, the tools are subject to certain limitations: questions may be misunderstood,
participants may not accurately recall past events, may not have knowledge of the health
condition under study, and response bias e.g., social desirability or response acquiescence is
not uncommon?’. Memory error can depend on the demand of the recall task or the
frequency and salience of an event® with events that are more salient and less frequent being

more accurately recalled®®. The length of the recall period may also affect memory recall®’.
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Social desirability is particularly problematic with sensitive questions (e.g., about weight or
obesity) and can be influenced by the method of data collection”® . For example, in the
CCHS, one of Canada’s largest national health surveys, the proportion of respondents
reporting being obese (based on self-reported values of height and weight) was estimated to
be 18% for those who were interviewed in person compared to an estimate of only 13% for

those who were asked the same questions by phone31.

If, for operational and budgetary reasons, survey modes do not stay consistent over time the
comparability of estimates can be compromised. Similarly, language and translation issues,
changes in question wording or respondent characteristics among surveys or within a survey
over time, also have the potential to damage the comparability and quality of self-reported
estimates. In addition, in order to be implemented on surveys or questionnaires, the
questions need to be standardized, which limits their ability to pick up subtle differences
among respondents, and may cause problems if the standardardized wording is not

consistently interpreted by all respondents.

Self-report measures, then, are not appropriate for all purposes and all types of data
collection, and objective or direct measures have been recommended to improve
measurement precision. With objective measures a direct assessment is provided for the
indicator in question. Examples of direct measures include recording movement patterns
with motion sensing devices such as accelerometers or pedometers, measuring disease status

with blood or urine testing (to diagnose diabetes or kidney disease) or measuring

12



physiological changes such as blood pressure and heart rate. These measures are considered
to be more robust, reliable and valid than their self-reported counterparts and can be used to
measure conditions when self-report is not possible (e.g., undiagnosed cases). Analysis of
the National Health and Nutrition Examination Survey (NHANES) in the United States for
instance, found that although the prevalence of diabetes in the population was 7.8%,
approximately 2.7% of that was undiagnosed®”. The prevalence of diabetes in Cz;nada (based
on self-reported data) is also likely underestimated as a result of undiagnosed cases>. A
related study by Diaz and colleagues™ found the prevalence of undiagnosed diabetes,
hypertension and hypercholesterolemia to be 11%, 16%, and 28% respectively. Undiagnosed
cases are an important source of error in self-reported estimates because measures of
population health often sample the general population and even if patients themselves may
‘not be aware of their conditions, this information is routinely used to generate prevalence

estimates for the conditions in question, thereby leading to an underestimate.

Despite its advantages, the costs of direct measurement are often prohibitively high,
particularly in population research where the samples are large. The intrusive nature of the
measures also has the potential to decrease response rates, thereby reducing external validity.
As well, such measures often require special training of interviewers for accurate test

administration and classification.

Discrepancy Between Measures

Many studies have examined the relationship, predictive ability and accuracy of self-report

and direct measures but their results have been conflicting. Studies of variables as diverse as
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sleep, back pain, memory, social and functional status and tobacco use have been conducted
to compare the discrepancy between reported and measured values with some finding strong
correlations between the objective and subjective instruments and others finding no
relationship®“’. In a study comparing subjective and objective measures of energy
expenditure Wareham and colleagues,*' for instance, found that a simple self-report index
was valid and reliable compared to an objective assessment. By contrast, Hill and Davies,*
in a smaller study of female athletes, found that most women tended to underreport their
energy intake. The issue, therefore, is not simply whether self-report and objective measures
provide different results but also whether the discrepancies are random or more
systematically associated with specific variables or the socio-demographic characteristics of

the respondents.

Examining the determinants of error in reporting obesity suggests that the differences may

be systematically related to respondent characteristics rather than randomly distributed in the

43-44

population. For instance, men who are shorter or older™ ™" are more likely to overestimate

their height. In women some studies found that as age increased the error in estimates of

height increased'®'®** while others found that error decreased with age* . Lower socio-

economic status has also been related to increased reporting error™>?.

44,48

Heavier individuals are more likely to underestimate their weight (possibly due to

regression toward socially acceptable values) and estimates of weight have also been shown
to vary among ethnic groups®. In women the effects of education show contradictory

50,51

results; higher education is associated with less error in some studies and more in
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18,52,53

others . Error has also been found to be increased in women who are less active, are

preoccupied with their weight or live in rural areas®.

Although many studies have examined the factors associated with the error in obesity, the
results among studies are not consistent and when this dissertation began, no national
Canadian data had been analysed to determine the predictors of error in this population. This
is partially because the precise relationship between objective and subjective measures has
been difficult to ascertain because it requires simultaneous collection of both types of
measures on tﬁe same population at the national level. The CCHS collected information on
reported and measured obesity but for other health indicators (diabetes, infectious disease)

no such data source exists in Canada.

Compounding the problem is the fact that the influence of social desirability on sélf—feports
has the potential to change over time as social and cultural norms about health conditions
such as weight and obesity change. To date and to the author’s knowledge no study has

examined the relationship between reported and measured values over time.
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Abstract

Obesity is a rapidly increasing public health problem, with surveillance most often based on
self-reported values of height and weight. We conducted a systematic review to determine
what empirical evidence exists regarding the agreement between objective (measured) and
subjective (reported) measures in assessing height, weight and body mass index '(BMI). Five
electronic databases were searched to identify observational and experimental studies on
adult populations over the age of 18. Searching identified 64 citations that met the eligibility
criteria and examined the relationship between self-reported and directly measured height or
weight. Overall, the data show trends of under-reporting for weight and BMI and over-
reporting for height, although the degree of the trend varies for men and women and the
characteristics of the population being examined. Standard deviations were large indicating

| that there is a greIat deal of individual variability in reporting of results. Combining the
results quantitaiively was not possible because of the poor reporting of outcomes of interest.
Accurate estimation of these variables is important as data from population studies such as
those included in this review are often used to generate regional and national estimates of
overweight and obesity and are in turn used by decision makers to allocate resources and set

priorities in health.
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Introduction

Height and weight are important indicators of population health because of their role in
calculating the Body Mass Index (BMI), a common measure of obesity'. Obesity rates have
been on the rise in many countries over the last several decades, and more than doubled in
Canada over the 13 year period from 1985 to 1998, Internationally, the World Health
Organization has declared that obesity has reached epidemic proportions” and that it will be
one of the greatest challenges and risk factors for chronic disease in this century4. Recent
evidence indicates that the prevalence of obesity in Canada is 23% i‘n adults® and 8% in

children®. The health costs of obesity in Canada represént 2.2% of total health care costs’.

Self-report measures are one of the most common ways to collect data on height and weight
and have consistently been shown to be associated with mortality and morbidity®'°. Self-
reports have the advantages of practicality and low cost, they are quick and easy to
administer and are a good method for sampling large numbers of individuals. However, the
tools are subject to certain limitations: questions may be misunderstood, participants may not
accurately recall past events and response bias e.g., social desirability or response

acquiescence are not uncommonl ! .

Social desirability is particularly problematic with sensitive questions (e.g., about weight or
obesity) and can be influenced by the method of data collection'*"*. For example, in the
Canadian Community Health Survey (CCHS), one of Canada’s largest national health
surveys', the proportion of respondents reporting being obese (based on self-reported values

of height and weight) was estimated to be 18% for those who were interviewed in person
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compared to an estimate of only 13% for those who were asked the same questions by
phone'ﬁ. These inconsistencies can be even more pronounced when for operational and
budgetary reasons survey modes do not stay consistent over time. Similarly, changes in
question wording or respondent characteristics among surveys, or within a survey over time,
also have the potential to impact the quality of self-reported estimates. These issues make it
difficult to get accurate self-reported estimates of height, weight and obesity oveir time.
Compounding the problem is the fact that the influence of social desirability on self-reports

has the potential to change over time as social and cultural norms about weight and obesity

change.

Because of the limitations associated with self-report measures, objective or direct measures
“have been recommended to improve measurement precision. Despite the benefits, the costs
of this type of measurement are often prohibitively high, particularly in populatioh research
where the samples are large. The intrusive nature of the measures also has the potential to
impact response rates and contribute to attrition bias. As well, such measures often require

special training of interviewers for accurate administration and classification.

In order to ensure that researchers are employing the most appropriate tools in their research

and to ensure that decision making is based upon the best available evidence,

the degree of accuracy of self-reported measures needs to be determined. We conducted this

systematic review to determine what empirical evidence exists regarding the concordance of
objective and subjective measures in assessing height and weight. The primary objective was
to compare direct vs. self-report measures for assessing height and weight in observational

and experimental studies of adult populations. A secondary objective was to examine how
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the use of self-report and direct measures of height and weight impact on estimates of the
prevalence of obesity and overweight, as measured by the BMI. Although it is recognized
that BMI is only one of many methods used to measure obesity, it is employed in this review

because it can be directly calculated from weight and height measurements.

Methods of the Review

Criteria for Considering Studies for this Review

Any observational or experimental studies that included a direct comparison of self-report
and objective measures for the outcomes of interest were eligible for inclusion. All study
designs were eligible (e.g., retrospective, prospective, cése control) and both published and

unpublished literature was examined.

Only studies on adult populations over the age of 18 years were considered. Children were
excluded as they are still in an important stage of development where variables such as
weight may change over short periods of time. It has also been suggested that reporting error

in children and adolescents may be of a different nature than that in adults'”.

Any form of weight or height measurement whether by portable or balance beam scale,
stadiometer, tape measure or other technique was eligible for inclusion. Likewise any form
of self-reporting technique could be included (e.g., interviewer administered, self-complete).

Proxy reporting (when one individual responds for another) was not eligible for inclusion.
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Search Strategy for Identification of Studies

The following electronic bibliographical databases were searched:

« MEDLINE - from 1966 to January Week 4 2006;

. EMBASE - from 1980 to Week 04 2006;

« CINAHL ~ from 1982 to December Week 2 2005;

o PsycINFO - from 1806 to January Week 4 2006;

« Health and Psychosocial Instruments (HAPI) — from 1985 to September 2005;

« SPORTDiscus — from 1830 to January 2006

The search strategy used for searching MEDLINE is provided as an example (see Table 1)
but was modified according to the indexing systems of other databases. No language of

‘ ppblication restrictions were imposed. The Ovid interface was used for all electronic
searches. Grey literature such as published abstracts/proceedings, published lists 6f theses

and dissertations, and government reports were also identified where possible.

Selecting Citations

Titles and abstracts of potentially relevant citations were first reviewed to assess adherence
to the inclusion criteria. The full text of all articles that met the criteria was then further
screened by two independent reviewers (SCG, BG). Searches of the bibliographies of texts
were also performed in order to identify additional studies, which were subsequently
retrieved. The two reviewers examined the full text versions of remaining citations and
selected those that met the inclusion criteria for the study. There were no disagreements

about inclusion.
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Data Extraction

Standardized data extraction forms were completed by one reviewer (SCG) and verified by
the other (BG). Information was extracted on the type of study, participant characteristics,
sample size, methods of weight, height and BMI measurement, time between self-report and
direct measurement, measurement setting, tools and equipment, order of measures, and
results (means and mean differences between measures, measures of variance). Reviewers
were not blinded to the authors or journals when extracting data. The data extraction form is

found in Appendix A.

Quality Assessment

Because both experimental and observational study designs were included in this review,
two tools were used to assess quality. Jadad’s scale'® was used to assess the quality of
randomized controlled trials and the Downs and Black'® tool was used to assess the quality
of non-randomized designs. The Jadad scale includes three items assessing the

quality of randomization generation, blinding and dropouts and withdrawals. The scale
ranges from O to 5 with higher scores indicating higher quality. The Downs and Black
instrument was one of six instruments recommended® for use in systematic reviews of non-
randomized studies. The Downs and Black instrument was selected as it contained the
highest number of relevant items for the needs of this review. However, as not all items were
relevant to the studies included in this review (many of which were based on surveys), a
modified version of the checklist was employed with the following items omitted: items 5
and 8 in the reporting scale, items 14, 15 and 19 in the section on bias, items 21-26 relating

to confounding and item 27 addressing power. The final checklist was made up of 15 items
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with a maximum score of 15 points (with higher points indicating superior quality) rather
than the original 32 points. The checklist covered the categories of reporting, external

validity and internal validity (bias).

Results

Description of Studies

A total of 328 citations were identified based on the preliminary search of electronic
databases, reference lists, and grey literature (see Figure 1). Of these 137 were identified in
MEDLINE, an additional 35 in EMBASE, 117 in CINAHL, 16 in PsycINFO and one in
SPORTDiscus. Searching HAPI did not uncover any citations that had not been previously
identjfied. Searching bibliographies of key articles, mostly Engstrom21 who had conducted a
| review examinlin'g the correspondence between self-reported and directly measured heigh‘t
and weight in women yielded an additional 18 citations. The three reviewer nominated
citations were discovered during searching. The one citation that was included from the grey

literature search was published by Statistics Canada.

In total, 115 full text articles were retrieved for detailed assessment. Of these 64 met the
criteria for study inclusion (see Table 2). Common reasons for excluding studies included a
focus on outcomes other than height and weight, a focus on children or adolescents”, not
having both directly measured and self-reported data within the same study on the same

population and examining ideal or perceived weight or height rather than actual values.

il The database search was not restricted to adults, as this would have excluded some studies (e.g., LeJarraga et
al.?® ) that examined the characteristics of both children and their parents.
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Four of the articles' " *>*

analyzed data from the same database, the National Health And
Nutrition Examination Survey (NHANES), three of which looked at the data from the
NHANES III cohort cpllected between 1988 and 1994. NHANES is “a program of studies
designed to assess the health and nutritional status of adults and children in the United

*23(p.2). In order to prevent double counting, only one of the NHANES III studies®

States
was retained. Kuczmarski was selected because it had the most comprehensive outcome
reporting (it provided mean differences with corresponding measures of variance).

Rowland’s!” data were based on the NHANES II cohort collected from 1976 to 1980, and

therefore, there are no concerns about overlap.

Also requiring clarification is the inclusion of Stunkard and Albaum®® and Schlichting and
colleagues27, both published in 1981. Stunkard examined data that were collected on subjects
at eight different medical and non-medical sites in two countries (Denmark and the United
States). Schlichting’s study examined the same dataset but focused on analysis of the Danish
data only. Hence, Stunkard’s mean difference values for weight were used in this review,
because they were more comprehensive, but because they did not report any results on
height, Schlichting’s data for the height outcome were also included.

Of the 64 studies that were retained 60 used different types of observational designs'"?+2%%

84,85

(e.g., case control, cross sectional), two used experimental designs™ ", one was a letter®® and

there was one unpublished dissertation®”. Two studies were in languages other than English

(Portuguese81 and Spanish®). Studies that were included were published over a 26 year
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period between 1979 and 2005. The primary aim of the articles differed but each compared

direct measures of height or weight with their self-reported counterparts.

Participants in the studies ranged from 10 to over 60 years, with the oldest participant
reported to be 89 years old. Although the focus of the review is on those aged 18 years and
over, studies that had a range of ages less than 18 years were not excluded as lor;g as the
mean age of the majority of the population was over 18 years. The study by Allison and
colleagues29 for example, had an age range of 10 to 67 years but a mean age of 38.5+12.0
years. A decision was made to include this study because only a small number of cases fell
below the 18-year cut-off. Sample size ranged from a low of 44 in the dissertation®” to a high

of over 16,000 in Kuczmarski’s NHANES analysis™.

The majority of studies reported which tools were used to measure the weight and height of
participants in the various studies, but 23 studies provided no information about what
equipment was used to take the measurements (the two non-English language publications
were not assessed on these characteristics). When data on measurement tools were reported,
height was most commonly measured by stadiometer, anthropometer, or some type of
measuring tape or ruler, and a variety of scales (balance beam, digital, or portable) were used
to measure weight. Most studies provided information about what subjects wore during the
measurements, which was usually light indoor clothes and no shoes. In six

30,47,52,59,60,61

studies participants wore only undergarments and in another six were measured

17,22,55,57,66,

and weighed in hospital gowns > In one study focused on height44, participants

were purposely given no instructions about whether shoes should be worn for the
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measurement as authors wanted to capture how the participants presented themselves to the

world. Sixteen studies did not describe the clothing worn by participants.

Self-report data were most often collected by questionnaire (either by mail, telephone or
most often in person) with 16 studies collecting data in an interview. Self-reports were

36,43 the

conducted prior to the direct measurement in over 80% of studies. In two studies
sample was divided into two groups with one undergoing the direct measurement before the
self-report and the other completing the self-report first. Only one study* consistently
measured participants before the self-report was completed. Five studies*2>*01988 qid not
provide enough information to determine which came first. Twenty-five studies collected the

self-report with the direct measurement immediately afterwards, with Roberts® reporting the

longest delay between measures (3 to 8 months).

Quality Assessment

Results of the quality assessment are presented in Table 3. Quality was assessed on 60 of the
studies. Zhang’s letter® was not assessed, because although it presented data it did not
provide enough information to determine a quality assessment. Similarly, Wang®®, which
was mostly a review article with some new analyses presented, lacked information for an
appropriate QUality score to be calculated. Quality scores were also not computed for the two
non-English language articles. Of the articles that remained, 58 were assessed with the
Downs and Black checklist and two using the Jadad scale. The range on the Downs and

Black tool was 6 to 15 (maximum possible score was 15) with a mean of 11.4 £1.9.
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Citations were assessed based on the degree to which they presented data relating to the
outcomes studied in this review (e.g., height and weight) even if these were only secondary
outcomes in the studies. Common gaps in reporting included not clearly describing the
intervention of interest (e.g., the method of height or weight measurement), not presenting
simple outcome data such as the mean weight or height in the self-reported and measured
groups so that major analyses and conclusions could be verified and not reportinlg the
associated measures of random variability. Although most studies carried out some sort of
significance testing, many did not report the actual probability values, which resulted in the

deduction of a point.

Thirteen percent of studies received no points in the external validity category while 57%
_received one point or less. Most of the point losses were due to a lack of representativeness
of the samples, with subjects who were asked or those who agreed to participate not being
representative of the entire population from which they were recruited. No study lost more
than one point in the internal validity checklist, with over half receiving perfect scores in this
category. Most deductions resulted from not adjusting for different lengths of follow-up of
subjects in the analyses (e.g., if the delay between self-report and direct measures was
excessively long - over 4 weeks - and was not consistent from subject to subject). Points
were also deducted on item 18 when mean differences were not calculated or could not be

calculated from the data.

The two experimental studies were assessed with the Jadad scale, which is scored out of a

maximum of five points. Black and colleagues® received one point for describing the study
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as randomized and O’Connell and colleagues™ received one point for describing the study as
randomized, one point for describing withdrawals and dropouts and an additional point
because the method of randomization (random numbers table) was an appropriate

randomization technique.

Assessing quality, particularly in observational study designs is not without flaws. Even the
items on the Downs and Black checklist, which was developed for non-randomized designs,
did not always apply to the studies in this review, and at times the interpretation of items had
to be modified in order to apply them to the included studies. Yet, it is important to attempt
to assess quality, despite its subjectivity and the absence of perfect tools, so that similar

studies can be compared on a similar metric, which can lead to improvements in future work.

Height

Fifty three studies contained data on self-reported and measured height and these are
displayed in Table 4. The table presents the mean differences between self-reported and
measured height (SR-DM) for the overall sample as well as the breakdowns for males and
females (in some cases, the actual mean difference was provided and in others it was
calculated by subtracting the directly measured value from the self-reported value). What is
most apparent from examining the table is the lack of data that are presented on the key
outcomes, even in many studies where the goal was to compare measured and reported
height. Only 28 of the studies provided both mean differences (either by sex or overall) and a

corresponding measure of variance, which are required for pooling data. Only four provided
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data for the entire sample as well as according to the sex breakdowns (Nakamura™ and

Nawaz®®

were exceptions as these studies only examined women).

In the 18 studies that had mean error data for the overall sample, height was overestimated in’
all but one™. Doll and Fairburn’s examination of healthy controls and individuals with
bulimia nervosa found that while healthy controls overestimated their height, there was no
significant difference between self-report and directly measured values for those with

635b2

bulimia. The mean error for the rest of the studies ranged from a low of 0. cm to a high

of 7.5 cm™®. In those reports that had data on men, 29 studies reported that height was

overestimated (range 0.1 cm - 5.0 cm) and in two it was underestimated*>*

(mean error of -
1.3 cm and -0.7 cm respectively). Two studies?®*” had mixed results. LeJ arraga28 examined

“parents of children attending growth clinics and found that parents in private clinics
overestimated their height, while those from public clinics tended to slightly underestimate
their height. Chor’s®” study of bank employees found no difference between the self-reported
and measured values. Most studies also found that height was overestimated in women

d3*43995 and one that had mixed

except in four studies where height was underestimate
results®’. Standard deviations of the differences between reported and actual measures were
large ranging from 0.1 cm in both men and women?” to 8.8 cm in men and to 11.2 cm® in
women. Studies that had data available for the overall sample were also plotted on a forest
plot (see Figure 2). The studies are ordered by sample size [smallest to largest with the three

34,45,72

studies that had long time lags (mean of over 1 month) plotted at the top of the

figure].

37



Weight

Table 5 displays the mean differences for weight for 56 studies that provided data on self-
reported and measured weight. With weight as an outcome, 14 studies provided mean
differences and associated variability measures for the overall sample while 24 provided

them for either men or women as subgroups.

In examining the overall results the tendency is for weight to be underestimated except in
two studies (in Avila-Funes’ work®' in a Mexican population and in the anorexic sample of
McCabe’s study57 where weight was overestimated). Similarly in studies reporting data
separately for women, all but three found that women underestimated their weight when
compared with the directly measured values (-0.1 kg58 to -6.5 kg6° in a study of obese
women with BMI’s between 35 and 40 kg/mz); Avila-Funes®' study of Mexican women,
and the subgroup of women in Ziebland’s study80 who had BMT’s less than 20 reported
overestimating their weight by approximately 0.7 kg and 0.8 kg respectively, and Wada’s
analysis78 of Japanese women found no difference between the reported and measured
values. The trend for men was also in the direction of under-reporting with 27 of the 34
studies that calculated mean differences for men finding that men under-reported their
weight (range -0.1 kg to -3.2 kg®®). The range in standard deviations was slightly smaller in
weight than in height from 0.1 kg in a large national American survey22 to4.5kgina

smaller study of veterans®

in men and in women ranged from 0.1 kg again in the national
survey22 to 10.1 kg in a small study of 96 obese women in the US®. These values represent a

significant deviation from their measured values for some individuals. Figure 3 depicts a
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forest plot of the studies that had data available for the overall sample; the studies with

longer time lags are plotted at the top.

BMI

Self-reported BMI is based on self-reports of both height and weight and measured BMI is
based on measured values of both of these variables. BMI values from Masheb and Grilo*®
were not included since both their self-report and measured BMI’s were calculated from the
same directly measured height variable (i.e., self-reported height was not collected). Twenty-
nine studies are included in Table 6, 18 reported mean difference and variability estimates
(either by sex or overall) to compare self-reported BMI with the directly measured values.
Eleven studies are included in the forest plot (Figure 4). All but two studies found that the

| tendency was f_orIBMI to be underestimated or accurately reported relative to the measured

values. The range for men was from no difference’® to -2.1 kg/m2 62

and for women ranged
from no difference’® to -2.2 kg/m? in Nawaz and colleague’s sample®® of women who had
BMI values over 40. Standard deviations were smaller than for the individual values of
height and weight ranging from O to 1.6 kg/m® for men and from 0 to 2.2 kg/m2 for women.
Bolton-Smith’s work™?, which sampled the general population aged 25 - 64 years in Scotland
from general practitioner’s registries, had results that were inconsistent with this trend,
finding instead that BMI tended to be overestimated by a mean difference 0.2+1.4 kg/m*in
men and 0.2+1.3 kg/m” in women. Quiles and Vioque’s* general population sample of

residents 15 and over also found BMI to be overestimated in men by 0.5 kg/m2 and in

women by 0.9 kg/m2 (standard deviations not provided).
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Quantitative Analysis

Quantitative analysis is possible when the data are sufficiently homogeneous in terms of
statistical, clinical, and methodological characteristics. Tables 4 - 6 have loosely grouped the
studies according to their main populations of interest, and the quality assessment would
permit a further subdivision based on study quality. Because of the substantial clinical and
methodological inconsistency across the study reports and the large amount of missing data
(i.e., mean differences and corresponding measures of variance), we did not combine the
data quantitatively. Although all studies should be reporting mean differences and variance
estimates, some authors only report proportions or correlation coefficients, which creates
difficulties for pooling the estimates. A small subset of authors was contacted in an attempt

to acquire missing data, but no data were received to cover the information gaps.

Discussion

The trend in studies where data were available was for height to be overestimated and weight
and BMI to be underestimated. This trend was evident for both women and men. The size of
the mean errors in weight varied depending on the study and the population being examined.
In many cases they were relatively small but in some instances such as , Ziebland’s study®
of individuals with BMI’s over 30 and Nawaz’s*® work with populations with BMI’s over
35, the mean differences in weight were quite high (underestimated by 3 to 6 kg). In many of
the studies the standard deviations were large indicating that there is a great deal of
individual variability in reporting of results for all of the outcomes examined. This can have

important implications for clinical and population health practice as even a small difference
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in body weight has the potential to substantially modify the BMI classification, which could

mean that current obesity prevalence rates are underestimated.

The findings in this review are similar to those of Engstrom and colleagues®' who reviewed
the accuracy of height and weight in women and adolescent females. They examined 26
studies on the accuracy of self-reported height and found that in 21 of them height was
overestimated. Similarly, they found weight to be underestimated in all of the 34 studies that
they reviewed on the accuracy of self-reported weight. In addition, Bowman and Delucia®
conducted a metg—analysis of the accuracy of self-reported weight and found that there was
significant bias in the self-reported measures, with a tendency for self-reported weights to be
underestimated. In spite of the trend in the present review of weight and BMI being
“underestimated and height being overestimated, there were too many gaps in the data to
undertake a quantitative analysis or to get a comprehensive understanding of the fela'tionship

between self-report and direct measures.

Although studies are for the most part of good quality, Tables 4 - 6 highlight the degree to
which there are gaps in reporting; studies lack vital information that allow conclusions to be
verified and analyses replicated. Studies in this review have been ongoing since 1979 and
would have benefited from the development of some standard reporting criteria to address
some of these gaps over this 26 year period. In 1988 Engstrom89 published a paper outlining
the statistics and procedures that should be reported whenever assessing the reliability of
physical measures such as weight and height. She suggested that values such as the mean,

minimal and maximal differences, standard deviations of the net differences, technical error
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of measurement and clinically meaningful indices of agreement be included in all reports.
However, as evidenced in the current review almost 20 years later, such data are still not
routinely being reported. In addition, the authors of this current review recommend that the
elapsed time between self-report and direct measures should also be reported, since changes
in variables such as weight can occur over short periods of time and the length of time
between measures should be controlled in any analyses that are undertaken. The order of
measurement should also be noted as there is evidence to indicate that reporting of weight in
women is more accurate when it occurs after actual weight measurement™®. Measurement
conditions such as who is taking the measures, what equipment is being used, what clothing
is worn for the weighing as well as what instructions are given when estimating self-report
weights (e.g., is this self-reported weight estimated with or without clothes, in the morning

or midday and after eating or fasting?) should also be provided.

Adhering to consistent reporting criteria would increase the comparability of results and
enable us to further understand the relationship between the measures. With more complete
data it may be possible to develop correction factors that could be applied to self-reported
data when direct measurement is not feasible. If data are adequately reported by subgroups
(e.g., sex, age, education, ethnicity, and immigration status) it may also be possible to make
adjustmehts based on these characteristics, which may be important since studies
demonstrate that demographic characteristics can have an influence on the degree of
reporting error. For instance, research has shown that self-reports from older populations are
less reliable®, that unemployed, retired or disabled women are more likely to under-report

their BMI’s than employed women®, and that men are more likely to over-report their height
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than women®®, Understanding the characteristics of inaccurate reporters is particularly
important given the large values of some of the standard deviations, which implies that for
some individuals the estimates are extremely inaccurate, which may bias average results and

have important implications for health planning for these populations.

Conclusions

To the authors’ knowledge this review represents the most comprehensive attempt to
examine the relationship between self-reported and directly measured height, weight and
BMI in both men and women. Overall the data show trends of underestimating weight and
BMI and over estimating height, although the degree of the trend varies for men and women,
and between studies; the variability in the estimates is high and no overall effect size could
be estimated. Rising obesity rates are an increasing concern for population health and it is
therefore essential that the estimates upon which decisions are being made are as accurate as
possible. This should be addressed by improving the quality of reporting of future studies in
this area, making recommendations based on more comprehensive data about whether (and
in what circumstances) self-report measures can be used and then developing correction
factors to increase the accuracy of reporting in situations where direct measurement is not

possible.
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Appendix A: Data Extraction Form

1. Information about reviewer

- Date: - Initials:
2. Information about the study
- Authors:
- Language:
3. Study Design:
Experimental Observational
Specify type:
Published Yes No Can’t Tell
Dissertation or thesis Yes No Can’t Tell
4. Verification of Study Eligibility
a. Design - observational or experimental: Yes No
b. Participants — 18 and over: Yes No
c. Direct comparison of objective Yes No
and subjective measures
d. Proxy reporting Yes No
e. Outcomes
- Self-reported weight (any collection method) Yes No
(e.g., telephone, in person)
- Measured weight Yes No
(any type of scale)
- Self-reported height (any collection method)  Yes No
(e.g., telephone, in person)
- Measured height (any method) Yes No

(e.g., tape measure, ruler)

5. Study Characteristics
a. Participants:

b. Exclusion criteria:

Can’t Tell

Can’t Tell

Can’t Tell

Can’t Tell

Can’t Tell

Can’t Tell

Can’t Tell

Can’t Tell
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c¢. Sample Size - Enrolled:
- Analyzed:

- Reasons for exclusion:

d. Variables (and definition):
- Method of weight measurement:

- Method of self-reported weight:

- Method of height measurement:

- Method of height self-report:

- Summary measures and method of calculation
(e.g., BMI, waist to hip ratio, skinfold)

c. Setting:

7. Results:
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Tables and Figures

Potentially relevant citations identified and
screened for retrieval n=328

Electronic searches n=306

Back referencing n=18

Reviewer nominated n=3

Grev literatnre n=1

1 Citations excluded based on abstract and :
I title review n=213 i
I Reasons: population under 18, proxy I
: reporting, not comparing SR and DM, direct |
; comparison of SR and DM but not for :
{ outcomes of interest, examined perceived or i
I ideal weight rather than actual weight, time
: trend studies (SR at T1 and DM at T2). 1

1

Full text of studies retrieved for more
detailed evaluation n=115.

: Studies excluded n=51

I Reasons: population under 18 n=20,

I comparison of outcomes other than actual
: height and weight (e.g., ideal weight,

; Perceived weight, categorical weight status,
1 body image, weight change) n=10, no

I comparison of SR and DM of W and H n=5,
I summary or review article n=4, weights

! based on recall n=4, SR and DM data from

; different populations n=3, duplicate

| publication n=2, analysis of same

I database=2, commentary n=1.

Relevant citations for inclusion
n=64

Electronic databases n=46
Reference lists n=17

Reviewer nominated n=1

Figure 1: Results of the literature search. DM, direct measure; H, height;
SR self-report; W, weight.
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Table 1: MEDLINE search strategy

\O 0 NN R W

—
— O

[ S = S
AN W AW

objective measure$.mp.
direct measure$.mp.
physical measure$.mp.
measured weight.mp.
measured height.mp.
exp Self Concept/

self report$.mp.
body weight/ or body weight changes/ or overweight/ or
thinness/

Body Height/

height.mp.

weight.mp. or "Weights and Measures"/
1or2or3ordor5

6or7

8or9or10or i1

12and 13 and 14

limit 15 to humans
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Table 3: Quality assessment of studies

Observational studies: Assessed with Downs and Black quality assessment too

ID  Study Quality Scores (value)
External validity  Internal validity — Total
Reporting (8) (15)
1 Allison 1997 7 1 4 12
2 Alvarez-Torices 1993 8 3 4 15
3 Avila-Funes 2004 8 2 4 14
5 Bolton-Smith 2000 7 2 3 12
6 Booth 2000 5 2 4 11
7 Bostrom 1997 6 2 4 12
8 Brown 2002 7 1 4 12
9 Brunet 2003 6 1 4 11
10 Cash 1989 5 0 3 8
11  Chor 1999 6* 1 4 11
13 de Araujo 2003 6 1 4 11
14 ~ DelPrete 1992 7 3 4 14
15 Doll 1998 7 1 3 11
16 Fonseca 2004 7 2 4 13
17 Forster 1998 6 2 3 11
18 Giles 1991 5 0 3 8
19  Gunnell 2000 8 2 3 13
20 Hensley 1998 . 5 1 4 10
‘21 Hill 1998 4 2 3 9
22 Imrhan 1996 5 1 4 10,
23 Jacobson 2001 7 1 4 12
24 Jalkanen 1987 7 2 4 13
25 Kinney 1988 7 1 4 12
26 Klag 1993 8 1 4 13
27 Kuczmarski 2001 6 2 3 11
28 Kuskowska-Wolk 1989 8 3 4 15
29 Kuskowska-Wolk 1992 7 2 3 12
30 Lackland 1990 3 0 3 6
31 Larson 2000 6 0 3 9
32 Lawlor 2002 8 2 4 14
33 LedJarraga 1995 7 2 4 13
34 Masheb 2001 7 1 3 11
35 McCabe 2001 7 1 4 12
36 Nakamura 1999 7 1 4 12
37 Nawaz 2001 8 0 4 12
38 Niedhammer 2000 7 2 3 12
39 Nieto-Garcia 1990 5* 2 3 10
41 Palta 1982 6 1 4 11
42 Payette 2000 8 1 4 13
43 Pirie 1981 6 2 4 12
45 Roberts 1995 5* 0 3 8
46 BRona 1989 7 1 3 11
47 Rowland 1990 7 3 3 13
48 Santillon 2003 5 0 3 8
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Observational studies: Assessed with Downs and Black quality assessment tool 19

ID_ Study Quality Scores (value)

External validity  Internal validity  Total

Reporting (8) (3) 4) (15)

49 Schlichting 1981 5 1 3 9
50 Schmidt 1993 7 1 4 12
51 Smith 1992 8 1 4 13
52 Spencer 2002 7 1 4 12
53 Stewart 1982 6 2 3 11
54 Stewart 1987 7 3 4 14
55 Stunkard 1981 5 1 3 9
56 Tell 1987 7 1 4 12
57 Tienboom 1992 7 1 4 12
58 Vailas 1998 7 2 4 13
59 van der Voort 2000 7* 1 4 12
60 Wada 2005 6 3 3 12
62 Wing 1979 5 1 3 9
64 Ziebland 1996 5* 0 3 8

Experimental studies: Assessed with Jadad quality assessment too! '®

Quality Score (Max 5)

4 Black 1998°F 1
40 O'Connell 2005F 3

Not assessed

Reason
12 Clemente 2004 foreign language
44 Quiles 1996** foreign language
61 Wang 1997 not enough data provided to assess quality
63 Zhang 1993" not enough data provided to assess quality

* These studies reported no p values - and were therefore given a score of O for
item 10 on reporting probability values.
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Table 4: Mean differences in height (self report - direct measure)

ID Study Mean Difference (cm)
Total SD Men SD Women SD
(95%Cl) (95%CI) (95%Cl)
General Population
2 Alvarez-Torices 1993 2.2 (1.9,2.6) 23 (1.9,2.7) 2.2 (1.6,2.7)
3 Avila-Funes 2004 1.7 - 1.2 - 2.2 -
5 Bolton-Smith 2000 - - -1.3 2.5 =17 2.4
6 Booth 2000 - - - - - -
7 Bostrom 1997 0.7 (.6,.8) 0.6 - 0.8 -
8 Brown 2002 0.6 - - - - -
27 Kuczmarski 2001 20-59 yrs - - 1.0 0.1 0 0.1
29 Kuskowska-Wolk 1992 - - 0.5 - 1.0 -
30 Lackland 1990 - - - - - -
31 Larson 2000 0.9 - - - - -
44 Quiles 1996 1.0 - 0.6 - 1.4 -
45 Roberts 1995 - - 1.4 23 0.7 2.8
47 Rowland 1990 " - - 1.4 2.6 0.6 2.8
52 Spencer 2002 - - 1.2 2.6 0.6 2.7
54 Stewart 1987 1.9 (1.8,2.1)" 2.1 - 1.6 -
61 Wang 1997 - - - - - -
64 Ziebland 1996 BMI<20 - - 0.6 - 0.4 -
- BMI 20-24 - - 0.9 (.6,1.2) 0.9 (.5,1.2)
BMI25-29 - - 1.0 (.7,1.2) 1.1 (.9,1.4)
BMI>30 - - 1.6 (1.0,2.1) 1.6 (1.2,2.0)

Overweight or weight loss participants

1 Allison 1997 1.5 - 1.7 - 1.5 -
14 DelPrete 1992 1.8 2.7 3.0 2.5 1.3 2.6
37 Nawaz 2001 . <=25BMI<30 NA NA NA NA 0.1 0.4

30<=BMI<=35 NA NA NA NA 0 0.9
35<BMI<=40 NA NA NA NA 03 1.0
BMI>40 NA NA NA NA 0.9 0.9

Special populations

13 de Araujo 2003 - - 1.0 - 0.6 -
21 Hill 1998 7.5 (4.8,10.0) - - - -
26 Klag 1993 1.4 0.3** - - - -
28 Kuskowska-Wolk 1989 - - 0.9 - 1.9 -
39 Nieto-Garcia 1990** 0.6 (.6,.6) 09 (.9,1.0) 0.3 (.3,.4)
41 Palta 1982 - - 2.3 2.7 0.9 2.4
42 Payette 2000 5.0 - 5.0 - 5.0 -
43 Pirie 1981 - - 0.2 - -0.3 -

48 Santillon 2003 - - - - - -
49 Schlichting 1981 - - - - - -
58 Vailas 1998 2.0 3.6 15 3.8 2.3 3.6



ID Study

Mean Difference (cm)

Total SD Men SD Women SD
(95%Cl) (95%Cl) (95%Cl)
Parents/families
33 LedJarraga 1995
Private growth clinic - - 0.9 2.0 1.1 1.9
Public growth clinic - - -0.3 2.6 0.9 3.1
46 Rona 1989
Afro Caribbean - - 0.2 6.5 2.9 11.2
Asian - - 0.6 4.2 4.5 6.2
Caucasian - - 3.9 8.8 -0.1 2.7
53 Stewart 1982 1.7 1.0 - - - -
57 Tienboom 1992 - - 2.9 2.2 1.7 2.3
Eating Disorders
15 Doll 1998 Healthy Controls 0.2 (.1,.5) - - - -
Bulimia Nervosa 0 (-.5,.4) - - - -
35 McCabe 2001 Anorexics 0.9 2.0 - - - -
Bulimics 1.1 2.0 - - - -
Dieters 1.7 2.3 - - - -
Nondieters 2.0 2.6 - - - -
Students
9 Brunet 2003 NA NA NA NA - -
12 Clemente 2004 - - 1.2 2.2 2.7 2.3
20 Hensley 1998 - - -0.7 - -0.9 -
22 Imrhan 1996 - - - - - -
23 Jacobson 2001 - - 1.0 - 0 -
62 Wing 1979 - - - - - -
Employees
11 Chor 1999 Center Branch - - 0 - 0 -
Internal Services Unit - - 0 - 0 -
General Board - - 0 - 0 -
itha do Governador Branch - - 0 - 0 -
16 Fonseca 2004 - - 0.2 3.2 1.1 3.0
18 Giles 1991 - - 2.8 - 1.0 -
36 Nakamura 1999 NA NA NA NA -0.1 0.7
38 Niedhammer 2000 - - 0.4 (.4,.4) 0.4 (.5,.3)
60 Wada 2005 - - 0.1 (0,.1) 0 (0,.1)
Elderly
19 Gunnell 2000 - - 21 (1.6,2.7) 1.7 (1.3,2.2)
27 Kuczmarski 2001 60+ yrs - - 2.7 0.1 2.5 0.1
59 van der Voort 2000 2.0 - - - - -

63 Zhang 1993

+ represents the 99% ClI, ** standard error, *** mean relative errors, - not reported, NA not applicable
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Table 5: Mean differences in weight (self-report - direct measure)

Mean Difference (kg)

63 Zhang 1993

ID Study Total SD Men SD Women SD
(95%ClI) (95%Cl) (95%Cl)
General Population -
(-1.4,-

2 Alvarez-Torices 1993 -0.6 (-9-3) -0.2 (-.5,-1) -0.9 .5)

3 Avila-Funes 2004 0.6 - 0.4 - 0.7 -

5 Bolton-Smith 2000 - - -0.6 3.5 -1.0 2.6

6 Booth 2000 - - - - - -

7 Bostrom 1997 -1.2 (-1.4-11) -0.7 - -1.6 -
24 Jalkanen 1987 - - -0.4 3.0 -0.6 2.0
27 Kuczmarski 2001 20-59yrs - - 0.4 0.1 -1.5 041
29 Kuskowska-Wolk 1992 - - -1.0 - -1.5 -
30 Lackland 1990 - - - - - -
31 Larson 2000 - - -0.5 - - -
44 Quiles 1996 -1.1 - -1.0 - -1.2 -
45 Roberts 1995 - - -0.2 2.8 -1.1 2.6
47 Rowland 1990 - - 0.4 3.0 -1.0 3.0
50 Schmidt 1993 -0.1 3.2 0.3 - -0.3 -
52 Spencer 2002 -1.9 29 -1.4 2.5
54 . Stewart 1987 -0.6 (-.8,-.4)" ‘

- 65 Stunkard 1981 US site -1.2 - - - - -
' Danish site <40 - . -1.1 - 1.6 .
, Danish site>=40 - - -1.3 - 2.5 -
64 Ziebland 1996 BMIi<20 - - 2.6 - 0.8 -
BMI 20-24 - - -0.1 - -0.5 (-7,-.2)
(-2.2,-
BMI 25-29 - - 1.2 (-1.6,-.9) -1.8 1.5)
(-4.2,-
BMI>30 - - -32 (-4.3,-2) -3.3 2.4)
Overweight or weight loss participants

1 Allison 1997 -1.4 - -3.0 - -0.9 -
14 DelPrete 1992 -2.3 1.9 -2.1 1.5 2.4 1.9
37 Nawaz 2001 <=25BMI<30 NA NA NA NA -0.3 4.6

30<=BMI<=35 NA NA NA NA -1.6 5.7

35<BMI<=40 NA NA NA NA -6.5 0.2

BMI>40 NA NA NA NA -5.2 10.1

56 Tell 1987 2.7 3.2 -2.8 3.4 -2.3 2.5

Elderly

(-1.7,-

19  Gunnell 2000 - - 1.9 (27,1.2) 1.2 .8)

27 Kuczmarski 2001 60+yrs - - 0.5 0.1 -0.6 0.1
-1.1,-

32 Lawlor 2002 NA NA NA NA -1.0 ( .8)
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ID Study

Mean Difference (kg)

Total SD Men sSD Women SD
{95%Cl) {95%Cl) (95%Cl)
Eating Disorders
15 Doll 1998 Healthy Controls -1.0 {-1.3,-0.7) - - - -
Bulimia Nervosa -0.3 (-.9,.2) - - - -
34 Masheb 2001 -0.9 - - - - -
35 McCabe 2001 Anorexics 0.3 1.9 - - - -
Bulimics -0.6 2.0 - - - -
Dieters -3.5 2.9 - - - -
Nondieters -1.1 2.9 - - - -
Students
9 Brunet 2003 NA NA NA NA -1.1 1.8
10 Cash 1989 NA NA NA NA - -
12 Clemente 2004 - - -0.3 3.0 -0.2 2.2
22 Imrhan 1996 - - - - - -
23 Jacobson 2001 - - 0.5 - -1.9 -
51 Smith 1992 -1.6 3.7 - - - -
62 Wing 1979 - - - - - -
Employees
11 Chor 1999 Center Branch - - -1.1 - -1.0 -
Internal Services Unit - - -1.3 - -0.7 -
General Board - - -0.7 - -0.8 -
llha do Governador Branch - - -1.1 - -0.7 -
16 Fonseca 2004 - - -1.0 3.5 -1.1 3.0
17 Forster 1998 -2.3 - - - - -
36 Nakamura 1999 NA NA NA NA -0.2 1.8
(-1.0,-
38 Niedhammer 2000 - - -0.5 (-.6,-.5) -0.9 .7)
60 Wada 2005 - - 0 (-.1,0) 0 (-.1,.2)
Parents/Families
53 Stewart 1982 -1.1 5.5 - - - -
57 Tienboom 1992 - - -0.3 3.0 -1.2 2.5
Special Populations
13 de Araujo 2003 - - -0.9 - -0.1 -
21 Hill 1998 -0.9 (-2.0,.3) - - - -
25 Kinney 1988 NA NA -3.0 4.5 NA NA
26 Klag 1993 -1.5 0.3** - - - -
28 Kuskowska-Wolk 1989 - - -0.5 - -0.6 -
(-1.1,-
39 Nieto-Garcia 1990™** -0.7 (-8,-6) -0.3 (-5,-.2) -1.0 .9)
41 Palta 1982 - - -1.5 3.2 2.4 4.0
42 Payette 2000 -0.2 - 0.2 - -0.3 -
43 Pirie 1981 - - -0.5 3.3 -1.9 3.0

48 Santilion 2003
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ID Study

Mean Difference (kg)

Total SD Men SD Women SD
(95%Cl) (95%Cl) (95%Cl)
58 Vailas 1998 -0.5 3.1 -0.3 3.6 -0.7 29
Experimental design
4 Black 1998 Informed group -0.9 - - - - -
Uniformed group -1.3 - - - - -
40 O'Connell 2005 -2.0 - - - - -
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Table 6: Mean differences in Body Mass Index (self report - direct measure)

ID Study Mean Difference (kg/m?)
Total SD Men SD Women SD
(95%ClI) (95%CI) (95%Cl)
General population
2  Alvarez-Torices 1993 -1.0 (-1.2,-.8) -0.8 (-1.0,-.6) -1.2 (-1.5,-.9)
3  Avila-Funes 2004 -0.4 - -0.3 - -0.5
5  Bolton-Smith 2000 - - 0.2 1.4 0.2 1.3
6  Booth 2000 - - - - - -
7  Bostrom 1997 -0.7 (-.7,-6) -04 - -0.9 -
27 Kuczmarski 2001 20-59yrs - - -0.3 0 0 0
29 Kuskowska-Wolk 1992 - - -0.4 - -0.8 -
30 Lackland 1990 - - - - - -
44 Quiles 1996 -0.7 - 0.5 - 0.9 -
52 Spencer 2002 - - -1.0 1.2 -0.7 1.3
54 Stewart 1987 -0.8 (-.8,-.6)" - - - -
Overweight or weight loss participants
1 Allison 1997 -1.6 - -2.0 - -1.4 -
37 Nawaz 2001 <=25BMI<30 NA NA NA NA -0.2 0.7
30<=BMI<=35 NA NA NA NA -0.3 1.3
35<BMI<=40 NA NA NA NA -1.5 1.9
BMI>40 NA NA NA NA -2.2 2.2
Students
12 Clemente 2004 - - -0.4 1.1 -0.8 1.1
23 Jacobson 2001 - - -0.2 - -0.6 -
Employees
11 Chor 1999 Center Branch - - -0.2 - -0.3 -
Internal Services Unit - - -0.6 - -0.2 -
General Board - - -0.2 - -0.3 -
llha do Governador Branch - - -0.4 - -0.3 -
16 Fonseca 2004 -0.4 1.6 -0.8 1.6
36 Nakamura 1999 NA NA NA NA -0.1 0.8
38 Niedhammer 2000 -0.3 (-.3,-.3) -0.4 (-.4,-.5)
60 Wada 2005 - - 0 (-.1,0) 0 (-.1,.1)
Elderly
19 Gunnell 2000 - - -1.3  (-1.6,-1.0) -1.1 (-1.3,-.9)
27 Kuczmarski 2001 60+yrs - - -0.8 0 -0.8 0.0
Special populations
13 de Araujo 2003 - - - - - -
15 Doll 1998 Healthy Controls -0.4 (-.6,-.3) - - - -
Bulimia Nervosa -0.2 (--4,.1) - - - -



ID Study Mean Difference (kg/m?)
Total SD Men SD Women SD
(95%ClI) (95%Cl) (95%Cl)
(-1.3,-
21 Hill 1998 -1.3 1.2) - - - -
26 Klag 1993 -0.8 0.1** - - - -
28 Kuskowska-Wolk 1989 - - -0.4 - -0.7 -
(-1.9,- (-1.7,-
39 Nieto-Garcia 1990*** -1.8 1.7) 2.1 (-2.3,-2.0) -1.6 1.4)
48 Santillon 2003 - - - - - -
57 Tienboom 1992 - - -1.0 1.2 -1.0 1.2

" represents the 99% ClI, ** standard error, *** mean relative errors, - not reported, NA not applicable
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Paper 2: The accuracy of self-reported hypertension: A systematic review and
meta-analysis

This paper has been published in:

Connor Gorber S, Tremblay M, Campbell N, Hardt J. The accuracy of self-reported
hypertension; a systematic review and meta-analysis. Current Hypertension Reviews
2008;4:36-62.
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Abstract

Hypertension is a leading cause of morbidity and mortality with surveillance often based on
self-reported data. A systematic review and meta-analysis was completed to determine what
empirical evidence exists regarding the agreement between measured and self-reported
estimates of hypertension. Four electronic databases were searched to identify observational
and experimental studies on adult populations. Searching identified 144 studies that
examined the relationship between self-reported and directly-measured hypertension. Studies
demonstrate that the prevalence of hypertension based on self-report is underestimated and
that awareness levels are low and highly variable, ranging from O to 97%. Meta-analysis
generated overall awareness estimates of 58% at the 140/90 mmHg cut-off and 62% at the
160/95 mmHg cut-off. Awareness levels were consistently higher for females. In many of
the reviewed studies, standard guidelines for blood pressure measurement were not being
followed or reporting of guideline compliance was poor. Lack of awareness is an important
public health issue, yet this review demonstrates that the current practice of surveillance
based on awareness alone is insufficient. These data indicate the importance of directly
measuring blood pressure according to standardized protocols wherever possible, and
increasing population awareness both to increase the validity of self-report and to ensure

early diagnosis and treatment.
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Background

Hypertension is one of the leading causes of morbidity and mortality in most industrialized
countries'? and increasingly in many non-industrialized nations’. The World Health
Organization (WHO) estimates that hypertension is responsible for about 7.1 million

premature deaths and 4.4% of the worldwide disease burden®.

Effective management of hypertension at the population level depends on the accuracy of
information collected on its prevalence, awareness, treatment and control. Although direct
measurement of blood pressure is recommended whenever possible, accurate measurement
requires specially trained assessors, specialized equipment, appropriate facilities and
measurement on more than one occasion, all of which are financially and logistically costly.
| Population sur_vegzs have long relied on self-reports as a practical and cost efficient
alternative to difect measurement, but self-reports are limited by an individual’s ability to
recall and accurately report information about their health. Self-reports depend on a person’s
awareness of their health condition, which assumes they have been diagnosed, told of the

diagnosis, and can recall and report this information on a health survey.

Studies have been examining the validity of self-reported hypertension for decades (e.g.,
early work on the United States National Health Examination Survey in the 1960s), but to
date there has been no systematic assessment of the relationship between self-reported and
directly-measured hypertension, and the degree to which people are aware of and able to
report their hypertensive status. This information is important, however, in order to ensure

that policy makers and clinicians have accurate information upon which to make decisions
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and allocate resources for prevention, treatment and research. This paper reviewed 144
studies, representing over 1 million people, to measure the degree of concordance between

self-reported and objectively measured hypertension.

Methods

We sought to identify all studies (observational or experimental) that compared direct
(objective) measures of hypertension to self-report (subjective‘) measures in adult
populations (18 years and over). Any form of self-reporting technique could be used to
solicit the self-reported value (e.g., interviewer administered, self-completed), but data
extracted ffom medical records or provided by a proxy were not included. Direct measures
of hypertension included manual or automated devices on any number of occasions in any
environment. The maximum allowable time between the reported and measured estimates
was two months. Although no language restrictions were imposed in the search, only English
language articles were included in the review. Abstracts and letters were included if they

provided sufficient details to meet inclusion criteria.

Search Strategy

The following bibliographical databases were searched: Medline (2006 December week 4);
EMBASE (2007 week 1); CINAHL (2006 December week 2); and PsycINFO (2007 January
week 2). The search strategy used for searching MEDLINE is provided in Table 1, and was
modified according to the indexing systems of other databases. The OVID interface was

used for all searches. The Cochrane Library was also searched with the terms ‘self-report’
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and ‘blood pressure’. Grey literature (works that have not been peer reviewed), such as
published abstracts and conference proceedings, theses, dissertations and government or
organizational reports were also identified where possible. One of the authors’ (NC) personal
databases of hypertension literature was also examined. The bibliographies of key studies

selected for the review were examined to identify further studies.

Two independent reviewers screened the titles and abstracts of all studies to identify
potentially-relevant articles. Duplicates were removed. The full texts of all studies that met
the inclusion criteria were then obtained and reviewed. When disagreements between

reviewers occurred, consensus was achieved through discussion.

~Standardized data abstraction forms were completed by one reviewer and verified by the
other. Information was extracted on the type of study, participant characteristics, Isarhple
size, methods of hypertension measurement (device, number of measures and occasions of
measurement, assessor, location, positioning, cut-off used, inclusion of medication, type of
cuff, restrictions imposed prior to measurement, and the time between the reported and
measured estimates) and results including the proportion of hypertensives based on self-
report and direct measurement, awareness of hypertensive status (sensitivity) and associated
measures of variance. Thirty-seven authors representing 39 studies with missing information
were contacted and asked to provide further details about their studies. Information was
received from only 9 authors representing 11 studies. Reviewers were not blinded to the

authors or journals when extracting data.
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Quality Assessment

Two checklists were used to assess study quality. The Downs and Black® instrument has
been recommended for assessing quality in observational studies in a recent systematic
review® and other assessments’ and was employed in this review to assess reporting, external
validity and internal validity (bias). The Downs and Black checklist consists of 27 items with
a maximum score of 32 points. A modified version of the checklist was employed with items
that were not relevant to the studies in this review removed. The adapted checklist consisted
of 16 items, including 1-4, 6, 7, 9-13, 15-18 and 20 from the original list, with a maximum

possible score of 16 points (higher scores indicate superior quality).

To evaluate the quality of blood pressure measurement in surveys, a specific quality
assessment tool was developed (see Table 2). A content expert (NC) developed a draft tool
to assess important components of blood pressure measurement. The technical components
were in part based on a work group report of minimum standards for assessing blood
pressure in physical measures surveys8 and assessed studies according to the observer
training (2 items), quality of equipment (3 items), participant preparation (4 items), and
measurement technique (7 items). The draft tool was circulated to two additional content
experts and revised based on their input. The quality assessment was undertaken

independently by two assessors.

Data Synthesis

Awareness of hypertension (equivalent to sensitivity in epidemiologic terms) was used as the
main outcome for this analysis; it is the proportion of all who were measured as hypertensive

who self-reported hypertension. In calculating sensitivity values for this review, individuals
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who were undergoing treatment for hypertension (medication or other therapy) were
considered to be aware of their hypertensive status regardless of whether they reported it or
not. Individuals taking medications were also considered to be true hypertensives regardless

of their actual blood pressure measurement.

Forest plots (graphical displays of the awareness levels in the individual studies) were
constructed to present sensitivity values for each study. In many studies awareness data were
not reported, but enough information was provided in order to allow the values to be

calculated. Few studies reported confidence intervals; where possible, these intervals were

calculated based on the following formula to calculate variances of proportions [ﬁ (l-ﬁ )n]
which was then used to estimate the 95% confidence intervals. Pooled estimates and their
95% confidence intervals were obtained using the random effects estimator of DerSimonian-

Laird’.

Cochrane’s Q was used to test for heterogeneity among studies and the I* (squared) index'°
was used to determine the degree of heterogeneity. Sub-group analyses were undertaken to
examine results according to sex and hypertension cut-off (140/90 or 160/95 mmHg), which
are posited to affect hypertension awareness. Some studies provided awareness data for both
hypertension cut-offs. Where studies reported awareness estimates based on only one cut-
off, they are included only in the relevant subgroup analyses. Similarly, while some studies
reported aggregate as well as sex-disaggregated sensitivity values, many studies provided
only an overall estimate or only sex-disaggregated estimates. Pooled sensitivities were

calculated for each of the sub-group analyses. Sensitivity analysis was used to determine if
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study quality affected results. Funnel plots, which are scatter plots of some measure of study
effect (in this case sensitivity levels) against some measure of study information such as
sample size or variance (in this case standard errors) were used to assess publication bias.
When the resulting funnel shape is symmetrical, concerns that publication or other biases are

present in the review are minimized.

Results

Description of Studies

After duplicates were removed 1,107 studies were identified based on the preliminary search
of electronic and personal databases, reference lists and grey literature (see Figure 1). Of
these, 309 were identified in MEDLINE, 470 in EMBASE, 129 in CINAHL, and 12 from
PSYCHINFO. The list of studies was sent to three key informants, two of whom suggested
a total of four additional articles and a final article was suggested by an author as part of the
author contact process. The full text of 393 articles was retrieved for more detailed
assessment of which 144 met the criteria for inclusion''"!*2, Common reasons for excluding
studies were a focus on populations under 18 years, not having both directly-measured and
self-reported data on the same population, use of medical records as a proxy for blood
pressure measurement, and not providing any information on awareness of hypertension

status.

Searching identified several articles that analyzed data from large population surveys such as
the National Health and Nutrition Examination Survey (NHANES) in the United States, the

Canadian Heart Heath Surveys and the WHO Monica Surveys. In cases where several
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publications reported analyses from the same data source, only one study per data source

23,153

was retained in order to avoid double counting. In some cases the same author had

written two publications using the same source of data and in other cases more than one
author was examining the same data source. For example, 15 studies! 13194105 were
identified that used NHANES data. Of these Burt and colleagues'' was kept for the period of
NHES to NHANES III, Glover and colleagues'? for NHANES 1999-2002 and ﬁappas and
colleagues'* for the Hispanic Health and Nutrition Survey (HHANES) that was conducted in

1982-84. These studies were selected as they had the most comprehensive data and reporting

for the outcomes of interest.

Studies that were included were published over a 33 year period from 1973 to 2006.
~All of the studies, used observational designs (e.g., case control, cross-sectional) and all were

published as journal articles except for two letters®"'**

and three government
publications™ %' The primary aim of the articles differed but all compared direct
measures of hypertension to self-reported awareness of hypertension status. Most studies
reported results using unstandardized data but eight studies presented standardized (by age

. 1 .
and/or sex) estimates® =043 T 8LI912LI 1oy gy dies!3!

asked respondents to estimate
actual blood pressure values as well as their hypertensive status. Correlations between
reported and measured systolic and diastolic pressure were poor with an overall correlation

of 0.35' and correlations of 0.26 and 0.25 (systolic and diastolic respectively) in men and of

0.62 and 0.43 in women®'.
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Participant Characteristics

Study and participant characteristics are described in Tables 3 and 4. This discussion
excludes studies where required information was missing or could not be inferred from the
paper. This review covered a broad international scope with research from over 50 countries
represented (Table 3). Sample sizes ranged from a low of 42”7 to a high of over 1 million
respondents'*®, Although the focus of the review was on those aged 18 years and over,
studies that had a range of ages less than 18 years were not excluded as long as the mean age

of the population was over 18 years.

The delay between reported and measured hypertension for the studies that were included
ranged from a few minutes to a month (if multiple visits were used to measure blood
pressure, the time r;corded was the time between the reported value and the last visit). In
most studies blood pressure was measured in the home (n = 44) or in a clinical or research
setting (n = 43). Fourteen studies collected blood pressure in multiple settings (home, work,

clinic or community location).

Most studies used data collected at only one visit to classify hypertensive status, and only
thirteen studies had participants return for more than one visit, although only eight of these
used measures from both visits to determine the blood pressure value (Table 4). All but ten
studies that reported data took more than one measurement of blood pressure, but again not
all used more than one measure to determine hypertension status. Of the studies that reported
pre-testing conditions, 98% (n= 97 of 99) required that participants rest prior to having their

BP measured, although not all rested for 5 minutes as recommended by standard
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[)rotocols]66’]67

. Of these, 26% (25/97) also imposed additional restrictions on eating,
drinking, smoking or exercising, which are also recommended'®®. In almost all studies
measurements were taken with the participants in a seated position. Eleven studies
specifically indicated that they did not use appropriately-sized cuffs to adjust for different
arm circumferences. A combination of manual (usually standard mercury or random zero
sphygmomanometers) and automatic (Omron, BpTRU, Dinamap) devices were used but
only 14 of the studies described the calibration and accuracy testing of these devices. Phase

V Korotkoff sound was used to measure diastolic pressure in 74% of the studies that

reported that they employed manual devices (75/101).

Most studies used standard cut-offs of 140/90 mmHg or 160/95 mmHg to determine
_hypertensive status although not all studies defined hypertension in the same manner. For
most studies participants were classified as hypertensive if their blood pressure was above a
set cut-off or if they were being treated for high blood pressure (medication or another
treatment) regardless of the measured blood pressure value. In 12 studies hypertension was
classified based only on the measured blood pressure value and in an additional 11 studies
differing combinations of treatment, measured blood pressure and self-reported responses

were used to determine hypertensive status.

Quality Assessment

All 144 studies were included in the quality assessment, and all studies were assessed
according to the two checklists. Two studies require clarification: Burt'’ presented results
from five health examination surveys (NHES I, NHANES I, NHANES II, HHANES, and

NHANES III) and an overall assessment was based on whether three or more of the included
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surveys met the checklist criteria; Wilber'*® described two studies, but only the reporting
relevant to the Baldwin county study was included in this assessment since this study was

described in greater detail.

Scores on the Downs and Black checklist ranged between 8 and 15 (out of a possible 16)
with a mean of 12.1 + 1.4. Studies were assessed based on the degree to which they
presented data relating to the outcomes studied in this review (self-report and direct measure

blood pressure), even when these were secondary outcomes in the studies.

Most studies reported their objectives, main outcomes, the characteristics of participants and
the main study findings in good detail. Reporting was less complete on the characteristics of
participants who did not provide both self-reported and measured data and in about 31% of
studies estimates of variability (standard errors or confidence intervals) were not provided

for any outcomes.

In order to score maximum points in external validity, studies must have reported that study
participants, both those who were recruited and those who agreed to participate, were
representative of the population from which they were recruited and that the staff, places and
facilities where participants were interviewed and examined were representative of the
conditions in which the majority of patients would be assessed. Credit was given if measures
were taken in the home or clinic/hospital environment, but not for measures taken in malls or
at health fairs. Seventeen per cent of studies received no points for external validity. Only 15

per cent (22/144) of studies demonstrated that the subjects who were prepared to participate
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in the study were representative of the source population (i.e., demonstrated that the main

confounding factors were the same in the study sample and the source population).

All studies received three or more of a possible five points in the internal validity category.

14,15,65,149

However, only four received credit for blinding those measuring the main outcomes

from the participants’ self-reported hypertensive status.

Scores on the checklist of technical elements ranged from 0 to 13 (maximum possible score
was 16) with a mean of 5.5 £ 2.8. Most studies (61%) reported that measurements were
taken by specifically trained observers, but only 28% stated that the accuracy of the
observers was tested. While most studies reported using appropriate measurement devices, in

‘only 14 studies was equipment calibration and accuracy testing described.

Information on blood pressure measurement technique was not consistently reported.
Although most studies reported that participants were seated during measurements, only 16
per cent (23/144) noted that the participants’ arms were supported at heart level. Three

studies #6120

reported assessing both arms in order to determine if one arm recorded a
higher blood pressure reading. Most studies also failed to employ, or report, a cuff deflation

rate of 2 mmHg per cardiac cycle (or per second). Seven studies received no points on this

checklist as they provided little detail on the blood pressure measurement methods.

Quantitative Syntheses
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Twenty-five studies reported the prevalence of hypertension as determined through both
self-report and direct measurement (see Table 5). In most studies hypertension was
underestimated when measured by self-report, with differences between self-reported and
measured values (reported-measured) ranging from 1 to 39 percentage points. In four

Studiesl4,75,83,88

reported hypertension was overestimated compared to the measured values
for some subgroups (overall estimates and estimates for women). Men consistently

underestimated hypertension prevalence compared to the measured values.

Studies were originally grouped according to hypertension cut-off and participant sex in
order to decrease clinical and methodological heterogeneity. The difference between the
sexes was small so differences between self-reported and directly-measured hypertension for
males and females were grouped for each of the standard cut-offs (140/90 and 160-95
mmHg). Studies that did not assess hypertension according to these cut-offs were excluded
from the remainder of the analyses. Figure 2 shows the awareness levels for the individual
studies with a 140/90 mmHg cut-off. Higher awareness levels indicate that people are able to
report their hypertensive status accurately and ideally these values should be as close to 100
as possible. Awareness levels varied widely from no awareness™ to levels in the mid

90s' 4232728 Forty-seven studies reported unstandardized awareness values for men and 48
for women. Women had slightly higher awareness levels than men (proportion aware ranged

for 0 to 95% for women and O to 88% for men) (data not shown).

As expected, awareness levels were higher at the 160/95 mmHg cut-off as these individuals

have more serious hypertension and therefore may be more likely to have been diagnosed
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and treated for it (Figure 3). Awareness levels were between 31-95% overall (n = 28
studies), between 33 and 92% for men (n = 22) and between 27 and 97% for women (n = 21)

(sex-specific data not shown).

A qualitative examination of the forest plots reveals substantial heterogeneity among studies.
The heterogeneity was confirmed by Cochran’s Q tests for both the 140/90 mmﬁg Q=
57099, p<0.001) and the 160/95 mmHg cut-off (Q=26053, p<0.001). The I statistic revealed
that 99% of the total variability among effect sizes was due not to sampling error or chance,
but to true heterogeneity among studies for both the 140/90 mmHg and 160/95 mmHg cut-

offs.

_In order to take the heterogeneity among the sensitivity estimates into account we used a
random effects model to account for between-study variability in our meta-analyéis. '
Although we also performed additional sub-group analyses (subdividing studies according to
who took the blood pressure measurement, the place of measurement and the population
studied) there were no trends in the data that would help to explain the heterogeneity (data

not shown). Sample sizes were too small to undertake further sub-group analyses.

Since useful quantitative meta-analysis requires the comparability of studies based on
relatively consistent methodological characteristics, we included only studies that provided
estimates of awareness and associated measures of variance (or information enabling us to

calculate these values), those that presented unstandardized data, those that defined
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awareness as the percentage of directly-measured hypertensives that self-reported as

hypertensive and those that included patients taking medication as true hypertensives.

Pooled awareness values and 95% confidence intervals are provided in Figures 2 and 3. For
the 140/90 mmHg cut-off the pooled estimate for both sexes combined was 58.4% (52.4 -
64.4; n = 63), for males it was 48.8% (43.5 — 54.2; n = 47) and the value was 61% (56.9 -
65.1; n = 48) for females. At the higher cut-off of 160/95 mmHg awareness was higher at
62.1% overall (56.1 — 68.2; n = 28); 57.9% for males (53.4 - 62.4; n = 22) and 71.5% for
females (68.2 —74.8; n = 21). More females had been previously identified as hypertensive
by their doctors and informed of, and recalled at time of study, their hypertension status

compared to males in both of the cut-offs used in this review.

Sensitivity analysis, which was undertaken on the studies that used the 140/90 mmHg cut-
off, revealed that when high and low quality studies were examined independently, there
were differences in overall awareness levels. High quality studies (those that scored above
65% on our checklists) had a higher pooled awareness estimate of 60.3% (52.6 — 68.0)
whereas for lower quality studies (those scori.ng less than 65%) the pooled estimate was
54.8% (47.5 — 62.1). Thus, when only high quality studies were included in the meta-
analysis, the pooled sensitivity estimate was slightly greater than when all studies were

included regardless of quality (60% versus 58%).

Funnel plots graph sensitivity against standard error for the overall data for each of the

140/90 mmHg and 160/95 mmHg cut-offs; these are shown in Figure 4. Neither of the plots
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1s perfectly symmetrical (the points do not follow an inverted V shape) although for the
140/90 mmHg cut-point this is partially because many of the studies had large sample sizes
(smaller standard errors) and they are therefore clustered at the top of the plot. One possible

explanation for the asymmetry is the presence of publication bias.

Discussion

Studies in this review consistently demonstrate that the prevalence of hypertension based on
self-report is underestimated compared to the directly-measured values (if a cut-off of
140/90 is used, just over half (58%) of hypertensives seem aware of their condition). This
trend was evident for both males and females although women have higher awareness levels
than men, possibly because women are more likely to seek medical attention and are in

h]69

general more aware of their health ™. This higher awareness in women has been found by

other researchers’'>®

. The low and highly variable rates of awareness indicate that
surveillance based on awareness alone is insufficient, regardless of gender. Lack of
awareness is an important public health issue as intervention is difficult without awareness

of the condition.

Lack of awareness may be a result of not recalling or never having received a diagnosis of
hypertension. As hypertension is often asymptomatic in its early phases, identification relies
on adequate screening for the condition, yet studies have shown that screening may not be

consistently undertaken'’*'"!

. A study from the United States found that the screening rate
in different clinics ranged from 60 to 100%'™. Other research has shown that even among

hypertensives, one quarter had not had their blood pressure checked in the previous year171
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and that in some population sub-groups over 40% of the population had not had their blood
pressure checked in the last year”” or two'’%. Indeed, Vargas and colleagues'™ found that the
validity of self-reported hypertension was increased in those who had a medical appointment
in the past year. Other factors associated with awareness include age61’88, being

61,121,173

overweight®"'*!17 having a family history of hypertension or heart disease and bein
g g y y yp g

married”®!?!,

Measured hypertension is considered to be the gold standard for diagnosis but the reliability
of blood pressure measurements can vary according to the equipment and conditions of
measurement. Measurement on several occasions is also recommended as the diagnosis
should be made based on a series of readings with persistent blood pressure elevations.
Several guidelines exist that provide recommendations on the best way to measure and treat
hypertension®'°*'%, The Joint National Committee on Detection, Evaluation and Treatment
of High Blood Pressure, for instance, stresses the importance of equipment calibration,
patient positioning, restrictions prior to measurement and multiple measures'®’. Our quality
assessment was based, in part, on the degree to which studies adhered to these guidelines and
our analysis indicated that higher study quality is associated with higher awareness levels. In
many of the reviewed studies, standard guidelines were not being followed or studies did not
report enough information about their protocols to assess the degree to which they complied
with standard recommendations, which may partially explain why even our higher quality
studies had overall awareness estimates of only 60%. More detailed reporting on guideline
adherence is required in order to understand further the causes of heterogeneity among

studies.
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Standard quantitative indicators of blood pressure should also be consistently reported to
increase comparability among studies and allow for monitoring of trends and changes over
time. The European Health Risks Monitoring Project'’* has recommended that mean and
standard deviations of systolic and diastolic blood pressure, prevalence of actual and
potential hypertension, prevalence of antihypertensive drug treatment, awareness of elevated
blood pressure and the proportion of those with blood pressure measurement in the past 5
years all be reported. We also recommend that raw data outlining the numbers of people with
reported and measured hypertension (standard 2 by 2 tables) be presented so that diagnostic
calculated to provide a further understanding of the nature of the relationship between self-
‘reported and directly-measured estimates of hypertension. Standardized protocols for
assessing blood pressure in surveys are needed and it would be beneficial if interﬁati'onally

accepted protocols could be developed.

Conclusions

Hypertension is a leading cause of the global burden of disease with two-thirds of stroke and
one-half of ischemic heart disease being attributable to sub-optimal blood pressure levels'”.
High blood pressure can be treated, but adequate treatment and control relies on accurate
diagnosis. Self-reported data are most often used at the population level to estimate

hypertension prevalence, but reported values result in underestimates of true prevalence.

Direct measurement, when undertaken, uses diverse methods and variable reporting, which
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is not useful for national or international comparisons or for monitoring trends over time.
Data from this review indicate the importance of directly measuring blood pressure
according to standardized protocols wherever possible, and increasing population awareness
both to increase the validity of self-report and to ensure early diagnosis and treatment. In
cases where direct measurement is not possible, correction factors should be estimated to

adjust the reported estimates to more closely approximate their measured values.
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Tables and Figures

Table 1: MEDLINE search strategy

1 adult/ or aged/ or middle aged/

2 Male/

3 Female/

4 Humans/

5 lor2or3or4

6 physical examination/ or exp blood pressure determination/
7 physical measure$.mp.

8 objective measure$.mp.

9 direct measure$.mp.

10 Monitoring, Physiologic/ or Blood Pressure Monitors/
11 objective assess$.mp.

12 6or7or8or9ori0orll

13 subjective assess$.mp.

14 subjective measure$.mp.

15 self concept/

16 "Self Assessment (Psychology)"/ or self report$.mp.
17 self evaluat$.mp.

18 awaréness/ or aware$.mp.

19 13or14or1S5orl6ori7or18

20 Hypertension/ or hypertension$.mp.

21 blood pressure.mp. or Blood Pressure/

22 high blood pressure.mp.

23 primary hypertension.mp.

24 secondary hypertension.mp.

25 essential hypertension.mp.

26 diastolic blood pressure.mp.

27 systolic blood pressure.mp.

28 20 or 21 or 22 or 23 or 24 or 25 or 26 or 27

29 5 and 12 and 19 and 28
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Table 2: Assessment of quality of blood pressure measurement

1) Training

a.  Specifically (re)trained. Y/N

b.  Accuracy of observer tested. Y/N

2) Equipment

a.  Calibration / accuracy tested. Y/N

b.  Appropriate blood pressure cuffs used. Y/N

c. Mercury or validated electronic (AAMI, IP® or BHS® protocol) or calibrated and regularly re-calibrated
aneroid. Y/N

3) Participant Preparation

a.  Assessment in a quiet comfortable temperature controlled environment. Y/N
b. Participant instructed to not have heavy physical activity prior to assessment. Y/N
c. Participant instructed to not use caffeine or nicotine or vasopressor substances (e.g. decongestants) prior to

assessment. Y/N

d. Rested 5 minutes (or more). Y/N

4) Technique

a Seated with back support, legs uncrossed. Y/N

b Arm supported at heart level. Y/N

c. Cuff deflation rate of 2 mmHg per cardiac cycle (or per second) Y/N
d.  Phase V used for diastolic blood pressure. Y/N

e An average of two or more readings used. Y/N

f. Both arms assessed to determine if one arm has higher BP. Y/N

g.  An average of two or more visits used. Y/N

Footnotes: * Association for the Advancement of Medical Instrumentation; ® International Protocol;
¢ British Hypertension Society protocol; Yes answers were given a score of 1
point
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Table 5: Difference in reported and measured hypertension prevalence in studies that report both values
(studies with reported prevalence greater than measured are in italics)

Hypertension | Self-Report (%) | Measured (%) Difference
cut-point (Reported-Measured)

Overall

Alonso 2005 140/90 62.2 56.7 5.5
Amoah 2003 140/90 12.6 28.4 -15.8
Brown 2005 140/90 0 33.2 -33.2
Garbus 1976 160/90 20 40.1 -20.1
Garcia-Pena 2001 160/90 43 48.3 -5.3
Gelberg 1989 140/90 20.5 28.1 -1.6
Gentleman 1992 140/90 13.8 26.4 -12.6
Getliffe 2000 DBP 89 11 18 -7.0
Giles 1995 140/90 28 29.4 -14
Goldman 2003 140/90 30.3 57.3 -27.0
Joffres 1997 140/90 21 22 -1.0
Johnson 1994 140/90 14 38.1 -24.1
Klungel 2000 140/90 9.4 17.1 -1.7
Klungel 2000 160/95 6.7 8.8 -2.1
Lima Costa 2004 140/90 27.2 23.3 3.9
Paschal 2004 not stated 56 62 -6.0
Psaltopoulous 2004 140/90 24.2 44.4 -20.2
Reiff 2001 ‘ 140/90 22 33 -11.0
Sarafidis 2004 140/90 6 30.5 -24.5
Schoenberger 1972 160/95 8.3 11.9 -3.6
Sonmez 1999 140/90 19.4 29.6 -10.2
Sonmez 1999 160/95 19.4 22.5 -3.1
Wolffsohn 2001 160/95 39.6 66.3 -26.7
Men

Alonso 2005 140/90 21 37 -16.0
Bowlin 1993 140/90 21 37 -16
Brown 2005 140/90 0 39.10 -39.1
Gentleman 1992 140/90 11 304 -19.4
Joffres 1997 140/90 20 26 -6.0
Johansson 1999 DPB 90 4 12 -8.0
Kattainen 2002 (1978-80) 160/95 22.5 28.7 -6.2
Kattainen 2002 (1997) 160/95 32.3 37.1 -4.8
Psaltopoulous 2004 140/90 21 45.2 -24.2
Reiff 2001 140/90 17 33 -16.0
Women

Alonso 2005 140/90 22 36 -14.0
Bowlin 1993 140/90 22 36 -14
Brown 2005 140/90 0 30.60 -30.6
Furumoto-Dawson 2003 140/90 17.4 43.6 -26.2
Gentleman 1992 140/90 16.1 23.1 -7.0
Joffres 1997 140/90 21 18 3.0
Johansson 1999 DBP 90 4 12 -8.0
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Hypertension | Self-Report (%) | Measured (%) Difference
cut-point (Reported-Measured)
Kattainen 2002 (1978-80) 160/95 45.7 46.3 -0.6
Kattainen 2002 (1997) 160/95 31.9 30.2 1.7
Psaltopoulous 2004 140/90 26.4 43.8 -17.4
Reiff 2001 140/90 25 33 -8.0

DBP = diastolic blood pressure
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Potentially relevant citations identified and
screened for retrieval n=1107

Electronic searches n=920

Reference lists n=48

Key informants n=5

Grey literature n=3

Personal database n=131

N

1 Citations excluded based on abstract and

| title review n=714

I Reasons: population under 18, no direct

I measurement of BP (e.g., used medical

I records), not comparing SR and DM, direct
I comparison of SR and DM but not for

I outcomes of interest, no information on

I awareness of hypertension

l—_———————{__—___-—-l

Full text of studies retrieved for more
detailed evaluation n=393

R 2

i Studies excluded n=249

| Reasons: population under 18, analysis of

I same database, no measured hypertension or
I no comparison of reported and measured

I hypertension, summary, review or

I commentary article, medical records used as
I the direct measure, duplicate publication,
non English or French language, knowledge
or awareness of hypertension risk factors not
| hypertensive status

e

Relevant citations for inclusion
n=144

Electronic databases n=84
Reference lists n=37

Key informants n=2

Grey literature n=3

Personal Database n=18

Figure 1: Results of the literature search. BP: Blood Pressure; SR:

Self-Report; DM: Direct Measurement.
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Figure 2: Sensitivity of hypertension awareness among male and female hypertensives for the 140/90 mmHg cut
off. Study author and awareness level (95% CI) provided. Studies presented in order of sample size (smallest at top).

* based only on DBP > 95; 1 age and/or sex standardized.
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Figure 3: Sensitivity of hypertension awareness among male and female hypertensives for the 160/95 mmHg cut off.
Study author and awareness level (95% CI) provided. Studies presented in order of sample size (smallest at top).

* based only on DBP > 90; 1 age and/or sex standardized.
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Paper 3: The accuracy of self-reported smoking: A systematic review of the
relationship between self-reported and cotinine assessed smoking status

This paper has been published in:
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of self-reported smoking: a systematic review of the relationship between self-reported and
objectively assessed smoking status. Nicotine and Tobacco Research (in press).
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Abstract

Smoking is a leading cause of premature mortality and preventable morbidity. Surveillance
is most often based on self-reported data, but studies have shown that self- reports tend to
underestimate smoking status. This study systematically reviewed the literature to measure
the concordance between self—reported smoking status and smoking status determinf:d
through measures of cotinine in biological fluids. Four electronic databases were searched to
identify observational and experimental studies on adult populations over the age of 18
years. Searching identified 67 studies that met the eligibility criteria and examined the
relationship between self-reported smoking and smoking confirmed by cotinine
measurement. Overall, the data show trends of underestimation when smoking prevalence is
based on self-report and varying sensitivity levels for self-reported estimates depending on
the population_stl;died and the medium in which the biological sample is measured.
Sensitivity values were consistently higher when cotinine was measured in saliva instead of
urine or blood. Meta-analysis was not appropriate because of the substantial heterogeneity
among the cut-points used to define smokers and the poor reporting on outcomes of interest.
Further research in this field would benefit from the standardization of cut-points to define
current smokers and the implementation of standard reporting guidelines to enhance
comparability across studies. Accurate estimation of smoking status is important as data
from population studies such as those included in this review are used to generate regional
and national estimates of smoking status and in turn are used to allocate resources and set

health priorities.
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Introduction

Smoking is a leading cause of premature mortality and preventable morbidity worldwide,
globally responsible for an estimated 26 million years of life lost'. The estimated economic
burden of tobacco use was almost 18 billion dollars in Canada in 2002” and in the United
States tobacco was responsible for $75 billion in direct medical costs, and $82 billion in lost

productivity’.

Tobacco surveillance is often based on self-reported information, usually generated from
population level surveys, yet studies have suggested that self-reported estimates may
underestimate true smoking prevalence4'6. Socially undesirable behaviours are particularly
prone to under-reporting””® with the degree of bias dependent on the population examined.
For example, among populations where smoking is seen as particularly undesirable, such as
in pregnant women’ or individuals suffering from smoking-related diseases'’, the
discrepancy between measured and reported smoking rates can be high. Increased public
health concerns about the dangers of active and passive smoking have strengthened the
perception of smoking as a socially undesirable behaviour, which could further undermine

the validity of self-reported estimates’.

Many studies have investigated the accuracy of self-reports of tobacco use, most often
through biochemical validation of cotinine, carbon monoxide, nicotine or thiocyanate
levels' "' but the conclusions from these studies have not been consistent with sensitivity
values ranging from 0" to 100%'*. In order to draw definitive conclusions about the

accuracy of self-reported smoking a comprehensive systematic assessment of the
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relationship between estimates of smoking status determined through self-report and those
based on direct measurement is required. Such an assessment is important because accurate
information about the prevalence of tobacco smoking is required in order to monitor
population health, assess health risks, and evaluate smoking reduction and cessation

interventions'.

This study presents results from the first known systematic review of the literature to
measure the concordance between self-reported smoking status and smoking status
determined through measures of cotinine in biological fluids. Cotinine is recognized as the
most appropriate indicator of tobacco smoke exposure, except in persons using nicotine
replacement therapy, and is widely accepted and used, despite costing more than other
‘biom'arkerslz’m’w, This review is limited to studies that used cotinine as an indicator of
cigarette smoking, because unlike carbon monoxide and thiocyanate, cotinine is not
influenced by diet or pollution exposure. It also has a longer half-life and is less dependent
on temporal factors than nicotine'>'®. In addition as large scale population health surveys
such as the National Health and Nutrition Examination Surveys (NHANES) in the United
States and the Canadian Health Measures Survey (CHMS) in Canada rely on cotinine as an
indicator of smoking status, focusing on cotinine increases the relevance of this review for

population health research.

Although there have been previously published reviews assessing the validity of self-

17,18,20

reported smoking none of these reviews were systematic and they were limited by the

small number of studies examined, the types of studies included, the mediums of
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measurement (e.g., Patrick and colleagues'’ included no urinary measures) and their age (the
most recent was published 14 years ago). In addition, given the relationship between
reporting bias and social desirability, and the decline in the social acceptability of smoking
in recent years, regular updates of the literature are required in order to determine if the bias
changes as the social acceptance of smoking changes. Moreover, in 2002 the Society for
Research on Nicotine and Tobacco’s Subcommittee on Biochemical Verification (SRNT)19
published a series of recommendations outlining for instance, the most appropriate
biochemical markers and cut-points for determining smoking status and the acceptable time
lag between self-reported smoking and biochemical verification. They called for future
research to further examine the utility of biochemical verification across a range of studies
and populations. This review attempted to address this gap in the literature and also assess
the degree to which the SRNT recommendations have been addressed in the design, conduct

and reporting of validity studies since their report was released.

Methods

Studies were eligible for inclusion if they collected data on, and directly compared, self-
reported smoking status and cotinine measures that were taken from a biological specimen.
Only studies examining adult populations (mean age of participants was 18 years of age or

older) were eligible for inclusion. This review focused on regular cigarette smoking only.

Eligible self-reported measures of cigarette smoking included interviews, questionnaires,
surveys, unstructured or informal inquiries. Studies providing self-reported data by proxy

were excluded. Cotinine could be measured in any medium including blood (serum, plasma
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or whole blood), urine, saliva, or hair samples. Studies that examined either self-reported
cigarette smoking or directly measured cotinine levels, but not both, were excluded. Studies
were included regardless of study design or publication status. No language restrictions were
imposed in the literature searching. Abstracts and letters were included if they provided

sufficient details to meet inclusion criteria.

Given that the review focused on studies that directly compared self-reported and cotinine
assessed smoking status, some smoking cessation studies of general population smokers
were not included. Because cessation studies are aimed at helping smokers to quit, they tend
to focus on confirmed smokers and many cessation studies do not specifically examine the
consistency between measured and reported estimates, which makes them ineligible for

inclusion in this review.

Search Strategy

The following bibliographical databases were searched: Medline (up to 2006 October week
1); EMBASE (up to 2006 week 41); CINAHL (up to 2006 October week 2); and PsycINFO
(up to 2006 October week 2). The search strategy used for MEDLINE is provided in Table
1, and was modified according to the indexing systems of other databases. The OVID
interface was used for all searches. Grey literature such as published abstracts and
conference proceedings, theses and dissertations, and government and organizational reports
were also identified where possible. The database of the Tobacco Control Programme at
Health Canada (Canada’s Federal Department responsible for health) was also searched.

This database contains over 13,000 tobacco-related records.
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Titles and abstracts of potentially relevant citations were first reviewed to assess
correspondence to the inclusion criteria. The full text of all articles that met the criteria was
then further screened by two independent reviewers. The bibliographies of texts were also
searched in order to identify additional studies, which were subsequently retrieved.
Disagreements between reviewers occurred in slightly more than 1% of the studies
examined; they were discussed and in all cases a consensus was achieved through these

discussions.

Standardized data abstraction forms were completed by one reviewer and verified by the
other. Information was extracted on the study design, participant characteristics, sample size,
measurement medium, measurement device, cut-point used for defining regular smokers,
and the time delay between self-report and direct measurement. The main outcome in this
review is the sensitivity of self-reported current smoking status using the biological measure
of cotinine as the “gold standard” (i.e., fraction of true smokers who self-identify).
Information to permit calculation of sensitivity and associated measures of variance was
therefore extracted. Reviewers were not blinded to the authors or journals when extracting

data.

When necessary data were not reported in the articles, authors were contacted and asked to
provide the missing details. Authors of 34 studies were contacted and additional information

was received for six studies.
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Quality Assessment

All studies were assessed to determine their methodological quality. The Downs and Black
‘checklist for measuring study quality’21 has been recommended for assessing quality in

2223 and was used in this review. However, as not all items were relevant

systematic reviews
to the studies included in this review a modified version of the checklist was employed with
the following items omitted: items 5 and 8 in the reporting scale, items 14 and 19 in the
section on bias, items 21-26 relating to confounding and item 27 addressing power. The
final checklist consisted of 16 items with a maximum score of 16 points (with higher points
indicating superior quality) rather than the original 32 points. The checklist covered the
categories of reporting, external validity and internal validity (bias). Studies were assessed
based on the degree to which they presented data relating to the outcomes studied in this
.reyiéw even if these were only secondary outcomes in the studies. The quality assessment

was undertaken independently by two assessors; discrepancies in scoring occurred in

approximately 2% of cases. These were discussed and consensus was achieved in all cases.

Results

Description of Studies

Two hundred and ninety-eight citations were identified based on the preliminary search of
electronic databases, reference lists, and grey literature (see Figure 1). Of these 63 were

identified in MEDLINE, an additional 65 in EMBASE, 75 in CINAHL and 11 in PsycINFO.

After a preliminary title and abstract based review, 122 full text articles were retrieved for
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4-7,9-14,16,20,24-78

further assessment. Of these 67 met the criteria for inclusion and their

characteristics are described in Table 2.

Studies were published over a 23 year period from 1983 to 2006. The primary aim of the
papers differed but each of the included studies collected a biological measure of cotinine
and a measure of self-reported smoking status. Of the 67 studies that were retained 55 were
of varying observational designs and 12 had experimental or quasi-experimental designs. All

studies were written in English.

Participants in the studies ranged from 12 to 89 years of age. Although the focus of the
review is on those aged 18 and over, studies that had a range of ages less than 18 years were
not excluded as long as the mean age of the sample was over 18 years. Sample sizes ranged
from a low of 30°**® to a high of almost 10,000 in Woodward’s work with the Scottish Heart

Health Study’’. Research from 18 countries is represented.

Different questions were used to measure current reported smoking status. Some studies
asked if respondents were current regular smokers, while others asked them to estimate the
numbers of cigarettes smoked per day. Most studies measured cotinine in saliva (n=29),
urine (n=21) or serum (n=20). One study collected cotinine in semen, one in cord serum and
one in infant meconium. No studies that measured cotinine in hair samples met the inclusion
criteria. Samples were most often collected in a hospital or clinic setting, although in some
cases data were collected in the home or worksites. In the majority of studies there was no

delay between the self-reporting of smoking status and cotinine sampling, however, delays
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of up to several weeks were reported in some instances. Cut-points used for determining
whether an individual was classified as a smoker were highly variable ranging from 50
ng/mL to 500 ng/mL (284 nmol/L to 2837.5 nmol/L) in urine, from 8 ng/mL to 100 ng/mL
(45.4 nmol/L to 567.5 nmol/L) in serum and from 7 ng/mL to 44 ng/mL (39.7 nmol/L to 250"
nmol/L) in saliva. Nine studies corrected urinary cotinine concentrations for creatinine
excretion to account for dilution effects. All cut-points were converted to SI Units

(International System of Units) for comparison purposes using the following formula:

ng/mL*5.675 = nmol/L”.

Quality Assessment

All studies scored maximum points for clearly describing study objectives, main outcomes to
be measured, p_art.icipant characteristics and the main findings of the study. Although most
studies carried éut some sort of significance testing on results, many studies did not report
the actual probability values associated with the estimates or their associated measures of
random variability (e.g., standard error or confidence intervals). Fifty-four per cent (36/67)
of studies did not report the characteristics of participants lost to follow up (for the purposes
of this review the follow-up period is defined as the time between the self-report and

biospecimen sampling).

In order to score maximum points (three) in the external validity section, studies must have
reported that study participants, both those who were recruited and those who agreed to
participate, were representative of the population from which they were recruited and that

the staff, places and facilities where participants were interviewed and examined were
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representative of the assessment the majority of patients would receive. Sixty per cent
(40/67) of studies received a point for demonstrating that the subjects asked to participate in
the study were representative of the source population. However, 88 per cent (59/67) of
studies failed to validate that the subjects who did participate were representative of the

broader population.

All studies received three or more of a possible five points in the internal validity category.
However, only 14/67 studies blinded those collecting and analyzing the cotinine samples to

: ,12,14,24,42,43,48,56,62,64,66,68,70,
the reported smoking status of respondents® 12,14,24,42,43.,48,56,62.64.66.68,70.78

Data Synthesis

Fifty four studies (including sub-studies when more than one study was described in a single
publication) compared prevalence estimates of smoking based on self-reported and measured
values. Figure 2 displays the difference in prevalence (or bias) when smoking prevalence is
based on self-reported versus directly measured values. Negative values indicate that self-
reported estimates underestimate prevalence while positive values indicate overestimation
(see Figure 2). In most cases self-reported smoking prevalence was lower than the directly
measured value with the difference ranging from 1% to 47%. There were five studies in
which the absolute difference (reported — measured) was greater than 24%; two of these
were studies of pregnant women®"*, one of participants in a smoking cessation intervention®’

and one of patients with coronary heart disease™. In three studies> %%

the self-reported and
measured estimates were identical, and self-report overestimated true smoking status in 11

studies. The mean difference between reported and measured prevalence estimates was -4.8
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% for studies that measured cotinine in saliva, -6.2 % for those measuring cotinine in serum,
blood or plasma and -9.4 % when cotinine was measured in urine. Studies in Figure 2 are
ordered according to their year of publication; there does not appear to be a trend of

increasing or decreasing bias over time for any of the collection mediums.

In order to examine whether study quality was associated with either reported or measured
smoking prevalence, studies that included prevalence estimates were divided into two groups
using the median of the quality scores to determine if the study could be considered of
“higher” or “lower” quality. Studies scoring 13 points or more on the quality assessment tool
were considered to have higher quality for the purposes of this comparison, while those
scoring less than 13 points were considered to be of lower quality. The mean self-reported
“smoking prevalence was 25% for lower quality studies and 39% for the higher quality

studies, while the cotinine confirmed smoking rate was 31% and 45% respectively. '

Figures 3-5 plot the sensitivity values and 95% confidence intervals for the studies where
this information was provided or could be calculated. Cotinine was most commonly
collected in serum, plasma or whole blood (Figure 3), urine (Figure 4) or saliva (Figure 5)
and therefore the plots are structured according to these mediums. Sensitivity values of
100% indicate that all “true” smokers accurately reported their smoking status; as sensitivity

decreases misclassification increases.

Nineteen studies provided sensitivity values judged against cotinine measured in serum,

plasma or whole blood. Sensitivity in these studies ranged from 0 in a study of men at high
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risk of cardiovascular disease'” to 98% in Suadicani and colleagues’® analysis of data from
the 15 year follow-up of the Copenhagen Male Study, a prospective cardiovascular study of

men aged 40 to 59 years (see Figure 3).

Ten studies provided sensitivity estimates for cotinine values measured in urine. Sensitivities
ranged from 30% in Miwa and colleagues”®® analysis of coronary heart disease patients and
Walsh’s 1996 study of pregnant women’' to 100% in a sample of patients at a

mammography clinic'® (see Figure 4).

The highest and most consistent sensitivities were found when cotinine was measured in
saliva (see Figure 5). The 15 studies in Figure 5 show the highest and least variable
sensitivities. With the exception of Phillips and colleagues’>® study primarily concerned with
assessing environmental tobacco smoke, the sensitivities in saliva ranged from 78% to 97%,
and in almost half (47%) sensitivities were above 90%. Studies that rated higher on the
quality assessment tool had higher sensitivities in blood and saliva than lower quality studies

(data not shown).

Meta-analysis was not appropriate because of the substantial heterogeneity among the cut-
points used to define smokers within each of the measurement mediums, and the significant
amount of information that was missing from the studies (which would have allowed us to
calculate sensitivity values and associated measures of error for more of the studies). Overall
effect sizes, to summarize the magnitude of the discrepancy across the mediums, could

therefore not be calculated; however, average unweighted (not weighted by sample size or
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variance) sensitivity values of studies with available data in our review were 86% in saliva,

76% in blood and 75% in urine.

Discussion

To the authors’ knowledge, this review represents the most up-to-date, comprehensive and
systematic attempt to examine the relationship between self-reported and directly measured
estimates of smoking status in the international literature. Overall, the data show trends of
underestimation when smoking prevalence is based on self-report and varying sensitivity
levels depending on the population studied and the medium in which the biological sample is

measured.

| Sensitivity values were consistently higher, and the discrepancy between reported agd
measured prevallence was lower, when cotinine was measured in saliva instead of urine or
blood. Salivary cotinine is also among the least invasive sampling techniques. Past research
has found the cotinine levels in all three mediums are correlated®’*#3 with decisions about
which method to use often dependent on the study setting. A distinction also needs to be
made between stimulated and unstimulated saliva sampling because the concentration of
cotinine has been shown to be higher in unstimulated saliva sample327’81; patient
acceptability is also higher for the collection of unstimulated compared to stimulated
saliva®’. Studies in this review were not examined according to whether saliva samples were

stimulated because not all studies provided enough information about the sampling

technique to determine if the sample was stimulated.
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Results from past analyses have suggested that the sensitivity of cotinine (compared to self-
report) is high, often greater than 90%'®'®. Patrick and colleagues analysis'’, which
combined data across different measurement mediums, biochemical measures and cut-points
indicated that the average unweighted sensitivity for the studies they examined was 88%,
leading them to conclude that self-reports are accurate in most cases. Average unweighted
sensitivities of studies with available data in our review were lower with sensitivities of 86%
in saliva, 76% in blood and 75% in urine. In addition, qualitative observations indicated that
studies with higher scores on our quality check list had higher sensitivity values in blood and
saliva and higher reported and measured smoking prevalence rates. Although these results
must be interpreted cautiously in light of the high degree of missing data, they do suggest
that sensitivity levels may be lower than previously believed and that better internal and

external validity and data reporting can affect sensitivity and prevalence estimates

A qualitative examination of our data indicates that there is not a clear relationship between
the cut-point used to determine smoking status in the biochemical measure and the
sensitivity values in any of the mediums examined. The SRNT paper19 concluded that the
sensitivity (and specificity) of cotinine had little variation around a small range of cut-points
(10 ng/ml to 20 ng/ml) but cut-points in the studies in our review ranged from a low of 8
ng/ml to a high of 100 ng/ml (in serum). With such a large range it could be expected that
cut-points would affect the sensitivity values. However, we would argue that too much data
are missing from the studies in order to infer that there is no sensitivity cut-point

relationship. Of the 67 studies included in the review only 44 provided sufficient data to
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examine sensitivity values and of these the quality of the study design and reporting of study

characteristics varied.

A meta-analysis would have allowed us to estimate overall effect sizes for each of the
collection mediums and undertake sensitivity analyses to further understand the determinants
of high and low sensitivity values. However, inconsistent methods and reporting among
included studies made such an analysis methodologically inappropriate.

Further research in this area would benefit from greater consistency in study designs and
reporting of resq]ts to facilitate comparisons. For instance, the gold standard used for
sensitivity calculations in some studies was the self-reported estimate rather than the

objective measure™'*+5%62

, and in many cases not enough data were presented to allow us to

‘re-calculate the sensitivity value using the objective estimate as the criterion measure. We
recommend that authors present all the relevant data from their studies in standard 2 by 2
tables so that not only sensitivities, but also specificities and positive and negative predictive
values can be calculated from their estimates. This enhances their applicability to population

health research and practice as different users will then be able to extract the most relevant

data to meet their needs.

Cut-points used to identify a “regular smoker” also need to be standardized. The SRNT has
recommended that cut-points of 15 ng/ml (85 nmol/L) in plasma or saliva and 50 ng/ml (283
nmol/L) in urine be used in validation studies'. Sensitivities for alternative cut-points may
be required in special populations such as in pregnant women or members of different racial

28,82

groups and these could be presented in addition to, rather than instead of, the standard
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cut-points. Moreover, although some studies continue to adjust urinary cotinine levels for
creatinine concentration, there is indication that this adjustment is not necessary'”*’. When
authors choose to use adjusted estimates, both the adjusted and unadjusted numbers should

be reported to enhance study comparability.

These recommendations are not new and calls for better reporting in this field have been
made by other researchers'’ culminating in the SRNT recommendations that were released in
2002, Yet, methods and reporting have not been standardized in most validation studies.
For example, of the 22 studies included in our review that were published after the 2002
SRNT recommendations, 14 provided enough information to calculate sensitivity values and
only 5 reported results using the recommended cut-points. More emphasis needs to be placed
on ensuring that researchers follow recommended procedures for measuring and reporting
data so that we can gain a better understanding of the actual sensitivity and specificity values

and their determinants and to examine the appropriateness of existing recommendations.

Although we had hypothesized that the reporting bias may have increased in recent years,
there was no trend of increasing or decreasing bias in the accuracy of reported estimates over
time in the studies examined in this review. This may be because the differences in study
populations, designs and analyses made it difficult to directly compare studies over time or
because there has indeed been no systematic change in the bias. Historical analyses of past
databases that include both measured and reported smoking data may help to clarify if the

bias is shifting.
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This review has several limitations; biochemical markers, although seen as the criterion
measure for assessment, are not without flaws. For instance, cotinine levels can be elevated
in users of chewing tobacco or nicotine containing products such as gum or the transdermal
patch64’67. While this review attempted to focus only on cigarette smoking, there is a

potential for contamination. In addition, although cotinine has been shown to distinguish

active smokers from non-smokers and even passive smokers’*#%

, there is a grey zone
where it becomes difficult to differentiate between occasional smokers and those exposed to
environmental tobacco smoke®. This problem is further compounded by individual
variability in mef[abolism, inhalation patterns and brand of cigarette smoked, each of which
can impact the amount of cotinine that is in the body at the time of measurement’ !, More

research is required to determine how to best validate occasional smoking and environmental

_tobacco exposure.

Overall, self-reports underestimated true smoking prevalence in most studies in this review
but the sensitivities and cut-points used to define them were highly variable and the
sensitivities were influenced by the medium of measurement. The costs and benefits of
direct measurement need to be considered in any study in order to determine if the added
resources required for personnel training and lab analysis justify the increased precision in
results. Biochemical verification provides an objective alternative to reported estimates and
has the further advantage of quantifying environmental tobacco exposure, which is difficult
to accurately self—report87’88, but may not always be feasible for measurement in large scale

population studies. In cases where biochemical verification is not possible, correction factors
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could be estimated to adjust the reported estimates to more closely approximate their

measured values.

At the population level, underestimates in smoking prevalence have important implications
as these data are used to monitor smoking trends, justify spending for research and tobacco
control programming and to estimate tobacco-related risks of disease. Regular monitoring of
this literature is important to determine if the bias is changing, to further understand the
factors associated with the bias, and to determine if the quality of reporting results is
improving. The discussion remains relevant because although some population studies (e.g.,
NHANES) are now collecting biochemical measures to verify smoking status much of our
surveillance data continues to be based on self-reported information (because of costs and
other constraints). Understanding the degree of bias is important in determining the degree to
which self-reported data are providing accurate estimates of smoking prevalence rates. New
research is emerging that is indicating that well known relationships, such as between
obesity and disease are exaggerated when the risk factor data (obesity) are based on reported
versus measured estimates®®°. It is possible that similar differences may also emerge in the
relationship between smoking and disease if there is a substantial underreporting of smoking
rates. Conscientious efforts to adopt robust surveillance procedures and further understand

bias in self-report methodologies will help to reduce potential interpretation errors.
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Tables and Figures
Table 1: MEDLINE search strategy

1

NoRv BN e MRV i " I

W W W W RN DN NN DN DR = = et e e e e e e e
W N = O WK 2O h W= O YKL s W —O

Adult/

Female/

Male/

Middle Aged/

Aged/

Human$/
lor2or3or4orS5or6
Direct measure$.mp
Physical measure$.mp
Objective measure$.mp
Blood/ '

Hair/

Urine/

Saliva

exp Biological Markers/
8or9or10orllorl12orl3orl4orl5
Self concept/

* Self report.mp

Subjective measure$.mp

Subjective assess$.mp

Self evaluat$.mp

Self assess$.mp

Truth Disclosure/

17 or 18 or 19 or 20 or 21 or 22 or 23
Smoking

Cotinine

Nicotine

Tobacco Smoke Pollution

Smoke$/

Environmental Exposure

Cigar$.mp

25 or 26 or 27 or 28 or 29 or 30 or 31
7 and 16 and 24 and 32
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Potentially relevant citations identified and
screened for retrieval n=298

Electronic searches n=214

Back referencing n=47

Tobacco Control Program database= 37

Citations excluded based on abstract and :
title review n=176 !
Reasons: no direct measure of cotinine n=24, |
no self-reported measure of smoking status |
n=5, population under 18 n=13, no !
comparison of self-report and direct measure :
n=33, not relevant n=80, not based on |
cigarette smoking n=18, review article n=1 1

1

—_— e m - ———

Full text of studies retrieved for more
detailed evaluation n=122.

: Studies excluded n=55 I
I Reasons: no direct measure of cotinine n=9, 1
' no self-reported smoking status n=4, |
: population under 18 n=13, no comparison of :
| self-report and direct measure n=20, not I
| based on cigarette smoking n=4, review i
| article n=3, duplicate publication n=2 i
| i
| |
| |

Relevant citations for inclusion
n=67

Electronic databases n=32
Reference lists n=24

Tobacco Control Database= 11

Figure 1: Results of the literature search.
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Figure 3: Sensitivity of self-reported smoking versus blood (serum, plasma, whole blood)
cotinine among male and female smokers. Study author and sensitivity level (95% CI)
provided. Studies presented in order of cotinine cut-off value (smallest at top).
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Figure 4: Sensitivity of self-reported smoking versus urine cotinine among male and female
smokers. Study author and sensitivity level (95% CI) provided. Studies presented in order of

cotinine cut-off value (smallest at top).
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Figure S: Sensitivity of self-reported smoking versus saliva cotinine among male and female
smokers. Study author and sensitivity level (95% CI) provided. Studies presented in order of

cotinine cut-off value (smallest at top).
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Abstract
Background

Self-reports underestimate the true prevalence of obesity. This study examined the feasibility
of developing correction factors to adjust self-reported measures of Body Mass Index (a
proxy for obesity) to more closely approximate measured values.

Data and Methods

Data are from the 2005 Canadian Community Health Survey (sub-sample 2) where
respondents were asked to report their height and weight and were subsequently measured.
Regression analyses were used to determine which socio-demographic and health
characteristics were associated with the discrepancies between reported and measured
values. The sample was then split into two groups. In the first, the self-reported BMI and the
‘predictors of the discrepancies were regressed on the measured BMI. Correction equations
were generated nsing all predictor variables that were significant at the p<0.05 le\llel.‘ These
correction equations were then tested in the second group to derive estimates of sensitivity,
specificity and of obesity prevalence. Logistic regression was used to examine the
relationship between measured, reported and corrected BMI and obesity-related health
conditions.

Results

Corrected estimates provided more accurate measures of obesity prevalence, mean BMI and
sensitivity levels (% correctly classified). Self-reported data exaggerated the relationship
between BMI and health conditions, while in most cases the corrected estimates provided

odds ratios that were more similar to those generated with the measured BMIL.
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Interpretation

Corrected estimates, though not perfectly predictive of the measured values of BMI, more
closely approximate the measured values than the self-reported estimates, which
substantially underestimate obesity prevalence and overestimate the relationship beiween

obesity and disease.
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What is already known on this subject?
e Self-reported estimates of obesity underestimate true prevalence and overestimate the
relationship between obesity and obesity-related health conditions.
e For fiscal and logistical reasons, population health surveillance in Canada is based

mostly on self-reported information.

What does this study add?
e Correction factors can be generated to adjust self-reported data to produce more
accurate estimates of obesity.
e Although not perfectly predictive of the measured values of BMI, they are an
improvement over the self-reported estimates.
. Corrected estimates of BMI are recommended for use in future analyses of adult

populations with the 2005 Canadian Community Health Survey.
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Introduction

Obesity is a growing public health problem in both the developed and developing world.
Globally it is estimated that approximately 400 million people are obese', while in Canada
the prevalence is estimated to be 23% in adults® and 8% in children®, with rates expected to
rise in the coming years*. The economic costs of obesity in Canada represent

approximately 2% of total health care costs’.

Because of the costs of collecting measured data, national estimates of the prevalence of
obesity and obesity-related conditions tend to be based on self-reported survey data. In most
countries the Body Mass Index (BMI) is used as the measure of obesity because it can be
easily calculated based on reported estimates of height and weight. However, in both clinical
and population samples there is a tendency for self-reports to overestimate height and
underestimate weight, which results in a systematic underestimation of obesity’ '°. This trend
has recently been confirmed in a systematic review of 64 international studies'' as well as in

Canadian research'?.

Underestimating the prevalence of obesity is significant both because the condition itself can
cause significant social and physical impairment and because it is a risk factor for future
disease'>". Research has shown that when estimates of obesity are based on self-reported
data, the relationship between obesity and obesity-related health conditions such as diabetes,

hypercholesterolemia, hypertension, arthritis and heart disease is substantially exaggerated'®

18
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Given the reality that a great deal of p;)pulation health surveillance will continue to be based
on self-reported data, it has been suggested'? that reported estimates of obesity could be
adjusted to more closely approximate their measured values. Using data from the Canadian
Community Health Survey (CCHS) in which both measured and reported height and weight
were collected on the same individuals, this study examines the feasibility of developing
correction equations to adjust reported estimates and assesses whether they impr‘ove' the

estimation of obesity (when based on BMI).

Methods

Data for this study come from the 2005 CCHS. The CCHS is an ongoing cross sectional
survey designed to provide timely cross-sectional estimates of health determinants, health
status and heahh ‘system utilization at a sub-provincial level®®. Sampling is based on a multi-
stage cluster sarﬁpling technique that is representative of over 98% of the Canadian
population (individuals living on Indian Reserves or Crown lands, residents of institutions,
Canadian Armed Forces and certain remote regions are excluded). Three sampling frames
were used to select the sample of households for the 2005 survey: 49% of the sample of
households came from an area frame, 50% came from a list frame of telephone numbers and
the remaining 1% came from a Random Digit Dialing (RDD) sampling frame. More details

about the CCHS are available in Béland, 2002%'.

The 2005 CCHS collected data from 132,947 respondents, yielding a response rate of 79%.
As part of the 2005 CCHS a sub-sample of 7,376 respondents aged 12 years and older were

asked to self-report their height and weight and then, later in the interview, they were
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directly measured by Statistics Canada interviewers. These participants were all drawn from
the area frame and were selected across the ten provinces in proportion to their population
sizes (residents of the territories were excluded). Measures of height and weight were
obtained for 4,735 of these respondents, giving a response rate of 64% (the main reason for
non-response was refusal). Because of the high rate of non-response, an adjustment was
made to minimize non-response bias; a special sampling weight was created by
redistributing the sampling weights of non-respondents (to measured height and weight) to
respondents using response propensity classes. The variables used to create these classes
included region (British Columbia, Prairies, Ontario, Quebec, Atlantic provinces), age, sex,

household size, marital status, rural/urban indicator, and quarter of data collection.

The present study included adults aged 18 years or older because children are still in a stage
of development where weight and height may change over short periods of time. It has also
been suggested that reporting error in children and adolescents may be of a different nature
than that in adults'®. Females who were pregnant (n=47) or breastfeeding (n=58) were also
excluded as the BMI is not recommended for use in these groups. Respondents for whom the
difference between the reported and measured estimates of height, weight or BMI were more
than 3 standard deviations from the mean were considered outliers and were excluded from
the analysis (n=43, n=44 and n=39 respectively). This left 4080 respondents with measured

and reported values for height and weight.

CCHS interviewers were trained to measure height and weight. Height was measured to the

nearest 0.5 cm (without shoes) with a measuring tape attached to the wall. Weight was

193



measured to the nearest 0.1 kg (without shoes) with a calibrated digital scale (ProFit UC-321
made by Lifesource). The interview was approximately 50 minutes long and took place in
the respondent’s home. Reported height and weight were collected near the beginning of the
interview, while the measurements were taken near the end. Respondents were not told that
they would be measured. Self-reported height and weight were collected with the questions:
“How tall are you without shoes on?” and “How much do you weigh?”. Categories for
height in feet and inches were listed on the questionnaire with corresponding metric values
in brackets. Interviewers were instructed to round up to the closest inch for respondents who
reported half inch measures. If asked, interviewers were instructed to tell respondents to
report weight without clothing. After reporting their weight, respondents were asked if they

had reported in pounds or kilograms. Most respondents (94%) reported in pounds.

Bias in Reported Estimates

The first step was to use the full sub-sample (n=4080) to determine which factors were
associated with the bias between the reported and measured estimates. The bias was
calculated by subtracting the measured value from the reported value; negative values
indicated underestimation and positive values indicated overestimation. Multiple linear
regression was used with the bias as the dependent variable in the model and socio-
demographic and health variables, selected based on a review of the literature, entered as
independent variables. Separate models were estimated with the bias in weight, height and
BMI as outcome variables. All models were estimated separately for males and females
because the bias has been shown to differ between these two groupss’22'24. Significant

variables (p<0.05) were used to develop the correction equations.
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The sample was then randomly divided into two parts, split sample A and split sample B.
Split sample A was used to generate the correction equations using the variables that were
significantly associated with the bias in height, weight and BMI that were identified in the
first step of the analysis. Split sample B was used to test them. In order to generate the
correction equations the measured value was used as the outcome variable and the self-
reported value and any variables that were significantly associated with the bias from the
first part of the study were used as independent variables. Only significant independent
variables (or categorical variables for which at least one category was significant) were

retained for the final correction equations.

Four models were tested, two Full Models and two Reduced Models. In model 1 (the first
Full Model) estimates of height and weight were first adjusted based on the predictors that
were significantly related to the reported-measured bias in height and weight (respectively)
in step 1. BMI was then calculated using the adjusted values of height and weight. In model
2 (the second Full Model) BMI was adjusted by regressing the predictors of the bias in BMI
from step 1 directly onto measured BMI. The reduced models were similar, except that only
the reported estimates of height, weight and BMI were used as independent predictors of the

measured values. The models are as follows;

Full Models:
Model 1 (Full - Height and Weight):
Weighteasured = bo+bi(Weight eporea)+ba(var 1)+bs(var 2)+bi(x;).. .+error

Heightieasured = botbi(heightieponea)+bao(var 1)+bs(var 2)+bi(x;). .. +error
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Model 2 (Full - BMI):

BMIcasurea = bo+bi(bMieporea)+ba(var 1)+bs(var 2)+bi(x;). .. +error

Reduced Models:
Model 3 (Reduced - Height and Weight): '
Weightmeasured = bot+bi(Weight,eporeq)+error

Heighteasured = bot+bi(heightyeporeq)+error

Model 4 (Reduced - BMI):

BMImeasured = b0+b 1 (bmireported) +error

.All ahalyses were again run separately for males and females. Interactions and quadratic |
terms were tested as appropriate. In order to estimate the regression equations, allrva'riables
were entered into the models simultaneously but only significant variables were retained to
generate the final correction equations. Final models were tested to ensure they met the

assumptions of independence, linearity, equal variance and normality.

Once the correction equations were generated from split sample A, they were applied to the
data in split sample B. Descriptive statistics (means, prevalence of selected categories) were
used to compare the reported, measured and corrected estimates of obesity. Sensitivity (the
proportion of obese respondents, based on the measured values, who were classified as such
based on the reported or corrected estimates) and specificity (the proportion of the non-obese

who were correctly classified based on the reported or corrected estimates) were used to
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indicate whether the corrected estimates improved BMI classification compared to the
reported estimates. Respondents were categorized according to the World Health
Organization25 and Canadian classification gu.idelines26 which characterize individuals into
underweight (BMI <18.5 kg/mz), normal weight (BMI 18.5-24.9 kg/mz), overweight (BMI

25.0-29.9 kg/mz) and obese (BMI 30.0 kg/mzor over) categories.

Logistic regression was then used in order to determine if the corrected estimates more
accurately modeled the relationship between obesity and obesity-related health conditions
than self-reported values. All models controlled for age and sex and examined the
relationship between BMI (measured, reported and corrected) and one of the following six
obesity-related conditions: diabetes, heart disease, hypertension, arthritis, activity limitations
and fair or poor self-rated health. This analysis was restricted to those aged 40 years or older

because these conditions are more prevalent in these age ranges.

Data were appropriately weighted and all measures of variance were estimated with the
bootstrap technique to account for the CCHS’s complex survey design®*®. SAS (version

9.1) was used for all analyses.

Definitions

The socio-demographic variables included age (divided in 7 groups, 18-24; 25-34; 35-44;
45-54; 55-64; 65-74 and 75 years and older); the respondent’s highest level of education
divided into 4 categories: no secondary school diploma, secondary school diploma, some

post-secondary studies, post-secondary degree; geographical region of the country (Atlantic,
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Québec, Ontario, West, British Columbia); urban or rural area; employment status the week
prior to the interview (full time, part-time or not working); immigrant status (<10 years,>10
years in Canada, Canadian born); ethnicity (collapsed due to sample size into White, East
and South East Asian and Other); and household income. Household income groups were
derived by dividing the total household income from all sources in the previous 12 months
by Statistics Canada’s low-income cutoff (LICO) specific to the number of peoplle in the
household, the size of the community, and the survey year. These adjusted income quotients

were grouped into deciles.

The health conditions included self-declared health status and mental health status
(dichotomized into fair or poor versus good, very good, or excellent); activity limitations
“imposed by a long term health problem (sometimes/often versus never); smoking status
(daily or occasional versus non smoker); self-perceived stress (most days are quité a bit or
extremely stressful versus a bit or not very stressful); life satisfaction (dissatisfied or very
dissatisfied versus satisfied or very satisfied); the perception of weight (overweight,
underweight or about right); number of physician consultations in the past year
(continuous); and chronic conditions (asthma, arthritis/rheumatism, hypertension, diabetes,
heart disease, cancer, mood disorders). Sample sizes were too small to examine associations
with eating disorders. Leisure-time physical activity level was based on total energy
expenditure (EE) during leisure time. EE was calculated from the reported frequency and
duration of all of a respondent’s leisure-time physical activities in the three months before
the 2005 CCHS interview and the metabolic energy demand (MET value) of each activity,

which was independently established.
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EE = Z(Ni*Di*METi / 365 days), where
Ni = number of occasions of activity i in a year,
Di = average duration in hours of activity i, and

METi = a constant value for the metabolic energy cost of activity i.

An EE of 3 or more kilocalories per kilogram per day (KKD) was defined as active; 1.5 to

2.9 KKD, moderately active; and less than 1.5 KKD, inactive.

The influence of end digit preference (the tendency to round responses to numbers ending in
0 and 5) was also examined for weight as past research has indicated that it has been
associated with a reporting bias®'®*°. In fact, in the CCHS the majority of respondents (73%
of males and 67% of females) reported values for their weight that ended in O or 5, although
it would be expected that by chance only about 20% of respondents would have end-digits of

Oors5.

Results

Consistent with past research, mean values of self-reported height were over-estimated while
weight and BMI were under-estimated. Males overestimated height by 1.08 cm and
underestimated weight by 1.84 kg and BMI by 0.94 kg/m®. For women height was
overestimated by 0.56 cm and weight and BMI were underestimated by 2.47 kg and 1.19

kg/m®.
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In order to estimate the correction equations the significant factors from the linear
regressions that were associated with the bias in reported weight, height and BMI were
retained (data not shown). The data were then randomly split into two parts; split-sample A
and split-sample B, each containing approximately 50% of the respondents (2029 or 49.7%
and 2051 or 50.3%, respectively). The regression models used to generate the correction
equations were first estimated with all of the independent variables that were associated with
the bias, insignificant variables were then removed and only significant variables (or
categorical variables for which at least one category was significant) were used to estimate
the final correctipn equations. The regression results derived from split-sample A that were
used to establish the correction equations for weight are shown in Table 1a. In the full
models for males, self-reported weight, age and the respondent’s perception that they were
~over or underweight were significant predictors of measured weight; those who perceived
themselves as overweight tended to underestimate their weight and those who pefcei\zed
themselves as underweight tended to overestimate their weight and the model adjusted these
values up or down as appropriate. The adjusted R? was .95 for both the full and reduced
models. For females, factors associated with measured weight included the reported weight,
the perception of being overweight and end digit preference, which is expressed as a
tendency for females to round weights (usually down) to numbers ending in zero or five (and
thus the model added a positive adjustment to the reported weight to compensate for this

tendency). The adjusted R? for females for both the full and reduced models was .97.

Results for height are found in Table 1b. For males, reported height, age and life

dissatisfaction were all significant predictors of measured height, with a negative adjustment
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related to age and a positive adjustment for those who reported being dissatisfied with their
lives. The full model had an adjusted R” of .82 while for the reduced model it was .81. For
females, adjustments were made at all age groups (except those aged 45-54 years), for those
whose ethnicity was a group other than White or East/South East Asian and for those who

reported living with an activity limitation caused by a long term health problem.

For BMI (Table 1c) the full models adjusted the reported estimates down for males who
were dissatisfied with life and who perceived themselves as underweight while positive
adjustments were made for age. With females significant predictors of measured BMI
included reported BMI, education, perception of being overweight and end digit preference.
The R? were higher for the female versus male models, but in both cases were similar for the

full and reduced models.

In order to generate the final equations adjustments were made for all of the variables in

Tables la-c. The final equations were as follows:

Males
Full Model 1
Weight(measured) = -0.30+1.01(Weightreporea)+0.54(age25-34)+0.39(age35-44)
+0.50(age45-54)+1.69(age55-64)+0.83(age65-74)+0.39(75andolder)
+1.16(overweight)-1.52(underweight)
Height(measuredy = 12.17+0.93(height eporea)-1.48(age25-34)-0.43(age35-44)-1.23(age45-54)
-2.44(age55-64)-2.87(age65-74)-2.84(75and older)+2.22(life dissatisfaction)
Full Model 2

BMIeasured) = 0.67+1.04(BMI¢porca)+0.64(age25-34)+0.31(age35-44)
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+0.39(age45-54)+1.28(age55-64)+1.16(age65-74)+0.86(75and older)
-0.97(life dissatisfaction)-0.73(underweight)
Reduced Model 3
Weight(measured) = -2.19+1.05(Weightreporeq)
Height(measureay = 7.70+0.95(heightieportea)
Reduced Model 4

BMleasured) = -1.08+1.08(BMI;eporeea)

Females
Full Model 1
Weight measured) = -1.25+1.04(weightreporeq)+1.25(overweight)+0.52(end digit preference)
Heightmeasuredy = 14.85+0.91(heighteporea)-1.20(age25-34)-0.87(age35-44)-0.59(age45-54)
-1.34(age55-64)-1.42(age65-74)-3.79(75andolder)
-0.32(ethnicity E/SE Asian)-0.73(ethnicity other)-0.66(activity limipatign) ‘
Full Model 2
BMleasuredy = 1.01+1.01(BMIeporiea)-0.91(high school educ.)-0.32(some post secondary educ.)-
0.53(post secondary educ.)+0.70(overweight)+0.29(end digit preference)
Reduced Model 3
Weightmeasuredy = -2.14+1.07(Weightreporiea)
Height(measureay = 8.05+0.95(heighteporea)
Reduced Model 4
BMIneasured) = =0.12+1.05(BMIeporica)

These equations were applied to data in split-sample B in order to generate corrected
estimates of height, weight and BMI. Mean values of the measured, reported and corrected
data from split sample B are displayed in Table 2. In all cases reported estimates were

statistically different from the measured values and the modeled estimates were closer than
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the reported estimates to the true measured values. In all but one case (the difference in BMI

for females in model 3) the modeled and measured means were not statistically different.

Obesity prevalence is reported in Table 3. For males, 23.1% were obese by the measured:
data, 13.8% by the reported data while the corrected estimates generated prevalence
estimates of 19-22%. Measured, reported and modeled rates were similar for.the overweight
category for males but self-report overestimated the numbers who were in the normal weight
range. The corrected estimates decreased this reporting bias by 9 to 11 percentage points so
that the modeled and measured estimates were similar. For females, 18.9% were obese by
measurement compared to 12.5% for reported values. The modeled estimates generated
obesity prevalence estimates of 18.7% (model 1), 18.3% (model 2), 18.2% (model 3) and
18.3% (model 4). Similarly, for the overweight estimates, modeled values were closer than
the self-reported values to the measured prevalence, with a slight 1-2% overestimate in the
modeled values. Sample sizes were too small in the underweight categories to generate

reliable estimates.

Sensitivity and specificity values for reported and corrected data are shown in Table 4.
Sensitivity values in the normal weight category for self-reported data were 93.9% for males
and 91.8% for females, meaning that in most cases reported estimates correctly classified
people of normal weight into the normal weight category. Sensitivities for the overweight

and obese categories fell to 71.1% and 58.7% respectively for males and to 62.6% and
68.5% for females. When the data were corrected, the sensitivities increased for both the

overweight and obese categories; the corrected numbers accurately classified as many as
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86.1% of obese females, 76% of obese males, 79.7% of overweight females and 82.8% of
overweight males. Corrected estimates decreased sensitivities for those in the normal weight
range, however. Specificities were the highest for the underweight and obese categories,
indicating that it is rare for someone to be classified into these groups unless they actually

are underweight or obese.

Data in Table 5 display the adjusted odds ratios relating measured, reported and corrected
BMI to six obesity-related health conditions. The reported and measured models were
previously publighed in a paper that demonstrated that self-reported BMI exaggerates the
relationship between obesity and these obesity-related health conditions’®. Unique to this
analysis is that the models have been re-generated based on the corrected estimates. When
‘compared to the qdds ratios from the reported models, the ratios for the corrected models are
reduced in most cases (i.e., are more similar to the measured values). Arthritis is an |
exception, with the corrected estimates inflating the relationship for those who are
overweight or obese (class II or I, BMI>35 kg/m2) even higher than what they would be if
based on self-report. In addition, the odds ratios for obese class I are higher than the reported

odds ratios for diabetes in models 1 and 2 and for high blood pressure in models 3 and 4.

The data on measured height and weight were available on only a sub-sample of the 2005
CCHS. However, the ultimate goal of developing correction equations is to be able to apply
them to the broader survey. When applied to the full sample of the 2005 CCHS (without
different adjustments for phone and in-person interviews) respondents who were 18 years

and older and who were not pregnant or breastfeeding (n=118,383), the models generated
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estimates of obesity that were similar to, although slightly lower than, the meésured values
(see Table 6). Based on data from both split sample A and B, measured obesity prevalence
was 25.6% in males and 22.3% in females while reported prevalence was 16% for both
males and females. The models generated prevalence rates of approximately 23% for males

and of 21% for females.

Study Limitations

The response rate on the measured height and weight sub-sample of the CCHS was only
65%. If those who agreed to participate had different héight and weight profiles than those
who refused, the sample could be biased. The self-reported prevalence of obesity among all
respondents selected for measured height and weight was 15.9%; 19.1% among non-
respondents and 14% among respondents. However, when the special sampling weight was
applied to those who underwent the physical measures, the prevalence of obesity based on

reported data decreased to 15.2%, comparable to that for the entire sub-sample'?.

Bias in reported height may be due to inconsistent rounding between the self-reported and
the measured height. Interviewers asked respondents to round their height up to the nearest
inch when half inches were reported, yet for the measured values height was recorded to the
nearest 0.5 cm. Moreover, as reported data were only recorded in meters it was impossible to
determine the number of people who reported their height in feet and inches in order to asses
the extent of this rounding bias. With weight, it was difficult to determine if respondents
were consistently asked to empty pockets and remove footwear prior to being weighed and

whether they were reporting weight with or without clothing on as interviewer’s instructed
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respondents to report without clothing only if they were asked. Although interviewers were
trained in the correct procedures for measuring height and weight, and the weigh scales and
measuring tapes were calibrated, no research on intra- or inter- interviewer reliability was

performed.

BMI is commonly used as a measure of obesity on population surveys because height and
weight can easily be self-reported. But it has limitations: BMI cannot distinguish between

muscle mass and fat, nor does it consider fat distribution®.

Finally, the models were limited to the variables that were collected in the CCHS. Although
the CCHS collects data on a wide variety of health characteristics, it is possible that
“additional variables that were not included in the survey could be associated with the bias in

weight, height or obesity.

Discussion

BMI calculated from self-reported height and weight underestimates obesity prevalence,
which has implications for our understanding of the burden of obesity and the relationship
between obesity and obesity-related health conditions. This study examined the feasibility of
applying correction factors to the self-reported estimates to determine if they could be
adjusted to more closely approximate measured values. In each of the four models tested and
in all analyses undertaken, the corrected estimates provided more accurate measures of
overweight and obesity than the reported values. However, this was not the case for the

normal weight category. The sensitivity values for the normal weight population decreased
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to as low as 84% in males (a 10 percentage point decrease) and to 83% in females (a 9%
decrease). A reduction in sensitivity for normal weight individuals was also found by
Kuskowska-Wolk and colleaguesw. We hypothesized that this was due to the fact that
heavier individuals have a greater reporting bias'? (i.e., greater tendency to underestimate
their BMI) and therefore different adjustments may be required depending on where on the
BMI distribution the individual lies. Without these differing adjustments, a loss in sensitivity
results when a small proportion of normal weight individuals are erroneously shifted to the
overweight category. We attempted to address this by incorporating polynomial regressions
(quadratic terms for reported weight) and spline regression to determine whether different
slopes could be generated for different weight ranges, but the quadratics and differential
slopes were not significant and we were unable to refine the estimates for those in the
normal weight range. Therefore, although the adjustments improve the estimates for those
who are overweight or obese, the non-adjusted numbers provide better estimates for
respondents in the normal weight category as the reporting bias in this group is smaller.
Further research is required to better understand how to improve the reported overweight and
obesity estimates without decreasing the sensitivity for those in the normal weight range.
More research is also required to determine whether differential adjustments are required for

respondents who were interviewed by telephone.

Despite this limitation, the improvement in classification for overweight and obese
individuals is significant and thus we recommend the use of the corrected estimates in
addition to the self-reported values for studies examining overweight and obesity in the adult

population (18 years and over) of the 2005 CCHS. Although we attempted to adjust for any
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independent variables that were related to the reporting bias, the R of these “Full Models”
(models 1 and 2) were either the same as or only slightly higher than those of the “Reduced
Models” (models 3 and 4, which used only weight, height or BMI) and in most cases there
was no predictive advantage of including the extra variables. Plankey and colleagues3 "also
found that more complex models (those including self-reported BMI and additional
covariates) only minimally improved their model’s predictive ability. Of the mocllels' we
tested, all four generated similar means, prevalence rates and sensitivity values (i.e., no
model stood out as being consistently superior). Model 4 had the further advantage of being
the most parsimqnious and therefore showing the greatest potential for generalizability if it is

determined that the equations are generalizable.

‘This method of generating corrected estimates (linear regression with measured BMI as the
outcome) has been used in the past by several researchers'®'**' but to our knov‘vle’dge has
never been attempted on data from the Canadian population. Plankey and colleagues”
concluded that a systematic error was associated with the reporting bias, which was
impossible to correct with this method. However, in their work the self-reported sensitivity
values for thé obese population (BMI>27.3) were 80% in men and 85% in women and
increased only marginally with the corrected models, while in the current study self-reported
sensitivity of obesity was much lower, 59% for males and 69% for females, and the
correction equations increased these values significantly. Also worth mentioning is that the .
reporting bias in our study was 2 to 3 times larger than it was in the 1976-1980 NHANES II,

which was the basis for their analysis.
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The generalizability of these equations has not been determined. Some authors® assume
transportability while others have demonstrated that the correction equations are only
applicable to the population in which they have been established®’. In one Swedish study*?,
researchers demonstrated that because height was under- rather than over-reported in their
country their self-reported estimates of BMI did not require calibration. More research using
Canadian data is required to determine if these equations are stable across Canadian
populations and over time. It is probable that with the increase in obesity in recent years
there has been a corresponding increase in reporting bias, which could indicate a temporal
instability in the equations. At least one study that has examined the bias over time has found

that it has increased™.

In the interim, surveys that collect reported and measured height and weight would benefit
from standardization of protocols to ensure that equipment is regularly calibrated, that
respondents are consistently asked to report their weight and are measured in light clothing,

without shoes. Rounding should also be minimized, if not eliminated.

Conclusion

Although measured data for height and weight provide the most accurate estimates of the
prevalence of obesity based on the BMI, the costs of collecting directly measured data are
often prohibitive on large population based studies. Corrected estimates, though not identical
to the measured values of BMI, are a significant improvement over the self-reported
estimates, which substantially underestimate obesity prevalence and overestimate the

relationship between obesity and disease.

209



Acknowledgements
The authors would like to thank Julie Bernier for her methodological assistance and
members of the Health Information and Research Division at Statistics Canada for their

input on this research.

210



References

1.

World Health Organization. Obesity and Overweight [Online]. 2006 [cited 2008 May].
Geneva: World Health Organization. Available from:
www.who.int/mediacentre/factsheets/fs311/en/index.html.

Tjepkema M. Adult obesity. Health Rep 2006;17(3):9-25.

Shields M. Overweight and obesity among children and youth. Health Rep
2006;17(3):27-42.

Rigby N, Leach R., James WPT. Seeking bold solutions for Britain’s runaway obesity
epidemic. International Obesity Taskforce briefing paper. London: IOTF; 2003.

Sturm R, Ringel JS, Andreyeva T. Increasing obesity rates and disability trends. Health
Aff 2004;23:199-205.

Katzmarzyk PT, Janssen 1. The economic costs associated with physical inactivity and
obesity in Canada: an update. Can J Appl Physiol 2004;29:90-115.

Engstrom JL, Paterson SA, Doherty A, Trabulsi M, Speer KL. Accuracy of self-reported
height and weight in women: an integrative review of the literature. J Midwifery Womens
Health 2003;48:338-45.

Niedhammer I, Bugel I, Bonenfant S, Goldberg M, Leclerc A. Validity of self-reported
weight and height in the French GAZEL cohort. Int J Obes Relat Metab Disord 2000;24:
1111-8.

Nieto-Garcia FJ, Bush TL, Keyl PM. Body mass definitions of obesity: sensitivity and

specificity using self-reported weight and height. Epidemiology 1990;1:146-52.

10. Rowland ML. Self-reported weight and height. Am J Clin Nutr 1990;52:1125-33.

211



11.

12.

13.

14.

15,

16.

17.

18.

19.

Connor Gorber S, Tremblay M, Moher D, Gorber B. A comparison of direct vs. self-
report measures for assessing height, weight and body mass index: a systematic review.
Obes Rev 2007;8:307-26.

Shields M, Connor Gorber S, Tremblay M. Estimates of obesity based on self-report
versus direct measures. Health Rep 2008;19(2):61-76.

Puhl RM, Brownell KD. Psychosocial origins of obesity stigma: toward charlngin‘g a
powerful and pervasive bias. Obes Rev 2003;4:213-27.

Kumanyika S, Jeffery RW, Morabia A, Ritenbaugh C, Antipatis VJ; The Public Health
Approaches to the Prevention of Obesity (PHAPO) Working Group of the International
Obesity Task Force (IOTF). Obesity prevention: the case for action. Int J Obes
2002;26:425-36.

Canadian Institutes for Health Information. Improving the health of Canadians:
promoting healthy weights. Ottawa: Canadian Institute for Health Information’; 2006.
Shields M, Connor Gorber S, Tremblay MS. Effects of measurement on obesity and
morbidity. Health Rep 2008;19(2):77-84.

Yannakoulia M, Panagiotakos DB, Pitsavos C, Stefanadis C. Correlates of BMI
misreporting among apparently healthy individuals: the ATTICA study. Obesity
2006;14(5):894-901.

Chiolero A, Peytremann-Bridevaux I, Paccaud F. Associations between obesity and
health conditions may be overestimated if self-reported body mass index is used. Obes
Rev 2007;8:373-4.

Kuskowska-Wolk A, Bergstrom R, Bostrom G. Relationship between questionnaire data

and medical records of height, weight and body mass index. Int J Obes 1992;16:1-9.

212



20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

Statistics Canada. Population health surveys [Online]. 2005 [cited 2008 Jan. Ottawa:
Statistics Canada. Available from:
www.statcan.ca/english/concepts/hs/index.htm#content.

Béland Y. Canadian Community Health Survey — methodological overview. Health Rep
2002;13(3):9-14.

Ziebland S, Thorogood M, Fuller A, Muir J. Desire for the body normal: body image and
discrepancies between self-reported and measured height and weight in a British
population. J Epidemiol Community Health 1996;50:105-6.

Bostrom G, Diderichsen F. Socioeconomic differentials in misclassification of height,
weight and body mass index based on questionnaire data. Int J Epidemiol 1997;26:860-6.
Roberts RJ. Can self-reported data accurately describe the prevalence of overweight?
Public Health 1995;109:275-84.

World Health Organization. Physical status: the use of and interpretation of
anthropometry, report of the WHO expert committee (WHO Technical Report Series,
No. 854). Geneva: World Health Organization; 1995.

Health Canada. Canadian guidelines for body weight classification in adults. Ottawa:
Health Canada; 2003.

Rao JNK, WU CFJ, Yue K. Some recent work on resampling methods for complex
surveys. Surv Methodol 1991;18:209-17.

Rust KF, Rao NJK. Variance estimation for complex surveys using replication
techniques. Stat Methods Med Res 1996;5:281-310.

Statistics Canada. Canadian Community Health Survey Cycle 3.1 Derived Variable

Specifications. Ottawa: Statistics Canada; 2006.

213



30.

31.

32.

33.

34.

Visscher TLS, Viet AL, Kroesbergen HT, Seidell JC. Underreporting of BMI in adults
and its effect on obesity prevalence estimations in the period 1998 to 2001. Obesity
2006;14:2054-63.

Plankey MW, Stevens J, Flegal KM, Rust PF. Prediction equations do not eliminate
systematic error in self-reported body mass index. Obes Res 1997;5:308-14.
Bolton-Smith C, Woodward M, Tunstall-Pedoe H, Morrison C. Accuracy of lthe‘
estimated prevalence of obesity from self reported height and weight in an adult Scottish
population. J Epidemiol Community Health 2000;54:143-8.

Cawley J. The impact of obesity on wages. J Hum Resour 2004;39:451-74.

Nyholm M, Gullberg B, Merlo J, Lundqvist-Persson C, Rastam L, Lindblad U. The

validity of obesity based on self-reported weight and height: implications for population

studies. Obesity 2007;15:197-208.

35.

36.

Katzmarzyk PT. The Canadian obesity epidemic, 1985-1998. CMAJ 2002;166:1039-40.
Ezzati M, Martin H, Skjold S, Vander Hoorn S, Murray CJL. Trends in national and
state-level obesity in the USA after correction for self-report bias: analysis of health

surveys. J Res Soc Med 2006;99:250-7.

214



Tables and Figures

Table 1a:

Regression results for establishing correction equations for weight in males and females, full and
reduced models, generated from split-sample A

Men

Full model
Rsqr= .95
Rsqr(adj)= .95

Reduced Model
Rsqr=. 95
Rsqr(adj)= .95

Women

Full model
Rsqr= .97
Rsqr(adj)= .97

Reduced model
Rsqr= .97
Rsqgr(adj)= .97

Variable

Intercept

Self-reported weight (kg)
Aged 25-34 years®

Aged 35-44 years®

Aged 45-54 years®

Aged 55-64 years”

Aged 65-74 years*

Aged 75 years or older*
Perceives self as overweight
Perceives self as underweight

Intercept
Self-reported weight (kg)

intercept

Self reported weight (kg)
Perceives self as overweight
Preference for end digits (0 and 5)

Intercept
Self reported weight (kg)

Coefficient
-0.30
1.01
0.54
0.39
0.50
1.69
0.83
0.39
1.16
-1.52

-2.19
1.05

-1.25
1.04
1.25
0.52

-2.14
1.07

*

95% Confidence
Intervals
-2.70 to 2.09
0.98 to 1.05
-0.53 to 1.61
-0.68 to 1.46
-0.51 to 1.51
0.59 to 2.79
-0.16 to 1.82
-0.58 to 1.35
0.41 to 1.92
-2.92 to -0.13
-4.27 to -0.12
1.02 to 1.07
-3.25 to 0.75
1.01 to 1.08
0.51 to 1.98
0.01 to 1.02
-3.86 to -0.43
1.04 to 1.10

Notes: Dependent variable is measured weight
+ reference group is ages 18-24 years

* p<0.05
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Table 1b:

Regression results for establishing correction equations for height in males and females, full and
reduced models, generated from split-sample A

Men

Full model
Rsqr= .82
Rsqr(adj)= .82

Reduced Model
Rsqgr= .81
Rsqr(adj)= .81

Women

Full model
Rsqgr =.83
Rsqgr(adj) = .83 -

Reduced model
Rsqr = .81
Rsqr(adj) = .81

Variable

Intercept

Self-reported height (cm)
Aged 25-34 years®

Aged 35-44 years”

Aged 45-54 years®

Aged 55-64 years®

Aged 65-74 years”

Aged 75 years or older”
Disatisfied with life

Intercept
Self-reported height (cm)

Intercept

Self-reported height (cm)
Aged 25-34 years®

Aged 35-44 years®

Aged 45-54 years®

Aged 55-64 years”

Aged 65-74 years”

Aged 75 years or older®

Ethnicity is East or South East
Asian'

Ethnicity other'

Presence of activity limitations

Intercept
Self-reported height (cm)

Coefficient
12.17

0.93

-1.48

-0.43

-1.28

-2.44

-2.87

-2.84

2.22

7.70
0.95

14.85

0.91
-1.20
-0.87
-0.59
-1.34
-1.42
-3.79

-0.32
-0.73
-0.66

8.05
0.95

95% Confidence
Intervals
5.56 to 18.78
0.90 to 0.97
243 to -053
-1.50 to 0.65
-2.34 to -0.13
-3.41 to -1.46
-4.09 to -1.64
-4.17 to -1.51
0.30 to 4.13
0.71 to 14.68
0.91 to 0.99
9.25 to 20.45
0.88 to 0.95
-2.04 to -0.36
-1.65 to -0.08
-1.58 to 0.40
-2.58 to -0.10
-2.35 to -0.48
-5.05 to -2.53
-1.84 to 1.19
-1.40 to -0.06
-1.29 to -0.03
2.53 to 13.56
0.91 to 0.98

Notes: Dependent variable is measured height
+ reference group is ages 18-24 years
'reference group is White

* p<0.05
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Table 1c:

Regression results for establishing correction equations for body mass index in males and females, fuli and
reduced models, generated from split-sample A

Men
Full model
Rsqr = .864

Rsqgr(adj) = .863

Reduced Model
Rsqr = .854
Rsgr(adj) = .854

Women

Full model
Rsqr=.917
Rsqr(adj) = .917

Reduced model
Rsqr=.913
Rsqr(adj) = .913

Variable

Intercept

Self-reported BMI (kg/m?)
Aged 25-34 years®

Aged 35-44 years®

Aged 45-54 years*

Aged 55-64 years®

Aged 65-74 years®

Aged 75 years or older*
Disatisfied with life
Perceives self as underweight

Intercept
Self-reported BMI (kg/m”)

Intercept
Self-reported BMI (kg/m®)

Highest level of education is high school'
Highest level of education is some post

secondary'

Highest level of education is post

secondary graduation'
Perceives self as overweight

Preference for end digits (0 and 5)

Intercept
Self-reported BMI (kg/m?)

Coefficient
-0.67
1.04
0.64
0.31
0.39
1.28
1.16
0.86
-0.97
-0.73

-1.08
1.08

1.01
1.01
-0.91

-0.32

-0.58

0.70
0.29

-0.12
1.056

95% Confidence
Intervals
-1.83 to 0.48
0.99 to 1.09
0.17 to 1.11
-0.21 to 0.83
-0.24 to 1.02
0.69 to 1.88
0.60 to 1.72
0.32 to 1.41
-1.61 to -0.33
-1.32 to -0.14
-2.17 to 0.01
1.04 to 1.12
-0.56 to 257
0.93 to 1.08
-1.53 to -0.29
-1.30 to 0.65
-1.04 to -0.03
0.17 to 1.23
0.00 to 0.58
-1.563 to 1.28
0.99 to 1.11

Notes: Dependent variable is BMI based on measured height and weight
+ reference group is ages 18-24 years

'reference group is less than a high school education

* p<0.05
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Table 2:
Mean values of weight, height and BMI for measured, reported and corrected data, generated from split-sample B

Corrected
Sample .
size Measured  Reported Model 1 Model 2 Model 3 Model 4

Mean height (cm)

Males 942 175.21 176.35" 175.42 175.44

Females 1087 161.71 162.28* 161.73 161.73

Mean weight (kg)

Males 947 83.24 81.44* 83.26 83.27

Females 1080 66.91 64.47* 66.76 66.75

Mean BMi (kg/m?)

Males 949 27.09 26.12" 27.00 27.05 26.98 27.03
Females 1080 25.73 24.55* 25.60 25.69 25.58* 25.68

Notes: * significantly different from measured estimate (p<0.05)
...Not applicable
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Table 3:

Percentage of the population in different weight categories based on reported, measured and
corrected data from split-sample B

Corrected
BMi Category Measured Reported Model 1 Model 2 Model 3 Model 4
Males
Underweight
Normal weight 32.2 43.1* 33.6 32.2 32.8 33.8
Overweight 44.0 425 441 45.6 48.0 45.7
Obese (I-II) 231 13.8* 21.9 21.6 18.9* 20.1
Females
Underweight 3.1° 4.7*¢ 27" 1.5*F 2.7% 1.95
Normal weight 46.9 58.2* 46.8 47.0 46.6 471
Overweight 31.1 24.6* 31.8 33.2 32.4 32.7
Obese (I-11) 18.9 12.5* 18.7 18.3 18.2 18.3

Notes: E Coefficient of variation between 16.6% and 33.3% (interpret with caution)
... Coefficient of variation > 33.3%; cannot be reliably estimated.
* Significantly different from measured estimate (p<0.05)
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Abstract

Objectives: To determine if the bias in self-reported estimates of obesity has changed over
time and followed different trends in Canada and the United States.

Methods: Using age standardized data from 3 waves of the National Health and Nutrition
Examination Survey in the United States and the Canadian Community Health Survey and
the Canadian Heart Health Surveys in Canada, discrepancies were compared between
reported and measured estimates of height, weight and obesity (based on the BMI) from
1976 to 2005.

Results: Obesity increased in both countries but rates were higher in the United States. The
discrepaﬁcy between self-reported and measured obesity was small in the United States, with
reported data underestimating measured prevalence by about 3%; this stayed relatively
constant over time. In Canada the discrepancy was larger and doubled in the last decade
(from 4% to 8%).

Conclusions: In Canada, monitoring trends in obesity based solely on self-reported height
and weight may produce inaccurate estimates because of the increasing discrepancy between

self-reported and measured data.

225



Introduction

Obesity is an important public health issue, with well documented links between excess
body weight and diseases such as cardiovascular disease, diabetes, high blood pressure and
osteoarthritis %, In Canada, 59% of adults are overweight or obese® and in the United States,
66%*. Over a quarter of children and youth in the U.S. and Canada are considered |
overweight or obese” with increasing numbers of these children being under the age 5 years.
If current trends continue, the number of obese people in the world is expected to rise to over

1 billion by 2030°.

Self-reported obesity, often assessed using the Body Mass Index (BMI), is commonly used
for surveillance purposes because reported height and weight can readily be collected on

| national surveys At a fraction of the cost of directly measuring respondents. Research has
found, however; that self-reports overestimate height and underestimate weight, which leads
to an underestimation of the BMI and consequently of obesity prevalence”®. The
consequences of this under-reporting are substantial, not only in terms of underestimating
the burden of obesity, but also in distorting our understanding of the relationship between
obesity and obesity-related diseases. For instance, recent research has shown that when
estimates of obesity are based on self-reported data, the relationship between obesity and
obesity-related conditions such as heart disease, diabetes and high blood pressure are
exaggerated when compared to estimates based on directly measured values®''. Correction
equations that statistically adjust self-reported estimates of obesity to more closely

approximate their measured values have been developed with some success'>" but the
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generalizability of these equations depends on the stability of the self-reporting bias over

time and across populations.

Little is known about how the discrepancy between reported and measured obesity has
changed over time, but there is some evidence to suspect that the discrepancy is growing.

4,16,
6,17 and

First, there has been a dramatic increase in the prevalence of obesity in recent years
studies have consistently shown that heavier individuals are more likely to under-report their
weight'*'*1° Second, in this same period of time, the awareness of obesity and its health
consequences has increased®'®, as has the pressure to be thin®. A recent study reported that
the prevalence of weight discrimination is also on the rise*', all of which could lead
individuals to feel more pressure to present themselves in a socially desirable manner; it has
been suggested that a change in awareness and attention to issues such as obesity could
affect the way individuals respond to self-report questions®2. If the bias is constant or
changing systematically over time, then self-reported estimates may still be valuable for
monitoring trends and could be statistically adjusted to increase their accuracy (i.e., to more
closely approximate measured values). However, if there is no systematic trend in the
relationship between reported and measured obesity over time, it may limit the usefulness of

reported estimates for monitoring population health, informing policy and program

development and understanding the relationships between obesity and disease.

To our knowledge this study presents the first historical and international comparison of the
trends in the bias in self-reported obesity in Canada and the United States. Specifically, we

examined the discrepancy between reported and measured height, weight and BMI, which
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were used to calculate reported and measured obesity, over approximately 30 years between
1976 and 2005. Both Canadian and American data were used to determine if the bias

changed and whether the rate of change was consistent in both countries.

Methods

Data Sources

This analysis used national Canadian and American data sets that contained self-reported
estimates of height and weight, and also direct measurements of these. For the United States,
this included the National Health and Nutrition Examination Surveys (NHANES) from
1976-1980 (NHANES II), 1988-1994 (NHANES III) and the NHANES 2003-2004. In
Canada only 2 datg sets were available with both measured and reported data: the Canadian
‘Heart Health Sﬁr;feys (HHS; 1986-1992) and the Canadian Community Health Surv;y

(CCHS; 2005).

NHANES is a “program of studies designed to assess the health and nutritional status of
adults and children in the United States.”*P" The surveys began in 1971 and in 1999 they
became continuous. Each contains a nationally representative sample of the U.S. non-
institutionalized civilian population, collected through a stratified multistage probability
cluster sampling design. NHANES combines a household interview with physical
examinations undertaken in mobile clinics. Reported height and weight were collected at the
home, with the measured values collected in the clinic a few days to several weeks later (see

Table 1).
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The Canadian Heart Health Surveys were a series of 10 provincial surveys conducted
between 1986 and 1992 as part of the Canadian Heart Health Initiative to provide
information about cardiovascular disease and its risk factors in Canada. Data on measured
and reported height and weight were only collected in 8 provinces (Saskatchewan and Nova
Scotia did not collect this information); individuals living in military institutions or Indian
reserves were also excluded. Respondents were sampled through a stratified multi-stage
probability sampling design. Self-reported information was collected at the home and

respondents were measured at a subsequent clinic visit.

The CCHS is designed to provide timely cross-sectional estimates of health determinants,
health status and health system utilization in Canada. The CCHS samples its population
through a mu]ti—stage cluster sampling technique that is representative of over 98% of the
Canadian population (individuals living on Indian Reserves or Crown lands, residents of
institutions, Canadian Armed Forces and certain remote regions are excluded). Reported and

measured height and weight data were collected as part of a household interview.

The characteristics of each survey are described in Table 1. In both countries, the sample
sizes were highest in the earlier surveys and fell substantially in the most recent years. The
sample sizes varied from a low of 4,163 to a high of 15,488. Calibrated equipment was used
to take the measures in all cases. In all surveys except the 2005 CCHS, the measures were
taken in a clinic up to several weeks after the self-reported responses were recorded, while in

the CCHS the measures were taken in the home immediately following the interview. The
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self-reported height question was similar in all surveys but only the American surveys

specified that weight was to be reported without shoes.

Study Population

The study is limited to adults aged 18 to 74 years. Children were excluded as they are still in
a stage of development where weight and height may change over short periods of time. It
has also been suggested that reporting error in children and adolescents may be of a different
nature than that in adults'*. Women who were pregnant at the time of the survey or those
who did not have both self-reported and measured data available were also excluded.
Participants who completed a home visit, rather thanb attending the clinic, a feature offered by
the 1988-94 NHANES (n=138) were also excluded to ensure that measurement conditions

| réemained consistént. In the NHANES III and 2003-04 files, biologically implausiblel values
were deleted ana in the HHS values for the extreme 0.5% of respondents were capped
(assigned the previous highest value). Data that were imputed (n=20 in NHANES II and
n=510 in NHANES III) were also excluded to ensure that any observed discrepancies

between reported and measured values were not influenced by the accuracy of imputation.

Data were appropriately weighted, and to adjust for the complex survey designs, variances
were estimated with a Taylor linearization method (NHANES), the bootstrap technique
(CCHS), while for the 1986-92 HHS, the formula for simple random sampling was used to
estimate standard errors with the incorporation of a design effect (set at 1.5).

All data were age standardized (using direct standardization) with the 2001 Canadian Census

as the standard population to allow for comparison among the surveys and over time. Body
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Mass Index (BMI) was calculated as weight in kilograms divided by height in meters
squared (data were converted to metric units as required). WHO Guidelines were used to
assign BMI cut points to identify overweight (BMI 25.0-29.9 kg/m?) and obese (BMI 30.0
kg/mzor over) respondents24. All analyses were conducted with SAS (version 9.1) and

Sudaan (version 9.0).

Results

In the United States, mean measured weight increased from 72 kg in 1976-80 to 82 kg in
2003-04, with similar patterns observed in males and females (see Table 2). In Canada, mean
measured weight was 73 kg in 1986-92 and rose to 77 kg in 2005, with similar increases
experienced for males and females. However, the contrast between the self-reported and
measured weights (reported — measured) was pronounced when comparing the two
countries. In the U.S., the difference between reported and measured weight was —0.4 kg in
1976-80, rose slightly at the second time point (0.7 kg) before falling back to —0.6 kg in
2003-04. This under-reporting was driven entirely by females, as men over- rather than
under-estimated their weight. In Canada, the reported — measured differences were greater;
they rose from -2 kg in 1986-92 to —2.3 kg in 2005. Women in Canada underestimated by a
greater degree than males, but both Canadian males and females underestimated their

weight.

Males and females in both countries consistently overestimated their height, to a greater
degree for males. For American males this overestimation appeared to be decreasing slightly

over time, but in females the pattern was not consistent, with the overestimation decreasing
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from the NHANES II to NHANES III and then increasing again in 2003-04. In Canada, the

overestimation was increasing between the two time points in both males and females.

The mean BMI rose in both countries; from 25 kg/m? to 28 kg/m” in the U.S. and from 25
kg/m? to 27 kg/m? in Canada. The underestimation in weight and overestimation in height
resulted in an underestimation of BMI in both countries and sexes, but this was ;I;reater in
Canada. The underestimation of BMI is also increasing in Canada over time, rising from an
underestimate of 0.8 kg/m® in the HHS to 1.1 kg/m? in the CCHS. The discrepancy was
slightly larger in. females. In the United States the discrepancy between reported and

measured BMI stayed relatively consistent over time.

'Figure 1a illustrates trends in obesity over time, based on measured and self-reported data in
the two countries. In the United States the prevalence of measured obesity more than
doubled from 1976-80 to 2003-2004, from 15% to 32%, with the reported prevalence rising
from 12% to 29% in the same time period. The discrepancy between the reported and
measured prevalence (about a 3% difference) has stayed relatively constant over time. In
Canada, the rise in the prevalence of obesity from the late 80s and early 90s until 2005 has
been of a similar magnitude as the increase in the U.S. from the same time period, but the
absolute prevalence remains lower in Canada (rising from 14% to 24%). Despite the lower
prevalence of obesity, the discrepancy between the reported and measured values appears to
have doubled in Canada in this time, going from a difference of 4% in the late 1980s to a
difference of 8% in 2005. Similar patterns were seen in males and females in both countries

(data not shown).
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The percentage of the population who were considered overweight (not including obesity)
based on measured data has changed little in either country, ranging from 32-33% in the
U.S. and 34-35% in Canada, whereas the reported prevalence of overweight has increased
slightly (see Figure 1b). In the U.S. though, the prevalence of overweight was under-reported
in NHANES 11 by 1.4%, and then in NHANES III and 2003-04 was over-reported (by 2.1%
and 0.9% respectively). In Canada the prevalence of overweight was under-reported in both
surveys but the degree of under-reporting decreased between then two surveys, from -3.5%
to —1.2%. In Canada this decrease was driven almost entirely by the males whose reporting
bias went from —5% to almost no difference, whereas the women stayed consistent around —

2%.

The reporting bias (reported — measured) in the prevalence of obesity by age is displayed in
Figure 2. In Canada the bias was always smaller in the HHS compared to the more recent
CCHS, suggesting that the bias across all age groups may be increasing over time in Canada.
In the NHANES surveys the bias was consistently greater in all age groups in NHANES III
compared to NHANES II. The NHANES 2003-04 showed the greatest bias at the younger
age ranges which decreased with increasing age, with the lowest bias seen for those aged 45-
74 years. This was the only survey in which the bias was not greatest in the highest age
groups. The discrepancy at the oldest ages (65-74 years) ranged from a reported — measured
difference in obesity prevalence of 4% (NHANES 2003-04) to —17% (CCHS 2005). The

reporting bias in the prevalence of overweight showed no clear pattern (data not shown).
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Discussion

Consistent with past research’, this study found that respondents in national health surveys in
both Canada and the United States have a tendency to under-estimate their weight and
exaggerate their height, which results in an underestimation of BMI when it is based on
these values. This trend has remained consistent since 1976 in the United States and since
1986 in Canada, with one exception: American males did not underestimate their weight in
any of the NHANES cycles that we examined. The discrepancy in reported weight appears
to be driven mainly by an underestimation of weight in females, whereas the overestimation

of height in males seems to be the main driver of the height discrepancy.

In the last 30 years average weights and BMIs have increased substantially in both countries,
: althou gh both the average BMI and the prevalence of obesity was higher in the U.S at all
time pvoints, with Canada seeming to lie approximately a decade behind the U.S. iln terms of
obesity prevalence. In both countries, the reservoir of overweight people appears to be
consistently replenished as many graduate to the obese category. At any given prevalence
value, however, the discrepancy between the reported and measured estimates was greater in
Canada. For instance in NHANES I1II (1988-94) , the prevalence of obesity was 23%,
corresponding to the Canadian prevalence of 24% from the 2005 CCHS, yet in NHANES III
the bias was only 4% and in the CCHS it was twice this at 8%. This indicates that the
reporting bias may be changing differently in the two countries. This is an interesting
observation which begs further research to investigate the source of this difference and the
implications of such differences for interpreting trends based on self-reported height and

weight.
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Over the 30 years studied in this paper, the bias in reported BMI and obesity has stayed
relatively constant in the U.S., whereas in Canada this bias has increased substantially.
Therefore, it is likely that in the United States, self-reported data may be more accurate in
monitoring trends in obesity over time as the estimates have consistently remained about 3-
4% below the measured estimates. More caution is required, however, when examining
trends in self-reported data for specific age groups, as the bias tends to be greater for those in

the older age ranges.

Although a third data point is required in order to establish a trend in Canada, the increasing
discrepancy from the late 1980s to 2005 indicates that the reporting bias may not be constant
over time. This makes it difficult to interpret self-reported data in the absence of the
measured estimates as it introduces an underestimate, the magnitude of which is difficult to
quantify, and which appears to be changing over time. In addition, the age-based
discrepancies, especially in the 2005 CCHS are substantial, with the older age groups
underestimating their obesity prevalence by approximately 17 percentage points. This
appears to be due to both the over-reporting of height (mostly in males) and the under-
reporting of weight (in females). We would recommend caution particularly when
researchers are using self-reported obesity estimates to quantify obesity prevalence in the

older age groups.

The bias in reported obesity is not a new phenomenon, and researchers have attempted to

correct for this bias in many ways. One of the most common methods has been to use
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regression models to adjust self-reported data based on measured values'”. Recently this has
been successfully attempted with the 2005 CCHS data'”, but the change in the bias over time
in Canada suggests that formulas derived from one data set may not be applicable to
Canadian data collected at other time points. Visscher’s work has also concluded that
correction equations may only be applicable to the datasets in which they are generated25 .
This means that in order to generate appropriate adjustments to self-report data, la sub-sample
of data with both measured and reported information would be required in all data sets. This

may not be feasible in small-scale or telephone surveys.

The smaller bias in the U.S. data is an unexpected finding given the higher prevalence of
obesity among the Americans and the fact that the bias in reported obesity has been shown to
‘be greater as BMJ increases'*'®'°. Other factors such as age, education, ethnicity, and
activity levels®'*182® have also been associated with increased discrepancies, but to date
there is no research that we are aware of that has compared the discrepancies or their
determinants between Canada and the U.S. Further research is required to understand the

reasons for the discrepancies between the two countries.

It is possible that cultural differences between the two countries are responsible for the
differences, but little evidence exists to help quantify what these differences are or how they
operate. There is some evidence within both countries that indicates that ethnic differences
can influence perceptions of one’s weight. For instance, within Canada foreign-born women

are more likely to perceive themselves as overweight than their Canadian-born
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counterparts>’ while in the U.S. Caucasians are more likely to perceive themselves as

overweight than African or Mexican Americans®,

It is also conceivable that with rising obesity rates, weight perceptions and individual views
of socially acceptable weight may be changing. With approximately two thirds of Americans
being overweight or obese, those with BMI's greater than 25 kg/m” are becoming the new
norm as they now outnumber those in the normal weight range. This “normalizing” of
overweight is not without consequences and research is showing that it is affecting people’s
perceptions of their weight status, which in turn could be influencing how they respond to
national surveys. Although we may have expected an increase in the proportion of
Americans who perceive themselves as being overweight corresponding with the rise in
obesity rates, research with the NHANES data has actually shown that the number of
overweight people who perceive themselves as overweight is declining as obesity rates
rise”. In addition, a 22 country comparison found that women in the United States and the
United Kingdom, areas where weight has increased dramatically in recent years, were less
concerned about their weight than women from Asian countries such as Japan, where
women have actually been getting slimmer over time®. A Finnish study has further
demonstrated that this trend seems to begin in adolescence, with its finding that between
1979 and 1999 the proportion of adolescents perceiving themselves as overweight had
decreased’'. Although it is counterintuitive that the perception of being overweight has
decreased while actual overweight and the idealization of thinness have increased,

researchers postulate that it is the shift in our perception of overweight and its normalization
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that is changing as we increasingly compare ourselves to our peers, who are themselves

heavier, rather than to idealized media images3].

The implications of these changes both for measuring obesity and addressing the epidemic
are not clear, but it does offer one potential explanation for why we are not seeing an
increase in the discrepancy between reported and measured estimates in the’ U.S: More work
is needed to determine if this change in overweight perception is related to the way people
report data on self-reported questionnaires and whether this is also occurring in the Canadian
population. Shoqld Canadian obesity levels continue to climb, it will be interesting over time
to see if the reporting bias in Canada decreases as our obesity rates reach the levels in the

United States.

There are many limitations inherent in any international or historical research. Sufve'ys have
different designs, measurement protocols and methodologies which could lead to small
differences in results. Nevertheless, we believe that the use of standardized nationally
representative data, with similar analytic designs improves the accuracy of our findings. In
addition, a minimum of three time points of data are preferable for establishing trends and
patterns over time. Further research will be required when more Canadian data become
available to determine if the discrepancy between reported and measured values continues to

diverge.

Data for all five surveys were collected through in-person interviews. Telephone interviews

32,33

have shown a greater bias in self-reported obesity than in-person interviewing and the
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degree to which the current findings apply to data collected by phone is not yet known. We
also know that reporting bias can be increased if respondents are unaware that they will
subsequently be measured™. In all surveys except the 2005 CCHS we could reasonably
suspect that participants may have had an indication that they would be measured, as they
were participating in an in-depth health survey that required a follow-up visit to a clinic for
physical testing. In the CCHS, a household survey, a sub-sample of the population was
selected to have their height and weight measured at the end of the survey; this was the only
physical measures data that were collected and no indication was given that the
measurements would occur. It is therefore possible that the increase in bias seen in the
CCHS may be due in part to the fact that participants were unaware that their self-reported

responses would be validated.

To our knowledge this paper is the first to undertake an international comparison of the bias
in reported obesity and how it has changed over time. We have found indications of a
consistent reporting bias in the U.S. and of an increasing discrepancy in Canada, indicating
that self-reports could be more accurately used in the U.S. to monitor trends over time. More
research is required to provide insight into the determinants of the bias in the two countries,
and possible data transformation procedures to adjust self-reported data to better reflect

objective measures.
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General Discussion and Conclusions

The goal of this research was to consolidate and expand on current knowledge about the use
of objective and subjective measures to assess the health of Canadians. Specifically, this
dissertation examined the relationship between self-report and direct measures of health to
determine the extent of discrepancies between the two methods. This was accomiplished
through a series of five research papers, including three systematic reviews that examined
the relationship between self-reported and directly measured values for height, weight and
BMI, hypertension and smoking. An in-depth examination of the discrepancies in reported
obesity followed. It included two additional papers, one examining the feasibility of
establishing correction factors to increase the accuracy of reported estimates and a second
examining the trends in the bias over time and between two different population groups

(Canada and the U.S.).

The first review, which examined 64 studies, found that self-reported height was consistently
overestimated while reported weight and BMI were consistently underestimated in both men
and women. The second review of 144 studies (including data on over 1 million people)
consistently demonstrated that the prevalence of hypertension was under-estimated when
based on self-reports. Moreover, if a standard 140/90 mmHg was used to diagnose
hypertension, only just over half of respondents were aware of their hypertensive status. The
third review examined the relationship between self-reported smoking and cotinine
concentration in biological fluids in 67 studies, and found the best correspondence between

reported and measured estimates. However, sensitivity did vary depending on the cut-point
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used to determine a regular smoker and the medium of measurement (e.g., the highest
sensitivities were found when cotinine was measured in saliva).

A detailed analysis of the determinants of the discrepancies was beyond the scope of this
dissertation. However, theories of social desirability" do provide insights into why people
underestimate their weight or smoking behaviours, as socially undesirable behaviours are
particularly prone to under—reporting3'5. Self-reported weight is particularly susceptible to
prevalent cultural norms that emphasize thinness, with women who have higher tendencies
to act in a socially desirable manner demonstrating greater tendencies toward reporting bias’.
In populations where smoking is seen as highly undesirable (e.g., pregnant women or those
with smoking-related illness) under-reporting has also been shown to be higher than in the
general population of smokers®’. Different factors are likely at play with hypertension
awareness as it is a much more complex indicator to measure subjectively, being dependent
on having been diagnosed with hypertension, being told of the diagnosis, and recalling and
reporting it on a health survey. Lack of awareness, therefore, may be the result of not

recalling or never having received a diagnosis of hypertension.

The results from all three reviews clearly advocate for a greater role of direct measures in
assessing obesity, hypertension and smoking status. Surveillance based only on self-report
will lead to an underestimation of the prevalence of these indicators meaning that policy
makers and clinicians may not have the most accurate information from which to make
appropriate decisions about resource allocation for the prevention, treatment and control of
disease. In the case of hypertension, this is particularly concerning at the individual level as

lack of awareness may result in a delay in intervention for a treatable condition. Finding
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consistent evidence of a reporting bias in all three indicators also stresses the need for further
research with new conditions such as diabetes, cholesterol and alcohol use to determine if
the reporting bias extends beyond the indicators studied in this dissertation, which would be
the expectation.

All three reviews found that reporting of results was poor. In many of the researclzh papers we
reviewed, vital information to allow conclusions to be verified and analyses replicated was
absent. This despite the fact that international organizationsg’9 have published official
recommendation.s about what should be reported in hypertension and smoking research, and
at least one researcher has published recommendations about what should be reported in
validity studies that examine obesitylo. The current dissertation adds some additional
suggestions to the official and unofficial recommendations in order to ensure that adequate
data are available for meta-analysis and other review work to permit a more comﬁrehensive
understanding of the relationship between the reported and direct measures. More complete
reporting would enable more detailed analysis of existing research to determine the degree to
which the reporting bias changes according to certain subgroups such as age, sex, education,

or ethnicity.

Standard protocols for collecting measured data exist for all three indicators that were
examined: The Canadian Society for Exercise Physiology“ has established protocols for
measuring height, weight and BMI, as well as other anthropometric data; the Joint National
Committee on Detection, Evaluation and Treatment of High Blood Pressure has published

clinical practice guidelines that stress the importance of equipment calibration, patient
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positioning, restrictions prior to measurement and multiple measures'?; and the Society for
Research on Nicotine and Tobacco published a series of recommendations outlining for
instance, the most appropriate cut-points and biomarkers for determining smoking status and
the acceptable time lag between self-reported smoking and biochemical verification’. Yet, in
many of the reviewed studies standard guidelines were not being followed, or studies did not
report enough information about their protocols to assess the degree to which they complied
with standard recommendations. More emphasis needs to be placed on ensuring that
researchers and government or other organizations involved in the development and
collection of data follow recommended procedures for measuring and reporting data. This
will help to ensure the accuracy of the measured data and the comparability of results with
other studies; it will also allow us to examine the appropriateness of existing

recommendations and procedures.

All of the studies that were included in the reviews underwent an assessment of quality and
of risk of bias. Higher quality studies demonstrated higher levels of hypertension awareness
and higher sensitivities in detecting smoking when blood or salivary cotinine was used to
determine smoking status. As the quality assessment tools were based in part on the degree
to which studies adhered to standard guidelines (with hypertension) and the accuracy and
appropriateness of sampling and reporting (hypertension and smoking) this provides some
evidence to indicate that adherence to standard protocols makes a difference in the quality of
the data. This is important, as cost and logistical constraints often limit the feasibility of

collecting directly measured data and adhering to standard protocols may be one way to
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improve the quality of self-reported information. Authors, journal editors and peer reviewers

all have a responsibility to ensure that protocols were followed and reporting is complete.

The constraints associated with collecting direct measures are acknowledged, which is why
the second part of this dissertation focused on trying to statistically adjust the self-reported
data so that it would more closely approximate the measured estimates. If reliablle correction
equations could be generated and if these equations were stable over time and across
populations it may lessen the need to regularly collect direct measures data. Obesity was
selected as the iqdicator on which to undertake the more detailed analysis as it was the only
indicator for which national Canadian measured and reported data existed. These data were
collected as part of the 2005 Canadian Community Health Survey (CCHS) in which a
“subsample of adults were asked to report their height and weight and subsequently had these

values measured.

The analysis in the fourth paper confirmed the findings of the systematic review in which
height was overestimated and weight and BMI were underestimated, but did so for the first
time with Canadian data. Four models were generated to adjust the self-reported estimates.
In all cases the corrected models generated mean values of height, weight and BMI that were
closer to the measured values than were the self-reported estimates. Further, in almost all
cases the estimates of the prevalence of obesity, overweight and normal weight were
generated more accurately with the corrected models than they were with the self-reported
values. Sensitivity values for classifying individuals as overweight and obese were improved

with the corrected estimates, although for people in the normal weight range corrected
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models decreased the sensitivity. This is because people in the normal weight ranges more
accurately report their height and weight and, as such, their reported estimates correctly
classify them into the normal weight category more often. Although the corrected models are
not without flaws, the improvement in the overweight and obesity estimates was great
enough to lead to the recommendation that researchers studying overweight or obesity in the
2005 CCHS apply the equations to correct the self-reported obesity data in subsequent
analyses. Calls were also made for more research to test the generalizability of the equations

over time and across population groups.

One way to determine whether these equations may be appropriate for use in other data sets
was to examine whether the bias in reporting obesity was changing over time. If the bias is
constant, or at least changing systematically over time, then it is more likely that a statistical
adjustment may be successful and it may indicate that the self-reported data may still be
valuable for monitoring trends over time. If the bias is not constant, this makes it difficult to
know the degree to which the underreporting is present in any given self-reported survey, as
it is ever changing.

This work led to the final paper in the series that presented the first known historical and

international comparison of the trends in the bias in self-reported obesity in Canada and the

U.S.

The goal of the fifth study was to determine if the trend in reporting bias was constant over
time and between two culturally and socially distinct population groups. This paper analysed

data from three American Surveys and two Canadian data sets between 1976 and 2005 and
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found that measured weight, BMI and the prevalence of obesity have increased substantially
in both countries over the last 30 years. Mean BMIs and the prevalence of obesity were
higher at all time points in the U.S. than in Canada. Given the dramatic increase in the

13-15

prevalence of obesity in recent years and research that has consistently shown that

heavier individuals are more likely to under-report their Weight16'18

, it was expected that the
reporting bias would increase in both countries. While this held true for the Can;Idia‘n data,
where the bias in reported obesity doubled between the 1986-1992 Canadian Heart Health
Surveys and the 2005 CCHS, the American data indicated that the reported data have

consistently underestimated measured prevalence by about 3% and this bias in reported

obesity has stayed relatively constant over the last 30 years.

Potential explanations for this difference between the two countries were suggested,
including cultural differences or a “normalizing” of obesity that is corresponding with the
increase in prevalence and which in turn may be affecting people’s acceptance of their own
weight status. It is possible for instance, that if we judge ourselves according to our peers
and our peers are themselves much heavier, then we may be less concerned about presenting
ourselves in a socially desirable manner. Although this may help to explain why there has
been no rise in the bias in obesity in the U.S. in recent years, it does not help to explain why
the bias in Canada has continued to climb. Perhaps there is a threshold that is attained when
the absolute number of obese individuals reaches a critical point and this “normalization”
begins to occur. It may be that in Canada obesity rates have not yet reached this threshold, or

it may be that there are fundamental differences in the way Canadians view obesity.
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More research is requifed to fully investigate the causes of this discrepancy and ultimately to
determine why the bias is changing at a different rate between the two countries and the
implications of these changes for measuring obesity and addressing the epidemic. However,
it was clear that the increase in the bias in Canada suggests that the correction equations
generated from the 2005 CCHS would likely not be applicable to other data sets over time. It
is still possible that the equations may be generalizable within a shorter time frame, such as
within a few years, but more research will be required in order to determine whether this is
the case.

The new Canadian Health Measures Survey (CHMS), which is Canada’s first
comprehensive health measures survey in almost 30 years, will be a good vehicle through
which to test the applicability of these equations over a shorter time span when it releases
data on measured height and weight in early 2010. Without additional work in other
Canadian datasets, however, it is not appropriate to recommend the use of the correction
equations outside of the 2005 CCHS. Instead, it is recommended that a sub-sample of data
with both measured and reported information be collected in all data sets in order to
determine the degree of bias that is present and to generate study- or survey-specific
correction equations. Although this addresses some of the cost and feasibility issues
associated with collecting direct measures in a full population sample, it is acknowledged
that sub-sampling still may not be feasible in small clinical or telephone surveys.
Researchers must be aware that without a sub-sample of measured data it will be difficult to
interpret the self-reported estimates as they introduce an underestimate, the magnitude of
which is difficult to quantify and which appears to be changing over time. Therefore, time

trends based on self-reported data must be viewed with caution.
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The work on historical comparisons and correction factors was only undertaken on obesity
because it was the only measure for which recent national measured and reported data were
available in Canada, yet it is likely that some of these results may be applicable to other
indicators including smoking and hypertension but also diabetes, nutritional status, and even
other measures of obesity such as waist circumference or the waist to hip ratio. "i‘he CHMS

collects both measured and reported data on a variety of health determinants and outcomes

and will provide a unique opportunity to expand these analyses.

Implications

The implications of this under-reporting are significant both in terms of underestimating the
'bUrden of obesjty. and other self-reported conditions but also in altering our understanding of
the relationship )between obesity and obesity-related diseases. For instance, recent research
has shown that when estimates of obesity are based on self-reported data, the relationship
between obesity and conditions such as heart disease, diabetes and high blood pressure are
exaggerated when compared to estimates based on directly measured values'®?'.

Associations between obesity and food insecurity have also been shown to be more

pronounced when self-reported rather than measured height and weight data are used?.,

Our work indicated that this occurs because fewer respondents are classified as overweight
or obese when the classification is based on reported data, because they erroneously classify
themselves into a lower weight category. Yet, the average weights of those who do self-

report as being overweight or obese are higher than then average weights of those whose
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measured data place them in the overweight or obese categories. As a result we observe a
stronger association with morbidity when overweight and obese categories are based on self-

reported data because the respondents in these categories are actually heavier”'.

This underestimation also leads to an underestimation in the disease burden of obesity. For
instance, of Canadian adults aged 40 years and older who were classified as obese based on
self-reported data in the 2005 CCHS 360,000 had diabetes. If, however, measured data are

used to classify respondents as obese then 530,000 adults had diabetes?'.

This controversy has led several researchers to recommend using reported estimates of
height and weight with caution or not at all?>#*?*, One of the strengths of using correction
factors to adjust the reported estimates is that they are able to reduce the exaggeration in the
relationship between self-reported obesity and morbidity, and thereby represent an
improvement over the reported data. However, they are not able to reduce the odds ratios to

the levels that are seen when the associations are studied based on measured data.

Undeniably, this research highlights the need for more wofk to examine the validity of self-
reported estimates, but while validity studies on a variety of determinants and outcomes are
required, additional work is also needed. This work has clearly documented that estimates
generated from self-reported data for at least three indicators (obesity, hypertension and
smoking) will be biased, yet for fiscal and logistical reasons in Canada and perhaps
internationally, self-report will likely continue to be the main source of population level

surveillance data for some time to come. More therefore needs to be done to try to improve
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the quality of existing self-reports. As discussed above, adherence to standard guidelines and

protocols for collecting not just measured but also self-reported data is important.

Consistently eliminating rounding from self-reported responses is another way to decrease
some of the bias and increase the comparability of studies. The CCHS is one of the worst
offenders for building bias into questionnaire responses as most respondents rep‘ort their
height in feet and inches, but the values are then rounded up to the closest inch and then
converted to a range of metric values, with the mid point in that range being selected as the

person’s height. It would be much less onerous and more accurate to simply convert the

unrounded estimate that the respondent provides into its corresponding metric value.

‘Where studies do, include sub-samples with both measured and reported data they must
ensure that the circumstances in which the data are being collected are kept consistent
between the two methods. For instance, if clothing or shoes are not worn for the height or
weight measurements, participants should be instructed to report their height or weight
without shoes or clothes.

While these examples may seem trivial, they were observed regularly in the literature, and
small biases at different stages in the collection process can add up to large discrepancies. In
order to determine which aspects of the bias are due to the measurements and which are due
to true discrepancies among respondents, researchers need to take care in the design and

implementation of questionnaires and survey instruments.
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In addition, it has been documented that for topics that are susceptible to social desirability

that the mode of data collection can also impact on the bias*?’

, with studies showing a
greater bias in reported obesity for example, for respondents who were interviewed by
telephone compared to those who were interviewed in person28’29. Although in-person

interviews carry additional costs, advantages in terms of increased accuracy of responses

may make these extra costs worthwhile.

With some indicators such as hypertension, self-reported data could be improved both
through improved reporting standards but also by public health efforts to increase awareness
of blood pressure. As hypertension is often asymptomatic in its early phases, identification
relies on adequate screening for the condition, yet studies have shown that screening may not
be consistently undertaken®**'. Vargas and colleagues®” found that the validity of self-
reported hypertension was increased in those who had a medical appointment in the past
year. Efforts to increase screening and reporting of blood pressure results to patients may
help to increase the quality of reported estimates as well as to ensure early diagnosis and

treatment.

Summary and Recommendations

This research has documented an international problem in how obesity, smoking and
hypertension are measured, has confirmed the relevance of the findings relating to obesity
for Canadians, and has suggested a potential method in which self-reported data can be
corrected to more closely approximate measured values. Furthermore, the historical trends in

the reporting bias have been investigated in both Canada and the United States to begin to
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assess the generalizability of the correction factors approach and to document the degree of
bias over time. This work has made an important contribution to understanding the bias in
current surveillance practices that are anchored in the collection of self-reported data and has

suggested practical solutions that can continue to move the field forward.

This research has provided a solid base from which future research can build to investigate if
the relationships are generalizable to other indicators and could be reproduced with the
CHMS data to determine the extent of the discrepancy between reported and measured
values for a widgr variety of health outcomes. One of the reviews has already sparked a
series of commentaries in a well respected journal about the implications of the bias?%33
and Statistics Canada is currently considering including a sub-sample of respondents from
“whom reported and measured height and weight data would be collected in its health
surveys, this sub-sample could then be used to develop survey specific correction\eqhations.
It is hoped that this work will lead to the development of standardized tools to measure
health indicators so that regional, national, and international comparability will be enhanced.
Increasing comparability will only help to consolidate knowledge and build on research
conducted in other areas. This will ensure that health professionals, policy makers,

researchers and government officials have the most accurate evidence from which to make

decisions about the population’s health and well-being.

To summarize, this dissertation presents a series of recommendations that would improve the
current practice of collecting self-reported data for generating population health estimates of

health conditions and enhance population health surveillance in Canada.
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They are as follows:

1. Whenever possible collect direct measures data for indicators of obesity,
hypertension and smoking. More work needs to be undertaken to determine which
indicators are key and for which direct measures data should always be collected.
Obesity is an example as it is both a determinant and outcome for a variety of

conditions and the collection of height and weight is relatively straightforward.

2. If direct measurement is not possible on an entire survey sample, consider collecting

measured and reported data on a sub-sample of respondents, which will permit:

a. the generation of study-specific correction factors; given the increased
accuracy of the corrected estimates of obesity generated from this study, it is
probable that study-specific correction factors may also be a means by which
to improve the precision of reported estimates;

b. documentation of the bias in different populations;

c. monitoring changes in the bias of over time; and

d. understanding the degree to which our self-reported estimates are

underestimating measured prevalence.

3. If direct measurement is not possible on a continuous basis, consider the occasional
collection of directly measured data in ongoing data collection initiatives. For
example, in data collection initiatives such as the CCHS where data are collected on
a yearly basis, direct measurement could be undertaken every second or third year,

rather than yearly.
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4. Continue methodological research to improve existing methods of adjusting self-

reported estimates; continue to test and refine the correction factors presented herein.

5. Conduct further research into the validity of self-reported measures and questions

with additional conditions such as diabetes, physical activity or high cholesterol.

6. Undertake additional research to examine how we can further improve existing self-

reported measurement tools.

7. Follow protocols and standards for collecting and reporting both measured and
reported data, work to build on and improve national and where possible
international protocols for data collection and establish protocols in areas where they

' are lacking.

In any data collection initiative it is always a challenge to achieve an adequate balance
between efficiency and precision of measurement. Objective measures provide a more
accurate estimate of the prevalence of the indicators that were examined in this research, but
this precision does come at a cost, a cost that has both logistical and financial implications.
For health surveillance in Canada this work has clearly documented a bias in self-reported
estimates of height, weight, BMI, hypertension and smoking yet these estimates are regularly
employed to make program, policy and spending decisions. While no known cost-effective
analysis has been undertaken to examine the cost and benefits of self-report versus direct

measurement, it is clear that the costs of direct measurement are substantial. In this author’s
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opinion, the benefits of gaining higher quality data for the conditions examined in this
dissertation far outweigh the additional costs, as accurate data are required for effective
decision making. With other indicators where perhaps the discrepancy is reduced or non-
existent, reported estimates may continue to be appropriate. More research is required in

order to determine how to continue to advance our knowledge in this area.
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