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This thesis is dedicated to the fight against cystic fibrosis.
To those who have fought and lost.
To those who continue to fight.
To those who are too tired to fight anymore.
To those who fight on our behalf.

To the hopes of a day when CF will be no more.

65 roses of yellow and red,
Made her so tired she had to stay in bed.
I looked all around but I couldn’t find,
The 65 roses were all in my mind.

I’ve grown up, and I see,
that the only one thinking of roses was me.
And the reason the 65 roses came,
was because I was too young to understand the name.

65 roses, Cystic Fibrosis
Made it so tired she had to stay in bed.
65 roses, Cystic Fibrosis
I wish she had roses instead.

65 roses, Cystic Fibrosis
I wish she could come out to play.
Life one supposes is no bed of roses
But I wish she had roses instead.

-The Wolverines, 65 Roses
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BODY ESTEEM, EATING ATTITUDES, AND ADHERENCE IN ADOLESCENTS
WITH CYSTIC FIBROSIS FROM ATLANTIC CANADA.

ABSTRACT

A study was conducted to investigate the influence of body esteem, nutritional status,
nutritional intake, and eating attitudes on adherence to dietary therapy and enzymes in
adolescents and young adults with cystic fibrosis. Nine adolescents aged 12.5 to 18 years
from the CF clinics at the IWK (Halifax, NS) and the Janeway (St. John’s, NL)
participated in the study. The participants completed the following surveys/tools: a
Three-Day Food Diary, The Eating Attitudes Test-26 (EAT-26), The Body Esteem Scale
for Adolescents and Adults (BES), and The Adherence Survey.

Nutritional analysis determined that study participants had an average caloric intake
of 2174 Cal. Only one participant met the adjusted Estimated Energy Requirement (EER
+ 20%), and was classified as being adherent to dietary therapy. The average Body Mass
Index (BMI,) was at the 52" percentile, and the average percent Ideal Body Weight
(%IBW) was 100. None of the participants were classified as stunted, according to their
height-for-age, but one was classified as wasted, according to his/her BMI, value.

BES scores determined that participants have a relatively positive body esteem, with
a mean score of 52.67, 57.25% of the highest possible score. Eating attitudes were also
positive, for the most part. However, EAT-26 scores did reveal that one participant was at
risk of developing an eating disorder, having a score over 20.

In the study, adherence was defined as taking the same dose, or more, of a treatment
as prescribed by a doctor and/or dietitian. Adherence to vitamins and nutritional
supplements, when prescribed, was extremely poor, at 0%. Adherence to enzymes taken
with meals and snacks was similar to rates in the literature, with 56% being adherent.
Common reasons cited for non-adherence included forgetfulness, an absence of positive
results, time and effort consuming, and a dislike of taking the treatment in front of others.

Due to the small sample size, two-tailed independent sample t-tests revealed no
statistical significance between adherence, body esteem, eating attitudes, caloric intake,
BMI,,, and %IBW. Therefore, results of the study indicate that in the population of all
adolescents with CF, based on the results of this study, one cannot predict differences in
BES, EAT-26, EER, BMI,, or %IBW based on the individuals’s adherence category.
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Section 1: Introduction

1.1. Overview

Canadian adolescents, particularly females, frequently display disordered eating behaviors
(Canadian Paediatric Society [CPS], 2004). Popular media often portray the ideal body as being
thin and near anorexic (CPS, 2004). Being exposed to these distorted messages places teenagers
and young adults at risk for unhealthy eating behaviors. Dieting can result in nutritional
deficiencies; particularly in iron and calcium, which can lead to a decrease in growth (Dietz &
Hartung,1985), menstrual irregularities, including amenorrhea (Selzer, Caust, Hibbert, Bowes, &
Patton, 1996), and even osteopenia and osteoporosis (Turner et al., 2001). Various risk factors for
unhealthy eating behaviors include: high parental criticism, low self-esteem, vegetarianism in
females, psychiatric disorders, and chronic illness resulting in body dissatisfaction (CPS, 2004).

The most common chronic fatal genetic disease in Caucasians is cystic fibrosis (CF). This
disease attacks the respiratory, digestive, and reproductive systems, and occurs in approximately
one in 3600 Canadians (Canadian Cystic Fibrosis Foundation [CCFF], 2003). Nutrition is very
important to the management of CF since pancreatic insufficiency occurs at a rate of
approximately 85-95% (Sinaasappel et al., 2002; Creveling, Light, Gardner, & Green, 1997,
Bronstein et al., as cited in Orenstein, Winnie, & Altman, 2002; Wolfe, Tremlett, White, &
Littlewood, 2001). The resulting inadequate production of enzymes, leads to fat and protein
malabsorption and maldigestion (Bronstein et al., as cited in Orenstein et al., 2002; Pencharz &
Durie, 1993).

Malnutrition resulting from such malabsorption and maldigestion tends to result in a low

Body Mass Index (BMI). Having a positive nutritional status can help improve overall health and



lung function (Murphy, Wooton, Bond, & Jackson, 1991). To compensate for maldigestion and
malabsorption, pancreatic enzyme supplements are taken with food and an optimal dietary intake
is high in calories and fat. However, with media messages supporting a preference for slimness,
non-adherence to pancreatic enzyme supplements, nutritional supplements, and/or diet
recommendations may occur in order to achieve, or maintain, CF-induced slimness.

Minimal research exists exploring the relationship between how one feels about their body
and adherence to diet recommendations, nutritional supplements, and enzyme replacement
therapy in teenagers with CF. Increased research may help clinicians identify and address these
issues, leading to improved nutritional status that allows those with CF to live longer, healthier

lives.

1.2. Research Statement
This research study will investigate how body esteem, eating attitudes, nutritional status, and
nutritional intake affects adherence to diet, vitamins, nutritional supplements, and pancreatic

enzyme replacement therapy in adolescents with CF.

1.3. Research Objective

To assess relationships involving the following variables in teenagers aged 13 to 20,
inclusive, with cystic fibrosis:

¢ Body esteem;

¢ Eating attitudes;

e Adherence;

e Nutritional intake; and



e Nutritional status.



2.1. Abbreviations

AS
BES
BMD
BMI/BM]I,
Cal
CCFF
CDC
CF
CFPC
CFTR
CHNA
CPS
DC
DRI
EAT/EAT-26
EER
EFA
FEV;
FFM

g
HBM
HFA
ht
IBW/% IBW
U

kg

L
mmol
mg
mRNA
PAC
PEP
PERT
PUFA
REE
TEE
TPB
TPN
VC
WFA
WHO
wt

Section 2: Abbreviations and Definitions

The Adherence Survey

Body Esteem Scale

Bone Mineral Density

Body Mass Index/Body Mass Index Percentile
Calorie

Canadian Cystic Fibrosis Foundation

Centre for Disease Control

Cystic Fibrosis

College of Family Physicians of Canada
Cystic Fibrosis Transmembrane Conductance Regulator
Community Health Nurses Association of Canada
Canadian Paediatric Society

Dietitians of Canada

Dietary Reference Intake

Eating Attitudes Test/Eating Attitudes Test-26
Estimated Energy Requirement

Essential Fatty Acid

Forced Expiratory Volume in 1 Second

Fat Free Mass

Gram

Health Belief Model

Height-for-Age

Height

Ideal Body Weight/ Percent Ideal Body Weight
International Units

Kilogram

Litre

Millimole

Miligram

Messenger Ribonucleic Acid

Physical Activity Coefficient

Positive Expiratory Pressure

Pancreatic Enzyme Replacement Therapy
Polyunsaturated Fatty Acid

Resting Energy Expenditure

Total Energy Expenditure

Theory of Planned Behavior

Total Parenteral Nutrition

Vital Capacity

Weight-for-Age

World Health Organization

Weight



2.2. Definitions
Apical Cells: cells located on part of the superior aspect of a body, organ, or part, or the pointed

extremity of a conical structure such as the heart or lung (Merck Source, 2006).

Chorionic Villus Sampling: prenatal testing procedure offered in certain pregnancies for
determination of the chromosomal profile of the fetus. The chorionic villi are part of the
placenta. CVS involves removing a small sample of the placenta with a thin needle which is
inserted through a woman's abdomen or with a catheter which is inserted through the vagina and

cervix (Chromosomal Mosaicism, 2003).

Distal Intestinal Obstruction Syndrome: involves blockage of the intestines by thickened stool
and occurs in individuals with cystic fibrosis. DIOS was previously known as meconium ileus

equivalent (Wikipedia, 2006).

Epithelial Cells: cells covering the internal and external surfaces of the body, including the lining

of vessels and other small cavities. The epithelium consists of cells joined by small amounts of

cementing substances (Merck Source, 2006).

Forced Expiratory Volume in One Second. the volume exhaled during the first second of a

forced expiratory maneuver started from the level of total lung capacity (Quajner et al., n.d.).

Meconium Ileus: Obstruction of the intestine (ileus) due to overly thick meconium, the dark



sticky material that is normally present in the intestine at birth and, after trypsin and other
enzymes from the pancreas have acted on it, is normally passed in the feces after birth

(Medicine.net, 2006).

Vital Capacity: the volume change of the lung between a full inspiration and a maximal

expiration (Quajner et al., n.d.).



Section 3: Literature Review

3.1. Cystic Fibrosis

3.1.1. Overview.

Evidence of cystic fibrosis first emerged in the 1930°s when Dorothy Anderson described 49
autopsies as having “fibrocystic disease of the pancreas” (Littlewood, 2002). Vitamin A was
thought to be involved in the etiology of CF, since the changes found in epithelial cells were
similar to those associated with vitamin A deficiency (Littlewood, 2002). In the early 1940’s it
became apparent that there was a genetic basis to the condition, which was then known as
mucoviscidosis (Littlewood, 2002). Vitamin A deficiency was still hypothesized to be an
important factor in the development of the disease, believing that it was needed for the full
expression of the genetic defect (Littlewood, 2002). It wasn’t until later that decade that the role
of vitamin A was questioned, and an abnormal epithelial secretion was then thought to be the
cause of the disorder (Littlewood, 2002).

Today CF is the most common fatal genetic disease in Caucasians; attacking the respiratory,
digestive, and reproductive systems (CCFF, 2003). While rarely seen in individuals of African or
Asian descent, approximately one in 3600 children born in Canada has CF, with one in 25
Canadians carrying the CF gene (CCFF, 2005). Around 3,400 people in Canada attend CF clinics
(CCFF, 2005). Even with today’s advances in technology and medicine, the median age for life
expectancy, as of 2002, is only 37 years (CCFF, 2005).

3.1.2. Pathophysiology.

CF results from the attainment of two copies of a defective autosomal recessive gene, known

as Cystic Fibrosis Transmembrane Conductance Regulator (CFTR) (Bennett & Peckham, 2002;
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pancreatic enzymes to reach the intestine (Sinaasappel et al., 2002). This pancreatic insufficiency
occurs in approximately 85-95% of cases (Sinaasappel et al.; Creveling et al., 1997; Bronstein et
al., as cited in Orenstein et al., 2002; Wolfe et al., 2001). When this occurs, pancreatic enzyme
replacement therapy (PERT) is initiated, often in pill form, to aid in the digestion and absorption
of food (Wolfe et al.). Obstruction of the pancreatic duct can also lead to pancreatic auto-
digestion, whereby digestive enzymes get trapped in, and act upon, the pancreas (Sinaasappel et
al.).

3.1.3. Diagnosis.

Symptoms of CF include: salty tasting skin, bulky and foul smelling stools, dehydration, a
large appetite with poor weight gain, persistent respiratory or intestinal infections, wheezing, and
the presence of a persistent cough with thick and often greenish-colored mucus (CCFF, 2003).
Parents may notice their infant has a distended abdomen, vomits, and can’t move his/her bowels.
Infants can also experience failure-to-thrive like symptoms (CCFF, 2003).

The presence of salty tasting skin will help with the diagnosis of CF through the
Iontophoretic Sweat Test (see Figure 4), used to measure the amount of salt in sweat (National
Library of Medicine, 2006). In this procedure, a small amount of sweat producing liquid is
placed on the arm or leg, electrodes are placed over the site, and a small painless current is
delivered to induce sweating (National Library of Medicine, 2006). After several minutes, the

area is cleaned and sweat is collected for about 30 minutes using gauze or plastic coil tubing.

11
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3.1.4. Treatment.

Since there is no cure for CF, quality of life is fostered through individualized, on-going,
daily treatment. These treatments generally include: efforts to bring up mucus from the lungs and
help make breathing easier [manual percussion of the lungs, PEP (Positive Expiratory Pressure)
mask therapy, exercise, and/or inhaled medications], taking pancreatic enzymes to aid digestion,
taking nutritional supplements and vitamins to improve nutritional status, and taking antibiotics
in pill, intravenous (IV), and/or inhaled forms, to ease congestion and protect against, and fight,

lung infection (CCFF, 2005).

3.2. Malnutrition and CF

Malnutrition is commonly seen in the CF population, typically presenting as a low body
weight and subnormal growth (Sinaasappel et al., 2002). Body weight, and indirectly nutritional
status, is dependent upon a balance between an individual’s food intake and energy losses. When
either of these is out of balance, malnutrition can occur. More specifically, in the CF population,
energy imbalances can occur due to a reduced dietary intake, increased energy losses, and
increased energy expenditure (Durie & Pencharz, 1989).

3.2.1. Rates of malnutrition.

Studies measuring the dietary intake of CF participants have reported a prevalence of
malnutrition between 34% and 59% (Lai et al., 1998; lonescu et al., 1998, 2000, Dray et al ,
2004; Steinkamp & Wiedemann, 2002). Rates can even be high in children as young
as two to six years old, as was seen in a study where 19% of this age group were malnourished

(Steinkamp & Wiedemann, 2002) Measurements of malnutrition vary between studies and

13



include Body Mass Index (BMI), Body Mass Index percentile (BMI,), suboptimal energy
intakes, Height-for-Age (HFA), and Weight-for-Age (WFA) percentiles (Lai et al.; Ionescu et
al., 2000; Ionescu et al., 1998; Dray et al.; Steinkamp & Wiedemann, 2002).

A study conducted in the United States, evaluated 13,116 children between the ages of birth
and 18 years (Lai et al., 1998). Measurements were compared with the National Centre for
Health Statistics (NCHS) and Centre for Disease Control’s (CDC) growth references (Lai et al
1998). Results indicated that the mean percentile for HFA was 30, and for WFA was 20 (Lai et
al.). Malnutrition was seen in 34% of the adolescent participants, with stunting occurring in 19%
of the males and 29% of the females, aged 11 to 14, and 34% and 28% of those aged 15 to 18,
respectively (Lai et al.). Here, stunting was defined according to a HFA of less than 5% and/or a
HFA of less than 90% of a reference median (Lai et al.). The Cystic Fibrosis Foundation’s (US)
2001 patient registry indicated that 18% of children fell below the CDC’s 5th percentile for
weight and 16% fell below the 5th percentile for height.

3.2.2. Reduced dietary intake.

A poor dietary intake is well documented in the CF population, especially in males (Collins,
O’Loughlin, & Henry, 1998). There are many reasons for a poor dietary intake including:

e Anorexia: which may be caused by respiratory involvement, depression, and esophagitis;

e Feeding disorder (neonatal tube feeding);

e Depression;

e Interaction with parents;

e Esophagitis: which may be due to reflux that causes pain, anorexia, and vomiting;

o Distal Intestinal Obstruction Syndrome (DIOS; meconium ileus equivalent): causes
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recurrent crampy abdominal pain, which is made worse by eating;

e latrogenic fat restriction;

e Decreased appetite from drugs or infection;

e Inflammation;

e Lack of general well being;

e Extrahepatic biliary obstruction;

e Cholangitis;

e Advanced liver disease; and/or

e Severe constipation (Sinaasappel et al., 2002; Pencharz & Durie, 1993).

When measuring the dietary intake of 40 adults with CF, it was found that 21 had a low
caloric intake when compared to recommendations (Ionescu et al., 2002). The mean energy
intake for the whole group was 2354.9 calories (Cal) a day, of which 38.8% was obtained from
fat (Tonescu et al.). Caloric intake values vary between studies, from as low as 686 to as high as
5010 Cal a day, with an average intake of around 2200 (Steinkamp, Demmelmair, Ruhl-Bagheri,
von der Hardt, & Koletzko, 2000; Marin et al., 2004; Ionescu et al.; Walkowiak & Przyslawski,
2003; Stark et al., 1997, Collins et al., 1998). One study found a difference in intake between
genders, with males consuming an average of 131% and females consuming 107% of the World
Health Organization’s (WHO) daily recommendations (Collins et al.). While more than half of
the participants of one study consumed caloric intakes in the recommended amounts, CF

participants were significantly shorter and lighter when compared to control participants (Stark et

al.).
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3.2.3. Increased energy loss.

Energy deficits can occur when the body’s energy needs outweigh the individual’s energy
intake (Pencharz & Durie, 1993). Energy is typically lost in the CF individual through
malabsorption and maldigestion. Those with CF who are pancreatic insufficient, compensate for
a lack of digestive enzymes by taking enzyme replacements. These replacements vary with
respect to their enzyme content and dissolution in relation to pH and duodenal fluid (Atkinson, as
cited in Sinaasappel et al., 2002). However, even at the recommended dose [10,000 International
Units (IU) lipase per kilogram (kg) of body weight]; symptoms of malabsorption may still be
seen (Durie, Kalnins, & Ellis, 1998).

One of these symptoms is a loss of energy in the stool. The amount of energy typically lost
by healthy adults in their stool is around 5% of their total energy intake (Murphy et al., 1991).
However, Murphy et al. (1991) determined that stool energy losses in 20 participants with CF,
aged five to 25 years, accounted for around 10.6% of the individual’s daily calorie intake.
Around 41% of the energy lost in the stool was due to malabsorption of lipids, with another 30%
being caused by bacteria (Murphy et al.).

Other problems may also affect the absorption of nutrients. It has been speculated that the
pancreas of those with CF is unable to produce adequate bicarbonate, due to the altered water
and electrolyte transport (Gaskin, Durie, Corey, Wei, & Forstner, 1982). This was indeed seen by
Gaskin et al. (1982), in a study involving 62 CF participants. Such a defect in bicarbonate
production, possibly caused by the genetic mutation, leads to a decrease in the intestinal pH,
impacting absorption (Gaskin et al., 1982). Most new enzymes replacement tablets are coated

with an acid-resistant material and may not dissolve in the proximal area of the intestine when

16



there is an imbalance of acid (Sinaasappel et al., 2002). As a result, fatty acids remain in the oil
phase and are not properly absorbed (Sinaasappel et al.). A low intestinal pH can also denature
pancreatic lipase (Pencharz & Durie, 1993), the enzyme responsible for digesting fats
(Sinaasappel et al.).

3.2.4. Increased energy expenditure.

A person’s Total Energy Expenditure (TEE) is comprised of three parts: 60-70% is lost due
to the Resting Energy Expenditure (REE), 10-25% due to physical activity, and 10% due to diet
induced thermogenesis (Sinaasappel et al., 2002). The presence of CF places higher energy
demands on the individual.

The REE of those with CF has been found to be anywhere from four to 80% (typically 20-
50%) higher than that of healthy peers (Pencharz, Hill, Archibald, Levi, & Newth, as cited in
Pencharz & Durie, 1993; Sinaasappel et al., 2002; UK Cystic Fibrosis Trust Nutrition Working
Group, 2002; Creveling et al., 1997, Marin et al., 2004). Indirect calorimetry, performed on
malnourished participants with moderate to advanced lung disease, was used to asses the
relationship between heart rate and energy expenditure (Pencharz et al., cited in Pencharz &
Durie, 1993). Results indicated that participants with CF were found to have an REE 25-80%
higher than those of healthy individuals, of the same age, sex, and size (Pencharz et al., cited in
Pencharz & Durie, 1993). Another study found that the REE, in participants without a respiratory
infection, was within 95 — 153% of the normal range (Vaisman, Pencharz, Corey, Canny, &
Hahn, as cited in Pencharz & Durie, 1993).

This increase in REE is thought to be caused by the status of the lungs, and perhaps by the

genetic defect itself (Pencharz & Durie, 1993). Energy demands increase as the lungs become
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progressively destroyed. Air trapped in the lungs, which may account for up to 10% of the REE,
causes them to become hyperinflated and makes it difficult for the diaphragm to work properly
(Ionescu et al., 1998; Elborn & Bell, 1996). The work of breathing will continue to increase as
the lungs worsen, demanding more and more energy from the individual (Pencharz et al., as cited
in Pencharz & Durie, 1993). During exacerbations of infection, the nutritional status is
negatively affected. While this can be helped by antibiotics, end stage disease often causes a
cycle of exacerbation, pulmonary and systemic inflammation, and a decline in body weight
(Elborn & Bell, 1996).

REE can also be increased by medications used to treat CF. The beta-agonist, salbutamol
(Ventolin®), can increase REE by ten percent for up to three hours after use (Vaisman et al., as
cited in Pencharz & Durie, 1993).

3.2.5. Additional factors.

Secondary complications may arise in the CF population, placing even greater energy
demands on the body. Glucose intolerance develops in around 50-70% of CF cases and around
ten to 30% will develop cystic fibrosis related diabetes mellitus (Creveling et al., 1997,
Littlewood, 2002). If untreated, energy may be lost as glucose in the urine (Pencharz & Durie,
1993).

CF results in multi-organ involvement. Between two and 37% of those with CF have some
form of liver involvement, with around 10% developing cirrhosis (Sinaasppel et al., 2002). With
signs of cirrhosis, the presence of bile salts, required for the digestions of fats, may be impaired.
Such deficiencies will compromise lipolysis, leading to a decrease in fat absorption of up to 50%

(Austgen, Bowen, & Rouge, 2001; Pencharz & Durie, 1993; Sinaasppel et al.).

18



During periods of inflammation, which are common in CF, the cytokine Tumor Necrosis
Factor-a (TNF) will be involved (Elborn, Cordon, Western, MacDonald, & Shale, 1993).
Elevated levels of TNF are seen in those with CF and have been associated with body wasting,
and an increase in REE (Elborn et al., 1993). These high levels may have negative consequences
such as malnutrition, leading to an increase in morbidity and mortality (Elborn et al ).

While it is known that CFTR is expressed in the lungs and pancreas, a study on rat brains
found it to be localized and expressed in the areas of the hypothalamus, thalamus, amygdala, and
limbic system (Mulberg et al., 1995). These areas of the brain play a large role in food intake,
energy expenditure, and metabolic rate (Mulberg et al.). If CFTR is similarly expressed in the
brains of humans, this may lead to common CF symptoms such as an increased REE, growth

failure, and malnutrition. Figure 5 depicts the causes of energy imbalances in CF.

Figure 5: Causes of Energy Imbalances in Cystic Fibrosis
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3.3. Nutrient Deficiencies

3.3.1. Essential fatty acids.

Essential Fatty Acid (EFA) levels in the CF population are often sub-optimal, even in those
who are well nourished, consume a high fat diet, and show no signs of malabsorption (Strandvik,
as cited in Sinaasappel et al., 2002; Steinkamp et al., 2000; Roulet, Frascarolo, Rappaz, & Pilet,
1997). A deficiency of EFA, usually defined according to a decrease in linoleic and possibly
alpha-linolenic acid, has been seen in the plasma and tissues of those with CF (Strandvik, as
cited in Sinaasappel et al.). There have also been reports of decreased levels of omega-3 long-
chain Polyunsaturated Fatty Acids (PUFA), such as eicosapentaenoic and docosahexanoic acid
(Strandvik, Gronowitz, Enlund, Martinsson, & Wahlstrom, 2001). An altered EFA profile is
associated with altered membrane and cellular functions, skin lesions, and an altered immune,
renal, hepatic, and respiratory function (Steinkamp et al., 2000).

There are a few proposed reasons for EFA deficiencies in the CF population. It has been
shown that study participants who have one copy of the common delta FS08 genetic mutation
(instead of two) have significantly lower serum concentrations of linoleic acid when compared to
other CF and control participants (Strandvik et al., 2001). The decreased level of EFA may also
be linked to the basic defect in CF, micronutrient deficiencies, a defect in the inclusion of fatty
acids in the cell membrane, a disorder of lipoprotein metabolism (Roulet et al., 1997), a defective
regulation resulting in an increased turnover of arachidonic acid from phospholipids (Carlstedt-
Duke, Bronnegard, & Strandvik, 1986), enhanced oxidative stress and peroxidative destruction
of PUFA during chronic infection, a low body weight, and/or a negative energy balance

(Sinaasappel et al., 2001, 2002).
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3.3.2. Vitamins.

Vitamins play an important role in the body and it is essential that levels are maintained in
individuals with CF. Of particular importance are the fat soluble vitamins A, D, E, and K.
Deficiencies of the first three vitamins have presented as early as up to two months of age in CF
patients (Feranchak et al., 1999). The majority of deficiencies are remedied with the initiation of
pancreatic supplements, if needed, and with vitamin supplementation (Feranchak et al.).

Vitamins A and E are antioxidants which play an important role in combating the high
oxidative damage created by chronically inflamed lungs (Sinaasappel et al., 2002). As a result, it
is recommended that all antioxidant levels, including those of water soluble vitamins, be
maintained (Sinaasappel et al.). Low serum levels of vitamin A are common in the CF
population, as well as low plasma and tissue carotenoid levels (Sinaasappel et al.; Lancellotti,
D’Orazio, Mastella, Mazzi, & Lippi, 1996). These decreased levels may be more pronounced in
those who are pancreatic insufficient, which unfortunately are not usually remedied by taking
enzymes and/or supplements (Sinaasappel et al.; Lancellotti et al., 1996). This suggests that there
may be a disturbance in the use of hepatic vitamin A stores, the amount of supplementation may
be inadequate, or there may be a problem handling retinol in the gastrointestinal tract
(Sinaasappel et al.; UK Cystic Fibrosis Trust Nutrition Working Group, 2002). It is
recommended that those who are pancreatic insufficient be given supplements of vitamin A at
doses of between 4000 and 10,000 IU, dependent upon age (Peters & Rolles, 1993; Sinaasappel
et al.).

Similar to vitamin A, while the majority of new diagnoses show low levels of vitamin E,

levels may not be replenished by using enzyme replacement and vitamin supplementation
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(Lancellotti et al., 1996; Feranchak et al., 1999). Due to this problem, it is important to monitor
vitamin E status periodically (Feranchak et al.). For those with chronic cholestatic liver disease, a
potential cause of lower vitamin E status is the way their bodies handle alpha tocopherol,
suggestive that a decrease in bile reaching the duodenum may play a role in the deficiency of the
vitamin (Winklhofer-Roob, Shmerling, Schimek, & Tuchschmid, 1992; Ortiz Zein & Lindor,
2000).

It 1s still unknown whether supplementation of vitamin E results in a decreased amount of
oxidative damage to the lungs (Sinaasappel et al., 2002), but there has been evidence of a
positive correlation between vitamin E status and lung function, as assessed by Forced
Expiratory Volume in one second (FEV;) (De Vriese, Robberecht, De Gussem, & Christophe,
1999). Therefore, while clinical deficiency symptoms of vitamin E are rare in CF patients
(Sinaasappel et al.), ensuring that vitamin E levels are normal will help prevent premature lipid
peroxidation (Winklhoefer-Roob et al, 1992). Levels of supplementation in the literature vary in
amount and form, with studies indicating the use of 100 milligrams (mg) a day to 250, and the
use of the ursodeoxycholic acid form of vitamin E (Peters & Kelly, 1996; Feranchak et al., 1999;
Thomas, Bellamie, & Geddes, 1995).

While not an antioxidant, 22.5% of newborns diagnosed with CF have been found to have
low levels of vitamin D during the first two months of life (Feranchak et al., 1999). It has been
hypothesized that vitamin D deficits may be caused by low serum levels of vitamin D binding
protein, suggestive of a transport problem (Coppenhaver et al., 1981). While suboptimal serum
levels of vitamin D are common in CF patients, signs of vitamin D deficiency, such as rickets,

are rare (Sinaasappel et al., 2002; UK Cystic Fibrosis Trust Nutrition Working Group, 2002).
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This suggests that signs of nutrient deficiencies may be harder to detect in patients with CF, and
that reliance upon biochemical assessment is important. Doses between 400 and 800 IU usually
result in normal serum levels at the lower end of the optimal range; however, some patients may
require up to 2000 IU a day (Peters & Rolles, 1993; Sinaasappel et al.). Supplementation is also
recommenced for those who live in areas of the world with inadequate sunlight exposure
(Sinaasappel et al.).

Unlike vitamin D, symptoms of vitamin K deficiency are more easily seen. Vitamin K is a
co-factor in the carboxylation of prothrombin (used in blood clotting), and in bone formation
(Whitney & Rolfes, 1999, p. 354; UK Cystic Fibrosis Trust Nutrition Working Group, 2002).
People with CF are at a risk of being deficient in vitamin K due to fat malabsorption, bile salt
deficiency, liver disease, and antibiotic use (Durie & Pencharz, 1989). A new method of
assessing vitamin K status called PIVKA II (proteins induced by vitamin K absence) measures
the amount of decarboxylated prothrombin and high levels may be indicative of a vitamin K
deficiency (Rashid et al., 1999).

Low vitamin K, as assessed by PIVKA II presence in the blood, is common in CF patients
who are pancreatic insufficient (78%), have liver disease (100%), and even those who are
pancreatic sufficient (33%) (Rashid et al., 1999). For this reason, vitamin K supplementation
should be given to those with CF who also have liver disease, and/or show an increased
clotting/prothrombin time (UK Cystic Fibrosis Trust Nutrition Working Group, 2002). Studies
have found that receiving a single dose of five mg of vitamin K a week did not prevent
subclinical deficiencies, indicating that perhaps five mg is not a high enough supplementation
dose (Beker et al., 1997). However, the best amount of vitamin K supplementation is still

controversial and undetermined (Beker et al.).
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Water soluble vitamins usually do not pose a problem in those with CF (Sinaasappel et al.,
2002; UK Cystic Fibrosis Trust Nutrition Working Group, 2002). Vitamin B;; may be an
exception in those with pancreatic insufficiency, which is lessened with enzyme replacement
therapy (Sinaasappel et al.). It is recommended that those who have had extensive surgery for
meconium ileus, need lifelong Total Parenteral Nutrition (TPN), and that individuals who have
had a resection of the terminal ileum should take supplements of B1, (Sinaasappel et al.).

3.3.3. Minerals.

There are only a few minerals of particular importance to the CF population. Sodium and
chloride are the most important ions in extracellular fluid (Legris, et al., 1998). The average adult
loses 500 mg of sodium in sweat per day. This can increase ten times in people with CF,
especially during exercise, or in hot weather (Sinaasappel et al., 2002). These high losses can
lead to hyponatraemia and alkalosis, and it is recommended that extra salt be taken during
periods of excessive sweating (Sinaasappel et al.).

Another mineral of concern is iron, since deficiencies are common in CF due to an
inadequate dietary intake, malabsorption, chronic infection, and blood loss (Sinaasappel et al.,
2002). Pancreatic enzymes may be responsible for impaired iron absorption and should not be
taken with supplements (Zempsky, Rosenstein, Carroll, & Oski, as cited in Sinaasappel et al.).

Lastly, the micronutrient zinc may be lowered in CF patients (Easley et al., 1998;
Sinaasappel et al., 2002). Zinc absorption is thought to be affected by fat malabsorption, causing
zinc to form complexes with fat and phosphorus (Krebs, Sontag, Accurso, & Hambidge, 1998).

Enzyme therapy can improve zinc absorption (Easley et al.).
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3.4. Effects of Nutrition on Physiology

3.4.1. Growth.

Infants born with CF often have a lower birth weight than healthy infants (Mearns, as cited in
Sinaasappel et al., 2002). The average CF birth weight is 3.18 kg for males and 3.04 kg for
females, as compared to an average healthy birth weight of 3.37 kg and 3.25 kg, respectively
(Mearns, as cited in Sinaasappel et al.). Growth during the infancy period can be normal if chest
infections are prevented or treated, and malabsorption problems are dealt with (Simmonds, Wall,
Wolfe, & Littlewood, as cited in Sinaasappel et al.). This growth can be achieved via breast milk
or formula (Holliday et al., 1991). Canadians who have CF have almost normal weight and
height increases throughout childhood. If there is a lag in growth during infancy, it is possible to
catch-up during childhood (Corey, McLaughlin, Williams, & Levinson, 1987).

3.4.2. Lung function.

The nutritional status of those with CF impacts lung function. Having a normal weight has
been shown to result in a smaller decline in lung function when compared to those who are
malnourished, often independent of infection (Steinkamp & Wiedemann, 2002; Konstan et al .,
2003). Steinkamp & Wiedemann (2002) identified individuals as malnourished if their weight-
for-height (WFH) was less than 90% of predicted. Malnourished adolescents, who had a
decrease in WFH of five percent or more over one year, experienced a loss in FEV; of 16.5%;
whereas those who gained weight showed an increase of 2.1% (Steinkamp & Wiedemann, 2002).

The impact of malnutrition may be long term; two groups of children with CF were evaluated
at age three and six, one group having a weight-for-age (WFA) below the 5™ percentile and the

other with a WFA above the 75™ Those in the low WFA group scored lower on lung function
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tests that those in the high WFA group, three years later (Konstan et al., 2003). This decline in
function was more noticeable in children with a low body WFA as opposed to height-for-age
(HFA) (Konstan et al.). On a more positive note, the lungs may benefit from an increased
nutritional status, leading to an increase in FEV; when weight increases from below to above the
tenth percentile (Konstan et al.).

Another consequence of generalized weight loss is a loss of fat free mass (FFM), including
lung musculature (Ionescu et al., 1998). A loss of FFM may also be caused by physical
inactivity, malabsorption, steroid therapy, reduced sex hormone levels, increased REE, and
hypoinsulinemia when diabetes mellitus is present (Ionescu et al., 2000). It has been seen that as
the body composition of CF patients decreases, inspiratory muscle function can decrease as well
(Ionescu et al., 1998). A study of 40 adults with CF who were colonized with the bacterium
Pseudomonas aeruginosa, found that 24 participants with a low FFM had a lower mean FEV;
(53.9%) than those with a normal FFM (FFM > fifth percentile) (72.4%) (Ionescu et al., 2002). A
loss of FFM has also been related to the number of pulmonary exacerbations in the previous
year, with a mean of 4.7 days versus 2.7 days for normal FFM patients (Ionescu et al., 2002). As
well, the number of exacerbations was related to lung function, as predicted by FEV; values in
the previous year (Ionescu et al., 2002).

As can be seen from this data, body composition, particularly muscle mass, plays a
significant role in lung function. Bacterial infections, which are common in CF, can create a
cycle of malnutrition and lung deterioration (Ionescu et al., 2002; Pencharz & Durie, 1993).
When FFM is lost, the muscles of the lungs are impaired, leading to increased pulmonary

problems, more inflammation, and further deterioration of lung function (Ionescu et al., 1998;
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Pencharz & Durie, 1993). A decrease in lung function increases the energy needed to breathe
and, if the nutritional status of the person is compromised, further protein catabolism results from
the negative energy balance (Ionescu et al., 2002; Pencharz & Durie, 1993). It has been shown
that when infections are treated with antibiotics, the inflammatory response and rate of
catabolism declines (Ionescu et al., 2000). However, chronic infection is common in CF.

3.4.3. Bone health.

Osteoporosis/osteopenia is a condition characterized by a decrease in bone mineral density,
making bones porous and fragile (Whitney & Rolfes, 1999, p. 15 [Glossary]). The World Health
Organization identifies osteopenia according to a bone mineral density (BMD) value between
one and two and a half standard deviations (SD) below the mean for young, healthy adults
(WHO Scientific Group, 2003). Osteoporosis is identified according to a BMD value of two and
a half standard deviations, or more, below the mean (Elkin et al., 2001).

Rates of osteopenia or osteoporosis in the CF population have been documented as between
42 and 60% (Conway et al., 2000, Fok, Brown, Zuberbuhler, Tabak, & Tom, 2002). This
secondary health problem develops in the CF population due to factors such as: malnutrition and
malabsorption, an inadequate nutrient intake, increased energy requirements, the degree of
disease severity, reduced physical exercise, an increase in bone metabolism, reduced sex
hormone levels, hypoinsulinemia in cases of diabetes mellitus, and low body weight (Bachrach,
Loutit, Moss, & Marcus, 1994; Ionescu et al., 2000, 2002). The presence of a low body weight is
one of the most consistent predictors of a low BMD (Bachrach et al., 1994; Turner et al., 2001).
It has been shown that a low fat-free mass, as opposed to fat mass, in females who have
disordered eating behaviors, is the strongest independent factor negatively aftecting BMD

(Bachrach et al., 1994; Turner et al., 2001).
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The presence of low bone density has been found in the CF population as early as age five to
eight years (Fok et al., 2002). From then on, it seems that BMD rates can continue to decline at a
rate of approximately one SD for every six to eight years of age (Fok et al.). The status of the
lungs and the presence of chronic inflammation can lead to an inflammatory and catabolic
response in the body, even during periods of clinical stability (Elborn et al., 1993).
Catecholamines, proinflammatory cytokines, and stress hormones such as cortisol, can lead to a
breakdown of protein in bone (Ionescu et al., 2000; Elborn et al ).

As described earlier, nutritional status has an effect on the lungs and thus in this manner,
indirectly effects bones. One study documented that participants with a BMI below the fifth
percentile had a mean BMD of -2.5 (Fok et al., 2002). Research has found that the CF population
has a higher rate of bone metabolism than healthy individuals stressing the importance of body
weight maintenance (Ionescu et al., 2002). A loss of FFM, in addition to negatively impacting
the lungs, can have a negative impact on bone mineral density (Ionescu et al., 2002).
Pseudouridine, an indicator of ribonucleicacid (RNA) catabolism, was found to be present in the
urine of CF individuals, indicating increased bone turnover (Ionescu, Nixon, Buss, Routledge, &
Shale, 1999). The excretion of this bone metabolite was shown to be related to lung disease
status, whereby those with a low FFM had a significantly lower mean FEV; percentage (53.9%)
when compared to those with a normal FFM (72.4%) (Ionescu et al., 2002).

To try to keep the bones healthy, it is recommended that those with a BMI in the 25™
percentile, or below, begin some form of aggressive nutritional therapy, to reduce the risk of
developing osteoporosis (Fok et al., 2002). As well, it is recommended that those with CF

consume adequate amounts of vitamin D and calcium from the diet or other sources. A
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deficiency of vitamin D, combined with malabsorption, will affect the absorption of calcium
(Conway, 2001). Also, since vitamin D itself is important for bone health, it is recommended that
patients take a vitamin D supplement if they do not get adequate sunlight.

3.4.4. Puberty.

During adolescence, in general, energy requirements increase due to growth, puberty, and a
possible increase in physical activity (UK Cystic Fibrosis Trust Nutrition Working Group, 2002;
Pencharz & Durie, 1993). This is also true for those with CF and, while they may not have
physical activity levels similar to those of their healthy peers, malnutrition at this time can lead
to a delayed puberty (UK Cystic Fibrosis Trust Nutrition Working Group; Pencharz & Durie,
1993).

It is hypothesized that CFTR may play an indirect role in pubertal delay due to the fact that
CFTR messenger ribonucleic acid (mRNA) has been found to be expressed in the uterus, cervix,
and fallopian tubes (Tizzano, Silver, Chitayat, Benichou, & Buchwald, 1994; Johannesson et al .,
1997).While CFTR is not expressed in the ovaries, they contain cells with insulin receptors,
which play a role in the production of gonadal steroids (Johannesson et al.). The gonadotrophic
activity of insulin occurs through: direct effects on the steroidogenic enzymes, alteration of
follicle stimulating or luteinizing hormone receptor numbers, or synergistic action with both of
these hormones (Poretsky & Kalin, as cited in Johannesson et al.). Glucose intolerance develops
in around 50-70% of CF cases and around ten to 30% will develop cystic fibrosis related diabetes
mellitus (Creveling et al., 1997; Littlewood, 2002). When an Oral Glucose Tolerance Test was
given to 17 females, those with disordered values were significantly older than those with normal

values (15.8 + 1.7 years versus 14.3 + 0.9 years, respectively) (Johannesson et al ).
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Genotype may also play a role in the delay of puberty of CF adolescents (Johannesson et al .,
1997). Those who have two copies of the typical mutated gene (homozygotes), delta F508, show
a significant delay when compared to those who do not contain two copies of this mutation (15.2
+ 1.9 years versus 14.7 + 0.9 years, respectively) (Johannesson et al.). In another study, it was
found that the REE of homozygotes was around 10- 15% higher than that of individuals with
other mutations (O’Rawe et al., 1992). This increased energy requirement could be a possible
explanation for the cause of delayed menarche (Johannesson et al.). Also, as stated previously,
CFTR mRNA has been found to be expressed in areas of the rat brain such as the hypothalamus,
thalamus, and amygdala, which are important sites for the regulation of basal metabolism,
glucose control, and sexual maturation (Mulberg et al., 1995). If expression is similar in humans,
this may be another cause of delayed puberty.

A group of 30 participants with CF, male and female, were studied to determine the rate of
pubertal development (Aswani, Taylor, McGaw, Pickering, & Rigby, 2003). It was found that
the age at which a growth spurt occurred, or the attainment of peak height velocity, was
significantly delayed in both sexes versus normal controls (Aswani et al., 2003). However, final
heights were not significantly different between the CF and control populations, with 52% of the
CF group reaching at least the same final height percentile when compared to their parent’s
height (Aswani et al.). Therefore, while children with CF may enter puberty later, they may
continue to grow longer than their peers.

In females with CF, menses may be delayed by as much as 4.2 years when compared to
healthy age mates by 4.4 years when compared to their mothers (Johannesson et al., 1997). The

Frisch-Revelle hypothesis states that a weight between 46 and 48 kg must be met before
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menarche can occur (Frisch, 1969; Frisch & Revelle, 1971). A minimal body fatness level of
17% has also been found to be required for initiation of menstrual cycles, and a level of 22% will
maintain regular cycles (Frisch, 1976). However, it has been found that some females with CF
will begin menstruating at a more typical age of 13, despite the fact that the critical weight is not
met (Johannesson et al.).

A delay in puberty is not only a female phenomenon. CFTR has been found to be expressed
in the epididymis and vas deferens in males with CF (Tizzano et al, 1994). As a consequence of
the disease, most males with CF show atrophy or obstruction of the epididymus, vas deferens,
and seminal vesicles; others are born without vas deferens and may have partially developed
seminal vesicles (Tizzano et al.).

A group of 33 CF males, aged 13 to 17 years, participated in a study which looked at the
relationship between pubertal delay, nutritional status, and lung function (Boas et al., 1998).
Tanner staging, a method of determining the stage of pubertal development based on physical
signs, was used to assess the male participants (Tanner, 1962). As well, serum and salivary
testosterone levels were assessed (Boas et al.).

According to the Tanner staging, delayed puberty is assessed by a failure to reach the
expected stage by the age at which 95% of healthy children have reached it (Tanner, 1962). Out
of the sample, 20 showed a delay in puberty (Boas et al., 1998). The average height, weight,
BMI, mid-arm muscle area, and FEV; differed between those who were delayed and the 13 who
were not (Boas et al.). It was determined that males were more likely to have a delay in pubertal
development if they had: a weight < tenth percentile, a height < the 25™ percentile, and a BMI <

25™ percentile (Boas et al.). FEV, scores below the 60™ percentile were associated with a delay
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in puberty when compared to those with a score above the 60™ percentile (Boas et al.).

On the average, male genital development is delayed by 1.6 years, compared to that of
healthy peers; and females are delayed by two years (Sawyer, Rosier, Phelan, & Bowes, 1995).
Damaged self-esteem and altered body image perception can result from this delay (Sawyer et

al., 1995).

3.5. Nutritional Management

3.5.1. History.

As early as the 1940’s, nutrition was seen as an important aspect of the care and treatment of
CF (Littlewood, 2002). Diets were recommended to be high in protein and carbohydrates, low in
fat, and supplemented with vitamin A, due to the belief that a deficiency of vitamin A was partly
to blame for the condition (Littlewood, 2002). Pancreatic extracts, available since the 1930’s,
were also given with food. Dorothy Anderson noted that such dietary therapy should be initiated
as early as possible, to allow for the best outcome (Littlewood, 2002). Patients who were fed six
to eight grams (g) of protein/kg/day, in caseine hydrolysate forms, showed good growth rates
(Littlewood, 2002). The only fat recommended was from one to two eggs a day and fish oil
supplements (Littlewood, 2002). The reasoning behind the low fat diet was that an intake
reduced in fat would be easier on the bowels and reduce unwanted symptoms of malabsorption
and maldigestion (Corey et al., 1987).

In the 1960’s, it was recommended that infants be fed a low fat, high protein formula, and be
started on solids at two months (Littlewood, 2002). A tablespoon of casein hydrolysate and

simple sugars was often added to formulas (Littlewood, 2002). Water soluble vitamins were
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given in twice the amount recommended, along with 50 mg of vitamin E for infants and 100 mg
for children, and five mg of vitamin K two times a week if infants were on antibiotics
(Littlewood, 2002). Older patients were fed a high protein, low fat diet. Newer pancreatic
enzymes were available now, such as Cotazyme (Littlewood, 2002).

The 1970°s was a decade of major change for nutrition therapy in CF. A more liberal diet
was adopted, with older children eating 30-40 g of fat a day (Littlewood, 2002). It was also
recommended that 200 Cal/kg/day, and four to five g protein/kg/day, be consumed. 7he Allan
Diet, created by Dr. Allan a pediatrician from England, used a supplement of beef serum protein
hydrolysate, glucose polymers, and medium chain triglycerides to treat those with CF. Despite
the fact that medium chain triglycerides have been shown to reduce the symptoms of
malabsorption, such a restrictive diet was short lived, and clinicians concluded that it should be
used in specific cases only (Littlewood, 2002).

Also in the 1970’s, a Toronto doctor (Crozier) felt it was not right to restrict the diet of
people with CF to the extent that was common (Corey et al., 1987; Crozier, 1974). As early as
1972, Crozier began to recommend that patients eat a diet high in saturated fats such as whole
milk, eggs, butter, and animal products (Corey et al.; Crozier, 1974). This increase in fat was
matched by an increase in pancreatic enzymes.

Research determined that these new dietary recommendations could possibly increase
survival rates. A study comparing the Toronto clinic with one in Boston, showed a correlation
between longevity and nutritional status (Corey et al., 1987). The median age of survival of
patients at the Boston clinic was 21 years, verses 30 years in Toronto (Corey et al.). While

pulmonary function results did not differ significantly between the two clinics, individuals in the
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Toronto clinic were taller than those in Boston. Also, males attending the Toronto clinic were
heavier than males attending the Boston clinic (Corey et al.). The difference in the two clinics
was found to exist in their dietary recommendations. It was then determined that Dr. Crozier’s
recommendations led to an improved body weight and better health status in those with CF
(Corey et al.).

3.5.2. General recommendations.

The goal of nutritional management for people with CF, be they infants or adults, is to help
facilitate normal growth, development, and maintenance, leading to an increased quality of life.
Currently, it is generally recommended that the CF population consume 120 to 150% of calories
recommended for similar healthy peers (Roy, Darling, & Weber, as cited in Pencharz & Durie,
1993; Pencharz et al , as cited in UK Cystic Fibrosis Trust Nutrition Working Group, 2002;
Sinaasappel et al., 2003; Creveling et al., 1997). Carbohydrate and protein recommendations are
similar to those for the general population; however, fat is a major source of energy and should
be increased to 30-40% of daily calories, due to malabsorption (Pencharz et al., as cited in
Pencharz & Durie, 1993; Marin et al., 2004). This dietary strategy, rooted in the work of Dr.
Crozier, results in an overall increase in the nutritional status of CF patients (Pencharz et al., as
cited in Pencharz & Durie, 1993).

3.5.3. CF adolescent nutrition.

During adolescence, a time when protein and energy requirements are at their peek for those
with or without CF, nutrition therapy for those with CF should maintain or restore a normal
nutritional status and growth patterns (UK Cystic Fibrosis Trust Nutrition Working Group,

2002). As described earlier, a positive nutritional status can help improve the lungs, prevent
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osteoporosis/osteopenia, and prevent pubertal delay (UK Cystic Fibrosis Trust Nutrition
Working Group, 2002).

3.5.4. Invasive nutritional support.

When those with CF are unable to meet their energy needs orally, the use of supplements
may be helpful (UK Cystic Fibrosis Trust Nutrition Working Group, 2002). It is recommended
that oral supplements be prescribed to increase energy intake in children and teens whose WFH
is between 85 and 89%, who have experienced a weight loss over four to six months, or who
have leveled off in weight gain over six months (Sinaasappel et al., 2002). Supplements should
not be used as a meal replacement, but in addition to regular food (UK Cystic Fibrosis Trust
Nutrition Working Group, 2002).

If nutritional status does not improve with oral supplement use, invasive methods of energy
supplementation, such as enteral feeds, may be recommended. In general, enteral nutrition is
recommended in children after the use of oral supplements and when the child has a WFH below
the 85™ percentile, a weight falling two percentiles, or when there has been no weight gain for a
period of six months (UK Cystic Fibrosis Trust Nutrition Working Group, 2002; Sinaasappel et
al., 2002).

Supplemental feedings lead to positive changes in body fat and muscle, linear growth, and
the ability to take part in every-day activities (Levy, Durie, & Pencharz, as cited in UK Cystic
Fibrosis Trust Nutrition Working Group, 2002). Nasogastric feedings can be used for short
durations during exacerbations, as a boost for growth, or as a trial before gastrostomy (UK
Cystic Fibrosis Trust Nutrition Working Group, 2002). Users are often trained to insert and

remove tubes and usually feed at night (UK Cystic Fibrosis Trust Nutrition Working Group,
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2002). Some complications that can develop include nasal discomfort, tube blockages,
aspiration, and nausea/bloating/vomiting (UK Cystic Fibrosis Trust Nutrition Working Group,
2002).

Gastrostomy feedings are usually used for long-term supplementation (UK Cystic Fibrosis
Trust Nutrition Working Group, 2002). Feedings can be done overnight and throughout the day,
as needed. Tubes are usually inserted endoscopically, under sedation or general anesthetic and
can result in complications such as tube blockages, pain from insertion, nausea, bloating,
vomiting, and less commonly peritonitis (UK Cystic Fibrosis Trust Nutrition Working Group,
2002).

As a last resort, Total Parenteral Nutrition (TPN) is used usually for short durations, and/or
post- surgery (UK Cystic Fibrosis Trust Nutrition Working Group, 2002). TPN has little added
benefits over enteral nutrition, is often more expensive, and has a greater risk of complications
(UK Cystic Fibrosis Trust Nutrition Working Group, 2002). Fatty liver, hyperglycemia,
hypoglycemia, essential fatty acid deficiency, hypokalemia, and hyperlipidemia can result when

using TPN (UK Cystic Fibrosis Trust Nutrition Working Group, 2002).

3.6. Disordered Eating and Body Esteem

3.6.1. Disordered eating in adolescents.

Disordered eating is increasing among Western adolescents. Not only has the number of
dieters increased, the age of onset is decreasing (CPS, 2004). Popular media favor slimness,
skewing adolescents’ self-perception. Their changing bodies are far from desirable by today’s

standards, which can lead to disordered eating attitudes and behaviors. Almost half of a group of
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publicly schooled teenagers in Ontario, 12 to 18 years old, were dissatisfied with their weight
(Jones, Bennett, Olmsted, Lawson, & Rodin, 2001).

Dieting is defined as an intentional, usually temporary, altered eating pattern to try to lose
weight (Neumark-Sztainer, Story, Dixon, & Murray, 1998). Cross-sectional data from Canada
states that around one in five teenaged girls are on a diet (Jones et al., 2001). Recent studies
show that around 60% of teenaged girls, and 25% of teenaged boys, have tried to lose weight in
the past (Daee et al., 2002). Among these dieters, there is a high rate of unhealthy dieting
behavior which includes using diet pills, fasting, skipping meals, or using very low calorie diets
(Daee et al.). While sensible weight loss in the overweight or obese population can have positive
health effects, dieting can lead to negative psychological and physiological consequences such as
the adoption of more negative health behaviors, a poor body image, decreased self-esteem, loss
of electrolytes, minerals, and trace metals, changes in the muscle of the heart, and adverse effects
of free fatty acids on the heart muscle (Daee et al.). As well, teens who adopt extreme weight
reduction methods (self-induced vomiting and/or use of diet pills) may be at an increased risk for
engaging in other high risk health behaviors such as tobacco, alcohol, and drug use, suicide
ideation, and unprotected sexual activity (Neumark-Sztainer et al., 1998).

Methods to induce weight loss vary in severity and extremeness. Eight percent of girls (12 to
18 years old) attending public schools in Ontario, reported self-induced vomiting as a method of
weight loss (Jones et al., 2001). This is similar to general rates of approximately five to twelve
percent of adolescent girls. Other weight loss methods used include fasting, skipping meals,
crash diets (22-46% in teenage girls), laxative and diuretic use (one to four percent), use of diet

pills (three to ten percent), and smoking (12-18%) (Jones et al.). Another study of 1739
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Canadian female adolescents, found that 13% of those between 12 and 14 years of age, and 16%
of those between 15 and 18 years of age, had assessment scores (via Eating Attitudes Test-26)
reflecting disordered eating habits (Jones et al.). Dieting to lose weight was reported by 23% of
the study population; binge eating was reported by 15%; self-induced vomiting was reported by
8.2%; and the use of diet pills was reported by 2.4% (Jones et al.). While females exhibit more
disordered eating behaviors, the outcome and course of these disorders are not gender specific
(Eliot & Baker, 2001).

Information on dieting and weight loss must be obtained from somewhere. In one study of 62
third to sixth graders in San Francisco, 50% wished to be thinner, with 16% reporting that they
had previously tried to loose weight (Schur, Sanders, & Steiner, 2000). The majority of these
children received information on dieting from family members (77%), usually a parent, with the
media coming in at second place (55%). Schur et al. (2000) feel that parents should be more
cautious about how they talk about weight loss and dieting around their children. They must be
responsible for educating their children on normal body changes during adolescence, and that
adult weight control methods may not be favorable in actively growing children (Schur et al.).

3.6.2. Body esteem in adolescents.

One’s self-evaluation of body appearance, of which weight is one aspect, is termed body
esteem (Mendelson, Mendelson, & White, 2001). Usually measured by self-report surveys,
interviews, or reactions to body-related words, one’s feelings about their body can differ from
the perceptions and opinions of others (Mendelson et al., 2001). Since females are more likely to
hold higher standards for their bodies than males, the role of gender in self-evaluation of

appearance is often important (Mendelson et al.). A study of children from Quebec aged 8.5 to

38



15.4 years, assessed by The Self-Perception Profile for Children/Adolescents and The Revised
Body Esteem Scale, found that girls were more likely to rate their body appearance as negative,
when compared to boys, at all ages (Mendelson et al.). These evaluations became increasingly
negative as the children aged and/or gained weight (Mendelson, White, & Mendelson, 1996).

A link between self-esteem and body-esteem has been seen in the above study and often,
regardless of weight, those who felt good about the way they looked were more likely to evaluate
their overall self-worth as being high (Mendelson et al., 1996). There is a lack of research on the
role of body esteem and health behaviors, specifically adherence to diet, nutritional supplements,
and enzymes, in the CF population. As will be seen in the next section, females with CF are
likely to overestimate their body weight (Abbott et al., 2000). This overestimation may lead to
unhealthy behaviors in a population whose health is already declining.

3.6.3. Disordered eating and body esteem in CF.

Research on the prevalence of eating disorders in the CF population is sparse. A recent study
found that no participants with CF, out of 58, provided self-reported indications of an eating
disorder (Raymond et al., 2000). Results from 7he Eating Disorder Inventory, found that control
participants were more concerned with being thin than CF participants (Raymond et al.). This
could be due to the fact that CF participants tend to weigh less than same aged counterparts.
Although they may not be overly concerned with being thin and losing weight, there is a
possibility that the opposite reaction may be occurring here- they may be overly concerned with
gaining weight, which was not measured using the above tool.

Another study examined children between seven and 12 years of age using 7he Children’s

Body Image Scale (Truby & Paxton, 2001). This study found that the 76 CF participants and 153
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control participants responded similarly to those in the previous study. CF participants had a
lower BMI than control participants, despite reporting an artificially high body size (Truby &
Paxton, 2001). They also had a lower mean score for body size satisfaction than control
participants, while having a higher mean score for body weight satisfaction (Truby & Paxton,
2001). The girls in the study had smaller ideal body sizes than the boys, with 38% of boys
desiring a greater body size compared to 19% of girls (Truby & Paxton, 2001). This may give
significance to the hypothesis that feelings about weight can be different from feelings about
general appearance (Mendelson et al., 2001).

The discrepancy in satisfaction with body size and weight may be explained by the fact that
CF participants tend to be shorter than their peers, due to stunting from malnutrition or delayed
puberty (UK Cystic Fibrosis Trust Nutrition Working Group, 2002; Pencharz & Morton, 2003;
Landon, Rosenfield, Northcraft, & Lewiston, 1980). Caution should be exercised in interpreting
the results as some scales, since they may be worded towards a preoccupation with thinness
specifically, not general body dissatisfaction.

One’s perception of their weight can often differ from their actual weight. Studies indicate
that females with CF are more likely to believe that they are overweight, regardless of true body
weight (Walters, 2001; Abbott et al., 2000). On the other hand, men with CF generally believe
that they are underweight, even if they are at a healthy weight (Walters, 2001). In a study of
approximately 1050 participants with CF (median age 23 years), a significantly higher
proportion of females with CF who were very underweight (< 85% IBW) or underweight (85-
94% Ideal Body Weight (IBW)) perceived themselves as being normal or overweight (29%

versus 11% for male participants) (Walters, 2001). Conversely, a higher proportion of the males
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in the study who were normal weight perceived themselves to be underweight (41% versus 15%
of females). These stats seem to indicate the possible presence of a distorted body image.

When perceived body size was determined for adults with and without CF, males without CF
correctly estimated their body size and were content with their current weight, while CF males
overestimated their BMI and but desired to gain weight (Abbott et al., 2000). Females without
CF underestimated their BMI but desired to lose weight, while CF females were satisfied with
their current state, despite underestimating their BMI’s (Abbott et al.). This satisfaction may not
be seen in teenagers, since they are in a period of growth and adjustment which may be delayed
compared to their peers.

The self-perception of one’s body weight can impact upon eating behaviors, which can have
important consequences in the CF population. Walters (2001) determined that a significantly
higher proportion of those who perceived themselves as being underweight were taking oral or
enteral supplements (77% versus 30%). Multiple logistic regression showed that a self-
perception of being underweight was the strongest predictor of taking such supplements
(Walters, 2001). Men who were normal or underweight reported taking a significantly higher
dose of enzymes and nutritional supplements versus the women (Walters, 2001). Out of all study
participants, 47% reported taking oral or enteral nutritional supplements and 22% reported
restricting their fat intake (Walters, 2001). Given the fact that women with CF are more likely to
perceive their body as being overweight and that they are less likely to take nutritional
supplements, women with CF may be at an increased risk of developing disordered eating

behaviors (Walters, 2001).
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3.7. Adherence

3.7.1. The notion of adherence.

The words adherence and compliance are often used interchangeably in the literature.
Compliance is defined as: “the extent to which patients are obedient and follow the instructions,
proscriptions, and prescriptions of health care professionals” (Meichenbaum & Turk, 1987).
According to this definition, compliance takes on a passive role of obedience, and non-
compliance is often viewed negatively and as being the fault of the patient (Meichenbaum &
Turk, 1987).

Adherence, on the other hand, is defined as: “an active, voluntary, collaborative involvement
of the patient in a mutually acceptable course of behavior to produce a desired preventative or
therapeutic result” (Meichenbaum & Turk, 1987). This definition involves choice on the
patient’s behalf and when adherence occurs, it is to a “consensually agreed upon plan”
(Meichenbaum & Turk, 1987). The switch to the term adherence reflects the work of the
patient/client in making decisions about their care and following though with this care (Kettler,
2004). In this study, the word adherence will be used since it gives the patient active, voluntary
involvement in their treatment, as opposed to submitting to the demands and requests of others.

Adherence is not static; possibly changing over time, it is a complex behavior and may not
necessarily predict similar patterns for all medical regimens and medications (Meichenbaum &
Turk, 1987) (see Table 1). Meichenbaum & Turk (1987) divide adherence into a number of
behavior related facets:

e Entering into and remaining in a treatment program;

e Attending follow up and referral appointments;

e Taking medication properly;
42



e Properly following life style changes (ex. diet),
e Properly administering therapies at home; and
¢ Avoiding health risk behaviors.

Table 1: Different Forms and Causes of Non-Adherence

Type of Adherence Causes of Non-Adherence

Medication e Failure to fill the prescription

o Filling the prescription but failing to take the

medication, or only taking part of it

Not following the frequency of dose instructions

Taking medication that was not prescribed

Delay in seeking care

Failure to enter treatment programs

Not keeping appointments

Premature termination

Not taking recommended preventative measures

Incomplete implementation of instructions

Sabotaging of treatment regimen

Nonparticipation in prescribed health programs

Creating one’s own treatment regimens to fill the

gaps of what one believes one’s health care provider

is overlooking

e Substituting one’s own program for recommended
treatment regimens

Treatment

Behavior

Source: Meichenbaum & Turk, 1987.

General rates of adherence are in the vicinity of 30 to 60%, taking into consideration varying
levels of non-adherence such as (a) never adhering to any recommendations, (b) adhering to
some but not all, (c) initially adhering but then non-adhering after some time, and (d) adhering
but not in the appropriate way (Masek, as cited in Meichenbaum & Turk, 1987). Adherence often
decreases for prophylactic agents, to an average of 30 to 35% (Marston, as cited in
Meichenbaum & Turk, 1987).

Part of the challenge in determining rates is due to the difficulty in accurately measuring
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adherence. Health care providers may assume that their clients are adherent when they really are
not, they may not inquire about levels of adherence, and they may be the last to know about such
non-adherence due to the client’s withholding of information (Meichenbaum & Turk, 1987).
Adherence levels are difficult to gauge for other reasons such as (a) adherence may be viewed in
different ways, (b) adherence may be defined in different ways, (c) adherence often changes
from situation to situation, and (d) adherence can be measured in various ways (Meichenbaum &
Turk, 1987). Self-reports may be subject to inaccuracies, manipulation, and bias (Cluss &
Epstein, 1985). Over-reporting may occur if the participant desires to be viewed in a positive
manner, and self-monitoring progress may alter behavior so it no longer reflects usual adherence
patterns (Meichenbaum & Turk, 1987). However, while imperfect, these measurements are all
that are available at this point in time.

Measurements of adherence can vary according to the definition of adherence. Sometimes
the percentage of adherence is determined according to a formula, [(number of doses taken/
number of doses prescribed) x 100], whereas sometimes it is determined according to a pre-
determined standard (such as 80% or more of recommendations being considered adherent)
(Cluss & Epstein, 1985). Since this may lead to over- or under-estimations of adherent
individuals, adherence should be kept to the minimally accepted level of a medication which will
produce the desired benefit (Cluss & Epstein, 1985).

Levels of adherence can vary from time to time or from treatment to treatment. Lask (1994)
divides non-adherence into different levels- fully or almost fully adherent, partially adherent, and
predominantly adherent. Patients can be considered adherent if they claim to be so, and do not

show discrepancies between self-measured and laboratory-measured criteria. Those who openly
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admit to a certain level of non-adherence, with a marked discrepancy between the self-measured
and laboratory measured criteria, are primarily considered non-adherent (Lask, 1994). Below is a

list of various methods that can be implemented to measure adherence:

e Interview; Record of broken appointments;

e Behavioral measures; e Tallies of refills of medications;

e Self-report; e Marked-sign techniques (inactive or false

e C(linical rating; markers embedded in treatment package); and
¢ Self-monitoring; ¢ Clinical outcome improvement or stability in
e Biochemical indicators; medical condition or symptoms

e Pill counts of unused tablets; (Meichenbaum & Turk, 1987).

What determines whether one is adherent or not? Garcia, Schooley, and Badaro (2003) refer
to an “adherence trilogy” which is composed of three main facets. The first facet is information-
in order to adhere to a treatment one must first understand the disease/illness, understand what
the implications are for their lives, and be aware of the consequences of treatment non-
adherence. Motivation is the second facet of the trilogy-patients must be motivated in order to
adhere (Garcia et al., 2003). It is not simply enough to know the information; one must want to
apply the facts to his/her life. Factors such as depression may negatively impact adherence levels
(Horenstein, Moustier, & Martineau, as cited in Garcia et al.). Behavioral skills are the last facet
of the trilogy (Garcia et al.). While it 1s virtually effortless for a doctor to prescribe a treatment or
medication, it will have to be adopted into the person’s life. Treatments or drugs may lead to an
alteration of a person’s habits and lifestyle and, in some cases, the two may be incompatible

(Garciaet al.).
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3.7.2. Adherence and CF.

Non-adherence, a common problem in the CF population, is an important issue in the
management of CF. Reasons for non-adherence in other clinical populations are often
transferable to those with CF, which takes into consideration the history and demands of the
disease (Koocher, McGrath, & Gudas, 1990). Cluss & Epstein (1985) indicate that research has
found adherence to be lower among those with chronic diseases or who use medication
prophylactically. Unfortunately, CF falls into both of these categories.

Problems with adherence in CF were reported as early as 1981, when a study of 58 CF
participants found that 90% adhered to medication, 40% to chest physiotherapy, and only 20% to
dietary treatments (Passero, Remor, & Salomon, 1981). Ten years later, a study looked at the
perceived adherence to medication and diet as reported by those with CF, a parent, and
physician. Mean perceived adherence to medication was around 75%, and that of diet was
between 50 and 75% (Gudas, Koocher, & Wypij, 1991). Reported perceived adherence levels for
diet resulted in a large degree of confusion and inconsistency between the parent, physician, and
self (Gudas et al., 1991). Such a discrepancy of perceived adherence between child and parent
was also found in a study by Ievers et al. (1999). Here, self-reported adherence to airway
clearance treatments was 90% and parent-reported adherence was 85%, adherence to aerosol
medication was 63% and 64%, respectively, and adherence to pancreatic enzymes was 70% and
68% (levers et al.).

Adherence to lifestyle changes has been found to be lower than adherence to medication. A
study of 96 participants with CF (nine to 16 years old) found that the average rating for

adherence to medication (including enzymes) was “usually followed recommendations”, but that
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for dietary recommendations averaged “rarely followed recommendations” to “followed
recommendations 50% of the time” ((DeLambo, Ivers-Landis, Drotar, & Quittner, 2004).
Reports from males showed that they followed dietary recommendations better than females,
which was mirrored in the mother’s responses where gender was responsible for 6.1% of the
variance in reported adherence (DeLambo et al., 2004).

Among the list of reasons for non-adherence, teenaged female diabetics have been shown to
alter their level of adherence to insulin as a method of weight control (Bryden et al., 1999).
Thirty percent of diabetic females and 45% of diabetic females with microvascular
complications, misused insulin to control their weight, as opposed to none of the males (Bryden
et al.). A Canadian study stated that between 11% and 34% of teenagers and young adults with
diabetes have misused insulin to reduce or control weight (Jones et al., 2001). While no studies
were found showing evidence of the misuse of pancreatic supplements, this mechanism could
provide a simple weight-control method for those with CF. However, non-adherence to enzymes
or diet, possibly resulting in unhealthy eating habits, can impair the health of those with CF,
leading to a poor nutritional status and thus a poorer prognosis (Pfeffer, Pfeffer, & Hodson,

2003).

3.8. Factors that Affect Adherence

While it is important that the CF population adhere to medical and dietary recommendations,
various factors may lead to non-adherence. While it is assumed that adherence will result in a
favorable clinical outcome, there are many other factors which may play a role (Meichenbaum &

Turk, 1987). Two such factors occur if the effect of adherence is statistically independent of the
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medication/treatment, and if the medication/treatment has poor efficacy, in which case it would
be misleading to attribute a negative outcome to non-adherence (Cluss & Epstein, 1985). As is
the case for those with CF, even with diligent adherence health is expected to deteriorate with
age, which may give the impression of non-adherence or simply frustrate the adherent individual.
With CF, adherence offers the hope of a prolonged period before decline, but not a cure.

3.8.1. Medical demands.

Medical and treatment demands influence adherence, with highest rates being seen for
treatments which involve the administration of medications, high supervision and monitoring,
and an acute onset of the medical condition (Meichenbaum & Turk, 1987). Adherence is often
negatively correlated with the duration of the treatment, the number of medications or treatments
being taken at one time, and related side effects (Cluss & Epstein, 1985; Garcia et al., 2003;
Lask, as cited in Kettler, Sawyer, Winefield, & Greville, 2002). Unfortunately, treatment for CF
often involves intensive daily routines involving chest physiotherapy up to four times a day, the
time consuming administration of medication by nebulizer, taking up to 80-100 pills a day, and
eating large quantities of high-calorie foods at three meals and three snacks (Gudas et al., 1991,
Kettler et al., 2002). Daily adherence to, and remembrance of, such a complex and time
consuming regimen is challenging and may lead to an increased risk for non-adherence (Kettler
et al.; Conway, Pond, Hamnett, & Watson, 1996; Abbott, Dodd, Bilton, & Webb, 1994). In
addition, non-adherence may also occur when the realities of CF’s demands do not coincide with
the goal of a “normal” life (Conway et al., 1996).

As part of the individual’s life and care, the medical team often plays a significant role.

Relationships are often developed over many years (Kettler et al., 2002), and it has been shown
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that trust in the team is an important predictor of adherence (Lask, as cited in Kettler et al.).
Adherence is also predicted by the self-sufficiency of the individual, by playing an active role in
his/her doctor’s appointments (Litt, Cuskey, & Rudd, 1980). It has been shown that those who
attend regular clinics have been found to be more adherent (Conway et al., 1996). Below is a list
of some medication related factors which contribute to non-adherence:

e Adverse real or imagined effects;

o Complex regimens including multiple drugs or frequent dosing;

e Unpleasant administration including injections or suppositories;

e Unpleasant taste or smell,

e Drugs that are similar in appearance or with similar names; and

e Inconvenient or restrictive precautions such as the exclusion of alcohol, foodstuffs such

as cheese, and specific requirements related to administration in relation to meals (Garcia
et al., 2003).

In addition, below is a list of some patient related factors contributing to non-adherence:

e Misunderstanding of prescribing instructions;

e Frequent changes to drug regimens;

e Multiple physicians or health care providers prescribing medication;

o Limited faith in the effectiveness of the medication or in the care provider;

¢ [Inability to read written instructions;

e Forgetfulness or confusion;

¢ Denial of the illness or its significance;

e Anger about the illness;
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e Apathy;
e Depression;

e High stress;

e Reduction, disappearance, or fluctuation in disease symptoms;

e Concern about taking drugs, including fear of becoming addicted;

e Inability to afford medication,;

e Physical difficulties limiting access to or use of medication such as: problems swallowing
tablets, difficulty in opening drug containers, difficulty in handling small tablets, and
difficulty in getting prescriptions filled,

¢ Inability to distinguish colors or identifying markings on medications;

e A history of non-adherence to regimens in the past;

e Problems with required assistance in the home;

e Concurrent substance abuse;

e Limited education about the illness or the need for medication; and

e Limited social or family support (Garcia et al., 2003).

3.8.2. Gender and age factors.

Generally, poor adherence is often related to adulthood, with female non-adherence being
35% higher than male non-adherence (Lask, 1994). Children are often forced to adhere to
medical treatments by their caregivers and as the child ages his/her health is no longer the
responsibility of the parent/guardian (Pfeffer et al., 2003). This encouraged autonomy may lead
to poor health choices, possibly caused by rebellion (Landau, 1995).

Growing into adolescence brings unique challenges such as peer pressure and the need to fit
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in. Certain aspects of CF are quite noticeable such as a constant cough, and taking medication.
Peers may exert pressure on CF adolescents to stop taking prescribed medication, such as
enzymes, and to look and/or behave according to an accepted norm (Conway et al., 1996). Also,
CF adolescents may feel embarrassed to take enzymes in front of their friends (Conway et al.).

In addition to this pressure, studies have shown that adolescents and young adults with CF
may suffer from different emotional problems and/or psychosocial resistance such as: low self-
esteem, depression, denial of illness, an internal struggle for control or autonomy, social
dependency, distorted body image due to an altered physical appearance, a denial of sexuality
often with a latent initiation of intimate relationships, isolation, and the awareness of the future
and death (Landon et al., 1980; Simmons et al.,1985). Being consumed with thoughts of death,
which may be unrealistic, can lead to detrimental behaviors and non-adherence (Johannesson,
Carlson, Brucefors, & Hjelte, 1998). A distorted body image may lead to low body esteem, and
may affect supplement use and/or adherence to diet. Since CF females are more likely to
overestimate their body weight, as described in section 4.5.2., gender may play an interesting
role with regards to body esteem and adherence.

3.8.3. Behavioral and psychosocial factors..

Adherence rates associated with a chronic medical condition, such as CF, are often lower
than rates for an acute condition (Meichenbaum & Turk, 1987). A person’s behavior and
psychosocial equilibrium (or lack thereof) may play a role in adherence. In terms of behavior and
adherence, individuals can be refusers, procrastinators, or deniers (Lask, 1994). Refusers will not
hide the fact that they do not adhere to recommendations, stating they do not feel the treatment is

necessary, they feel the treatment is worse than the symptoms, they feel that the treatment is
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pointless, or that they will not be told what to do or be controlled by medical staff (Lask, 1994).
Procrastinators are more resistant to admit to non-adherence, but will often confess to occasional
non-adherence, stating that they will adhere in the future-which may or may not occur (Lask,
1994). Deniers will not admit that they do not follow medical recommendations, even though
this is probably the case (Lask, 1994).

Koocher et al. (1990), give examples of how psychosocial factors may lead one with CF to
resist adherence. Such examples include: control struggles between parents and other authority
figures, cultural and peer pressures, the drive to have a ‘normal’ life, denial, avoidance, and
living in a chaotic home environment (Koocher et al.). See Case Scenario 1 for an example of a

form of psychosocial related resistance.

Case Scenario 1: Cultural Pressures

Situation: Jose believed that one ought not to go to the doctor’s office “unless you’re really
sick”. Neither he nor his family believed that the preventative therapies prescribed by his
physician really helped his CF very much. Besides, he was a “man” of 16, and wanted to hold
onto his tough macho image among the males in his peer group. His family placed little or no
emphasis on his adherence to the prescribed treatment regimen, although his grandmother often
brought over herbal teas and other folk remedies which Jose dutifully imbibed.

Commentary: The meaning of illness in general and CF in particular varies widely across social
roles and cultural groups. When one’s social context does not support acknowledging and
treating a chronic medical condition, denial takes over. The result can be a lack of preventative
care and delay in seeking treatment for exacerbations of the illness. Jose is clearly able to
participate in the treatment regimen approved by his social context (i.e., herbal teas), but is less
willing to accept the more alien medical advice. At the same time, he probably does not openly
reject his physician’s advice when they talk; leading to the misconception of the part of the
physician that Jose is following prescribed treatment.

Source: Koocher et al., 1990
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3.8.4. Perception of severity and self-care.

Two factors which may play a role in adherence, which are also key factors of 7The Health
Beliefs Model which will be discussed in the Theoretical Framework section, are the perceived
severity of the disease and the patient’s perceived self-care. It has been shown that physicians
perceive disease severity and self-care differently than do patients (Abbott, Dodd, & Webb,
1996). When 60 CF patients, mean age 21 years, and their physician and close companions
(partner or mother) were questioned about disease severity, significant discrepancies were found
(Abbott, Dodd, & Webb, 1995). Each was asked to rate disease severity on a five point Likert
scale ranging from below average (rating 1), to well above average (rating 5). Ratings were
similar between the participants and their close companions (4.05 = 1.10 and 4.20 = 0.79,
respectively); however, there was a significant difference between the ratings of the participants
and their physicians (2.92 + 1.15) (Abbott et al., 1995).

While physician ratings were positively correlated with FEV, scores, WFH, and the
Shwachman score, participants with the most severe disease viewed themselves as being above
or well above average (rating of 4 and 5, respectively) (Abbott et al., 1995). Eight of the
participants, having been assessed for heart-lung transplants, were rated in the “poor” (rating 1)
or “below average” (rating 2) category by physicians, but were rated in the “well above average”
or “above average” category by themselves and their close companions (Abbott et al.). This
suggests that those with CF may overestimate the quality of their health. Those who
underestimate the severity of their illness may be more likely to be non-adherent than those who
do not (Czajkowski & Koocher, as cited in Abbott et al.).

Self-care was also considered in this study. Participants, their doctors, and their companions
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were asked to rate the quality of the self care of the individual with CF on a six point Likert
scale, ranging from” very poor” (rating 1) to “excellent” (rating 6). Self-care was defined as the
overall self-management of the disease, including physiotherapy, exercise, and taking
medications (including enzymes and vitamins). Ratings were significantly different between the
self reports (4.30 = 1.10), physician reports (3.37 + 1.23), and companion reports (5.02 + 0.66)
(Abbott et al., 1995). Eighty percent of the companions had ratings in the categories “very good”
(rating 5) or “excellent” (rating 6) (Abbott et al.). However, only 15% were rated at this level by
their physicians (Abbott et al.). This suggests that physicians may not have an accurate picture of
such levels.

A factor which plays a role in self-care is the perceived personal control over disease
progression, also known as locus of control (Abbott et al., 1996). An internal locus of control is
one in which an individual feels that they can determine, or play a role in, the outcome of their
disease. The chance locus of control exists when an individual feels their health is determined by
chance, luck, or fate (Abbott et al.). Lastly, the powerful others locus of control places other
people such as doctors, nurses, or family members, in the pivotal role of influence on personal
health outcomes (Abbott et al.).

The locus of control theory assumes that people will take control of their disease
management, and adhere to treatment, if they exhibit an internal locus of control (Abbott et al .,
1996). However, this may not always be the case as was discovered in a study of 60 participants
with CF (mean age 20.98 years) which indicated the type of locus was similar regardless of
reported adherence to enzymes and vitamins (Abbott et al.). Those who were adherent to

enzymes (rating of ‘I always take my enzymes as prescribed’ on The Manchester Adult CF
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Compliance Questionnaire) scored higher on the chance scale than those in the other adherence
categories. Those who were adherent or partially adherent (rating of ‘I always take my enzymes
as prescribed’ and ‘I usually take enzymes as prescribed’) felt that their disease outcome was
greatly under the influence of powerful others, when compared to those who were non-adherent
(Abbott et al.). With regards to vitamin adherence, those who were adherent had a strong belief
that their health was affected by chance and powerful others, when compared to those who were
partially adherent or non-adherent (Abbott et al ).

3.8.5. The role of knowledge.

Parental and self knowledge of one’s medical treatment can greatly affect the rate of
adherence (Ievers et al., 1999; Koocher et al., 1990). Medical information is often intricate and
can be hard to understand when combined with a complex diagnosis. Information needs to be
provided at a developmentally appropriate level, and updated throughout the life cycle (Koocher
et al.).

Ievers et al. (1999) studied 45 mothers and their CF-children (median age was eight years) to
determine if any relationship was present between knowledge and adherence. Mothers reported
all known prescribed medications/treatments that their child was asked to take. While reports of
the dose of enzymes taken with meals and snacks were significantly related to medical charts,
11.5% did not know the exact maximum dosage which was prescribed with meals (Ievers et al ).

When looking at child-reported meal enzyme dosage, there was a significant association
between the reported amounts and the prescribed dose, but 16.7% could not give the greatest
amount that was prescribed, and 12.5% stated that they should take two to four pills less than

was prescribed (Ievers et al., 1999). When looking at enzymes taken with snacks, there was a
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moderate association between the child-reported numbers and those prescribed, but 42.9% could
not give the highest dose prescribed (Ievers et al.). There was also a significant association
between accuracy and age, with regards to enzymes taken with snacks, but there was no gender
difference (Ievers et al.). After individual differences were controlled for, child and parental
knowledge (especially maternal) about CF and the treatment regimen, accounted for a significant
part of the differences in the child’s reported adherence (Ievers et al.).

In addition to inadequate knowledge, Koocher et al. (1990) state that educated non-adherence
can also occur. In this case, non-adherence occurs despite having received adequate education.
The individual is aware of the reasons why medical treatments are prescribed and what will
happen if they do not follow the treatments (Koocher et al.). Despite knowledge of the medical
treatment, non-adherence may occur because of: disagreements with their clinicians (i.e., holding
different personal and health values and/or interpreting their health in a different way; see Case
Scenario 2) (Wright & Morgan, 1990), unwanted side effects (Smith, Rosen, Trueworthy, &
Lowman, 1979), having to take a bad tasting treatment (nutritionally, this can apply to
supplements) (Conway et al., 1996), coming to a personal decision to give up (feels nothing
makes a difference to health; see Case Scenario 3) (Koocher et al.), and a deciding to “trade”

certain treatment aspects for a perceived higher quality of life (Koocher et al.).
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Case Scenario 2: Mixed Signals

Situation: Judy, age 18, moved across the country to attend college. In doing so, she
shifted her medical care from one CF clinic to another. Her new physician suggested she
should consider substituting aerobic exercise for some chest physical therapy, and altered
some of her prescriptions without providing a detailed explanation for the changes. When
she tentatively mentioned how strongly her former caregivers had insisted on her old
regimen, she was simply told “we’ve found these changes work well”. Judy felt confused
and torn between her positive feelings for the advice of her long-time care providers (to
whom she attributed her relatively good state of health) and the unexplained changes
proposed by a stranger on whom she was now to rely for medical care. The result was a
half-hearted application of the new advice as she attempted to maintain her former
regimen, and misled the new physician as to her actual behavior.

Commentary: There are many controversies regarding the efficacy of some aspects of CF
treatment among physicians who are expert in treating this illness. When patients develop
a consistent routine which “works” for them, they are reluctant to change without clear
rationales. In addition, what is “clear” to the physician may be opaque to the patient.
When a change of caregivers occurs, a patient’s need to adhere to the treatments
prescribed may be increased, especially when the old routines are associated with former
caregivers who are highly regarded or emotionally significant.

Source: Koocher et al., 1990.
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Case Scenario 3: Palliative Adherence

Situation: John, 29, had severe lung disease, mild congestive heart failure, and diabetes as
complications of his CF. Although he tried to keep his strength up by eating as much as he
was able, he often found himself vomiting after chest physical therapy (CPT). The CPT
sessions often left him feeling especially weary, as well. Although he fully understood the
nature of his illness and the rationale for treatment, John decided that CPT was simply not
worthwhile, any longer. He knew that he was in the terminal stages of his illness, and
made a reasoned choice not to continue his CPT.

Commentary: Choosing to cease a treatment in the face of a terminal illness is not a new
issue or one that is unique to CF. The patient may well determine that the benefits of the
regimen are far outweighed by its costs, long before the medical team reaches the
conclusions. This can become a source of friction and anger, should control struggles
develop over implementing a medical regimen. At the same time, it is not unusual for a
patient to be ambivalent regarding the weight of the costs and benefits, especially as
symptoms wax and wane.

Source: Koocher et al., 1990.

Those who do not automatically listen to orders from health professionals may be labeled
“problem patients”, since some health professionals may expect to hold the power in the
relationship, and see longevity as the number one priority for health care. However, this may not
be the case with those who have a chronic illness, and the patient’s need to hold more autonomy
with regards to their own health care should not be viewed as negative (Wright & Morgan,
1990).Koocher et al. (1990) conclude that “sometimes, it is more important to assist patients in
getting the information needed to make informed choices that reflect their particular needs,
values, and goals, than to focus solely on adherence. This might mean that some patients receive
less then optimal medical care.....while gaining a degree of quality of life that is more important
to them.”

3.8.6. The role of responsibility.

As the child ages, he/she is given more responsibility over his/her medical treatment. Drotar

58



and Ievers (1994), in a study of 26 mothers of CF children and adolescents (ages four-14 years),
found that as the age of the child increases, they are given more responsibility over their health
care. The percentage of responsibilities that were shared among parents and children increased
between four and seven years of age (19%) and eight to ten years (32%), but remained about the
same from 11 to 14 years (34%) (Drotar & levers, 1994).

It is important for children to have the knowledge base that will allow them to be responsible
for their health. If children are given responsibility before they are mature, detrimental effects to
their health may occur (Drotar & levers, 1994). It is important for parents and physicians to
gauge the child’s level of information about CF and his/her treatment, before various levels of
independence are given to the child (Drotar & Ievers, 1994). As suggested by levers et al.
(1999), “children with CF do not necessarily become more knowledgeable about their prescribed
treatment-related tasks throughout the elementary school years”.

3.8.7. Positive predictors of adherence.

Certain factors are positively correlated with adherence. These include: the age of the
individual (younger patients are more likely to adhere) (Gudas et al., 1991), a high degree of
optimism (Gudas et al.), a higher degree of child knowledge about CF and its treatments (Gudas
et al.), level of education, a high socio-economic status (Gudas et al.), and family expressiveness
(Patterson, as cited in Lask, 1994). Those who tend to worry are more likely to adhere to
virtually all aspects of treatment, including enzyme and vitamin therapy (Abbott et al., 1994,
1996). While theory suggests that those with an internal control belief would be more likely to
adhere than those who believe health outcomes depend upon chance or other people, Abbott et

al. (1996) discovered that those with little self-control over the course of their disease had greater
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reported adherence levels than those with an external control belief.

3.9. Summary

Cystic fibrosis is a multidimensional, lifelong illness, not only affecting the physiological
aspects of one’s body but emotional and mental aspects as well. CF related malnutrition can lead
to a low BMI, vitamin and mineral deficiencies, a short stature, delayed puberty, a decrease in
lung quality, and even osteopenia or osteoporosis.

CF adolescents may have a distorted body perception and low self-esteem due to factors
related to malnutrition such as a short stature and delayed puberty. Canadian adolescents,
particularly females, frequently display disordered eating behaviors (CPS, 2004). This can also
occur in CF adolescents who are not satisfied with the way their bodies look. However, in this
case, disordered eating behaviors may take the form of wishing to remain slim and thus
restricting caloric intake which should be 120-150% of recommendations, or not adhering to
enzyme therapy. This restriction may have detrimental effects on their long term health.

CF-created slimness may be perceived as ideal, in a society that is intent on weight-loss,
leading some to compromise health for slimness, by not adhering to enzymes and
medical/dietary advice. Clinicians and dietitians must be aware of the dynamic problems faced
by those with CF as they age. Adolescence brings with it confusion and emotional fluctuations
for everyone; however, this period of adjustment is further complicated by the existence of a

chronic condition.
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Section 4: Theoretical Framework

4.1. Theory of Planned Behavior

In 1980 Ajzen, and later Ajzen and Fishbein, developed 7he Theory of Reasoned Action,
after attempts were made at estimating the discrepancy between people’s attitudes and behaviors
(Universiteit Twente, 2004b; Fishbein & Ajzen, 2005). The early premise of the theory assumed
that performing a certain behavior was voluntary, which was not the case at all times. The theory
was then adapted to include the parameter of perceived behavioral control and was re-named 7he
Theory of Planned Behavior (TPB) (Universiteit Twente, 2004b).

The main assumption of TPB is that an individual’s behavior is determined by their intention
to perform the behavior. Intention is defined as “the cognitive representation of a person’s
readiness to perform a given behavior, and it is considered to be the immediate antecedent of
behavior” (Universiteit Twente, 2004b). Intention is shaped by three things:

I. The individual’s attitude toward the behavior in question,;

II. How the individual believes people will view the behavior (subjective norms); and

III. The individual’s perceived behavioral control over, and ability to perform, the behavior.
Therefore, if one believes they have a strong sense of control over a certain behavior, their
intention to perform the behavior should be greater (Universiteit Twente, 2004b).

The issue of independence can play a duel role, acting as an enabler or a barrier. The lives of
teenagers are often tightly controlled by others such as parents/guardians, and the education
system. Teenagers, while being offered more freedom as they age, are still bound by various
rules and regulations which they have very little control over. In fact, the area of personal health

may be one of the few that are primarily under their control. Increased independence and
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autonomy can lead to an abuse of power on their part (leading to non-adherence), but it could
alternatively lead to the valuing of independence and informed, supported decision making,

fostering adherence.

4.2. The Health Belief Model
The Health Belief Model (HBM), developed first in the 1950°s by social psychologists
Hochbaum, Rosenstock, and Kegels, is a psychological model that tries to explain and predict
health behaviors (Universiteit Twente, 2004a). Similar to the TPB, the HBM assumes that people
will take a certain health related action if they feel a negative health condition can be avoided,
and if they believe they can successfully take the action. There are six key terms central to the
HBM:
I. Perceived Susceptibility: Perceived chances of getting a condition;
IT. Perceived Severity: Self-opinion of how serious a condition is, including possible
consequences;
III. Perceived Benefits: The belief (or non-belief) in the efficacy of the action to lessen the
risk, or seriousness, of impact;
IV. Perceived Barriers: The perceived tangible and psychological costs of the action;
V. Cues to Action: Strategies present to activate “readiness” (education, symptoms, media
information); and
VI. Self-Efficacy: Self-confidence in the ability to take the action (Universiteit Twente,
2004a).
As well, the theory makes assumptions about the following three things, as noted by Cluss &

Epstein (1985):
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1) The individual’s personal readiness to take part in preventative health behaviors;

2) The individual’s evaluation of the likelihood and probable efficacy of taking part in the

behavior; and

3) The cues to action which must take place to induce health-related behaviors.

With regards to term I, perceived susceptibility, the theory suggests that if one perceives they
are susceptible to poor health, they may be more likely to adhere (Abbott et al., 1996). While
anyone with CF realizes they are susceptible to the disease, the degree of perceived susceptibility
to its complications may vary. Teenagers may suffer from an egocentric belief in which no one
and nothing can harm them, leading to increased risk-taking behavior (Brown, 2002). It has been
shown that those with CF may exhibit this belief, although not to the same extent as the general
population (Nasr, as cited in Yi et al., 2003). Adolescents may not have the cognitive ability to
comprehend long-term consequences of actions and, therefore, may be unable to judge potential
future negative health effects caused by non-adherence (Brown, 2002).

For key term 11, perceived severity, the HBM suggests that there should be a positive
relationship between the perceived severity and adherence. However, this has been refuted in a
study of CF participants which concluded that in cases of a life threatening disease, the
relationship between perceived severity and adherence may be more complicated than the theory
postulates (Abbott et al., 1996). Here, adherence followed a U shaped curve, being lowest when
severity was seen as either low or high, and highest when severity was seen as moderate (Abbott
et al., 1996). People who perceive that they have a mild disease may feel they do not need the
prescribed treatments; whereas, people who perceive they have a severe disease may be unwell

or unable to manage their treatments, or feel they receive little benefit from them (Kettler, 2004).
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In addition, as described in Section 3.8.4., it has been suggested that the CF population may
overestimate the quality of their health (Abbott et al., 1995). Those who underestimate the
severity of their illness are more likely to be non-adherent than those who do not (Czajkowski &
Koocher, as cited in Abbott et al., 1995). Overall, for the CF population, a more fair assumption
may be that if the perceived severity becomes great, people may avoid perceptions and behaviors
which reinforce the gravity of the situation (Abbott et al., 1995).

Key term III is the perceived benefits of taking an action, and will be discussed in Section
7.6. Key terms IV and V in The Health Belief Model are the perceived barriers to an action, and
self-efficacy in performing an action, which mirror factors in the TPB. Cues to action, such as
health communication and education by health professionals, can be key enabling factors, as was
seen in the study on child and parental knowledge of the child’s medical treatment (Ievers et al.,
1999). CF clinics are multi-disciplinary and involve the expertise of such professionals as
doctors, nurses, dietitians, physiotherapists, and social workers/psychologists (CCFF, 2003).
Working together, such professionals can give patients the resources needed to enable them to
make informed decisions that will be beneficial to health. Self-care, described in more detail in
Section 3.8.4., may be overestimated in the CF population, leading to a distorted picture of

adherence when it is not as high as it could be (Abbott et al., 1995).

4.3. Summary

In conclusion, the Theory of Planned Behavior and the Health Belief Model are two
theoretical frameworks which can be applied to this study. While specific questions addressed by
the theories are not directly asked in the study, indirect evidence of each will be seen when rates

of adherence are determined.
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Section 5: Methodology

5.1. Research Design
This study was conducted via mailed out surveys to participants as described in the following

section.

5.2. Participants

5.2.1. Population of interest.

The population of interest for this study was adolescents in Atlantic Canada, aged 13 to 20
inclusive, who have CF and fit the inclusion criteria as listed in Section 5.2.2. Due to resource
limitations, the sampling frame was chosen to encompass pediatric CF clinics in Atlantic
Canada. Clinics at The IWK Health Centre (IWK) in Halifax, Nova Scotia (NS) and 7he
Janeway Children’s Health and Rehabilitation Centre (Janeway) in St. John’s, Newfoundland
(NL) were chosen by convenience cluster sampling, since these are the only clinics in the area.
The scope of the IWK clinic extends to the provinces of Nova Scotia, New Brunswick, and
Prince Edward Island. Therefore, all four Atlantic Provinces were taken into consideration.

5.2.2. Inclusion and exclusion criteria.

Participants were included in the study if they had CF and were between 13 and 20 years old,
inclusive, from the initiation date of the recruitment to the end of the 2006 calendar year.
Participants could be male or female and must have attended a pediatric clinic at the IWK or
Janeway. Female participants could be post or pre-menarche, which was not assessed.
Participants must have been pancreatic insufficient and prescribed pancreatic enzymes by a

physician.
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Participants were not excluded due to current nutritional status and/or body mass index, as
the study proposed to investigate the participant’s nutritional status. Psychological health status
did not prevent inclusion as well, as body-esteem was explored in the study.

Participants with CF who also had any of the following were not included in the study due to
confounding factors: diabetes, a diagnosed eating disorder, or those who were pregnant or
lactating. This is due to the possibility of altered eating behavior due to the presence of an
additional medical condition.

5.2.3. Recruitment.

Patients attending the clinics in Halifax, NS and St. John’s, NL, who fit the inclusion criteria
were invited to participate in the study. A designate from the clinics, the nurse coordinator at the
Janeway and the dietitian at the IWK, were responsible for addressing and mailing the packages
to eligible participants. Since clinic appointments typically occur once every three or four
months, it would have been difficult to recruit participants in a timely fashion if the packages
were handed out by the designate and explained in person. Face-to-face contact with participants
and the principal investigator was not feasible due to the concerns of bacterial transmission in
this population.

The information package given to each potential participant contained:

o Study Cover Letter (Appendix A and B) which introduced the principle investigator and

the study;

o [Instructions (Appendix C) for completing the questionnaires;

e One copy of the study Debriefing Form (Appendix D and E) detailing the nature and

purpose of the study, the requirements of participation, and the rights of each participant;

e The following questionnaires/forms:
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o The Three-Day Food Diary (Appendix F),

o The Eating Attitudes Test-26 (Appendix G);,

o The Body Esteem Scale for Adolescents and Adults (Appendix H), and
o The Adherence Survey (Appendix I).

o The Communication of Results Card (IWK) or the Draw Card (Janeway) which offered
participants a chance to obtain a copy of the completed results and/or to be included in a
draw for one of two Empire Theatres ™ Gift Certificates (Appendix J); and

e One self-addressed stamped envelope, for return.

Potential participants were asked to read the Debriefing Form with a parent/guardian to help
them decide if they should participate in the study. This was stated in the study Cover Letter.
Packages were mailed to potential participants between November 2005 and January 2006.

5.2.4. Consent protocol.

As per the rules and regulations for ethics approval, studies that are done at 7The IWK Health
Centre and The Janeway Children’s Health and Rehabilitation Centre via mailed out surveys do

not need to obtain written consent. Consent is assumed upon return of the forms.

5.3. Data Analysis

5.3.1. Nutritional intake.

Participants were requested to complete a Three-Day Food Diary to assess their nutritional
intake. To analyze food diaries, the USDA Nutrient Database for Windows, HealtheTech Search
SR-18, was used (USDA Nutrient Data Products and Services, 2006). When items were not

listed in the database, they were either found via the manufacturers’ website and/or item
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activity (example: walking at five to seven km an hour).

c) Active: Engages in typical daily activities + at least 60 minutes of daily moderate

activity.

d) Very Active: Engages in typical daily activities + at least 60 minutes of daily moderate

activities, + an additional 60 minutes of vigorous activities or an additional 120 minutes

of moderate activities.

Table 2: Physical Activity Coefficient (PAC) Values According to Physical Activity Category

Gender Sedentary PAC Low Active Active PAC Very Active
(3-18 years old) PAC PAC
Males 1.00 1.13 1.26 142
Females 1.00 1.16 1.31 1.56

Source: Health Canada, 2005b.

5.3.3. Nutritional status.

There are various methods of assessing the growth, and indirectly nutritional status, of those

with CF. The executive summary from Dietitians of Canada (DC), CPS, The College of Family

Physicians of Canada (CFPC), and The Community Health Nurses Association of Canada

(CHNA) (2004), recommends the use of the CDC’s BMI- for-age charts to calculate BMI

percent. It also recommends the use of more traditional methods of assessment, including the

%IBW.

A study conducted in 2004 on 13021 participants with CF aged two to 20 years, looked at the

difference between the % IBW and BMI,, values when assessing malnutrition in children with CF

(Zhang & Lai, 2004). Results indicated that similar weight estimates were found using both

methods for children who were of average height (between the 25™ and 75" percentiles) (Zhang

& Lai, 2004).
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The % IBW and BM]I,, differ in that they: use different units (percentage relative to the ideal
value and percentile ranking, respectively), have different scales (100% being optimal for %
IBW, and 50" percentile being optimal for the BM]I,), and have different underlying assumptions
(Zhang & Lai, 2004). The % IBW assumes that the ideal weight for a given height is at the same
percentile ranking as the height-for-age (Zhang & Lai, 2004). The BMI,, assumes that the ideal
weight for a given height is equal to the 50™ percentile value for that age (Zhang & Lai, 2004).

Participants were requested to self-report their weight and height on the Adherence Survey in
order to determine %IBW and BMI,,. The methods of determining these two values are described
below.

The % IBW was determined by the following procedure:

i.  Using the individual’s sex, age, height, and weight, height was plotted on the appropriate
CDC growth chart to determine the HFA percentile;
ii. IBW was determined according to the weight which corresponded to the same percentile
as the HFA; and
iii.  The %IBW was determined by dividing the actual weight by the IBW and multiplying by

100% (Zhang & Lai, 2004). See Table 3 for guidelines used to interpret HFA values.

Table 3: Interpretation of Height-For-Age Values

Status Height-For-Age Percentile

Shortness/stunting Below 3™ percentile

Source: Dietitians of Canada, Canadian Paediatric Society, The College of Family Physicians of
Canada, & The Community Health Nurses Association of Canada, 2004.
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The BMI, was determined by the following procedure:
i.  BMI was calculated according to the following formula: weight (kg) divided by height in
meters squared (m?*), multiplied by 100%;
ii.  The CDC’s BMI Child and Teen Calculator was used to determine BMI,, by inputting the
participant’s age, gender, weight (kg), and height (cm) (Zhang & Lai, 2004; Centre for
Disease Control and Prevention, 2006b). See Table 4 for guidelines used to interpret

BMI, values.

Table 4: Interpretation of Body Mass Index Percentile Values

Weight Status Category Body Mass Index Percentile
Underweight/Wasting Below 5™ percentile

Healthy weight 5™ to 84™ percentile

At risk of overweight 85" to 94™ percentile

Overweight Equal to or greater than 95" percentile

Sources: Centre for Disease Control and Prevention, 2006a; Dietitians of Canada, Canadian
Paediatric Society, The College of Family Physicians of Canada, & The Community Health
Nurses Association of Canada, 2004,

5.3.4. Eating attitudes.
The Fating Attitudes Test (EAT), developed by Garner and Garfinkle (1979), is proposed to be a
self~administered tool that measures symptoms of anorexia nervosa. The original EAT,
comprised of 40 questions, was developed and validated using a group of female participants

with anorexia nervosa, against a group of similar controls (Pastore, Fisher, & Friedman, 1996).

Since then, it has been used for screening people considered to be at a high risk for eating
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disorders, but who are not diagnosed with anorexia (Garner & Garfinkel, 1979; Garner, Olmsted,
Bohr, & Garfinkel, 1982). While the majority of non-clinical groups who score high do not
satisfy the diagnostic criteria for anorexia nervosa, they have been identified as having
disordered eating patterns which may interfere with normal psychosocial function (Garner &
Garfikle, 1979). Thus, the EAT results relate to emotional disturbances in individuals, and are
independent of weight (Garner & Garfinkel, 1979; Garner et al., 1982). Participants who are
anorexic tend to overestimate their body size and have EAT scores that are significantly higher
than participants who over- or under-estimate their size moderately (Garner & Garfinkel, 1979;
Garner et al ).

There is a shortened version of the EAT which is comprised of 26 questions, also divided
into the three categories (The Eating Attitudes Test-26 or EAT-26) (Garer & Garfinkel, 1979;
Garner et al., 1982; River Centre Clinic, n.d.). This version has been validated and it is highly
predictive of the total EAT results (r=0.98) (Garner & Garfinkel, 1979; Garner et al.). Due to the
proven validity of the tool, the lower subject burden, and since it has been utilized in a study of
CF adults (Abbott et al., 2000), it was the tool of choice in this study.

The EAT-26 is scored by summing all the items in the survey (Garner & Garfinkel, 1979;
Garner et al.). When subdivided, factor I, called dieting, is significantly related to variables
concerning body image but not bulimia (Garner & Garfinkel, 1979; Garner et al.). Factor Il is
related to bulimia and food preoccupation (Garner & Garfinkel, 1979; Garner et al.). Factor Il is
negatively related to bulimia and is not significantly related to body-image concerns, being
primarily related to oral control during feeding (Garner & Garfinkel, 1979; Garner et al.).

Those who score high on factor I can be classified as over-estimators who are not satisfied
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with their body shape and wish to be smaller (reliability: alpha=0.90) (Garner & Garfinkel,
1979). Those who score high on factor II would be associated with a poorer outcome (Garner &
Garfinkel, 1979). Those who score high on factor III tend to have a large degree of self-control
when it comes to food, and also have social pressure to gain weight (Garner & Garfinkel, 1979).
High scores for this factor are associated with a more positive prognosis (Garner & Garfinkel,
1979). High scores on factor III and low scores on factor Il may be a better indicator of positive
prognosis than the total score of all factors (Garner & Garfinkel, 1979).

White there is a child version of the EAT available, called The Children’s Fating Attitudes
Test, this tool is for use with children below the age of 15 (Smolak & Levine, 1994). Since the
population was between 13 and 20 years, inclusive, using the EAT-26 was deemed appropriate
for this study.

5.3.5. Body esteem.

The Body-Esteem Scale for Adolescents and Adults (BES), a 23 item, five-point Likert scale,
was used to assess body esteem in the study (Mendelson, White, & Mendelson, 1997). The scale
has been validated using 1334 participants, between the ages of 12 and 25, from English-
speaking elementary schools, high schools, colleges, and universities in Montreal (Mendelson et
al., 1997).

The scale has a total summed value as well as being broken down into three subscales. The
subscales measure factors of body-esteem (BE): BE-Appearance (feelings about one’s
appearance), BE-Weight (feelings about one’s weight), and BE-Attribution (evaluations of body
and appearance from others) (Mendelson et al., 1997). Overall, the scale differentiates feelings

about appearance from feelings about body weight (Mendelson et al.). Items are also worded in
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such a way as to avoid having a bias towards being over or underweight. This is important with
CF individuals, since they may be dissatisfied due to having a low weight rather than a high
weight.

The BES is scored by adding up responses which vary from Never (0) to Always (4).
Questions four, seven, nine, 11, 13, 17, 18, 19, and 21 have scores which are reversed (4 for
never, O for always). Scores that are higher overall, and for a particular subscale as described
above, are indicative of a positive body esteem (Mendelson et al., 1997).

5.3.6. Adherence.

5.3.6.1. Perceived adherence.

Participant’s perceived adherence was determined via a self-designed survey entitled 7he
Adherence Survey (AS). Content validity was established through a review by a dietitian and
members of the thesis committee, which included a statistician. Part of this tool asked
participant’s to judge their adherence to physician and/or dietitian prescribed enzyme, vitamin,
and nutritional supplement/s in a week. Specifically, question four assessed adherence to
vitamins, question ten assessed nutritional supplements (where applicable), and questions 14 and
15 assessed adherence to enzymes for meals and snacks.

Each question was scored according to the following scheme (scores are in brackets):

a) Inever take a full dose (0);

b) Itake a full dose 1-2 days a week (1);

c) Itake a full dose 3-4 days a week (2);

d) Itake a full dose 5-6 days a week (3); and

e) Itake a full dose every day of the week (4).

74



For this study, participant’s response to the four questions in paragraph one were grouped
into three categories:

1. Poor Adherence: a, b, or ¢ was chosen;

2. Good Adherence: d was chosen; and

3. Excellent Adherence: e was chosen.

5.3.6.2. Actual adherence.

Actual adherence was determined through the Three-Day Food Diary. A column was
provided in the diary for participants to record enzymes taken during meals and snacks, as well
as for supplement usage. Enzymes were calculated for “Meals” if they were recorded in the
Breakfast, Lunch, and Supper rows. Enzymes were calculated for “Snacks” if they were recorded
in the Morning Snack, Mid-Afternoon Snack, and Evening Snack rows. Enzyme counts were
totaled and the average enzyme dosage taken per single meal and snack was determined. This
was also applied to supplements and vitamins for each participant, where applicable.

Recorded values were then compared to the amount prescribed from a doctor and/or dietitian,
as recorded in questions 3Full, 9Full, 13M, and 13S, on the Adherence Survey. Values were
interpreted as follows:

1. Adherent: If counts determined from the Three-Day Food Diary were the same as, or
more than, the prescribed amounts as reported for the same treatment in the Adherence
Survey.

2. Non-Adherent: If counts determined from the Three-Day Food Diary were less than the
prescribed amounts as reported for the same treatment in the Adherence Survey.

In addition, adherence to dietary therapy was determined through a comparison of daily
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caloric intakes from Three-Day Food Diaries to the adjusted EER (EER + 20%). Here, one was
considered adherent if they consumed calories at, or above, their adjusted EER value.

5.3.7. Statistical analysis.

Microsoft Excel was used to input data, create relevant charts, and perform relevant
statistical analysis.

5.4. Ethical Considerations

5.4.1. Confidentiality.

While collecting data, all tools had an identifying number (ID Code) on them which was used
in order to maintain confidentiality and anonymity. The code served to keep information from
each participant together. Participants were told that names should not be given on any of the
survey forms and their address should not be written on the return envelope. The Communication
of Results Card and the Draw Card contained participant addresses, but this information was
voluntarily disclosed by participants.

As data was received, it was stored in a locked cabinet (papers) and on a password protected
computer. Data will remain as such for a period of time, as specified by The IWK Health Centre
and The Janeway Children’s Health and Rehabilitation Centre, of five years. After that time,
papers will be destroyed and computer files will be deleted. All envelopes were destroyed upon
receipt. Only the researcher and the researcher’s supervisor had access to the data.

If data is published, there will be no way to identify participants when results are written up
and published. No names or ID Codes will be referred to.

5.4.2. Ethics approval.

Ethics approval was obtained from The Mount Saint Vincent University Ethics Review Board,
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The IWK Research Ethics Board, and The Memorial University Human Investigation Committee
(for The Janeway Children’s Health and Rehabilitation Centre), including amendments that
were made. As well, Debriefing Forms (Appendix D and E) were used for participants from both
hospitals, as specified by the institutions.

5.5. Advantages and Limitations of Methodology

Surveys/questionnaires have the advantage of being easy to administer, with little respondent
burden (Mendelson et al., 2001). However, problems may occur with the self-disclosure of
accurate information as participants may be hesitant to admit that they do not adhere to
recommendations. The use of physician reports has been found to be no more accurate in
predicting adherence than chance, as participants may be more resistant to admit non-adherence
to their doctor than a researcher (Lask, 1994). By being cognizant of question wording, this
potential problem was minimized. It was stated on the AS that non-adherence is common in the
CF population, and the researcher is wondering if, and why, they are non-adherent. Focus groups
and interviews are not feasible for this population, due to the risk of transmission of bacteria
from person to person (CCFF, 2003).

Measurements of dietary intake rely on memory, which is not perfect (Livingstone &
Robson, 2000). Other errors, which may be related to memory or intentional manipulation
include under-reporting, omitting foods, over reporting, and reporting foods that were not
actually eaten (phantom foods) (Livingstone & Robson, 2000). Some other factors which may
effect recall include an excess of information given to the participant, providing visual pictures
of foods, training participants in completing the questionnaires, the salience of food items (it is

often easier to remember main course items), and food frequency, common foods are more likely
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to be recalled (Baranowski et al., 1986, Emmons & Hayes, as cited in Livingstone & Robson,
2000).

Dietary studies conducted on children and adolescents, when determining energy intake,
report a between-subject variation on recall of 20% or more (Livingstone & Robson, 2000).
Fortunately, there are a few things that can be taken into consideration when determining dietary
intake in adolescents. Methods with a low respondent burden are more likely to be adhered to,
such as the 24 hour recall or a three-day food diary/record, when compared to weighted records
or those for longer periods of time (Livingstone & Robson, 2000). Recalls are often associated
with problems estimating portion sizes, which can be lessened by giving handouts with sample
portion size equivalents (Livingstone & Robson, 2000). Lastly, teenagers have distinct eating
patterns versus adults, such as snacking often, grazing, or skipping meals (Livingstone &
Robson, 2000). These characteristics were taken into consideration when developing the record

form, by including spaces for snacks and not just meals.
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Section 6: Results

6.1.Response Rate

Adolescents and young adults aged 13 to 20 years, inclusive, who attended CF clinics at the
IWK and the Janeway made up the sampling frame for the study. According to the 2002
Canadian CF Patient Data Registry, there are 73 patients between the ages of 12 and 17, and 65
between the ages of 18 and 23 located in eastern Canada (CCFF, 2002). Therefore, a
conservative estimate of the total population of Canadians, between the ages of 13 to 20, with CF
living in the Atlantic Provinces is 80. Initially, participants were recruited who fell into the age
range of 13 to 17, inclusive. Twenty-three packages were sent to possible participants from the
IWK, and ten to the Janeway. These 33 possible participants received a follow-up letter
approximately one month after packages were mailed. After receiving few returns, an
amendment was sent to the appropriate ethics boards in order to change the age of inclusion to
13 to 20, inclusive. Once approved, packages were sent to 12 additional potential participants
from the IWK, and six from the Janeway.

In total, there were 16 potential participants from the Janeway (31% of total sample size) and
35 (69%) from the IWK, giving a total sample size of 51 possible participants. A total of nine
responses were collected, giving a return rate of 17.6%. The IWK accounted for 78% of the
returns, versus 22% from the Janeway. The low response rate is attributed to the fact that this
population is young and may not have been highly motivated to complete the questionnaires.

While of modest length, time may also have been a factor in participation.
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6.2. Description of the Respondents

The demographic profile (Questions 19 and 20 on the Adherence Survey) was designed to
obtain information about gender and age. Clinic location of the respondents was determined via
the ID code on each participant’s forms. Self-reported anthropometric data (Questions 21 and 22
on the Adherence Survey) was collected to provide information for calculating the nutritional
status of participants. The gender profile of respondents was evenly matched, at four male
participants and five female. It was possible for participants from the IWK to reside in the
province of Nova Scotia, New Brunswick, or Prince Edward Island. Those from the Janeway
would typically reside in Newfoundland and Labrador. Taking this into consideration, along with
the fact that 69% of potential participants were from the IWK, it is not extraordinary that the
majority of respondents attended the IWK clinic (78%). All respondents were included in the

calculations, except where specified. See Table 5 for a summary of the study participants.

Table 5: Summary of Characteristics of Study Participants

Total Possible Participants 51

Total Participants 9

Return Rate 17.6%
Number of Male Participants 4

Number of Female Participants 5

Number of Participants from the Janeway 2

Number of Participants from the IWK 7

Mean Age 15.2 years
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6.3. Nutritional Intake

6.3.1. Coding and interpretation of information.

Nutritional intake was recorded by all nine participants via the Three-Day Food Diary.

Despite the inclusion of detailed instructions for the completion of food diaries, many lacked

adequate descriptions. To compensate for this, the following strategies were utilized for each

participant record:

a)

b)

d)

If item amounts were given for a food at one time, but not subsequent times within the
record, the amount used initially was recorded thereafter.

In instances where the fat percentage of milk was not given throughout the entire record,
it was assumed that whole milk was used. This is due to the fact that those with CF are
counseled to consume a diet rich in fat and energy.

In instances where yogurt was consumed but type not given, yogurt made with whole
milk was recorded due to the reason given in b.

In instances where amounts of a food were not given throughout the entire record, typical
serving sizes according to Canada’s Food Guide to Healthy Eating and the Canadian
Diabetes Association’s Handy Portion Guide were used for all appearances of the item.
See Table 6 for a listing of serving sizes (Canadian Diabetes Association, 2005; Health
Canada, 2005a).

In instances where meat cuts were not provided, conservative estimates of cuts were
used. These were used consistently across all responses that lacked adequate descriptions.
Table 7 provides a breakdown of used cuts. In all cases, fattier meats were chosen from

possible choices in the database, due to the reason given in strategy b.
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Table 6: Interpretation of Quantities of Food Items Listed in Participant Three-Day Food Diaries

Food Group Items Amount Used
Serving of meat/poultry 30z

One (1) bowl or plate of pasta or rice Y5 cup

One (1) glass of fluid/beverage 1 cup/8 oz.
One (1) piece fruit/vegetable 1 medium sized piece
One (1) handful 1 cup

One (1) bowl of yogurt % cup

One (1) bowl of hot cereal % cup

One (1) bowl of cold cereal 30g

Peanut butter 2 tbsp.

One (1) bowl of salad or vegetables 1 cup

Sources: Health Canada 2005b; Canadian Diabetes Association, 2005.
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Table 7: Interpretation of Meat Product Cuts Listed in Participant Three-Day Food Diaries

Type of Meat Listed *

Selection from USDA Database Recorded "

Chicken:

Cut= Thigh, wing, leg, drumstick,
breast

Chicken, broilers or fryers, (cut), meat
and skin, cooked, roasted

Turkey

Turkey, all classes, light meat, cooked,
roasted

Pork:

Chop

Roast

Pork, fresh, loin, center rib (chops),
boneless, separable lean and fat,
cooked, braised

Pork, fresh, loin, center rib (roast),
boneless, separable lean and fat,
cooked, roasted

Beef:

Ground

Steak

Roast

Beef, ground, 70% lean/30% fat,
crumbles, cooked, pan-browned
Beef, top sirloin, separable lean and
fat, trimmed to 1/8” fat, all grades,
cooked, broiled

Beef, round, bottom round, separable
lean and fat, trimmed to 1/8” fat, all
grades, cooked, roasted.

a. Meat listed in participant Three-Day Food Diaries without specific details as to cut.
b. USDA Nutrient Database for Windows- HealtheTech Search SR-18 program used for
nutrition analysis (USDA Nutrient Data Products and Services, 2006).

6.3.2. Nutrient intakes.

Average daily calorie, fat, carbohydrate, and protein intakes were determined for all nine

participants, according to nutrient analysis from completed Three-Day Food Diaries. Daily

caloric intakes ranged from approximately 1042 to 2748 Cal a day, with a mean of 2174 Cal,;

daily fat intake ranged from approximately 43 to 139 g a day, with a mean of 83 g; daily

carbohydrate intake ranged from approximately 102 to 354 g a day, with a mean of 244 g; and

daily protein intake ranged from approximately 54 to 102 g a day, with a mean of 82 g.

Calculating the caloric contribution of each major nutrient determined that the mean percent of




calories contributed from fat was 34.6%, that from carbohydrates was 48.65%, and that from
protein was 16.08%. See Appendix N for a detailed list of each participant’s nutritional intake.

6.3.3. Estimated Energy Requirements.

Estimated Energy Requirements were calculated using formulas given in Section 5.3.2. Since
daily physical activity was not assessed in this study, a conservative estimate for the physical
activity coefficient (PAC) was used in all cases. The presence of CF may make engaging in
strenuous or prolonged periods of physical activity difficult. Therefore, it is unlikely that
participants fell into the Very Active category for the majority of time. However, given the fact
that all participants were relatively young, Low Active was used as the estimate for the PAC.
Therefore, a conservative EER was calculated for eight participants, with one participant failing
to provide adequate data (height and weight omitted). Given the assumption that participants fell
into the Low Active category, this value represents the lowest daily caloric intake which should
be consumed by the participants, not taking into consideration the effects of the disease. Having
an intake less than this value may be problematic for the participants.

Given the fact that this population has CF, it is recommended that 20-50% more calories
should be consumed per day than the EER (see Section 3.5.2. for more information). Adjusted
EER’s were calculated for the eight participants, adding an additional 20% onto the previously
calculated EER. This value, under the assumption that participants fell into the Low Active
category, represents the lowest preferred or recommended daily caloric intake. Those achieving
an intake of the adjusted EER or more would be considered to have an adequate caloric intake.
After calculating each participant’s EER and adjusted EER, the frequency distributions were

determined and are graphically depicted in Figures 7 and 8.
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As seen in Figure 7, half of the participants met or exceeded their EER’s. This indicates that
half of the participants (n=4) did not meet the lowest daily caloric intake recommended, not
taking into consideration their health status.

As can be seen from Figure 6, half of the participants (n=4) had an average daily caloric
intake which was 76% of their adjusted EER or more. However, only 13% had an intake which
was 100% or more. While no participants had a daily caloric intake of 25% or less of their
adjusted EER, the majority are not meeting the lowest preferred, or recommended, daily caloric

intake of 120% EER.
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6.3.4. Nutritional status.

The nutritional status of participants was determined by calculating %IBW and BMI,, as
described in Section 5.3.3. Both calculations were determined for eight participants, since one
did not self-report weight and height. Percent IBW, rounded to the nearest number, ranged from
a low of 78% to a high of 125%, with a mean of 100%. Half of the participants fell into the 75 to
99% IBW range, inclusive, and the other half fell into the 100% or above range.

When looking at the BMI,,, participants ranged from a low of the fourth percentile to a high
of the 87", with a mean at the 52" percentile (values rounded to the nearest number). According
to the BMI,, 25% of participants were classified as being at risk of overweight, 63% were in the
healthy status category, and 13% were underweight. It should be noted, however, that since the
population is rather small, the 13% who were underweight is equivalent to one participant, who
also falls into the underweight or wasting category. At the same time, those who were classified
as at risk for becoming overweight is equivalent to two participants. See Figure 8 for an

overview of participant %IBW and BMI,, values.
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6.4. Assessing Body Esteem

Body esteem was assessed using the Body Esteem Scale for Adolescents and Adults (BES).
As described in Section 5.3.5., the higher the BES score, the more positive one’s body esteem.
Therefore, following the scoring scheme for the scale, those who are in category four (between
70-79) have the highest BES score out of all participants, and thus the most positive body
esteem.

While the scoring mechanism does not have a particular cut-off point, the lowest possible
score one could obtain on the scale is zero, and the highest is 92. For this study, BES scores were
calculated for all nine participants and broken up into four categories as follows:

1. Scores between 40-49;
2. Scores between 50-59;
3. Scores between 60-69; and
4. Scores between 70-79.

Scores ranged from 41 to 74, with a mean of 52.67. The majority of participants (56%) had
scores in the range of 40 to 49, inclusive, with 11% obtaining scores in the range of 70 to 79,
inclusive. When compared to the highest obtainable score of 92, the majority of participants fell
in the 43.48 to 53.26% range. The highest individual score of 74 is 80.43% of the highest
possible score. By comparison, the lowest individual score of 41 is 44.57% of the highest
possible score. Therefore, there were no participants who scored much below half of the highest

possible score. See Figure 9 for a summary of overall participant BES scores.
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Table 8: Body Esteem (BE) Scale Subscale Scores

Subscale Lowest Possible Highest Possible | Range of Mean Score”
Score Score” Scores
BE Appearance 0 40 16-34 22.89
BE Weight 0 32 5-31 17.33
BE Attribution 0 20 10-15 12.44
a. n=9.

b. High scores indicative of more positive body esteem (Mendelson et al., 2001).

6.5. Assessing Eating Attitudes

Eating attitudes were assessed via EAT-26, as described in Section 5.3.4. Scores were

determined for all nine participants, with a range of responses from three to 21, and a mean of

7.78. The lowest possible score for the EAT-26 is zero and the highest is 78. Unlike the BES, the

lower the score on the EAT-26, the more positive one’s eating attitudes. As stated in category

three of Section 5.3.4., values at or above 20 indicate the individual is at risk for developing an

eating disorder (Garner & Garfinkle, 1979).

For this study, participant EAT-26 values were totaled and broken up into three categories as

follows:

1. Values between 1-9: considered low risk for comparison purposes by investigator, but not

identified as such by Garner & Garfinkle (1979).

2. Values between 10-19: considered medium risk for comparison purposes by investigator,

but not identified as such by Garner & Garfinkle (1979).

3. Values at 20 or above: considered to be at risk (high risk) for disordered eating behaviors,

according to the scoring of the tool (Eating Attitudes Test-Eating Disorder, 1999).
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