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ABSTRACT

Type 2 diabetes mellitus (DM) is an emerging problem among Inuit of
Circumpolar Countries. However, Canadian Inuit health surveillance data are
limited. Data from the Nunavik Health Survey were used to evaluate the
prevalence of overweight and obesity using the observed body mass index
(BMlob) and the standardized BMI adjusted for sitting height (BMIstd). Also, data
from Pangnirtung, Nunavut in the Baffin Region pilot health screening were used
to evaluate anthropometric correlates of indices of insulin resistance. Obesity
among the Nunavik study population (29.8%) is more prevalent than among
general Canadians (23.1%), but the prevalence rates are more comparable when
using BMIstd (21.5%). In Pangnirtung, anthropometric measures BMlob, BMistd,
waist circumference and percent body fat were associated with indices of insulin
resistance/sensitivity (p < 0.05). BMistd showed similar results to BMlob and
does not better predict the indices of insulin resistance/sensitivity.
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RESUME

Le diabéte de type 2 émerge parmi les Inuit des pays circumpolaires. Par
contre, les données concernant leur état présent de santé sont trés limitées. Les
données de I'enquéte de santé du Nunavik ont servi a évaluer leur taux d'obésité
en utilisant 'index de masse corporelle observé (IMCob) et I'index de masse
corporelle standardisé (IMCstd) en ajustant 'IMCob & une mesure de taille
assise. Aussi, des données sur l'enquéte de santé pilote de Pangnirtung,
Nunavut de I'lle de Baffin ont permis d'évaluer les associations entre des
mesures corporelles et des indices de résistance a linsuline. Le taux d’obésité
parmi la population de recherche du Nunavik est plus marqué (29.8%) que parmi
un groupe représentatif de la population canadienne (23.1%), mais en utilisant
I'IMCstd, le taux d’obésité était comparable (21.5%). A Pangnirtung, les mesures
corporelles comme I'IMCob, I'lMCstd, la circonférence de taille et le pourcentage
de gras corporel étaient associés aux indices de résistance/sensibilité a I'insuline
(p<0.05). Les résultats de I'lMCstd étaient comparables a ceux de I'lMCob et ne
sont pas supérieurs pour prédire les indices de résistance/sensibilité a 'insuline.
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1. Introduction
11 Brief overview

Health promotion and intervention programs are important for the well-
being of northern communities. However, health promotion programs cannot be
appropriately designed in the absence of surveillance data on the health status of
a population. In 2004, a health survey among Inuit of Nunavik was conducted to
obtain health data, assess changes in health status since a 1992 health survey,
and to help develop appropriate health programs based upon the findings. For
Inuit residing in Nunavut, health surveillance data are limited. Available data are
from the Central Arctic and over 10 years old. Therefore, a community pilot
health screening in the Baffin Region was conducted to facilitate health
screenings in other Nunavut communities. The health screenings were designed
to be linked to research and health promotion efforts. This project is based upon
the Centre for Indigenous Peoples’ Nutrition and Environment's mandate which

seeks to respond to health concerns of Indigenous Peoples through participatory
research and education.

The thesis includes findings from the Nunavik study population and the
Baffin Region community study population. More specifically, the thesis consists
of an overview of the literature as it pertains to type 2 diabetes mellitus (DM)
among Inuit; a published article on the appropriateness of body mass index (BMI)
(kg/m?) to assess obesity among Inuit; a manuscript for publication describing the
level of obesity among the Nunavik study population; a third manuscript
regarding the association of anthropometric measures and indices of insulin

resistance among the Baffin Region study population; and lastly, overall
conclusions.



1.2 Rationale

There is evidence that type 2 DM is an emerging problem among Inuit of
Circumpolar Countries (Young et al. 2000; Bjerregaard 2003; Naylor et al. 2003).
However, Canadian Inuit data are limited and the scope and full extent of the
diabetes problem is unknown. While there is a need to évaluate the determinants
of diabetic risk factors within an Inuit context, few studies have focused on this
specific issue. For example, widely used BMI may overestimate the prevalence
of overweight and obesity in Inuit populations due to their shorter legs and higher
sitting heights compared to other populations (Charbonneau-Robefts et al. 2005).
Therefore, BMI and other determinants commonly used may not be as predictive
of type 2 DM risk among Inuit. Further, early detection of insulin resistance and
the implementation of Inuit specific intervention programs to improve insulin
sensitivity may lower the risk of developing type 2 DM (Gutt et al. 2000; Vaccaro
et al. 2004) and help prevent the diabetes epidemic experienced in First Nations

and American Indian communities (Montour et al. 1985; Brassard et al. 1993a;
Brassard et al. 1993b).

1.3 Purpose and specific objectives

The purpose of the thesis is to evaluate differences in the prevalence of
overweight and obesity using BMI and BMI adjusted for sitting height; and to

evaluate the association of anthropometric measures with risk factors for type 2
DM among Inuit.

The thesis includes three primary objectives:

1) to provide a descriptive overview of the anthropometric
characteristics of Inuit of Nunavik;

2) to compare the prevalence of overweight and obesity using BMI
and BMI adjusted for sitting height among men and women; and



3)

to evaluate the anthropometric correlates of indices of insulin
resistance using the homeostasis model assessment index
(IRHoma) (Matthews et al. 1985), the quantitative insulin sensitivity
check index (QUICKI) (Katz et al. 2000), and the insulin sensitivity
index developed by Gutt et al. (1Slg 120) (Gutt et al. 2000).



2. Literature review
21. Type 2 diabetes mellitus
2.1.1. Prevalence of type 2 diabetes mellitus among Inuit

Type 2 DM has historically been rare among Inuit (Scott et al. 1957, Sagild
et al. 1966; Mouratoff et al. 1967). However, the emergence of obesity and
chronic diseases such as type 2 DM among Aboriginal populations in the
Circumpolar North has become an area of public health concern (Young et al.
2000; Bjerregaard 2003; Naylor et al. 2003). Among Alaskan Eskimo/inuit adults
35 years and above, the prevalence of diabetes increased from between 0.8 and
1.4 per 1000 in 1957 (Scott et al. 1957) to 21.9 per 1000 in 1993 (Schraer et al.
1997). Among Greenlanders, the prevalence of type 2 DM increased from 0.5 per
1000 in 1962 (Sagild et al. 1966) to 108 per 1000 among men and 88 per 1000
among women in 2001 (Bjerregaard 2003). In 1987, the prevalence of diagnosed
diabetes among Inuit of the Northwest Territories (NWT) was 3.6 per 1000, a rate
below that of the United States general population prevalence of 23.5/1000 and
well below the high prevalehce among North American Indians (Young et al.
1992). While southern First Nations in Canada were suffering from exponential
increases in type 2 DM 30-40 years ago, Inuit were spared the diabetes epidemic
perhaps due to a slower rate of dietary transition and acculturation.

2.1.2. Type 2 diabetes mellitus: An overview

According to the Canadian Diabetes Association, “diabetes mellitus is a
metabolic disorder characterized by the presence of hyperglycemia due to
defective insulin secretion, insulin action, or both” (Canadian Diabetes
Association Clinical Practice Guidelines Expert Committee 2003b). Type 2 DM
which accounts for approximately 90-95% of all diabetic cases (American
Diabetes Association 2004) “may range from predominant insulin resistance with

4



relative insulin deficiency to a predominant secretory defect with insulin
resistance” (Canadian Diabetes Association Clinical Practice Guidelines Expert
Committee 2003b). Rarely, type 2 DM will originate from an immune-mediated
loss of pancreatic beta cells, also known as Iatént autoimmune diabetes in adults
(LADA) (Canadian Diabetes Association Clinical Practice Guidelines Expert
Committee 2003b). Pre-diabetes has been defined as impaired fasting glucose
(IFG) together with impaired glucose tolerance (IGT), and while the condition
does not always progress to clinically-diagnosed type 2 DM, the diagnosis is
considered an important step toward the prevention of diabetes and
cardiovascular diseases (Canadian Diabetes Association Clinical Practice
Guidelines Expert Committee 2003b).

Further, type 2 DM, insulin resistance, and IGT are often expressions of a
much broader underlying condition known as the metabolic syndrome (Canadian
Diabetes Association Clinical Practice Guidelines Expert Committee 2003b). The
metabolic syndrome is a cluster of risk factors (obesity, hypertension,
dyslipidemia, microalbuminuria, dysglycemia, and insulin resistance) (World
Health Organization 1999) which increases the risk of developing diabetes and
cardiovascular diseases (Canadian Diabetes Association Clinical Practice
Guidelines Expert Committee 2003b). Causes of insulin resistance include both
non-modifiable factors such as age and genetics (family background, family

history) and modifiable factors such as a sedentary lifestyle, a poor diet (Schuize
et al. 2005) and excess weight.

2.1.3. Traditional Inuit lifestyle and consequences of acculturation

Traditionally, Inuit consumed animals from the land such as caribou, fish
and sea mammals, and fowl as well as their eggs (Arima 1984). Plant food was
mostly consumed in the form of berries, seaweeds, roots and from stomach
contents of herbivores and birds (Arima 1984). |



Today, dietary transition continues to occur among Inuit with youth and
young adults consuming more saturated fats and less polyunsaturated fats than
that of the Elders (Egeland GM et al. 2003; Kuhnlein et al. 2004). Dietary
transition has and is occurring throughout the world and its implications for
changing the pattern of chronic diseases are being examined. For example,
where fish consumption has traditionally been high and saturated fat intake very
low, an increased intake of animal protein and fat among Japanese school
children has been associated with type 2 DM (Kitagawa et al. 1998). Also, in
Western Alaska, daily seal oil or salmon consumption was associated with a
reduced prevalence of IGT (Adler et al. 1994). Dietary change coincides with
other important lifestyle changes, such as decreases in physical activity
associated with modern transportation and household conveniences and
sedentary jobs. Younger and older Inuit men and women are now more obese
than the general Canadian population (Kuhnlein et al. 2000). Also, anecdotal
reports from communities suggest that Inuit are becoming heavier. Obesity, as a
consequence of dietary changes and declines in physical activity, is a good
indicator for patterns of health and disease (Schaefer 1981; Trowell et al. 1981;
Rode A et al. 1994). Among Inuit, the increased prevalence of obesity has
paralleled the increasing prevalence of diabetes (Murphy et al. 1992; Ebbesson
et al. 1998; Jorgensen et al. 2002). These changes in diet, activity, and obesity
may result in an emerging type 2 DM epidemic among Inuit, as has been
observed among First Nation communities such as the Cree and Mohawk
(Montour et al. 1985; Brassard et al. 1993a; Brassard et al. 1993b).
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Abstract

Body mass index (BMI) is a widely used body weight classification system
but has known limitations, and may need to be adjusted for sitting height in order
to be useful as an indicator of health risks in special populations. Data confirm
that Inuit and Far East Asians have shorter legs and relatively higher sitting
heights compared with all other populations. Using standing height alone to
calculate the BMI may overestimate the number of individuals that are
overweight and obese, and at risk for type 2 diabetes mellitus and cardiovascular
disease among the Inuit. Measuring sitting height allows for the calculation of a
sitting height-to-standing height ratio (SH/S) which can be used to correct the
observed BMI. Incorporating sitting height measurements into health research

could help formulate Inuit-specific screening guidelines. (Int J Circumpolar Health
2005;64(2):163-169.)

- Keywords: Inuit, sitting height, body mass index, obesity, risk factors

The article belongs to the series of papers "Populations in transition”, the
Circumpolar Health Symposium, Toronto February 2004



Introduction

Body mass index (BMI) has become a widely used tool for identifying
overweight and obese individuals (Norgan 1995; Health Canada 2003). BMI is an
index of weight to height (kg/m?), and while it is not a direct measure of body fat,
or lean tissue, it is the most commonly used indicator of health risks associated
with overweight (type 2 diabetes mellitus, insulin resistance and cardiovascular
disease) and underweight (osteoporosis, infertility) (Health Canada 2003).
According to Canadian guidelines for body weight classification in adults, a BMi
between 25 and 29.9 places individuals at increased risk of developing health
problems compared with those in the normal range of 18.5 - 24.9 (Health
Canada 2003). As the BMI increases from 30 to 40, or above, the risk of

developing health problems changes from high to extremely high (World Health
Organization 2000; Health Canada 2003).

Despite its usefulness as a body weight classification system, BMI has
several limitations (Health Canada 2003), and may not be an equally good
indicator of risk in individuals, or populations, who have very long, or short legs
relative to torso length (Garn et al. 1986). BMI will tend to underestimate obesity
among those with long legs and overestimate obesity among those with short
legs relative to torso length. Empirically, the limitations of BMI have been
demonstrated in research studies. For example, BMI underestimated obesity
among the tallest, and overestimated obesity among the shortest men and
women in a subset of normal, healthy adults from the NHANES lil survey (Bagust
et al. 2000). Differences in leg lengths are reported to increase (Norgan 1994b;
Bagust et al. 2000), or decrease BMI values by as much as five, or even ten units
(kg/m?) (Collins et al. 2000). Other groups, or individuals, for whom the BMI may
have certain limitations include young adults who have not reached full growth,
adults who are very muscular, over 65 years of age, or belong to certain ethnic,
or racial groups (Health Canada 2003). To circumvent some of these difficulties,
alternate anthropometric measurements have been suggested. Among them is a
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standardized BMI, which makes use of a sitting height measurement to correct

the observed BMI by applying a correction factor based on a linear regression
model (Norgan 1995; Collins et al. 2000).

The purpose of the current review paper is to explore the evidence for the
extent to which sitting height may be a useful additional anthropometric indicator

to include in research and whether it could help refine screening guidelines for
Inuit adult populations.

Sitting height methodology

To measure sitting height, an anthropometef is placed against a wall or
the edge of a sitting tool (box, chair or table), and the individual sits on this sitting
tool as tall and as straight as possible, either with the forearms and hands
extended forward, horizontally, and with the palms facing each other (U.S Coast
Guard) (Figure 2.2.1), or with the hands resting on the thighs (Martin et al. 1988).
Sitting height is then measured as the distance from the highest point on the
head to the base of the sitting surface. No gold standard for sitting height
measurements exists, but recommendations suggest that the back of the knees
be in close contact with the edge of the sitting tool (Martin et al. 1988), or in
contact with the edge (Torres et al. 2003), that thé thighs and lower legs be at a
90 degree angle (Martin et al. 1988), and that the feet be supported by an
adjustable shelf, although eliminating the latter has given results that are in close
agreement (Martin et al. 1988).

Another option is to measure sitting height using a standard chair, or box,
and then to subtract the height of the chair, or box, from the distance measured
from the highest point on the individual's head to the floor (Martin et al. 1988).
The sitting height measurement could also be taken with an anthropometer
placed directly on the chair, or box. In both cases, sitting height may not be as
accurate since the chair may not be a completely flat surface, the individuals’

10



knees may not be in close contact with the edge of the chair, and thighs and
lower legs may not necessarily be at a 90 degree angle. Using a combination of
standing height and sitting height, leg iength can be calculated by subtracting the
sitting height from the standing height (Martin et al. 1988).

Finally, a sitting height table equipped with a sliding anthropometer
adjustable for thigh length and an adjustable foot support may be used (Figure
2.2.1). Unfortunately, sitting height tables can be expensive, distributors are
limited, and not all models are portable, which is a disadvantage for fieldwork.
Whichever tool is used, a sitting height to standing height ratio (SH/S) can be
used to correct the observed BMI from the population under study to obtain a
standardized BMI (Norgan 1995).

Inuit specific context

The emergence of obesity and chronic diseases, such as type 2 diabetes
mellitus (DM), among Aboriginal populations in the Circumpolar North has
become an area of public health concern (Young et al. 2000; Bjerregaard 2003;
Naylor et al. 2003). The prevalence of obesity among the Inuit, as measured by
BMI, is now comparable to, and in some cases greater than, that of the general
Canadian population (Kuhnlein et al. 2000) and the North American population
(Young 1996a). The prevalences of obesity and central fat patterning were noted
to be particularly high among women (Young 1996a).

In the early 1980s, a sample of Siberian Yupik Eskimo women was
compared with a white and black reference population from the U.S. Health
Examination Survey. Yupik women were shorter, with shorter leg lengths, but
had sitting heights, body weights and tricep skinfold thicknesses similar to those
of the reference population (Johnston et al. 1982). Furthermore, BM! values and
SH/S ratios among the Yupik were higher compared with the reference
population, particularly for males (Johnston et al. 1982). Other anthropological

1"
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data also showed that Inuit leg lengths were shorter (Szathmary 1984) and that
the SH/S ratio for men (0.541) and women (0.540) were higher compared with
the average Canadian ratios (Demirjian 1980). Inuit of Greenland were also
found to have a higher sitting height ratio than their Danish counterparts. When
height for age among the Inuit of Greenland was compared to that of Europeans,

the Inuit were found to be shorter, although their weight for height was higher
(Becker-Christensen 2003).

SH/S ratios have been established for some populations, and to date, they
are the highest among Far East Asians (0.55 in Japanese, 0.54 in Chinese and
Koreans, and slightly less in Thai and Vietnamese) (Pheasant 1986) and the Inuit
(0.54) (Demirjian 1980), compared with Europeans whose average ratio is 0.52
(Norgan 1995). However, it is important to discuss that, among Asian Indians, the
health risks at any given level of obesity are higher compared to those among
Caucasians (Banerji et al. 1999; Misra 2002; Vikram et al. 2003). Plausible
explanations for these differences in risk for any given BMI are that Asian
populations have higher percentages of body fat, and lower levels of lean body
mass for every level of BMI compared to Caucasians (Banerji et al. 1999; Misra
2002; Vikram et al. 2003). These observations have led to the lowering of BMI

cut-off points for Asian populations for identifying at-risk individuals (WHO expert
consultation 2004).

However, when Canadian Inuit were compared with a white Canadian
population, high BMI (kg/m2) was associated with fewer metabolic consequences
than among the Canadian population (Young 1996b). At each level of BMI, the
Inuit had lower mean triglyceride and higher mean HDL-cholesterol values
compared with a white Canadian population, and a high BMI had little effect on
glucose and insulin levels (Young 1996a), suggesting that BMI does not have the
same degree of health-related implications among the Inuit. When making cross-
cultural comparisons, underlying differences in the SH/S ratio could contribute to
differences in the BMI's predictive value for chronic disease risk factors.
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However, one cannot rule out potential metabolic differences due to genetics,
dietary factors, or other factors associated with recent and ongoing acculturation
(Young 1996a). We note, for example, that similar contradictions in type 2
diabetes mellitus risk factors were observed between Greenlandic Inuit and a
Danish comparison group across categories of waist circumference (Jorgensen
et al. 2003), suggesting that a standardized BMI alone would likely not fully
account for differences observed in risk factors between Inuit and other

populations. Future research is needed to clarify the interplay of anthropometric
and other determinants of health risks among the Inuit.

The usefulness of sitting height measurements

Using a population’s SH/S ratio to standardize the observed BMiI would
most likely better represent the Inuit's risk for chronic disease and prevalence of
chronic energy deficiency. Among selected African groups and Australian
Aborigines who have low SH/S ratios (i.e. proportionately longer legs), BMi alone
would likely lead to an underestimation of overweight and obesity and an
overestimation of the prevalence of chronic energy deficiency (Norgan 1995). For
example, among Australian Aborigines, the long legs relative to torso length
underestimated their observed BMI values by approximately 2 kg/m? (Norgan
1994a). The data illustrate that uniform BMI cut-off values are not valid across all
populations, and that body proportions may have to be accounted for when BMI
is used to assess nutritional status (Norgan 1994a) and risk of chronic disease.

The SH/S ratio can also be influenced by secular trends in anthropometric
indices within populations (Dangour 2003). Sitting height measurements have
been used to track secular changes in body proportions. Among a population
from Southeast England, secular changes were related to a greater increase in
lower- rather than upper-body growth (Dangour et al. 2002). Also, researchers in
Holland concluded that the secular trend of increased standing height was due to
increased leg length (Gerver et al. 1994). Among the Inuit of Greenland, a

13



secular trend in height was also due to an increase in leg length observed among
boys and girls between 1964 and 1997 (Becker-Christensen 2003). On the other

hand, among Amerindian adults, no secular changes were observed in leg length
(Dangour 2003).

Furthermore, sitting height has been.used to measure growth velocity
among children (Becker-Christensen 2003), and to assess scoliosis (Mose).
Traditionally, weight for height measures are used to assess stunting in children’s
growth patterns. However, its suitability should be questioned among children
from various ethnic groups. Sitting height rather than arm span has also been
shown to be a better choice for estimating pulmonary function in children with
limb deformities (Torres et al. 2003).

In addition, sitting height measurements remain important in the design
and layout of work stations among Navy personnel and other trades with limited
spaces (U.S Coast Guard). Sitting height is a relatively simple measure and is
feasible to determine in most situations. Inter-observer variations will, of Course,
always be present, as with standing height and other measurements, but they
can be minimized by providing proper training.

Comparing BMI to the predictive value of other measures of obesity

It is important to recognize that a normal range BMI does not dismiss
health risks (Ruderman et al. 1998; Vikram et al. 2003), just as a high BMI does
not necessarily indicate a high health risk. BMI, in combination with other
measures, is useful, because of its convenience and simplicity. Other commonly
used measurements of obesity, such as bioelectrical impedance, skinfold
thickness, waist circumference and waist-to-hip ratio, have been compared to
BMI for their predictive value of risk factors for chronic diseases.
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Bioelectrical impedance analysis (BIA) combines the impedance value
with anthropomorphic data to provide body compartment measures (i.e. body fat
%), but does not specify the location of body fat. It often replaces reference
models, such as hydrodensitometry and dual energy x-ray absorptiometry
(DEXA), because of its simplicity, speed, portability, affordability, non-
invasiveness and, to some extent, acceptable results (Hainer et al. 1995; Utter et
al. 1999; Cable et al. 2001; Tyrrell et al. 2001; Lintsi et al. 2004). While the
epidemiological evidence strongly supports the association between upper-body
obesity, in particular visceral obesity, and the development of obesity-related
complications (Lemieux et al. 1994), the association between peripheral obesity
and obesity-related complications is not as strong (Arner 1997). Further, because
the accuracy of BIA depends on the use of an appropriate prediction equation, it
has been suggested that an equation be validated for each type of BIA analyzer
and for each population (Tyrrell et al. 2001). With measurements to differentiate
ethnic-specific body builds, such as sitting height, or leg length, it may be
possible to improve the prediction equation used to estimate body fat, making the
results more population-specific (Deurenberg et al. 2002).

Skinfold thickness is a tool used to measure subcutaneous fat and, again
with the use of prediction equations, estimates total body fat (Wagner et al.
1999). This method is inexpensive, relatively simple and very portable, but has
several known limitations. For example, it requires a high degree of technical skill
for consistent measurements of site locations, and there are considerable inter-
observer variations in measurements (Wagner et al. 1999). Further, the
measurements do not always correlate well with body fat, especially among the
obese (Gray et al. 1990; Wagner et al. 1999) and older individuals (Wagner et al.
1999), in whom the fat tends to reside well below the epidermis. Also, prediction

equations have not been derived for all populations, restricting its use (Wagner et
al. 1999).
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As for waist circumference, computed tomography demonstrated that
waist circumference, or the abdominal sagittal diameter, were the preferred
anthropometric correlates of the amount'of abdominal visceral adipose tissue
when compared to the waist-to-hip ratio (Pouliot et al. 1994). In a study by
Clasey and colleagues, results from 76 Caucasian adults concluded that, in both
men and women, waist circumference and abdominal sagittal diameter were the
most predictive anthropometric measures of total abdominal fat (r = 0.87 to 0.93)
and abdominal visceral fat (r = 0.84 to 0.93) and that the waist-to-hip ratio was
the least predictive (Clasey et al. 1999). Further, waist circumference values
above about 100 cm, or abdominal sagittal diameters above 25 cm, were
associated with disturbances in lipoprotein metabolism and plasma insulin
glucose homeostasis in both genders (Pouliot et al. 1994). Among Australian
Aborigines, waist circumference was the best body size measurement in
predicting diabetes (Wang et al. 2004). Waist circumference is a simple,
convenient and reliable anthropometric index for determining the extent of
abdominal obesity and the risk for related metabolic complications (Pouliot et al.
1994). The World Health Organization recommends that waist circumference be
used within populations with a predisposition to central obesity and related risk
for developing the metabolic syndrome, and that it be used to refine public health
action levels in conjunction with BMI (WHO expert cohsultation 2004).

Conclusion

We recommend that sitting height be routinely incorporated into future
cross-sectional and longitudinal health research evaluating the anthropometric
determinants of health risks in populations with heterogeneous body proportions,
or with body proportions that differ from those upon which standards are based.
This will facilitate a better understanding of the interplay of risk factors related to
diabetes and cardiovascular disease among the Inuit, and may help in the
development of appropriate screening guidelines and prevention efforts.
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Figure 2.2.1 - Sitting height table.
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2.3  Relationship between anthropometric indicators and indices of
insulin sensitivity

2.3.1 Derived indices of insulin action based upon fasting and oral glucose
tolerance test data

Decreased insulin sensitivity is a common defect underlying type 2 DM
and IGT (Gutt et al. 2000), and may be involved in the development of the
metabolic syndrome (Vaccaro et al. 2004). Early detection of insulin resistance
and the implementation of interventions may reduce the development of such
diseases (Gutt et al. 2000; Vaccaro et al. 2004).

The gold standard for measuring the tissue insulin sensitivity as described
by DeFronzo is the euglycemic hyperinsulinemic clamp, while that for measuring
- the response of B—cell to glucose is the hyperglycemic clamp technique
(DeFronzo et al. 1979). Given that these gold standards are invasive, time-
consuming and costly, simple methods have been developed to provide
estimates of insulin action. Several studies of insulin action may be used and
examples based on fasting values include: fasting insulin (Laakso 1993), the
homeostasis model assessment for insulin resistance (IRuoma) and for p-cell
secretion (Secryoma) (Matthews et al. 1985), and the quantitative insulin
sensitivity check index (QUICKI) (Katz et al. 2000). Studies of insulin action using
different data include an insulin sensitivity index (ISI) based on oral glucose
tolerance test (OGTT) and estimated metabolic clearance rate data (Gutt et al.
2000), and another ISI based on insulin release and peripheral sensitivity to the
OGTT (Cederholm et al. 1990). Other methods include the first and second
phase insulin secretions (Stumvoll et al. 2001), the whole-body insulin sensitivity
index utilizing glucose and insulin from both fasting and OGTT states (Matsuda
et al. 1999), and the weighted combination of fasting insulin and triglycerides
(McAuley et al. 2001). According to Laakso, one of the simplest and most
consistent markers of insulin resistance was fasting insulin, especially among
individuals with abnormal glucose tolerance (Laakso 1993). In a more recent
study, the use of fasting insulin or IRyoma performed as well as QUICKI to
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measure insulin resistance and even to identify individuals with the metabolic
syndrome (Vaccaro et al. 2004).

Obesity is known to be a major risk factor for insulin resistance (Jones et
al. 2000) and type 2 DM (Health Canada 2003). Measures of obesity commonly
used include BMI, waist circumference and body composition, and each relate to
insulin sensitivity. Determining which anthropometric measure best relates to
insulin sensitivity may prove useful in designing diabetes prevention and
screening guidelines among differing populations.

2.3.2 Body mass index and indices of insulin sensitivity

According to Cervenakova, BMI is inversely correlated with indices of
insulin sensitivity, of which the correlation coefficient was highest with Matsuda’s
insulin sensitivity index (ISI), followed by Cenderholm and Stumvoll's ISI
(Cervenakova et al. 2002). Further, the indices of insulin secretion (area under
the curve for insulin (AUCinsuin) and Secryoma) Were positively associated with
BMI (Cervenakova et al. 2002). The correlations described between indices of
insulin sensitivity and of insulin secretion with BMI clearly show that obesity is an
important factor linked with insulin resistance (Berglund et al. 1996; Jones et al.
2000; Cervenakova et al. 2002). The weakest correlations of BMI were found
with IRqoma and Secryoma, representing only the steady state of glucose
metabolism during fasting. Further, Secryoma seems to be more useful in diabetic
subjects rather than in healthy subjects due to the short distances of different p-
cell function lines at normal glucose concentrations (Matthews et al. 1985) and
because younger normal subjects follow a sigmoid reaction curve rather than the
linear B-cell response curve applied in this model (Hosker et al. 1984).
Nevertheless, other indices such as differing ISI, as measures of insulin
sensitivity, and AUCinsuin, @5 @ measure of insulin secretion, are all closely
correlated to BMI and reflect the active changes in glucose metabolism which
occurs after the ingestion of glucose (Cervenakova et al. 2002). Limitations of
these highly correlated indices are that cut-off values have not been established
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for healthy subjects, subjects with IGT, or diabetic subjects (Cervenakova et al.
2002).

2.3.3 Waist circumference and indices of insulin sensitivity

Waist circumference is an independent predictor of insulin sensitivity and
the decline in insulin action seen in the elderly has been attributed to increased
abdominal fat rather than age per se (Bryhni et al. 2003). Among offspring of
diabetic patients in Taiwan, only waist circumference predicted insulin resistance
in analyses comparing several abdominal obesity measures (Kuo et al. 2002).
However, using IR4oma and ISlg 120 among Chinese hypertensive patients, BMI
was more strongly associated with insulin sensitivity than sagittal abdominal
diameter or waist circumference (Hwu et al. 2003).

2.3.4 Body composition and indices of insulin sensitivity

Among offspring of diabetic patients in Taiwan, both BMI and percent
body fat derived from bioelectrical impedance analysis (BIA) were shown to be
good predictors of insulin resistance (Kuo et al. 2002). Among women in another
study, when peripheral obesity and abdominal obesity were compared, the latter
accounted for close to 80% of the variance in insulin sensitivity compared to 44%
in peripheral obesity, and therefore had a significantly stronger relationship with
insulin sensitivity (Carey et al. 1996). Further, in an evaluation of the association
between adipose tissue compartments and insulin resistance in overweight and
obese men, intraperitoneal adipose tissue best predicted insulin resistance

(Chan et al. 2004).

2.3.5 Underlying mechanisms of insulin resistance linked to obesity

Insulin sensitivity is affected by nonesterified fatty acids (NEFA) and
various adipocytokines secreted by adipocytes. Adipocytokines, defined as cell-
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to-cell signaling proteins secreted by adipose tissue, have been shown to be
regulators of insulin sensitivity. More specifically, recent studies have found that
the adipocytokines adiponectin and interleukin 6 (IL-6) are both closely linked to
insulin sensitivity, and may explain the relationship between insulin resistance
and obesity. For example, several studies have shown that obesity related insulin
resistance is associated with IL-6 and adiponectin (Kern et al. 2001; Weyer et al.
2001; Klover et al. 2005). Prospective studies have also shown that if patients
had higher levels of IL-6 and lower levels of adiponectin, their risk for developing
type 2 DM increased (Pickup et al. 1997; Pradhan et al. 2001; Spranger et al.
2003). The peptide hormone leptin produced by adipose cells has also been

indirectly linked to insulin sensitivity by altering body weight (Kellerer et al. 2001;
Fernandez-Galaz et al. 2002).
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3.1 Abstract

There is evidence that type 2 diabetes mellitus (DM) is an emerging
problem among Inuit of Circumpolar Countries but few studies have focused on
correlates of diabetic risk factors within an Inuit context. For example, widely
used body mass index (BMI) may overestimate the prevalence of overweight and
obesity in Inuit populations due to their proportionally shorter legs and higher
sitting heights compared to other populations. The aims of the study were to
provide a descriptive overview of the anthropometric results of Inuit of Nunavik
randomly selected for a health survey, and to compare the prevalence of
overweight and obesity using the observed BMI (BMlob) and the standardized
BMI adjusted for sitting height (BMistd). Results indicated that 28.4% of men and
30.9% of women were obese when using the BMIob, compared to 19.6% for men
and 21.9% for women when using the BMIstd. As for waist circumference (WC),
18.8% of men and 53% of women were above the World Health Organization
(WHO) cut-off values indicative of increased risk of obesity related health
complications. Using %BF, 24.6% of men and 22.2% of women were obese.
There was good agreement between BMI and %BF obesity groupings, whereas
WC showed poorer agreement with BMI and %BF. In conclusion, BMIstd along
with WC may provide a more appropriate comparison for obesity patterns
between populations. Secular trends were also observed where Inuit seem to be
undergoing positive secular changes in height.
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3.2 Introduction

There is evidence that type 2 diabetes mellitus (DM) is an emerging
problem among Inuit of Circumpolar Countries (Young et al. 2000; Bjerregaard
2003; Naylor et al. 2003). While there is a need to evaluate the correlates of
diabetic risk factors within an Inuit context, few studies have focused on this
specific issue. For example, the widely used observed body mass index (BMiob)
may overestimate the prevalence of overweight and obesity in Inuit populations
due to their shorter legs and higher sitting heights compared to other populations
(Demirjian 1980; Szathmary 1984). Therefore, BMiob and other measures
commonly used may not be as predictive of type 2 DM risk among Inuit
(Charbonneau-Roberts et al. 2005). Using a standardized BMI (BMistd) adjusted
for sitting height has been recommended for Inuit and may help in the

development of appropriate screening guidelines and prevention efforts
(Charbonneau-Roberts et al. 2005).

The aims of the study were to provide a descriptive overview of the
anthropometric results of the Inuit of Nunavik randomly selected for a health

screening, and to compare the prevalence of overweight and obesity using
BMIob and BMlIstd adjusted for sitting height.

3.3 Subjects and methods

3.3.1 Participant population

The Nunavik data were collected aboard the CCGS Amundsen Research
Icebreaker late August to early October, 2004. Anthropometric data were
obtained from 800 Nunavik Inuit (Northern Quebec), aged 18-74 years, residing
in randomly selected households from 14 communities for the Nunavik Health
Survey (Figure 3.1). A randomly selected sub-sample of 500 participants was
obtained for the thesis data analysis from the Institut national de santé publique
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du Québec (INSPQ) database. The sample size was further reduced by
eliminating the non-Inuit. The total sample was 489 Inuit, of whom 220 were men
and 269 were women, and 3.7% had incomplete data on either height, weight,
sitting height, waist circumference or percent body fat (%BF).

3.3.2 Ethical approvals

Approvals for the Nunavik Health Survey were obtained from the Ethics
Committees of Laval University and McGill University (Appendix 8.1). All other
appropriate regional reviews were also obtained as well as an informed consent
from each participant (Appendix 8.2).

3.3.3 Anthropometric measurements

- The anthropometric data collected included weight, height, and sitting
height. Weight and body fat composition were measured using a Tanita leg-to-
leg bioelectrical impedance scale where a clothing reference weight of 0.5 kg
was entered for each participant, and automatically subtracted to provide weight.
Height was measured using a leveled height rod equipped with a horizontal head
board. The participants were asked to remove their shoes and stand as tall and
as straight as possible with the head level, the shoulders and upper arms
relaxed. The vertical distance between the standing surface and the top of the
head was measured to the nearest millimeter (0.1 cm). Sitting height (SH) was
measured using a sitting height table 'equipped with a sliding anthropometer
adjustable for thigh length and an adjustable foot support (Charbonneau-Roberts
et al. 2005). Two measurements were taken to the nearest millimeter (0.1 cm). If
a large variation (more than 1 cm) was detected between the two measurements,
the body position was rechecked and measurements were taken until two
measurements were within 1 cm. Waist circumference (WC) was measured
over light clothing at the point midway between the iliac crest and the costal
margin (lower rib). The measurement was taken to the nearest millimeter
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(0.1cm). Also, if the standing height, sitting height or waist circumference
measures fell between two millimeters, the even millimeter was recorded.

3.3.4 Cormic index adjustments

When sitting height to stature (SH/S) ratios, also known as relative sitting
heights, were examined as to how they related to BMI in 158 study populations
taken from 46 papers and representing 18 000 men and women, it was found
that for every 0.01 unit difference in SH/S ratio, the difference in BMI was 0.90
kg/m? (Norgan 1994b). Therefore, the commonly used BMlob was standardized
using a Cormic index for men and women developed from their relative sitting
heights. Cormic index adjustments are based upon techniques developed by
Norgan (Norgan 1994b; Norgan 1994c; Norgan 1995) and modified by Collins et
al. (Collins et al. 2000). The BMistd was calcmated using the formula from Collins
et al. (Collins et al. 2000) which provide separate SH/S ratio beta coefficients and
intercepts for predicting BMI for men (beta=0.78, a=-18.43) and women
(beta=1.19, a=-40.34), based on linear regression techniques and equations first
published by Norgan (Norgan 1994c; Norgan 1994b). Variations in the SH/S ratio
between or even within populations may account for a 5 kg/m? unit difference in
BMI, therefore individual rather than population BMles were calculated (Norgan
1994b). The SH/S ratio beta coefficient from the linear regression analyses was
then used to predict the BMI at a SH/S ratio of 0.52 (Norgan 1994b), which is the
mean SH/S ratio among European study populations that have been used to
develop BMI cut-off points related to elevated mortality rates (Norgan 1995).

BMIgtg = BMlg 52 + (BMIor-BMles), where:

BMip s, is the BMI at an estimated SH/S ratio of 0.52. For men,
BMlps2 = 0.78(52.0)-18.43 = 22.13 and for women, BMigs; =
1.19(52.0)-40.34 = 21.54, where 0.78 and 1.19 are the beta
coefficients for men and women, respectively, and -18.43 and
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-40.34 represent the intercept (constant) for the men and women,
respectively;

BMlo, is the observed BMI as calculated by measured weight
divided by standing height in meters squared (kg/m?);

BMles is the BMI at the calculated individual SH/S ratio. For
example, if the SH/S for one man is 0.530, use 53 percent in the
formula BMIles = 0.78(53.0)-18.43 = 22.91, and if the SH/S ratio for
one women is 0.533, use 53.3 percent in the formula BMlg =
1.19(53.3)-40.34 = 23.17.

Further, since the values used in the formula described by Norgan et al.
were based on diverse ethnic groups but not specifically on Inuit, Inuit-specific
intercept and beta coefficient values were obtained from linear regressions of
SH/S ratios on BMIob and used in the Norgan et al. formula (Norgan 1994c). The
beta coefficient for men was 0.60 (SE=0.27), which is compatible with the
published range of 0.47 to 1.1 (Norgan 1994c). For women, the beta coefficient

was 0.70 (SE=0.28), which is slightly below the published range of 0.76 to 1.6
(Norgan 1994c).

The formulas based on the Nunavik population are as follows:

For men, BMlgs; = 0.60(52.0)-5.32 = 25.88 and for women, BMlgsz; =
0.70(52.0)-10.66 = 25.74, where 0.60 and 0.70 are the beta coefficients
for men and women, respectively, and -5.32 and -10.66 represent the
intercept (constant) for men and women, respectively. The same formulas
were used to calculate the BMlgs using the calculated individual SH/S
ratios expressed as percentages instead of the European standard of
52.0. In these analyses, Inuit derived mean BMIsq and the percent obese
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was slightly higher than what was obtained using the already published
" intercept and beta coefficient values (Collins et al. 2000).

3.3.5 Statistical analysis

Analyses were run separately for men and women except when specified.
Descriptive statistics were used to provide an overview of the anthropometry
among Inuit from Nunavik. Linear regressions were used to evaluate trends in
height and sitting height by age in years, while figures use age groupings for the
presentation of the data. Residual plots were used to evaluate deviations from
linearity. Further, the analysis of agreement between anthropometric obesity
measures, for men and women combined, was evaluated using the percent
agreement and the kappa statistic. The proportion of agreement between obesity
measures can be misleading because it is heavily influenced by the proportion of
people with the obesity characteristics being compared. Therefore, the kappa
statistic and the 95% confidence interval (Cl) were used to adjust for the amount
of agreement expected by chance alone (Fisher et al. 1993). The kappa statistic
gives values between 0 and 1, where values nearest to one indicates a perfect
agreement and where a value equal to zero indicates agreement totally due to
chance (Fisher et al. 1993). Statistical significance was set at p < 0.05. Statistical
analyses were performed using SPSS version 13.0 for Windows (SPSS, 2004).

3.4 Results

The ages ranged from 18 to 73 years of age with a mean age of 37 years
(14 SD) (Table 3.1). The majority of participants were women (55%). The mean
standing height for men was 166.0 cm (6.0 SD), and for women, the mean
standing height was 154.1 cm (5.0 SD). The mean sitting height for men and
women was 88.9 cm (3.5 SD) and 83.2 cm (3.2 SD), respectively. The mean
sitting height to stature ratio was 0.536 (0.012 SD) and 0.540 (0.013 SD), for.
men and women, respectively. The mean weight for men was 75.2 kg (16.5 SD),
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and the mean weight was 65.6 kg (15.2 SD) for women. As for BMlob, the mean
for men was 27.1 kg/m? (5.0 SD), and the mean BMIlob for women was 27.6
kg/m? (6.1 SD). The mean BMistd adjusted to the individual Cormic Index for
men was 25.8 kg/m? (5.0 SD), and for women, 25.2 kg/m? (6.1 SD). The mean
WC for men was 91.6 cm (SD=12.8), and 91.3 cm (SD=14.2) for women. A total
of 18.8% of the men had a WC > 102 cm and 53% of the women had a WC > 88
cm: representing World Health Organization (WHO) WC cut-off values indicative
of increased risk of obesity related health complications (World Health
Organization 2000). The mean %BF for men was 21.4% (SD=8.1), and the mean
%BF for women was 32.0% (SD=9.5). When %BF was classified according to
age-specific body fat ranges based on a BMI 230 (Gallagher et al. 2000), 24.6%
of men and 22.2% of women were considered obese.

The categories of BMI (kg/m?) included underweight (<18.5 kg/m?), normal
weight (18.5-24.9 kg/m?), overweight (25-29.9 kg/m?), and obese classes |, Il and
11l (30-34.9; 35-39.9; 240 kg/m?). The total percentage of obese men and women
according to the BMlob was 28.4% and 30.9%, respectively (Table 3.2, Figures
3.2 and 3.3). After applying the Cormic index, the total percentage of obese men
and women according to BMIstd was 19.6% and 21.5%, respectively.

There was overall good agreement in the obesity measures where the
percent agreement ranged from 76.4% to 90.5% (Table 3.3). However, when the
amount of agreement was assessed through the kappa statistic, the amount of
agreement between WC and the other obesity measures was low (BMlob and
WC kappa=0.59, 95% CI=0.52-0.66; %BF and WC kappa=0.46, 95% CI=0.37-
0.55; BMistd and WC kappa=0.48, 95% CI=0.43-0.53), whereas greater

agreement was observed between BMistd, BMiob and %BF obesity measures
(Table 3.3).

For both genders, height and sitting height were inversely related to age
(Table 3.4). However, no significant trends were observed for SH/S by age.
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Supplementary figures show, by age and gender, the mean standing height,

sitting height, and the sitting height to stature (SH/S) ratio by age group (Figures
3.4-3.6).

3.5 Discussion

As Inuit are undergoing a nutrition transition (Kuhnlein et al. 2004),
changes in body proportions, such as increased height and leg length, may be
occurring. When compared to the Nutrition Canada survey of 1972, the mean
SH/S ratios of the 2004 Nunavik Inuit show a slight decrease among Inuit men
and little change among women, but both genders were still above the Canadian
average of the 1970s (Demirjian 1980). Reasons for this lower SH/S ratio among
men compared to past Inuit data could be due to the different Inuit groups
sampled for the Nutrition Canada survey, (Nutrition Canada 1975) or due to the
decreasing SH/S ratio observed among younger Inuit, although the latter was
shown to be non-significant in the Nunavik data. Significant decreases were
observed in overall height and sitting height with increasing age. It is difficult to
conclude if these changes are true differences versus differences due to the
aging process, but it would be expected that sitting height, rather than leg length,
would decrease with age (Diacinti et al. 1995). Further, as secular trends have
been shown to increase lower-body rather than upper-body growth, the
significant age-related change in total height among the younger individuals of
this study population suggest positive secular change (Tanner et al. 1982,

Dangour et al. 2002). This positive secular trend was also observed in Greenland
(Becker-Christensen 2003).

It is alarming that compared to the general Canadian population, there is a
greater prevalence of obese Inuit adults (Tjepkema et al. 2005). Obesity, defined
by a BMI greater than or equal to 30, has been linked to health problems such as
type 2 DM, insulin resistance and cardiovascular disease (Health Canada 2003).
However, when BMIlob was adjusted for SH/S ratios using both the published
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formula (Collins et al. 2000) and one modified from linear regression analyses
based on the Nunavik study population, the prevalence of obesity among I[nuit
was reduced and was more comparable to the Canadian population (Tjepkema
et al. 2005). Based on previous observations among differing populations, using
a population’s SH/S ratio to standardize the observed BMI may better represent
a population’s obesity patterns and the subsequent risk for chronic disease
(Charbonneau-Roberts et al. 2005). Further, it has been observed in the past that
high BMlob among Canadian Inuit was associated with fewer metabolic
consequences than among a white Canadian population (Young 1996b).
However, it is important to recognize that BMI (whether BMlob or BMIstd) does
not account for central obesity, and therefore should be combined with WC
among populations where WC measures are homogenously high (WHO expert
consultation 2004). According to WC, this study population had a tendency for
central fat patterning, increasing their risk for obesity related health complications
(Pouliot et al. 1994; World Health Organization 2000; Wang et al. 2004). Also,
low percent agreement between WC and other measures of obesity further
emphasizes the importance of combining WC and BMI measures of obesity to
characterize risk in Inuit populations. Obesity measured by %BF remains difficult
to assess as no accepted ranges currently exist. International attempts involving
three ethnic groups have been made but it appears that a single set of standards
cannot be easily developed (Gallagher et al. 2000). Nevertheless, using
combined age-specific ranges developed from African American and Caucasians
from the United Kingdom (Gallagher et al. 2000), approximately a quarter of this
study population were considered obese. While some may consider the amount
of agreement found between all the obesity measures to be relatively good
(kappa 0.46-0.74), the importance of central adiposity in chronic disease
progression warrants that multiple measures are needed to assess the degree of
obesity in research and health surveillance.

There are some limitations to this study. First of all, because the
anthropometric measurements were taken as part of a larger Health Survey,
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measurements may not be precise. More specifically, the pressure applied on the
lumbar region for proper sitting height measurements may not have been as
emphasized as within a more focused study. Secondly, the actual weight of the
clothing could have differed from the reference weight used, however, under the
study constraints of clinic rooms available on the ship, a reference clothing
weight estimate was the most appropriate.

3.6 Conclusion

In conclusion, using the widely used BMlob, Inuit are heavier than the
general population of Canadians, suggesting that they are at increased risk for
obesity-related chronic diseases. However, it appears that BMistd adjusted for
sitting height may provide a more appropriate comparison for'obesity_ patterns
between Inuit and other populations. Further, the relatively low agreement
between WC and all other measures suggest that WC is important to
characterize risk among Inuit. Further work is needed to help interpret %BF.
Secular trends were also observed where Inuit seem to be undergoing positive

secular changes in height, but age was inversely related to sitting height which is
most likely explained by the aging process.
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Figure 3.1- Nunavik communities screened during the Health Survey.

o : INUIT REGIONS AND COMMUNITIES

Nunavik Health Survey Co.
Source. Inuit Tapiriit Kanatami, 1997



Table 3.1 - Nunavik Inuit random sample population characteristics.

Men n=220 Women n=269

Mean (SD)  (Min-Max) Mean (SD)  (Min-Max)
Age, yoars 37 (14) 1372 38 (143) 18-73
Height, cm 166.0(6.0)  151.0-188.0 1541 (5.0)  142.0-172.0
Siting height, cm 889 (3.5)  77.3-97.8 832(32)  73.0-912
Weight, kg 752(165)  45.0-167.0 65.6(152)  39.5-118.0
BMiIob, kg/m? 271(5.0)  17.5-41.0 276(61)  17.5-48.0
SH/S ratio 0.536 (0.012) 0.499-0.563  0.540(0.013)  0.491-0.574
BMaIstd, kg/m’ 258(5.0)  15.9-39.8 252(61)  145-44.2
Waist, cm 91.6(12.8) (66.0-131.0)  913(142)  (66.0-136.0)
Body fat, % 214@1)  (4.0-46.0) 320095)  (6.0-52.0)
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Table 3.2 - The effect of adjusting the BMI to a relative sitting height among
Nunavik Inuit on the distribution of the BMI values.

Men Women
Observed Standardized Observed Standardized

BMIkg/m®> n % n % n % n %
<18.5 2 0.9 3 1.4 5 1.9 26 10.0
18.5-24.9 86 408 105 50.2 99 378 116 444
25-29.9 63 299 60  28.7 77 29.4 56 24.1
230 61 28.4 41 19.6 81 30.9 56 21.5
Total 211  100.0 209 100.0 262 100.0 261 100.0
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Table 3.3 ~ Agreement between anthropometric obesity measures.

Obesity Measures % Agreement Kappa (95% CI*)
BMIob, kg/m” and waist, cm 81.5 0.59 (0.52, 0.66)
Body fat, % and waist, cm 76.4 0.46 (0.37,0.55)
Body fat, % and BMlob, kg/m? 89.6 0.74 (0.65, 0.83)
BMIstd, kg/m” and waist, cm 78.0 0.48 (0.43, 0.53)
BMIstd, kg/m? and body fat, % 90.5 0.73 (0.63, 0.83)

* CI= Confidence interval

41



4 4

N

N /
- /
—

Table 3.4 - Beta coefficients (SE) for age (years) in linear regression analyses conducted separately for each

anthropometric dependent variables.

Men Women
Intercept Beta (SE) Intercept Beta (SE)
Weight, kg 66.5 0.243 (0.081)** 64.2 0.037 (0.066)
Height, cm 169.4 -0.094 (0.028)*** 159.6 -1.146 (0.020)***
Sitting height, cm 90.2 -0.036 (0.017)* 86.1 -0.079 (0.013)***
SH/S ratio 0.532 0.000 (0.000) 0.540 0.000 (0.000)

*Significant at p < 0.05, ** significant at p

< 0.01, **significant at p < 0.001
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% BMI 230

Figure 3.2 - Inuit Men's BMis 230, by Age,
Compared to Canadian Population®.
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*Tjepkma et al. 2005
Age (years) (CCHS 2004, Statistics Canada)
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Figure 3.3 - Inuit Women's BMis 230, by Age,
Compared to Canadian Population*.
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Figure 3.4 - Height Trends, by Age and Gender,
among Inuit.
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Figure 3.5 - Sitting Height Trends, by Age and
Gender, among Inuit.
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SHI/S Ratio

Figure 3.6 - Sitting Height to Stature (SH/S) Ratio
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4, Bridge

As the Nunavik thesis data were limited to anthropometric measurements,
the association between Inuit's obesity patterns and risk factors for type 2 DM
could not be evaluated. Therefore, as obesity has been linked to insulin
resistance and insulin resistance has been linked to type 2 DM, data from a
Baffin Region pilot health screening was used to evaluate the anthropometric
correlates of indices of insulin resistance. Diabetes in remote communities
presents a health care challenge as services are not easily accessible. Early
detection of the correlates of diabetic risk factors within an Inuit context will help
in the development of appropriate screening guidelines and prevention efforts.
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5.1 Abstract

Obesity is known to be a major risk factor for insulin resistance. As Inuit
are undergoing a dietary transition involving lifestyle changes, the rates of
obesity and of obesity-related chronic diseases including type 2 diabetes mellitus
(DM) are increasing. The aims of the study were to evaluate the anthropometric
correlates of indices of insulin resistance using the homeostasis model
assessment index (IR4oma), the quantitative insulin sensitivity check index
(QUICKI), and the insulin sensitivity index (ISl 120). Data were collected as part
of a pilot health screening in Pangnirtung, Nunavut of the Baffin Region among
adults 18 years of age and above. Results for women indicated that in age-
adjusted linear regression analyses, observed BMI (BMlob), sitting height
adjusted BMI (BMistd), waist circumference,(WC) and percent body fat (%BF)
predicted |Rnoma, QUICKI and 1Slg 120 (p<0.05). For men, BMistd and %BF
predicted IRuoma, BMIob, BMIstd and %BF predicted QUICKI, and WC and %BF
predicted [Slg 120 (p<0.05). BMistd showed similar results to BMlob and did not
better predict the indices of insulin resistance/sensitivity. In general, the present
study suggests that increasing rates of obesity among Inuit will have health

consequences and that anthropometry is an effective tool to indirectly assess
insulin resistance/sensitivity. |
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5.2 Introduction

Early detection of insulin resistance and the implementation of
interventions to improve insulin sensitivity may reduce the development of type 2
diabetes mellitus (DM) (Gutt et al. 2000; Vaccaro et al. 2004). Obesity is known
to be a major risk factor for insulin resistance (Jones et al. 2000). Measures of
obesity commonly used include body mass index (BMI), waist circumference
(WC) and body fat percentage (%BF) and each relate to insulin sensitivity
(Cervenakova et al. 2002; Bryhni et al. 2003; Ehtisham et al. 2005). Further,
because Inuit tend to have a longer torso relative to the total height compared
with other popUlations, sitting height adjusted BMI has been recommended when
evaluating the anthropometric correlates of health risks and when comparing
obesity rates between populations (Charbonneau-Roberts et al. 2005).

Among Inuit, the role of obesity-related measurements in predicting health
risks is especially not well understood. For example, in Greenland, the central fat
patterning of Inuit was not as predictive of metabolic syndrome risk factors
compared to a Danish study population (Jorgensen et al. 2003). Also, when
Canadian Inuit were compared to a general North American population, the
central fat patterning of Inuit did not have an independent effect on fasting and 2-
hour glucose, or on triglycerides, total cholesterol, LDL and HDL cholesterol
(Young 1996a). Central fat patterning of Inuit may have been helpful in surviving
the harsh arctic environment (Young 1996a). However, as Inuit are undergoing a
dietary transition which also involves decreases in physical activity due to
modern day conveniences and sedentary jobs, the rates of obesity and of
obesity-related chronic diseases including type 2 DM are increasing (Murphy et
al. 1992; Ebbesson et al. 1998; Jorgensen et al. 2002). Therefore, an evaluation
of the extent to which anthropometric measures relate to indices of insulin

sensitivity may prove useful in designing Inuit-specific diabetes screening
guidelines and health promotion programs.



P

The aims of the study were to evaluate the anthropometric correlates of
indices of insulin resistance using the homeostasis model assessment index
(IRyoma) (Matthews et al. 1985), the quantitative insulin sensitivity check index
(QUICKI) (Katz et al. 2000), and the insulin sensitivity index developed by Gutt et

al. (ISlo,120) (Gutt et al. 2000), and to compare the results of the different insulin
sensitivity indices used.

5.3 Subjects and methods

5.3.1 Participant population

A pilot health screening in Pangnirtung, Nunavut from the South Baffin
coastal region was conducted during the month of May, 2005, among adults 18
years of age and above. The specifics regarding recruitment to the health
screening were worked out in detail with the community steering committee. As
part of a volunteer and not a randomly selected sample, all Inuit adults in the
community were eligible to participate. Volunteers were recruited through
community radio announcements, pamphlets and three information sessions

where bilingual community research assistants explained the screening and its
importance to community members.

5.3.2 Ethical approvals and participatory processes

Approvals for the Pangnirtung health screening were obtained from the
McGill Ethics Review Committee, the Nunavut Research Institute, and the
community (Appendix 8.3). A Pangnirtung, Nunavut-Centre for Indigenous
Peoples’ Nutrition and Environment (CINE) research agreement was also
developed with the Hamlet Council (Appendix 8.4). The methodology followed
reflected the participatory process developed by the World Health Organization
(WHO) and Dr. Harriet Kuhnlein from CINE (World Health Organization et al.
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2003). Comments and feedback were also requested of the Inuit Tapiriit
Kanatami (ITK), which is a member of the CINE Governing Board, the
Government of Nunavut Health and Social Services Department and the Nunavut
Tunngavik Incorporated. A community steering committee guided all aspects of
the field work and ensured appropriate and accurate translations of consent

forms and questionnaires into Inuktitut. Informed consent was obtained from
each patrticipant (Appendix 8.5).

5.3.3 Sample size

There were a total of 52 Inuit participants in the pilot health screening.
Four reported being diagnosed with type 2 DM (which was confirmed by
medications being taken) and were excluded from the analysis. A total of 48
participants were included in the analysis. Capillary blood tests were conducted
for individuals who were both obese and over 50 years of age as a precautionary
measure using a One UltraSoft Touch. If the capillary blood test was 27 mmol/L,
only fasting blood samples were collected. One individual was found to have a
capillary blood value was 27 mmol/L and therefore only fasting samples were
collected. Another individual did not return for the 2-hour blood coliection.
Therefore, a total of 46 participants completed both the fasting and the 2-hour
blood tests. One individual had a fasting insulin of <14 pmol/L and therefore no
insulin sensitivity indexes could be calculated.

5.3.4 Anthropometric measurements

The anthropometric data collected included weight, height, sitting height,
waist circumference, and body fat composition. Weight and body fat
composition were measured using a Tanita leg-to-leg bioelectrical impedance
scale where a clothing reference weight of 0.5 kg was entered for each
participant, and automatically subtracted to provide weight. Height was
measured using a leveled height rod equipped with a horizontal head board. The
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participants were asked to remove their shoes and stand as tall and as straight
as possible with the head level, the shoulders and upper arms relaxed. The
vertical distance between the standing surface and the top of the head was
measured to the nearest millimeter (0.1 cm). Sitting height (SH) was measured
using a sitting height table equipped with a sliding anthropometer adjustable for
thigh length and an adjustable foot support (Charbonneau-Roberts et al. 2005).
Two measurements were taken to the nearest millimeter (0.1 cm). If a large
variation (more than 1 cm) was detected between the two measurements, the
body position was rechecked and measurements were taken until two
measurements were within 1 cm. Waist circumference was measured at the
point midway between the iliac crest and the costal margin (lower rib). The
measurement was taken to the nearest millimeter (0.1cm). Also, if standing

height, sitting height or waist circumference measures fell between two
millimeters, the even millimeter was recorded.

5.3.5 Sitting height adjusted body mass index

When sitting height to stature (SH/S) ratios, also known as relative sitting
heights, were examined as to how they related to BMi in 158 study populations
taken from 46 papers and representing 18 000 men and women, it was found
that for every 0.01 unit difference in SH/S ratio, the difference in BMI was 0.90
kg/m? (Norgan 1994b). Therefore, the commonly used BMlob was standardized
using a Cormic index for men and women developed from their relative sitting
heights. Cormic index adjustments are based upon techniques developed by
Norgan (Norgan 1994b; Norgan 1994c; Norgan 1995) and modified by Collins et
al. (Collins et al. 2000). The BMIstd was calculated using the formula from Collins
et al. (Collins et al. 2000) which provide separate SH/S ratio beta coefficients and
intercepts for predicting BMI for men (beta=0.78, a=-18.43) and women
(beta=1.19, a=-40.34), based on linear regression techniques and equations first
published by Norgan (Norgan 1994c; Norgan 1994b). Variations in the SH/S ratio
between or even within populations may account for a 5 kg/m? unitvdifference in
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BMI, therefore individual rather than population BMles were calculated (Norgan
1994b). The SH/S ratio beta coefficient from the linear regression analyses was
then used to predict the BMI at a SH/S ratio of 0.52 (Norgan 1994b), which is the
mean SH/S ratio among European study populations that have been used to
develop BMI cut-off points related to elevated mortality rates (Norgan 1995).

BMistig = BMlgs2 + (BM|ob-BM|es), where:

BMIgs, is the BMI at an estimated SH/S ratio of 0.52. For men,
BMlps: = 0.78(52.0)-18.43 = 22.13 and for women, BMlps; =
1.19(52.0)-40.34 = 21.54, where 0.78 and 1.19 are the beta
coefficients for men and women, respectively, and -18.43 and

-40.34 represent the intercept (constant) for the men and women,
respectively;

BMiq, is the observed BMI as calculated by measured weight
divided by standing height in meters squared (kg/m?);

BMies is the BMI at the calculated individual SH/S ratio. For
example, if the SH/S for one man is 0.530, use 53 percent in the
formula BMl¢s = 0.78(53.0)-18.43 = 22,91, and if the SH/S ratio for
one women is 0.533, use 53.3 percent in the formula BMles =
1.19(53.3)-40.34 = 23.17.

5.3.6 Laboratory measurements

Clinical and laboratory measurements included fasting and 2-hour glucose
and insulin. A standard 75-gram oral glucose tolerance test (OGTT) was
performed in the morning after an overnight fast of 8 hours.
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MDS Laboratories was used for all laboratory analyses without information
regarding clinical histories of the patients attending the health screening (MDS
Laboratories). Venous blood samples were placed on ice and after a 20 minute
period to allow for clotting, samples were centrifuged for 10 minutes using a
Fisher Centrific Model 228 Benchtop centrifuge. The plasma was decanted into
storage tubes that were stored in a -20° freezer at the Arctic College and shipped
in batches with ice packs to the MDS laboratory within 3-7 days. Glucose profiles
were done on a Vitros 950 analyzer and examined using a glucose oxidase color
technique. Insulin profiles were done on a Immulite 2000 (test ref-out) analyzer
and measured by the chemiluminescent immunometric assay.

5.3.7 Derived indices of insulin action

Indices of insulin action based upon fasting and oral glucose tolerance test
data were used. For indices based on fasting insulin and glucose values, QUICKI
and IRnoma were selected for the analyses as they are widely used, and are
recognized as a means for assessing insulin sensitivity in population based
studies (Katz et al. 2000; Monzillo et al. 2003). The rationale behind the choice of
insulin sensitivity indices, which utilize information from the oral glucose
tolerance test (OGTT), was based on results from recent findings assessing all
indices to date in which Gutt et al.’s insulin sensitivity index at 0 and 120 minutes
(1Slg,120) was found to be the most predictive for type 2 DM in a large multiethnic

cohort (Hanley et al. 2003). Calculations for each of the indexes used are
described below:

Quantitative insulin sensitivity check index (QUICKI) (Katz et al. 2000)
QUICKI =1/[log1o fasting glucose (mg/dl) + logo fasting insulin (pIU/mI)],

where from insulin pmol/l to insulin plU/ml, divide by 6.945.

Homeostasis model assessment insulin resistance index (IRqoma) (Matthews et
al. 1985)
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IR4oma= Fasting insulin (mU/l) x fasting plasma glucose (mmol/l) / 22.5),
where insulin pmol/l is converted to insulin mU/l by dividing by 6.945.

Insulin sensitivity index developed by Gutt et al. (ISlg 120) (Gutt et al. 2000)
ISlg 120= (M/MPG) / log10 MSI, where
m= (75000 mg + (fasting glucose-(mg/L) - 2-h glucose (mg/L)) x 0.19 x
body wt kg)/120,
MPG is the mean plasma glucose value (mmoll),
MSI is the mean serum insulin value (pulU/ml).
Conversions: insulin pmol/l is converted to insulin mU/l by dividing by
6.945, and glucose mmol/l is converted to glucose mg/l by multiplying by
180 (Cervenakova et al. 2002)

5.3.8 Statistical analysis

Descriptive statistics were used to provide an overview of the
anthropometric data and the blood sample results among Inuit. Independent
student t-tests were used to detect differences in glucose, insulin and the insulin
sensitivity/resistance indices between the normal weight and the obese group.
Linear regressions, both univariate and multivariate, were used to evaluate the
anthropometric determinants of insulin resistance using derived indices of insulin
action examined as continuous variables. Age-adjusted linear regressions were
conducted separately for men and women. Outliers were assessed using the
standard procedure of multiplying the interquartile range by 1.5 and were found
only among four women for I1Slg 120 and QUICKI. Outliers were not excluded from
the data presented as these values were physiologically possible. However,
models were conducted with and without the outliers to evaluate consistency in
the results. Models relating BMlob, BMIstd, %BF or WC were highly correlated
and therefore were not included in one analysis. Correlations between
independent variables and between insulin sensitivity indices were assessed
using Pearson correlations. For selected variables that had slightly skewed
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distributions, Spearman correlations were also conducted but as no differences
were found between Spearman and Pearson r, Pearson r is presented for all
variables. The significance was set at p < 0.05. All statistical analysis was
performed using SPSS version 13.0 for Windows (SPSS, 2004).

54 Results

The ages ranged from 19 to 77 years of age with a mean age of 45 years
(SD=17) (Table 5.1). The majority of participants were women (77.1%). The
mean WC was 91.6 cm (SD=15.6) for men, and 103.5 cm (SD=14.0) for women.
A total of 36.4% of the men had a WC > 102 cm and 86.1% of the women had a
WC > 88 cm: representing World Health Organization (WHO) WC cut-off values
indicative of increased risk of obesity related health complications (World Health
Organization 2000). As for BMIob, the mean for men was 26.4 kg/m? (SD=4.9),
and the mean BMiob for women was 32.0 kg/m? (SD=6.1). Using the sitting

“height adjusted BMIstd, the mean for men was 25.1 kg/m? (SD=5.2), and the
mean for women was 28.6 kg/m? (SD=6.0). The percentage of obese using the
BMlob was 27.3% for men and 67.6% for women; whereas the percentage of
obese using the BMIstd remained the same for men and decreased to 43.2% for
women. The mean %BF for men was 22.1% (SD=9.5), and for women was
40.3% (SD=7.8). When %BF was classified according to age-specific body fat

ranges based on a BMI 230 (Gallagher et al. 2000), 27.3% of the men and 64.9%
the women were considered obese.

Participants were classified as having normal glucose tolerance (NGT),
impaired fasting glucose (IFG), impaired glucose tolerance (IGT), both IFG and
IGT or type 2 (DM) according to the Canadian Diabetes Association (Canadian
Diabetes Association Clinical Practice Guidelines Expert Committee 2003a).
Results indicated that out of 48 patrticipants, two had isolated IFG and two others
had isolated IGT. No new diabetic cases were found. Using the clinical cut-off
values from the MDS laboratories of up to 210 pmol/l for fasting insulin and
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between 70-770 pmol/l for 2-hour insulin, one participant had elevated fasting

insulin and one had elevated 2-hour insulin. Eight had a 2-hour insulin value. <70
pmol/l.

Fasting and 2-hour glucose values were similar between obese (BMlob
230) and non-obese (BMiob <30) individuals (Table 5.2). Among women, the
mean fasting and 2-hour insulin levels were significantly higher in the obese BMI
group than in the normal weight group, and fasting insulin was significantly higher
in the high WC group. According to the IRHoma, QUICKI and [Slg 120 values,
insulin sensitivity was significantly lower among the obese BMI and the high WC
groups than among the normal weight and normal WC groups. Among eleven
men, similar differences were observed in the ISl 120 between the obese and the
non-obese, and in IRHoma and QUICKI between WC groups, but they were not
significant. When using the BMstd to define the obese group, results among
women were similar to results using the BMlob. As the same men were
characterized as obese using BMistd, no separate presentation is provided.

Among women, strong positive correlations were observed between
BMIob and WC (r=0.95), BMistd and WC (r=0.94), BMIstd and BMIlob (r=0.98),
%BF and WC (r=0.94), %BF and BMlob (r=0.90), and %BF and BMistd (=0.90)
(Table 5.3). Among men, strong positive correlations were observed between
WC and age (r=0.81), BMIob and age (r=0.73), BMlob and WC (r=0.92), BMIstd
and age (r=0.74), BMIstd and WC (=0.93), BMistd and BMlob (r=0.98), %BF

and age (r=0.89), %BF and WC (r=0.95), %BF and BMlob (=0.93), and lastly,
%BF and BMIstd (r=0.92).

In age-adjusted linear regression analyses, all four anthropometric
independent variables predicted IRnyoma, QUICKI and ISlg 120 in women (Table
5.4). For men, BMIstd and %BF predicted IRyoma, BMiob, BMistd and %BF
predicted QUICKI, and WC and %BF predicted ISl 120. Correlations between the
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different insulin sensitivity indices were strong (IRyoma and QUICKI, r=-0.91;
IRHQMA and |S|o,120, r=-0.71; and |S|o,120 and QUlCK|, l'=0.78).

55 Discussion

Based simply on the BMI! and the WC, this population of volunteers for the
health screening is at risk for developing obesity-related complications such as
type 2 DM (Lemieux et al. 1994; Health Canada 2003). Based on BMIob, over a
quarter of the men and sixty-eight percent of the women were considered obese
according to the Canadian guidelines for body weight classification in adults
(Health Canada 2003). However, the BMistd decreased the percent of obese
women to forty-three percent. As for WC, over a third of the men and the majority
of the women had values above the WHO recommended levels (World Health
Organization 2000). However, for Inuit there are possible adaptations to central
fat patterning for survival in the arctic. Inuit may favor intra-abdominal deposition
to provide more heat production, whereas subcutaneous fat provides insulation
(Shephard 1991). Bioelectrical impedance analysis (BIA), which measures the
body's percentage of fat, does not specify the type or location of body fat.
Further, BIA has only recently been used among Inuit and needs to be validated
using appropriate prediction equations. Until then, BIA instruments are only
useful for within population comparisons. Measuring the type of fat through

abdominal ultrasounds on a subgroup of a population may also prove to be
useful.

In the current study population, no differences were observed in fasting
and 2-hour glucose values in the obese compared to the normal weight group. A
similarv trend was observed among the Keewatin Inuit of the Northwest
Territories, where increasing BMI had no effect on fasting or 2-hour glucose
values, indicating that the body's glucose disposal was not impaired (Young
1996a). When compared to Inuit from Greenland, the Pangnirtung health
screening volunteers had similar fasting glucose values and 2-hour glucose
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values (given the range of the standard deviations), but had lower fasting and 2-
hour insulin values (Jorgensen et al. 2003). However, comparison of insulin
values between laboratories is problematic given that techniques are not yet
standardized and produce variable results. When Inuit from Greenland were
compared to their Danish counterparts, 2-hour glucose and insulin values among
Inuit were lower at any given level of waist circumference (Jorgensen et al.
2003). Insulin values and indices of insulin resistance in the current population
were shown to be higher among the obese compared to the normal weight
group.

From the results, it is clear that obesity among women assessed through
BMlob and BMistd was linked to indices of insulin resistance, and that WC,
BMlob, BMistd and %BF are predictors of insulin sensitivity. For men, similar

results were observed but %BF seemed to be a better predictor of insulin
sensitivity.

In this study, the indices used based on fasting insulin and glucose values
(IRHoma and QUICKI) showed a significantly high correlation with each other in
both genders. This is not surprising as QUICKI is similar to IRoma except that it
is also based on taking the logarithm and the reciprocal of the glucose-insulin
product to compensate for skewed fasting insulin values (Katz et al. 2000).
However, QUICKI has been shown to have a significantly better correlation than
IRHoma With the insulin sensitivity clamp (Slciamp) (Katz et al. 2000).

There are some limitations to this study. First of all, the volunteer
recruitment may have led to self-selected overweight individuals as previous
work among Inuit have found a lower prevalence of obesity among Inuit women

~ (approximately 27%) (Ebbesson et al. 1998; Jorgensen et al. 2002). The data,

however, are still useful for within-population comparisons and for assessing how
obesity relates to indices of insulin sensitivity. Also, differences in results
observed between men and women participants are likely due to the small
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number of men and perhaps to other factors such as differences in physical
activity levels as men tend to be more active than women (Craig et al. 2004) and

physical activity has been linked to improved insulin sensitivity (Duncan et al.
2003).

A larger sample size with greater heterogeneity in anthropometric
measures is needed to further evaluate the anthropometric correlates of insulin
sensitivity. Also, the use of an additional post-load blood sample at 30 minutes
would help assess glucose metabolism (Stumvoll et al. 2000).

5.6 Conclusion

As in the Nunavik analyses (manuscript 1), when BMI was adjusted for
sitting height, the prevalence of obesity was diminished in the Pangnirtung pilot
volunteer community screening. Nonetheless, the prevalence of obesity
remained high among those that self-selected to be screened. Despite the high
prevalence of obesity, few had abnormalities in either IFG, IGT, or insulin.
However, the obesity was associated with central fat patterning and with relative
measures of insulin resistance, and therefore, cannot be considered harmiess.
The data indicate a need for ongoing health surveillance, research and health
promotion. As the volunteer study population was relatively homogeneous, a
larger more heterogeneous and preferably randomly selected study population is
needed to explore the anthropometric correlates and prospective determinants of
insulin resistance including the pbtential modifying factors of diet, physical activity
and other factors. In the meantime, incorporation of simple anthropometric

measures, such as BMI and WC, in health surveillance can provide an indication
of the public health challenges ahead.
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Table 5.1 - Baffin community Inuit sample population characteristics, age, anthropometry, glucose, insulin and indices of

insulin sensitivity.

‘ Women n=37

Men n=11

n Mean (SD) (Min-Max) Mean (SD) (Min-Max)
Age, years 11 41.0 (15.0) 24.0-71.0 46.0 (17.0) 19.0-77.0
Waist, cm 11 91.6 (15.6) 75.0-116.0 103.5 (14.0) 73.0-127.0
BMilob, kg/m? 11 26.4 (4.9) 21.0-35.0 32.0(6.1) 22.0-45.0
BMIstd, kg/m® 11 25.1(5.2) 18.7-34.4 28.6 (6.0) 17.1-41.0
Body fat, % 11 22.1 (9.5) 12.0-41.0 40.3 (7.8) 19.0-53.0
Glucose, fasting (mmol/1) 11 4.7(1.1) 3.2-6.0 5.0 (0.9) 2.7-6.4
Glucose, 2hr (mmol/1) 9 3.1(1.4) 1.4-5.3 3.7(1.7) 1.4-8.3
Insulin, fasting (pmol/1) 10 72.2 (36.1) 38.0-135.0 104.0 (43.7) 35.0-253.0
Insulin, 2hr (pmol/l) 9 105.0 (73.8) 38.0-239.0 220.0 (211.0) 52.0-1149.0
IRuoma 10 2.3(1.6) 1.0-5.1 3.4 (1.5) 0.9-6.8
QUICKI 10 0.26 (0.02) 0.23-0.26 0.25 (0.01) 0.23-0.28
ISOo,120 8 197.0 (80.8) 81.0-340.0 134.8 (60.4) 48.7-290.0




Table 5.2 - Insulin, glucose and insulin sensitivity in subgroups by obesity.

Men Women
BMIT Waist} BMIt Waist}
Normal = Obese Normal High Normal Obese Obese Normal High
BMilob BMlIocb . BMlistd
n=8 n=3 n=7 n=4 n=12 n=25 n=16 n=5 n=31
Glucose, fasting 4.7 4.5 4.6 4.9 4.8 5.1 52 4.7 5.1
(mmol/l) (1.1) (1.3) (1.1) (1.2) (0.8) (0.9) (0.8) (0.5) (0.9)
Glucose, 2hr 3.1 32 2.8 3.9 32 3.9 4.0 3.1 3.9
(mmol/l) (1.5) (1.7 (1.3) (1.7) (1.5) (1.8) (1.8) (1.2) (1.8)
Insulin, fasting 70.9 75.3 62.3 87.0 724 120.0%%*  123.7* 53.2 113.5%*
(pmol/) (405  (30.1)  (369)  (33.9) GLl)  407)  (45.0)  (153) (41.4)
Ins““ll/ll’ 2hr 84.4 177.0 58.7 197.7* 118.0 268.0* 2632 81.0 247.1
(pmol/l) (70.0) (29.7) (17.3) (41.5) (74.4) (237.0)  (265.7) (38.8) (219.4)
IR#oMA 2.3 2.3 1.9 2.9 23 3.9%k% 4.1% 1.6 3.7%%
(1.8) (12) (1.6) (1.5) (1.2) (1.4) (1.4) (0.5) (1.4)
QUICKI 0.26 0.26 0.27 0.25 026  024***  024* 0.26 0.24%*
(0.02) (0.02) (0.02) (0.02) (0.01) 0.0  (0.01) (0.01) (0.01)
I8To,120 211.9 152.4 238.1 128.6 169.1 118.3* 114.1 181.7 124.3*
(87.6) (44.3) (66.8) (51.8) (67.8) (49.9)  (40.4) (53.9) (56.9)

Data are means (SD), unless noted otherwise; T For BMI, normal BMiob<30, Obese BMlob 230 and BMlstd =30; $ Waist
circumference for men, normal <102cm and high >102cm; for women, normal s88cm and high >88cm; *Significant at p <

=2
~

0.05, **significant at p < 0.01, ***significant at p < 0.001
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Table 5.3 - Pearson’s correlations between anthropometric independent variables.

Men Women

Age, Waist, BMI, BMIstd, Body fat, Age, Waist, BMI, BMIstd, Body

years cm kg/m® kg/m? % years cm kg/m® kg/m® fat, %
Age, years - - - - - - - - - -
Waist, cm 0.81** - - - - 0.17 - - - -
BMIob, kg/m®>  0.73%*  0.92%** - - - 0.15  0.95%** - - -
BMiIstd, kg/m®  0.74*%*  (0.93***  (.98%** - - 0.14 0.94**%  (,98%** - -
Body fat, % 0.89*** (. 95%*+* (. 93%**  (.92%** - 0.27 0.94*** 0. 90***  (.90*** -

*Significant at p < 0.05, ~significant at p < 0.01, ~significant at p < 0.001
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Table 5.4 - Age-adjusted linear regression befa coefficients (SE) conducted separately for each independent
anthropometric variable against three insulin sensitivity indices.

IRuoma QUICKI I8Tp,120
Intercept | B (SE) Intercept B (SE) Intercept B (SE)
Men

Waist, cm -2.771 0.096 (0.053) 0.334 -0.001(0.001) 585.278 -6.348 (2.059) *
BMilob, kg/m? -1.553 0.275 (0.130) 0.322 -0.004 (0.001) * 439.179 -11.884 (7.502)
BMstd, kg/m® -1.191 0.284 (0.116)* 0.313 -0.004 (0.001)* 388.415 -10.967 (7.480)

Body fat, % 3.137 0.248 (0.088) * 0.249 -0.004 (0.001) ** 231.689 -12.729 (4.300) *
Women ,

Waist, cm -3.874 0.066 (0.015) *** 0.310 -0.001(0.000) *** 370.341 -1.910 (0.622) **
BMiIob, kg/m? -2.234 0.157 (0.032) *** 0.293 -0.001(0.000) *** 322.431 -4.369 (1.406) **
BMistd, kg/m® -1.327 0.142 (0.035)*** 0.285 -0.001 (0.000)*** 289.239 -3.665 (1.491)*

Body fat, % -1.303 0.108 (0.029) *** 0.289 -0.001(0.000) *** 317.681 -3.612 (1.137) **

*Significant at p < 0.05, ~significant at p < 0.01, ~significant at p < 0.001
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6. Final conclusion

6.1 Summary of results

The prevalence of obesity among both the Nunavik communities and the
Baffin Region community in Nunavut is greater than that of the general Canadian
population. However, due to the higher SH/S ratio of Inuit, using a sitting height
adjusted BMI among the Nunavik study population provided a prevalence of
obesity comparable to that of the general Canadian population. This finding may
help explain why in the past, at every level of BMI, Inuit were healthier than
general Canadian comparison groups. Therefore, among Inuit, sitting height
adjusted BMI may provide another useful perspective when comparing obesity
patterns between diverse populations. Further, a positive secular trend for height
was observed among younger Inuit. It will be important to monitor this secular

trend for future research among Inuit and to assess its impact upon BMI and
related health outcomes.

Because obesity has been linked to insulin resistance, and early detection
of insulin resistance and implementation of interventions to improve insulin
sensitivity may reduce the development of type 2 DM, assessing associations
between anthropometric measurements and indices of insulin resistance among
Inuit is important. Among the Baffin Region study population, results suggested
that anthropometric measures such as BMlob, BMIistd, WC and %BF were
associated with indices of insulin resistance/sensitivity. Also, the obese had
significantly higher fasting insulin levels than the non-obese. The data indicate
that increasing prevalence of obesity among Inuit is likely to have adverse health
implications. The findings highlight the importance of heaith surveillance research
and health promotion efforts. In the current study, BMIstd showed similar resuilts

~ to BMIob. However, a larger and more heterogenous study sample is needed to

help evaluate the relative importance of the various anthropometric measures.
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6.2 Informing study participants

Nunavik participants will be informed of their entire health survey results
as per the Institut national de santé publique du Québec (INSPQ) in the fall,
2005. For the Baffin Region community pilot health screening, each participant
will be informed of their health screening results by a community research
assistant in September, 2005. In the event that the health screening study
identified the need for a specialty clinical referral, this information will be provided
and appointments will be made available. Participants will also receive culturally
relevant information, developed with Inuit partners, regarding nutrition and
physical activity for the prevention of obesity and type 2 DM.

6.3  Future research

Due to the small sample size of the Baffin Region study population,
especially among men, more research is needed to confirm which
anthropometric measure best predicts insulin resistance. Future research is also
needed to evaluate associations of diabetic risk factors within an Inuit context to
develop appropriate screening guidelines and prevention efforts. Lastly, it would
be worthwhile to assess the risk for chronic disease among inuit in a large
prospective study in which measures of adiposity and the interplay of diet,
physical activity and other determinants can be examined for their predictive
value of future risk of disease. In regards to SH/S ratios and derivations of
BMistd, further work should explore the homogeneity in the regression
coefficients of SH/S ratios as it predicts BMI in diverse populations. To date, the
available published literature lacks sufficient detail on the analytic work by
Norgan (Norgan 1994b; Norgan 1994a; Norgan 1994c; Norgan 1995) that
resulted in the equations presented by Collins (Collins et al. 2000)
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6.4 Significance

Given the public health priority of obesity and diabetes prevention, the
research conducted in Nunavik and the Baffin Region community could help
formulate Inuit-specific health promotion programs focused on obesity preventioh
and intervention, and diabetes screening guidelines. The results from the Baffin
Region community pilot health screening will stimulate additional health
screenings and research in Nunavut that will help determine screening protocols
and prevention efforts throughout the Nunavut Territory.
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é3§35-$ 25‘?:-'

!Bloodnnalym’ S ‘ ]

mmlawingh}oodmﬂmwdibedoneaspmﬁmcsmey bloodbp:ds,ghwosc,inmbn,fauywds,
ntibodies indicating past infections, envirotimental contaminants (organic and inorganic compounds such as
PCBs, heavy metals), and anemia determinants (for womien). Toenail samples will be analyzed for selenium,
These blood analyses will allow researchers to determine whethér you have normal or abnormal levels of blood
lipids snd diabetes or anemia (for women) determinants as well as gauge your exposire to past infections and

Tnitials of participents: ___ : : : Initinls of witness:
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environmental contaminants. Blood samples will be stored for 15-years at -80° C in freezers located at Institut
* national de santé publique du Québec in Sainte-Foy, Québec. These blood samples will be the responsibility of
"NRBHSS. Blood vials will be ideatified by a code number only and your name will not appear on them. These
bloodwmpleswd!mubeumdbymyeommalwpb&mﬂcﬂeompm&mth«fmgmm

iBmﬁts

mthlsmrveywﬂlgmyouadupaundetsmdmgﬁfmyheﬁthmksyonmayfacemdwhatyou
m&mmﬂmeﬁw&apmmwmmm&n&m@bmudmmmmnwﬂl
- also allow you to verify your current health and make iniprovements as needed. Thus,xfyouhaveanm(for
women); abnommal blood pressure; blood lipids, glucose, or insulin levels; high levels of antibodies against past
" infections in conjuniction with fever; or a hearing problem, you will be sent & letter advising you to visit your

CLSC. ‘I’heWakomwyw&eoppoﬁumﬁymwkepmmnmgmmlheﬂtheymdgwgcmnhaalmof
'youroommumty v _ v

[(Rils e _
mmmyﬁmudmpogmynsktomYwmydevelopashghtbmsevﬂmebloodmdmm

ﬁﬁmmmmmmuwmmmumfwmm
only along with answers from other Nunavik houscholds participating in the survey. Your questionnaire snd bloo
samples will ‘be identified with a code number only. Your name will tiot appear on them. Your name will ont
appear on & “master” identification sheet that links your name to the numbers; These master sheets and the surve
database will be kept under lock and key at INSPQ. Moreover, only authorized INSPQ, URSP-CHUQ, NRBHSS
~ and other experts involved in aspects of the survey will have access to the survey database. Once the study wrap
j,up(DwembchOOﬁ),thmmasmxdenhﬁcahonsﬁwtswﬂibedmwed,Yomnamewxﬂnotmpmman
;mxbhmorrepm 5

[Withdrawalfromsmdy — 5

v‘.'Ywmmpumm&mmwxsmvﬂuable,hutmwbevohmwy Youatefmtowxﬁ:dmvﬁomﬂwstudya
_ any time without prejudice. You may choose not to- continue even after you have agreed to participate. T
..mth&awfmmihestudy picascmmmsmmmﬁmmoﬁeldmw ormymedncalsmﬁ‘

' Youwxllmceweaszsmhmmmfmymummdmvolvmwmaﬁayonhavccomplmde Those
vmmehnmwmmmmewmmmswm

Contacs RO T ' |

_Yonmweleomeatmynmedumgﬂxcsuweytomﬂfheﬁe{dm&nm nwseSuzmneCﬁﬁé,orpnncmd
investigators Dr. Serge Déry and Dr. Eric Dewailly fo request more information, make comments about the

-mrvey,ormﬂxdrawﬁomﬂxesmdy Ifhawmympim&fedﬂmmmﬂJmMaymKuqnuaqat(819)
'964-2222.

Please direct any ﬁmhar requests fo:

Mss:mnecaﬁ (418) 650-5115, ext. 5277 (Québec City
Dr. Serge Déry: (819) 471-5148 (Drummondvilie) or (819) 9642222 {Kuujjuaq)
" Dr. Exic Dewailly: (418)65&5!15 ext. 5240 (Québec City)
nitialy of participants: - o Initials of witness:

93



~ INFORMED CONSENT FORM (18 and over)
Nunavik Health Survey: Qanuippitaa? “How are we?”

-1 luve read snd undermml what is involved in the smdy and hereby give my free consent to
participate in the Nunavik Health Survey.

Yes[] - No[] "

B I mthurime the Nunavik' Regioml Board of Health and Social Serviees to share information
about me or the people I represent as long as we are not identified (i.c., name, address, or

telephone number) by authorized persons, namely INSPQ, URSP, and other survey researchers.
Tunderstand that I may obtain the names of these researchers upon request.

,'Yes’ii} N

- 1 authorize the Nunavik Regional Board of Health and Social Services to send abnormal results
of blood tests, blood pressure, and hearing tests to my community CLSC as a preventive measure. I

undmmdﬁatifmymmumabnml,lwmbednlyldvkedhalettertomnmltmyCLsc
‘representative.

Yes[] . No[]
» : v s v A A
Name of participant Signature Date (y/m/d)
. e S A
Name of witness Signature ~ Date (y/n/d)
v ’ S A
Name of principal investigator Signature Date (y/m/d)

Jor his designated representative

The informed consent form has been explained to the participant by the resesrch interviewer:
Name: ‘ Phone number:
Signature:

Dateofapprovalbyﬂhmai University Ethics Committee (CERUL): June 7* 2004 Approval mumber: 2003-323 A-1
Date of approval by the Comité & éhique de santé publique du Québes: June 21% 2004

© Toitisls of perticipants: Tnifials of witness:
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IPPLPNSNS (180" DPPe"of A0 )
ool Asrvenc'l bDrho™: «Qanuippitaa?».

&b oAAC 2%

bpy Serge Déry, oo.f* wcacel’ AarcaesT AdfRe’ ot BNLEYPC
Exic Dewailly, Ao ?*A* Asr JeMdet *odlUceins Cadvdade’,
PodrPadft ActedAs, €Y PN AMe, abole Asfone'l
P4 A*,  Centre Hospitalier Universitaire de Québec (CHUQ) L. dV*F
balelicvd® NIbd% obele Asvone’t

NFP4™  Gbe 4™y VT balolde™d® NMPe% abele Asrencts

Pa Pribines: CAVME AsrfeneT  AdReiet PBHOAM  @ls ol
Asrene’ T AdPaio® BALMYE,

BOILAINPLEY,  pacclt  BALPMC  AadBABLE IV balelictiir
NFANPRM abcle Asfeao'ls dls abeioc AsfeaoiicSldo® BDPSAT
BbPNGLILNEY  CelPdds Pl 00* ALAY sac™ ot ool 2004
BORNE® PMeMIC BoAc LN B CEPI 19927 DAV DAY
BBAOSe®  JGLBDR PP Moaoer  AsAS A€ edeabilet  SboAMPeLTYS

*@‘Cm*?fdﬂf‘d"o.("f“c-a. . CGiafCPLE o AalCPdhet Al toio .o
T odCUAINND L P*LdaoST®, brdNeneT, Qb‘%‘r’?"f“‘wa’". dbtd >
LU 5 e o IACSh %00t 4™ e o b oAJCDPeY, Asrd s

ADPPAPN NP b onPdadbied s, 600- do'Ga b, 2,700-4%¢°N*  ALAS,
AcPiEDALIS 1992-TNDC,  Bd4 SbEAWCPICPE®D:  As%adt ‘boAMI4EC

S ASP, el BLAC, Mdat)ot s 49OCPPLe a4t

oacel®

[CoB3n b LAY AcPIA® bbP4ie

o GPUEDPILLNS, QAMCPLINS bNLYP NS

SN AP 05, PIPPNT  “Amundsen™;

AASCPLYSING AbDSeo LiPo* o<I“s TENphsey; .
-QA"_HCDJﬂ‘b".::n‘ ASviedot hoAMPEad s boAc LetLOLIAS
ealfidFdAT o AAODINNR LNS, ’ :

o GodrPSCPAT,  BBRAYHIPEIC  dedrPINIE AAVIPLIING  baAM Y Je et

Pde™L >

i ADMCP SN ent 1B IACD SNE (48 mie® AMAc36° boSPNEL e

respisore),

Initisls of pasticipants: Initiats of witness:
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ii. PPCLICCP NG, (P&t b Do, PA L. POAL":
iii, 4bAS fbtaaldedl BDPS (Do

iv, DREPALMIAC BDINCPLNG

v. DM dPiChLNG _

Vi ADe P PIRLDLNY Pt DPPES 35-0C T4-05.
vii. Dafet BPANCP e

vili. LLSSPNCTYACSHT  AFSNCH 5NC  LLSDN% 2 LY AYAC S 5 a5 LA S

BOPSDNATY  Qla  Medoe  ADMPIGw Nt L AbbeS
AT NCAsD aNT,

A% ABDIeDC atlat 45TetrIt PAIGASHIN,

at<at

[A*d° bbrCha™

Pdd  ADMICDINDBHICLSDE  ShDANSeDC AQs: 4D DYbio,  LLSSPNMACSS,
AGOIPQUNSPE™ QDAY DIPAS,  ACNTS *dCb adAC  (APA-JoSPUS,  SASYONSS),
A lLa 4f-n‘ AP anrINrsre, >Jde dPESCPoheSTd™ ehPSPNNT
ATICHLME  (selenium) CLYJ  4bvdC SbPAYCPINASS HDAJCDESIC abYd  DSPAS
QLIPS oMLl 5, btE ACRBLELMC dPberanreILLC st (¢F)
Plo Mdade® EDCPALLSLTAL ATHdAT APMSCPINAFS So'CDPLE’) ¢lo
C"«:“L?{"J.a Cel*owe o cloctl  80°C dVT balel ™4l NMdNPr
abele  Asfeac®t  DCHIN  SainteFoy (Québec). (44 4PMCPINAES
BLIY DS pal®  sacel’ Aafdeac’l ASPeis an?‘r'.n':. 4D NAAS
asoPPLLYI PANNSDICD LAY ANSe-AC  GNSCHESPIS,  (4dd  ADSCDINATS
AICDaDYSPIE T P nraes .o, DA N 0" 35¢ A%pLiC A" o3 e
SBBRSCDINND A", '

A€ cSdNba™L

Bhrhte IC De Dotdt, IPPDTe INE bodA a® 4Ca Pl B a Dot
boAYPdndbird  bota  AWIAdP aDNNEAS  IPPLNS, P4 PAS. oo,
o rdCUcetds, ASEI% PLLNS, D% ACENH 50% [, 4D PdP  vo'T ., CLCL
CRBEADNDINIS  BDRJSacSLONT boAcSoTLMIAY APt endbierdTo
BEP SN PEBSePAS. UTLS,  ADAT dbroalded o LAEIADINKE,  dbMdS
P 5dNaPAS,  ACSRBYrPAS . DPOC et dbt AQOIP AN PdedITdAS,
PEC 5 et AP IM A LDIAC (RPN IREPEMIEPAS,  hEPNCHLLING
Cebdon®  ocdAdAcCdEDING,. P cCPN sl CLCL  BPRYPARYS (L
CANSEATENS  sacclsc™MASS boASMTPE I IS SHPANCMBCPT I AL
4 NCPa ™ o° AoAS boAc LM,

[45CataSL

BPRNICPL LS Ac.PLoAPAS 4 Ca ro V) n b DT NE, AP LArD LS,

I IA e et APMTCDAASS,

{aPdA%a o bPRYDIAHM o L
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IPPLONSSeLs  BNYWEPIAES  BPRNERMNSd abdATast - bDIYPIAMI,
IPPLDANS  ADLYIS  PNPIND LN PDINAG > A SIDPBNF LS oaltTDof
BERNE S Acbdot.  AAVCDINACNT  ADMCHINACN s asoiCPPLLT)
PANDCO LN, AN Qe rle™™rI%  dAC 4 elPrLesdlad™  dnebNtLatl
aaotdCb NP s PNYNG. (44 ANBPNLLAS  BPFSPNAs'es BNYAINS
' PLACACKETI DCo INSPQ. A, NMACDPLEE PPdo Dda™LE ArLYC INSPQ,
URSP-CHUQ, 2o A' Aorend® Aal LA s IPPLEPNSAINNNSM e bP2Ye JoLdot
DA BNCPLIL PRSP NAC T . BPPNe™ AVASLe™S  dMBPNtLAS
AP ReDatDe®d, 41T LACNCPE DI cYNedilde IV NN 555

FobrNe S AchS wo™

PPN d¢ AcbBCPat ALnbd® JloTo o PPde AcbPNC. B *LIA erd™

2590 P 0. INC, PPPLEA DL SIPAS AcbLb e S, bery u a r4iINS,
Ac PJTPAC P NHP e 2NC G 4PN Suzanne Coté, IPINCRT

Codrdioot a‘cIA M o 3% AalNe® 4 cdrDicot.

(P SSCPBCPINE

$25.00-0* PabbiCaboIN® “b&?‘\‘(b‘b(b.}ﬂw‘.v BheSe™  AFASCE MORLYDS
AT STPRNF ™A dATCDL™  §10,00-F% VEICDLE D™,

[GPFTEAY

!

BIMIA R PL®  bDPN TR e, PHoABUCSING IPIAENrRM, 4t drdiNT
Suzanne COté, 6PNl “35¢ PO et d*odrPSNLatlt Serge  Déry-lt
4" 4rdiNLatlt Eric  Dewaillyl™®, IPPPAPAPLIAS bPR Mo deMdet,
DD PINHIALPAY 35° N LN R A T ALDJTIPAS,
Do SNNBPAC BPMVedeMdet, Pho AP YN Po MY, Ol (819)

964-2222.
PodNNBPAS, DhedadN' DdodL: »
Ms Suzanne Coté:  (418) 650-5115 extension 5277 (Québec)

Dr Serge Déry: (819) 471-5148 (Drummondville) or (819) 964-2222 (Kuujjuaq)
Dr Eric Dewailly:  (418) 650-5115 extension 5240 (Québec)
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IPPLNCDS e AMPAS
{ 18" PPDPc"0f QMY 0% )

00T AsPencT bP2Se™*: Qanuippitaa «b oANACE? »

~<134"t’r‘L>"L IPPAT s BPMNeJetdet AP s JLeta¢Ms  AMPNHM
SPANVCPBCPLY DM pa T Asreoac'T BhrVedt.

443 b []

AMPOBDIN - wa T Aosrfendt INPLNACKASHINATC DA T P T o
Pl oMo N« PBICPM e pKC (peonresre ansre
PHICDBICA o N, DGPNM L, DHeDNI“35C) BOINNDPBCPLo" Ddad LS
APLdo¢ INSPQ, URSP 4P “ oo SobAWNDLLt, IPPLDM €*dd SbbRAHCDPIC

S ANMt et DPSPYaSL.

d4 ] e[

PN DM, s l\® A.:l’c‘n.l\'. D NPLE N ADMSCDINASSE WL
t"b"trn.ch'»‘L UTr e < )’\‘f'QU‘L‘LJ BPACODINAtL

CedAdA Nt pacNe (L%, AdUcoeSJAMN"ad. JPPLOM
BORNCPINAcE ULSPde™™PCC, oPRNCPLYSSL QFerLsNJS
BPPordidb P oS 4 e dASC PLLISNMLet.

di¢d L[]

. ST S -
BP MNP ANecPar, b= oM, (yimid)
. ‘ it
Cd™a 0% 4NebAN b LM (wim/d)
) W S ST
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APPENDIX 8.3

McGill University ethics certificate for Nunavut
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AT
I |

o Gny!aine Charbunmau

From: LynnMurphy [!yrm mwhy‘i@magi:ca} B

Sent: July 11,2005 11:35AM

o Ter guyiainecha:bonneau@maﬂmgﬂica e
- Subjcct.RE ﬁmsw+oemﬁcatesﬁumanemm SN

. 'Lvnnumrhv o
- Administrative Goordinator

Macdonald Campus Research Office 5

“MeGill Un . R
Faculty of Agﬁcmwra! and Envmmema! sﬁencas ,
21111 Lakeshore Road - : .

St-Anne-de-Bellevue, OC Héx Ve

Tel 614 398-8716
vv-Fax 5143088732

From LynnMurphy : ’
- Sent: Thursday, JmeOB.ZBOSZ.SZPM

- ‘Tor 'guylaline.charbonneau@mal, m:gmm
"-Wﬂwﬂs*wﬁmﬁumanethm

Guy!aina

i .Lynn Murphy

Administrative cdordmamr

:* Macdonald: campus Reseamom _ S
- McGill University - =

- Faculty of Agricultural and Environmema! Scienees S
21114 Lakeshore Road |
“StAnne-de-Ballevue; QC HQX 3vs
~Tel 514 3088716 . .

Fax 5143088732

110772005
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APPENDIX 8.4

Nunavut Community-CINE research agreement
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APPENDIX 8.5

Nunavut consent forms in English and Inuktitut
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INFORMED CONSENT FORM
Pangnirtung Health Screening

Pﬁmlmuﬁum ereBEdméPhﬂ Cmmaﬁntlndtgmmswes Nuttmonandlinvsmnmem(CINE) MeGill

Co-Investigator: Dr. Kue Young, Wd%wﬂeﬂhﬁmmﬂﬁv«wﬁT«mﬁuﬁmm
Roberts, P.Dt., M.S¢. candidate, Cmﬁ,mnvnivmny
Respousible Institution: CINE, MoGill University.

Community Steerinig mmmmmwmwmmmmwmmm
-Other coliaborators: LcmeOktﬁk,!mnt'i‘wntKumnu

Introduction: Wearemndmnng&hca&hweemngtn findoutbloadsugsr!evelsandwbatfactors
predict high blood sugar levels among the Inuit. All Inuit adults over the age of 18 years living in your
community are invited to be part of the health screening. This consent form will give you a general idea
0fwhatthclwahhmeemngpm3¢otmabontmdwhatynurpcrﬁmpaﬁon mvatve& Pleaae take the time
.wwadﬂmmfm&mmﬁﬁ!ymdmkemwywmm:t :

‘,rumommmnghasmmamobjewves R L
L Toﬁndouthowmmypeop!ehavelughbloodsugarmym commumty o
2. Toﬁndmtwhysomelnmtmayhavum&chamof%nghxghbloodmgar

Description of the study: All participants will be asked to visit the Arctic College where an Inuktitut
and English speaking team will carry out a health screening. You will be asked about the kinds of food
_you are eating during a short interview and then you will be asked to come to the clinic in the moming
aﬁumovem:ghtfast(amnnmumof%bomsmﬂwmmng)forabommammalthscmng
will include the following: , :

1. Face-to-face interview
Physical activity
e Personal and family medlcal hsstmy
- _The kinds of foods you normally eat
2. Body measurements - »
' s - Body weight R
. Budyfatcompostnon(forﬂns:tmubeneeessarythatyouremoveyomshcesmdsocks)
+ Height and Sitting height _
- Waist circuraference (directly agmnst yom' skm)
3. -Clinical and laboratory measurements v
« Blood pressure and heart rate
* Blood samples (after the overnight fast)
»  Take s sweet drink
» Abloodsamplcwﬂlbemkenmhoursaﬁerdnnkmgthesweetdnnk
Your blood will be tested for: _
¢ fasting insulin (to find out how well your body can carry sugar and supply your body with
energy), :
fasting glucose (sugar);
good and bad fats in your blood;
glucose (sugar) level 2 hours after you drmk a sweet drink;

adiponectin (shows what the chances are for a person to have hxgﬁblaodmgarpmbiems later
in life).

T O Y

. Initials of participant: : : Initials of witness:
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No more than 3 tablespoons (44 ml) of blood will be taken for this study and o amount of blood will be
placed in long-term storage for future tests. No other laboratory tests will be done.

Right to refuse participation: Your deciswn 1o be part of the study is completely up to you.

Risks of participating:

. Abmm:ortcndemmwhmbloodwtaken : ‘

. Symptommlatsdwlowbloodsugaraﬁerdrmkmgthﬁsweetdﬁnk,'suchasweakness,
fatigue, and hunger, and in some cases, anxiety, nervousngss, trembling. These symptoms are
easily treated by the nurse and can be avoided by taking a light lunch which will be provided
toyouatArcucCollegeanheendofmehee!thsmemng.

Reason why it may be uwfulmycu tobepart of this rmrch.Aﬁemmessﬁﬂty finishing all parts
of the health screening, you will receive youir results in'a booklét (in English and Inuktitut) within 2
months. A general summary of the results 'will also be presented to the community in the fall 2005,
Everyone participating will receive information about how to prevent high blood sugar. You will also
mdwacmbmballwpandmmwﬂibewinadrawforavaﬁayofpﬁzes.

Confidentiality:

cThemmewmlmvesxguedaconfdmmmyagreememandthcdataeoltectednsconﬁmual
 You will be given a unique number to keep your identity confidential,

» We will keep a copy of your name in a locked cabinet in the Centre for Indigenous Peoples’
Nutrition and Environment (CINE) director’s office so that your results can be retumed to you.

* Once your results are retumed to you, your name and birth date will be removed from the
databasewhxchwxnbeusadforthesummaryrepoﬁ,onlyyownumberwﬂlbeglvcntothose
looking at the data.

» If you agree, yourpersonaimedmal results will be given tothePangmmmg Health Center.

* No other personal information will be shared with any community member, organizations or
» Only the overall findings (not your personal results) will be shared with regional and national
Inuit organizations concerned with health,

Right to withdraw: Your participation is voluntary and you can stop being part of the study at any time.
Also, it is okay if you do not answer some of the questions. Please ask any member of the health
screening team if there is something that you do not understand. Also, you own your personal data and
can st any time ask to have your own personal data removed from the database.

For more information, comments, compliaints or to withdraw from the study, please contact:
Susa Qappik, Phone number: (867) 473-8567

Jojo Aningmiug, Phone number: (867) 473-8559

Johnoy Kulugugtug, Phone number: {867) 473-2632

Grace Egeland, Ph.D. Phone number: (514) 398-8642

Kue Young, M.D. Phone number (416) 978-6459

Initials of participant; , " Initials of witness:
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INFORMED CONSENT FORM
Pangnirtung Health Screening

IhavcrcadmdtmdemoodMmtmmolvedmtiwsﬁtdyandagmetop&rﬁmpﬂemthehngnmung
Health Screening.

YuvD | No[j '

1 give permission to the Pangnirtung Health Screening to send my medical results (blood pressure, blood
fat, and blood sugar levels) of the health screening to amgdical representative at my local health clinic.

Yes [:] o No[:}

ngvcpermwswntothe?angmrmngﬁeam: Screening to ﬁndout :fmybloodsuwhasbeenmdm
the past and what my results were. 1 give permission for my full name, date of birth, and health number
to be used to find out my information at the Baffin Regional Laboratory (based in Iqaluit).

Yes D HeaxthNuinbml ' L '&o D

I give permission to the Pangnirtung Health Screening to contact me within the next 5 years for a
follow-up health screening.

Yes[ | ‘» No[ |

. . _ / /

Name of participant Signature Date (ynvd)
' ! /

Name of witness Sigrature . "Date (y/m/d)
. » , / /

Name of principal investigator Signature Date (y/m/d)y

Jor his designated representative

Participant’s address where results are to be sent and phone number

A copy of this consent form has been provided for you. Please keep it for your records and future
reference.

Consent explained by: Date (ymv/d):
Questions answered by: Date (v/m/d):
Initials of participant Initials of witness;
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Publisher waiver form
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