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Objective. Researchers have established a preponderance of height overestimation among men and weight underestimation
among women in self-reported anthropometric data, which skews obesity prevalence data and obscures obesity-chronic disease
relationships. The objective of this study was to reevaluate associations between obesity and chronic diseases using body mass index
(BMI) correction equations derived from measured data. Methods. Measured height and weight (MHW) data were collected on a
subsample of the 17,126 Atlantic Canadians who participated in the 2007-2008 Canadian Community Health Survey (CCHS). To
obtain corrected BMI estimates for the 17,126 adults, correction equations were developed in the MHW subsample and multiple
regression procedures were used to model BMI. To test obesity-chronic disease relationships, logistic regression models were
utilized. Results. The correction procedure eliminated statistically significant relations (P < 0.05) between obesity and chronic
bronchitis and obesity and stroke. Also, correction attenuated many relationships between adiposity and chronic disease. For
example, among obese adults, there was a 13%, 12%, and 7% reduction in the adjusted odds ratios for asthma, urinary incontinence,
and cardiovascular disease, respectively. Conclusion. Further research is needed to fully understand how the usage of self-reported

data alters our understanding of the relationships between overweight or obesity and chronic diseases.

1. Introduction

With over one billion people overweight (body mass index
(BMI) 25.0-29.9 kg/mz) and 500 million obese (BMI >
30.0 kg/ mz), the World Health Organization (WHO) consid-
ers obesity to be a global epidemic [1, 2]. Obesity is listed
as a risk factor for cardiovascular disease (CVD, that is,
hypertension, stroke, congestive heart failure, and coronary
artery disease), type 2 diabetes, several types of cancer
(i.e., colorectal, kidney, breast, endometrial, ovarian, and
pancreatic), asthma, gallbladder disease, osteoarthritis, and
chronic back pain [3]. Besides the heavy toll on morbidity
and mortality rates exacted especially by severe obesity [4, 5],
excess body fat also reportedly has a substantial economic

burden on society. In Canada, the direct medical cost of
overweight and obesity was $6.0 billion in 2006 [6].

While research has shown that obesity is associated with a
number of chronic health conditions [1, 7], the relationships,
though still significant, may be weaker than once thought
[8-12]. Most studies investigating the link between obesity
and adverse health outcomes use self-reported height and
weight data, which can be distorted by bias and error [8],
to determine BMI. Canadian researchers demonstrated, with
correction equations based on measured data, that the out-
come of using self-reported data is an underestimation of
obesity prevalence, but an overestimation of the association
between obesity and chronic disease [8]. It is fundamental
to reevaluate the relationship between obesity and chronic



health conditions because the results inform the work of
health care practitioners, researchers, planners, and decision
makers.

Despite the limitations faced in using self-reported height
and weight data, the practice will likely continue in large
national surveys due to fiscal and logistical constraints
[13]. The Canadian Community Health Survey (CCHS) is
unconventional in that it includes both self-reported and
direct measurements of height and weight from 10% of the
respondents. By analysing CCHS data, researchers have a
unique opportunity to take a better look at the link between
obesity and chronic diseases. The purpose of this study was
to examine the relationship between obesity and chronic
diseases by conducting a secondary data analysis of 2007-
2008 CCHS data in the Atlantic region of Canada, which has
the highest obesity prevalence rates in the country [7].

This secondary data analysis of the 2007-2008 CCHS was
performed to answer the following research question: what
are the relationships between selected chronic health condi-
tions (e.g., type 2 diabetes, CVD, and cancer) and obesity in
Atlantic Canada using (a) self-reported BMI estimates, and
(b) corrected BMI estimates based on measured data? The
research was approved by Statistics Canada, the Social Sci-
ences and Humanities Research Council of Canada (SSHRC),
and the Interdisciplinary Committee on Ethics in Human
Research (ICEHR) at Memorial University in St. Johnss,
Newfoundland and Labrador.

2. Methods

The CCHS is a national representative survey, which collects
self-reported information on health status, health care utiliza-
tion, and health determinants for the Canadian population
[14]. In the section of the CCHS on chronic health conditions,
respondents are asked if they have certain chronic health
conditions for a duration of 6 months or more that have been
diagnosed by a health professional [14, 15]. A full description
of the 2007-2008 CCHS is available from Statistics Canada
publications [14, 15]. Briefly, the target population of the
2007-2008 CCHS was persons aged 12 years and over living
in private dwellings in all provinces and territories. The
survey excludes persons living on Aboriginal reserves and
settlements or in institutions, full-time members of the
Canadian Forces, and residents of certain remote regions. For
the Atlantic region, the response rates were 82%, 79%, 80%,
and 82% for the provinces of Newfoundland and Labrador,
Prince Edward Island, Nova Scotia, and New Brunswick,
respectively, yielding a total of 17,126 Atlantic Canadian
respondents. The CCHS 2007-2008 cycle had three sampling
frames to select the sample of households as follows: 49%
of the sample of households came from an area frame, 50%
were from a list frame of telephone numbers, and 1% came
from a random digit dialing sampling frame. The secondary
analysis included all 2007-2008 CCHS Atlantic Canadian
respondents, with the exception of pregnant and breastfeed-
ing women and children under the age of 18 because the
BMI is not intended for use with these groups [16]. The
sociodemographic characteristics of the Atlantic Canadian
population are described elsewhere [17].
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In 2008, measured height and weight (MHW) data were
collected on a subsample of the CCHS respondents. These
measured data were used to generate correction equations
for males and females to adjust self-reported BMI estimates
in Atlantic Canada [17] according to previously validated
methods [8]. Details of the correction equations and the
analyses indicating there was sufficient statistical power are
published elsewhere [17]. This research is based on and
extends a previous analysis that examined the relationships
between obesity and a smaller set of chronic diseases at the
national level [10].

2.1. Statistical Analyses. A preliminary analytical step was
assessing the prevalence of “obesity-related” chronic health
conditions in the Atlantic provinces versus Canada overall.
Next, we applied the correction equations developed in
the MHW subsample [17] to the self-reported obesity data
from the CCHS. The extent to which self-reported measures
of height and weight (BMI) bias the relationship between
obesity and select obesity-related chronic conditions was
then determined, using logistic regression models with self-
reported and corrected BMI as independent variables and the
presence of each chronic condition (yes/no) serving as the
dependent variable. We used a derived variable, namely CVD,
which included the presence of heart disease, high blood
pressure, and/or diabetes. Age and sex were controlled for in
the models. The analyses were restricted to men and women
aged 40 and older due to the higher prevalence of chronic
disease among this age group.

The researchers adhered to Statistics Canada’s guidelines
for tabulation, analysis, and release [14, 15]. The data analysis
was conducted at the Atlantic Research Data Centre (ARDC)
at Dalhousie University in Halifax, Nova Scotia, using SAS 9.2
statistical software (SAS Institute Inc., Cary, NC).

3. Results

Information on the prevalence of obesity-related chronic
health conditions among adults aged 40 years or older in
Atlantic Canada as compared to the rest of Canada appears
in Table 1. The percentage of Atlantic Canadian adults in
this age group who reported having been given a medical
diagnosis of anxiety disorder, arthritis, CVD, diabetes, heart
disease, and/or high blood pressure was significantly higher
(P < 0.0001) than among those living in the provinces and
territories outside of the Atlantic region. Just over 30% of
the Atlantic Canadian adults aged 40 years and older had
arthritis and/or high blood pressure, and slightly under 40%
had CVD. In contrast, closer to one-quarter had arthritis
(24%) and/or high blood pressure (27%), and 34% of non-
Atlantic Canadians had CVD.

The results of the logistic regression analyses are displayed
in Table 2. In two cases, the relationship between a chronic
condition and obesity lost statistical significance with the
correction for bias and error. In particular, on self-report,
obesity was significantly associated with stroke and chronic
bronchitis at the .05 level, but upon correction these results
were no longer significant. Also, correction attenuated many
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relationships between adiposity and chronic disease. For
example, among obese adults, there was a 13%, 12%, and
7% reduction in the adjusted odds ratios (AOR) for asthma
(precorrection AOR = 1.88; 95% confidence interval (CI)
1.40-2.53; postcorrection AOR = 1.64; 95% CI 1.19-2.26),
urinary incontinence (precorrection AOR = 1.74; 95% CI
1.34-2.26; postcorrection AOR = 1.54; 95% CI 1.17-2.02),
and CVD (precorrection AOR = 4.86; 95% CI 4.18-5.64;
postcorrection AOR = 4.52; 95% CI 3.84-5.32), respectively.
For those who were overweight, correction for bias and error
decreased, for instance, the AORs for CVD (precorrection
AOR = 1.99; 95% CI 1.74-2.29; postcorrection AOR = 1.80;
95% CI 1.54-2.10) and high blood pressure (precorrection
AOR = 1.97; 95% CI 1.70-2.27; postcorrection AOR = 1.85;
95% CI 1.57-2.18) by 10% and 6%, respectively.

All of the relationships tested between chronic dis-
ease/condition and BMI, specifically when BMI was analyzed
as a continuous variable, were basically unaltered by the
correction process. Other than cancer, the chronic health
conditions were positively associated with increasing body
weight. Furthermore, with the exception of asthma, chronic
bronchitis, and pain/discomfort, underweight was signifi-
cantly associated pre- and/or postcorrection with the chronic
health conditions under investigation. Two irregular findings
were observed in Table 2, in that there was a significant
relationship after, but not before, correction between under-
weight and arthritis (AOR = 1.31; 95% CI 1.02-1.69; P <
0.05) and overweight and pain and discomfort (AOR = 1.34;
95% CI 1.08-1.66; P < 0.01). Nevertheless, it was noted that
the point estimates approached significance on self-report for
overweight adults for pain and discomfort (P = 0.07) and for
underweight adults for arthritis (P = 0.06).

4. Discussion

Ever since the 1970s, federal government health reports, such
as the Lalonde Report [18] in Canada and the 1979 Surgeon
General’s Report [19] in the United States, have cautioned
the public at large about the dangers of lack of physical
exercise and a high-caloric or high-fat diet. One problem
with many studies examining the link between obesity and
adverse health outcomes is the use of self-reported BMI data,
which can be distorted by bias and error [8]. The current
study capitalizes on the recent advent of correction equations
in order to reassess the obesity-chronic disease relationship.
In this large study, we found a high prevalence of chronic
diseases in the Atlantic provinces of Canada, notwithstanding
the restriction of the analysis to individuals 40 years of age
or older. Arthritis and cardiovascular-related diseases, such
as high blood pressure, were particularly prevalent in this
geographical region of the country. This finding was not
entirely unexpected as there is ample empirical evidence
[20, 21] to support the idea of the Atlantic area being an
epicenter of chronic diseases in Canada. Yet, we cannot
directly compare our results with other publications because
we limited our analysis to an older age group. The PHAC [21],
for instance, provided statistics on CVD for Canadians who
were 20 years of age and older. In this younger population,

TABLE 1: Prevalence of obesity-related chronic health conditions
by Canadian region, household population aged 40 years or older,
2007-2008.

Chronic condition Atlantic Canada Rest of Canada
% 95% CI % 95% CI
Anxiety disorder 6.7" 6.0,7.3 5.4 5.1,5.7
Arthritis 31.6" 30.4, 32.7 24.3 23.8,24.8
Asthma 7.3 6.6, 8.0 7.4 71,77
Cancer 3.2 2.8,3.7 3.1 29,33
Cardiovascular disease 38.6" 37.3,39.8 337 33.1,343
Chronic bronchitis 1.9 1.6,2.2 1.8 1.6,1.9
Depression 7.8 7.1, 8.5 7.4 7.1,7.7
Diabetes 11.8" 11.1, 12.6 9.4 9.1,9.8
Heart disease 10.0" 9.3,10.7 8.0 7.7,8.3
High blood pressure 31.1° 29.9,32.3 26.6  26.0,27.1
Pain and Discomfort 11.9 11.1, 12.6 12.2 11.8,12.6
Stroke 2.0 1.7,2.3 1.8 1.7,2.0
Urinary incontinence 5.5 5.0,6.0 5.1 49,54

Data source: 2007-2008 Canadian Community Health Survey, Statistics
Canada.

Abbreviations: CI: confidence intervals.

*P < 0.0001.

the percentage of adults who had high blood pressure ranged
from 22% to 25% in the Atlantic provinces and ranged from
8% to 21% in the remaining provinces and territories, with a
19% national average [21]. We witnessed a markedly higher
prevalence of high blood pressure for Atlantic (31%) and
other Canadians (27%), but this may be attributed to the
disparate age groups.

The results revealed that many significant relationships
remained unchanged and robust despite the correction for
bias and error. Increasing body weight, as indicated in Table 2
by the continuous BMI variable, was strongly associated pre-
and postcorrection with anxiety disorder, arthritis, asthma,
CVD, chronic bronchitis, depression, diabetes, heart disease,
high blood pressure, pain and discomfort, stroke, and urinary
incontinence. To our knowledge, this study is the first to make
these pre- and postcorrection comparisons when BMI is
treated as a continuous variable. However, these findings are
consistent with research comparing measured versus uncor-
rected self-reported BMI data in regression models analyzing
the correlations between BMI as a continuous variable and
selected health conditions, including diabetes, high blood
pressure, heart disease, and arthritis [10]. Being underweight
was associated pre- and postcorrection with anxiety disorder,
cancer, CVD, depression, diabetes, heart disease, high blood
pressure, stroke, and urinary incontinence. These results are
consistent with reports in the research literature that being
underweight is a major chronic disease risk factor, especially
in developing nations [22]. The finding that these relation-
ships held postcorrection was expected because the difference
between self-reported BMI and physical measurements is
smallest among those with lower body weight [12].

The data analyses also exhibited statistically strong rela-
tionships between obesity and diabetes, CVD, high blood
pressure, asthma, urinary incontinence, and arthritis, but
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TaBLE 2: Adjusted odds ratios” relating corrected and self-reported BMI to selected health conditions, household population aged 40 years
or older, Atlantic Canada, 2007-2008.

BMI category (range kg/m?) Based on self-reported BMI Based on corrected BMI
Adjusted OR 95% CI Adjusted OR 95% CI
Anxiety disorder
Underweight (<18.5) 1.83" 1.25,2.68 1.90" 1.27,2.84
Normal weight (18.5 to 24.9; ref) 1.00 — 1.00 —
Overweight (25.0t0 29.9) 1.12 0.88, 1.41 0.99 0.76, 1.28
Obese (30.0 or more) 147" 1.14, 1.90 1.51" 1.15,1.98
BMI (continuous) 1.03* 1.01, 1.05 1.03* 1.01, 1.05
Arthritis
Underweight (<18.5) 1.24 0.99, 1.57 1.317 1.02, 1.69
Normal weight (18.5 to 24.9; ref) 1.00 — 1.00 —
Overweight (25.0 to 29.9) 1.16 1.00, 1.34 1.11 0.94, 1.31
Obese (30.0 or more) 1.92* 1.64,2.24 1.81" 1.53,2.15
BMI (continuous) 1.06" 1.04, 1.07 1.05" 1.04, 1.07
Asthma
Underweight (<18.5) 1.17 0.77, 1.79 1.11 0.70, 1.76
Normal weight (18.5 to 24.9; ref) 1.00 — 1.00 —
Overweight (25.0 to 29.9) 1.13 0.86, 1.48 0.95 0.69, 1.31
Obese (30.0 or more) 1.88" 1.40, 2.53 1.64" 1.19, 2.26
BMI (continuous) 1.05* 1.03, 1.06 1.04* 1.03, 1.06
Cancer
Underweight (<18.5) 1.61" 1.03,2.53 1.60" 0.99, 2.57
Normal weight (18.5 to 24.9; ref) 1.00 — 1.00 —
Overweight (25.0t0 29.9) 1.19 0.86, 1.64 1.10 0.77, 1.59
Obese (30.0 or more) 1.29 0.89, 1.88 1.20 0.81,1.78
BMI (continuous) 1.02 1.00, 1.05 1.02 1.00, 1.05
Cardiovascular disease
Underweight (<18.5) 2.03" 1.58, 2.60 2.26" 1.73,2.95
Normal weight (18.5 to 24.9; ref) 1.00 — 1.00 —
Overweight (25.0 to 29.9) 1.99* 1.74, 2.29 1.80* 1.54,2.10
Obese (30.0 or more) 4.86" 4.18, 5.64 4.52" 3.84,5.32
BMI (continuous) 1.14* 1.12, 1.15 1.13* 1.12, 1.15
Chronic bronchitis
Underweight (<18.5) 1.17 0.61,2.25 1.12 0.57,2.20
Normal weight (18.5 to 24.9; ref) 1.00 — 1.00 —
Overweight (25.0 to 29.9) 0.99 0.61, 1.63 0.92 0.57, 1.51
Obese (30.0 or more) 1.69" 1.10, 2.61 1.58 0.96, 2.60
BMI (continuous) 1.04 1.01,1.07 1.04 1.01,1.07
Depression
Underweight (<18.5) 2.02% 1.42,2.88 2.16" 1.46, 3.20
Normal weight (18.5 to 24.9; ref) 1.00 — 1.00 —
Overweight (25.0t0 29.9) 1.01 0.80, 1.28 1.06 0.81, 1.37
Obese (30.0 or more) 147" 1.15,1.89 1.51" 1.15,1.97
BMI (continuous) 1.03* 1.02, 1.05 1.03* 1.02, 1.05
Diabetes
Underweight (<18.5) 217" 1.62,2.92 2.60" 1.89, 3.57
Normal weight (18.5 to 24.9; ref) 1.00 — 1.00 —
Overweight (25.0 to 29.9) 2.14* 1.72, 2.66 2.07¢ 1.63,2.63
Obese (30.0 or more) 6.39 5.22,7.83 6.14" 491,7.68

BMI (continuous) 1.15% 1.13,1.17 1.14* 1.12, 1.16
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TaBLE 2: Continued.
BMI category (range kg/m?) Based on self-reported BMI Based on corrected BMI
Adjusted OR 95% CI Adjusted OR 95% CI
Heart disease
Underweight (<18.5) 1.54" 1.11, 2.15 171" 1.20, 2.42
Normal weight (18.5 to 24.9; ref) 1.00 — 1.00 —
Overweight (25.0 to 29.9) 1.19 0.97,1.47 1.25 1.00, 1.57
Obese (30.0 or more) 1.92* 1.55,2.39 1.96 1.58, 2.43
BMI (continuous) 1.06" 1.04, 1.07 1.06" 1.04, 1.07
High blood pressure
Underweight (<18.5) 1.88" 1.49, 2.38 2.12* 1.65,2.72
Normal weight (18.5 to 24.9; ref) 1.00 — 1.00 —
Overweight (25.0 to 29.9) 1.97 1.70, 2.27 1.85" 1.57,2.18
Obese (30.0 or more) 4.30% 3.69, 5.01 4.08* 3.45,4.83
BMI (continuous) 111" 1.10, 1.13 L.11* 1.09, 1.13
Pain and discomfort
Underweight (<18.5) 1.03 0.74, 1.44 1.14 0.80, 1.63
Normal weight (18.5 to 24.9; ref) 1.00 — 1.00 —
Overweight (25.0 to 29.9) 1.21 0.99, 1.49 1.347 1.08, 1.66
Obese (30.0 or more) 1.317 1.05, 1.65 1.38" 1.09, 1.74
BMI (continuous) 1.02" 1.01, 1.04 1.02° 1.01,1.04
Stroke
Underweight (<18.5) 2.80" 1.75,4.51 3.08" 1.83,5.17
Normal weight (18.5 to 24.9; ref) 1.00 — 1.00 —
Overweight (25.0 to 29.9) 0.90 0.58,1.41 1.07 0.67,1.71
Obese (30.0 or more) 1.76" 1.10, 2.81 1.48 0.90, 2.41
BMI (continuous) 1.05" 1.00, 1.09 1.05" 1.00, 1.09
Urinary incontinence
Underweight (<18.5) 1.85¢ 1.31,2.61 1.88* 1.29,2.73
Normal weight (18.5 to 24.9; ref) 1.00 — 1.00 —
Overweight (25.0 to 29.9) 1.05 0.83,1.33 0.95 0.73,1.25
Obese (30.0 or more) 1.74* 1.34,2.26 1.54" 1.17,2.02
BMI (continuous) 1.03* 1.02, 1.05 1.03* 1.02, 1.05

Data source: 2007-2008 Canadian Community Health Survey, Statistics Canada.

Abbreviations: BMI: body mass index; CI: confidence intervals; OR: odds ratio; P: statistical significance; ref: reference; —: suppressed due to disclosure rules

or not applicable.
*Models control for age (continuous) and sex.
*P < 0.05; p< 0.01; p< 0.001; *P < 0.0001.

the relationships were less striking upon correction in that
the AORs weakened. These results were expected given the
hypothesis and compelling argument made by Chiolero et
al. [9] that the associations between obesity and health
conditions may be overestimated if self-reported BMI is used.
In their comparisons of AORs based on self-reported BMI
with those based on measured BMI, researchers documented
similar trends for diabetes, high blood pressure [10, 11],
arthritis, and heart disease [10] in the past. The only other
study that we are aware of to test Chiolero et al. hypothesis
with corrected BMI data was conducted by Connor Gorber
and colleagues [8], who focused on a smaller set of health
conditions (i.e., diabetes, high blood pressure, heart disease,
arthritis, activity limitation, and fair/poor self-perceived
health), using Canadian national data. The work of Connor

Gorber et al. was also different from the current study because
four separate correction models were evaluated against the
results based on measured data, and the obese category was
subdivided into two classes. With these differences aside,
the main outcome of the regression analyses performed by
Connor Gorber et al. parallels the reduced AORs observed
in several circumstances on correction in the present study.
Also, in unison with the current study, a few exceptions were
noted by Connor Gorber and colleagues. For example, in
the previous study, corrected values inflated relationships of
excess body weight with arthritis among adults who were
overweight or obese (classes II and III; BMI > 35kg/m®).
While this observation was not borne out in the present
regression analyses, an exception to the reduction in the
corrected AORs was found for pain and discomfort, namely



the corrected AOR among overweight adults increased from
the estimate based on self-reported BMI, and it gained sig-
nificance.

Further support for the hypothesis put forth by Chiolero
et al. [9] was found in the current analyses. Of particular
note, unequivocal support for the hypothesis was provided
by the fact that correction eliminated the significant relations
between obesity and two chronic conditions (i.e., chronic
bronchitis and stroke). Unlike our results, statistical signifi-
cance was lost for diabetes with correction in one of Connor
Gorber et al’s [8] regression models, but no other direct
comparisons can be made between the two studies, as the
health conditions under study were not identical.

Turning our attention to the literature comparing self-
reported with measured BMI data, in a study with 961
Mexican adults [23], a positive association between obesity
and asthma was only apparent for women on self-report,
but was evident for both sexes with physical measurements.
These findings run counter to the results for asthma obtained
in our research. On the other hand, in two other studies
with measured BMI data, comparable patterns for diabetes
emerged, such as the one observed in the present study [10,
11]. In fact, in one of the studies [10], the seemingly signifi-
cant relationship between being overweight and diabetes was
eliminated with the use of height and weight measurements.

Despite the fact that previous researchers have repeatedly
concluded that obesity is associated with cancer [3], this
study did not provide further evidence for this conclusion.
Cancer was not significantly associated with obesity or
increasing body weight in our data analysis. The subdivision
of the obese category into different classes of obesity would
have fleshed out a more detailed analysis, and it may have
generated different results. In addition, perhaps a cancer-
specific analysis would have produced different results since
obesity is only associated with certain malignancies in prior
research [3]. Moreover, all of the results of this study should
be interpreted with some caution. As this study had a cross-
sectional design, causal inferences cannot be made. Also,
we acknowledge that reciprocal and complex relationships
exist between obesity and chronic diseases, such as CVD
[24]. Furthermore, as described in more detail elsewhere
[17], there were other limitations to the present research.
The limitations included the 45%-60% provincial response
rates for the MHW subsample, the small subsample size, the
absence of intra- and interrater reliability testing to exclude
significant BMI measurement error, the limitations of the
BMI itself as an mechanism to measure body fat, and the
reduced sensitivity values for the normal weight population
with the correction method used in this study.

5. Conclusions

Chiolero et al. [9] pointed out that using self-reported BMI
data exaggerates obesity-chronic disease relations. Our
research supported this hypothesis, although in many cases
the relationships remained significant even though the AORs
were reduced. Although these findings do not diminish the
importance of public health messaging to encourage healthy
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weights, they do indicate that more research is needed to
fully understand how the usage of self-reported data alters
our understanding of the relationships between overweight
or obesity and chronic diseases.
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