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Abstract

Background: Polycystic ovary syndrome is a common endocrine disease among females, with up to 10% of women suffering in the
UK. Genes and environment both contribute to the onset of PCOS, but symptoms can be worsened by obesity and a poor diet. Food
cravings have been linked to weight gain in women with PCOS, and there has been minimal research into carbohydrate consumption

and eating behaviours, however they may be linked.

Aim: The purpose of this study was to understand the issues regarding eating behaviours and food cravings and whether they could
be related to weight gain and increased carbohydrate consumption in women with PCOS. Two hypotheses have been investigated;
hypothesis 1: women with PCOS have differing levels of food craving which is positively associated with BMI, hypothesis 2: women
with PCOS who have higher TFEQ scores, representing disturbed eating behaviours, have higher carbohydrate consumption levels

compared to those with lower TFEQ scores.

Method: An online survey was constructed including the Three Factor Eating Questionnaire, the Food Craving Questionnaire and
the Food Frequency Questionnaire, along with questions regarding diagnosis, anthropometric measurements and basic subject char-
acteristics. Volunteers were recruited through posters and Verity, an online PCOS charity and ethical approval was granted by the

University of Roehampton ethics committee.

Results: 70 participants completed the survey and 68 participants gave anthropometric data, (n = 19 lean and n = 49 overweight).
There was a significantly greater prevalence of food cravings in the obese women compared with the lean women, (P < 0.05). The
uncontrolled eating subscale of the TFEQ was not associated with carbohydrate intake (P > 0.05), however, uncontrolled eating was
positively associated with BMI (P < 0.05). Emotional eating and cognitive restraint were not correlated with either carbohydrate
intake or BMI (P > 0.05).

Conclusion: These finding back previous studies in regards to links found between food cravings and BMI. The results also provide

an important insight into the links between uncontrolled eating and carbohydrate craving as there is minimal research in this area.

Keywords: BMI; Obesity; Carbohydrate; Food Craving; PCOS; TFEQ; Emotional Eating; Weight Gain
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Introduction

Polycystic Ovary Syndrome; Prevalence and Obesity

Polycystic ovary syndrome is a common endocrine disease among females, with an estimated prevalence in the UK of up to 10%.
Genes and environment both contribute to the development of PCOS, but symptoms can be worsened by obesity and a poor diet [1].
PCOS can considerably influence the quality of life of women throughout their reproductive years and can affect the hormone levels and
the menstrual cycle. It is associated with subfertility, acne, obesity and hirsutism, and is linked with a higher mortality when compared
with unaffected women [2]. Women with PCOS are also at a higher risk of long-term health issues such as type 2 diabetes, cardiovascular

disease, endometrial cancer and breast cancer [3].

Approximately 50% of women with PCOS are overweight or obese, and obesity may have a pathogenetic role in the development of
the syndrome in susceptible individuals [4]. A number of studies [5,6] demonstrate that varying diets can have a beneficial effect on the
symptoms of PCOS; however, the composition of the optimal diet for PCOS sufferers is still to be determined. Recent findings [7] suggest

that women with PCOS suffer from increased carbohydrate cravings, which may have an effect on insulin resistance and weight gain.

Carbohydrate Intake, Craving and Measurement
The symptoms of PCOS vary greatly between women; however, the most prevalent characteristics associated with the syndrome are

hyperandrogenism and chronic oligo-anovulation [4].

It has been reported that women with PCOS may find relief from symptoms by following a low carbohydrate diet as a result of the
associations with insulin resistance and diabetes. Increased insulin availability may favour excess androgen synthesis at the level of
ovarian tissue. Obesity may be partially responsible for insulin resistance and subsequent hyperinsulinaemia in women with PCOS. Con-

sequently, obesity-induced hyperinsulinaemia may be a key factor in the onset of hyperandrogenism in women with PCOS [4].

Research into the possible beneficial effects of a carbohydrate restrictive diet has been carried out to investigate whether there is any
relief in symptoms of PCOS [8]. Eleven overweight and obese women with PCOS restricted their carbohydrate intake to 20 grams or less
for a 24 week period while consuming unlimited animal foods (meat, chicken fish etc.) prepared and fresh cheeses (up to 2 and 4 ounces
per day, respectively), unlimited eggs, salad vegetables (2 cups per day) and low carbohydrate vegetables (1 cup per day). Participants
returned every 2 weeks for measurements and dietary instruction. Results from the study found significant improvements in weight loss
(-12%), free testosterone (-22%), luteinizing hormone/follicle stimulating hormone ratio (-36%) and fasting insulin (-54%). Although
the sample used for this study was relatively small, there were some clear and significant improvements in the symptoms of PCOS in the
participants during the 24 week low carbohydrate diet, indicating that carbohydrate consumption may play a large role in the associa-

tion of obesity with PCOS, and could be a key parameter to investigate with regards to weight loss and to alleviating symptoms.

The findings from this study which suggested a beneficial effect of restricted carbohydrate in women with PCOS, imply that it would
be appropriate to explore further the potential causes of increased carbohydrate consumption in order to gain a better understanding of
the specific eating behaviours which may lead to increased carbohydrate consumption. Carbohydrate craving is a factor that should be

taken into consideration due to the subsequent increased carbohydrate consumption that may occur due to cravings.

Carbohydrate craving can be defined as a disorder of disturbed appetite, with a perceived desire to consume sweet or starchy food
[9], although there is controversy in literature over the correct definition of food cravings [10]. The most commonly used definitions
used in literature are behavioural and subjective descriptions of cravings [11]; however, to describe a craving as behaviour does not dif-
ferentiate craving from hunger and discounts the cognitive nature of craving. Temporary mood improvement often follows carbohydrate
consumption in the carbohydrate craver, whereas those who do not crave carbohydrates can feel fatigued after consumption [12]. The

improvement in mood after carbohydrate consumption is due to an increase in serotonin levels [13]. Serotonin release is also involved
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with other functions such as, sensitivity to pain, sleep onset and mood control; individuals therefore learn to overeat carbohydrates in
order to improve their mood (predominantly snack foods which are high in carbohydrate and fat such as chocolate and crisps) [14]. This

learned behaviour leads to weight gain as individuals use these foods to comfort themselves when psychologically stressed.

Cholecystokinin (CCK) is a hormone that enables regulation of food intake as it slows down the digestive process and signals satiety
to prevent overeating. CCK is secreted in the gastrointestinal tract when food is consumed; however it has been suggested [15] that some
women with PCOS have reduced CCK secretion leading to disturbed appetite regulation. Recent research has been carried out in order to
gain a better understanding of these carbohydrate cravings amongst women with PCOS [16]. The study involved an overnight fast of 16
pairs of women with PCOS and matched controls, after which blood samples were taken during a meal. Results from the blood samples
showed that women with PCOS had a significantly lower CCK response (P < 0.05), and results from a self-rated scale to measure appetite
revealed higher ratings of cravings for sweets as an indicator of carbohydrate craving, among women with PCOS (P < 0.07). However,
no correlation with insulin was established. Interestingly, the craving for sweets rating was inversely related to testosterone and the
CCK response was positively correlated with levels of free testosterone. The results from this study suggest that women with PCOS have
reduced CCK secretion compared with healthy women, and the sweet craving results suggests that women with PCOS also suffer from
abnormal appetite regulation which is related to the increased levels of testosterone found. These findings are of interest with regard to

the potential effect on symptoms of PCOS, as symptoms can be worsened when testosterone levels are increased.

There are multiple craving scales that can be used to measure carbohydrate craving. Food craving scales, which have been developed
and used in studies, May not show an accurate representation of craving level due to misperception over the classification of cravings
and inconsistencies in measurement scales between studies. There have been multiple scales used in literature [17,18], some of which
interpret cravings as behaviours. This makes it difficult for the participants to differentiate between craving and hunger. Studies mostly
rely on the participant’s subjective perception of a craving in order to interpret when they are craving certain foods, which can cause

confusion in the differentiation of hunger and cravings between participants [19].

Carbohydrate cravings can also be measured using Trait and State Food Craving Questionnaires (FCQ-T and FCQ-S) which are both

reliable and valid measures of general trait-like and state-dependent food craving [20].

Food Cravings and Body Mass Index

Food cravings have been found to have an adverse relationship with BMI, not only in women with PCOS, but also within the general
population. A recent study [21] investigated the association between psychological characteristics and BMI. The study included 75 par-
ticipants; 50 obese patients and 25 normal-weight volunteers, each of whom completed a number of questionnaires regarding differing
psychological characteristics, including food cravings measured with the food craving questionnaire-trait. The results showed that the
obese participants had higher levels of food cravings compared with the normal-weight controls. This suggests that food cravings may
play a key role in weight gain and increased BMI. These findings are backed by further research into the links between food cravings and

BMI [22], which found a positive correlation between the two factors.

Current research has showed that food cravings have also been linked to factors that could directly affect BMI, such as associations
with binge eating behaviour and unsuccessful dieting. A recent study [23] has investigated the links between food cravings and dieting
success, which could have an impact on weight gain and BMI. An online survey was carried out by 616 participants to test the role of
food cravings and perceived dieting success. The results showed a significant inverse relationship between food cravings and dieting
success, which suggests that there may be an association between food cravings and unsuccessful dieting. This link gives an insight into
the potential mechanisms that can influence dieting success. Further research carried out by Meule et al. [24] has also revealed that food
cravings have been strongly associated with triggering food consumption and binge eating behaviours, which in turn can also have a

direct impact on BMI.
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The Food Craving Index (FCI) was developed to measure specific food cravings using two subscales: subjective cravings and con-
sumption of particular foods. Carbohydrate craving has been frequently studied using the Food Craving Index and has been found to
be a reliable and valid measure of food cravings [25]. An alternative method for measuring food cravings is the Food Acceptance and
Awareness Questionnaire (FAAQ), which is an effective self-reported measurement of urges and cravings. Items are rated on a seven-
point scale ranging from never true to always true on two scales: ability to regulate eating urges and cravings, and desire to maintain
internal control over eating thoughts. Although the FAAQ is a sufficient craving measurement tool, it only uses 10 items of food for

measurement, which may not be enough to illustrate the differences in cravings between food groups [26].

Given the known associations from recent research linking binge eating, unsuccessful dieting and increased BMI with PCOS [27], it
is necessary to explore further the relationship between food cravings and BMI within the PCOS population. Further research into food

cravings and BMI are necessary to gain a further understanding into the relationship between the two factors.

Hyperinsulinaemia and Insulin Resistance

A retrospective audit [28] was carried out on women with PCOS to determine anthropometrics, biochemistry, symptoms, and to
evaluate the effects of dietary interventions on symptoms. Data was collected from 88 participants over a two year period from medi-
cal records from dietetic consultations. Low GI diets had been prescribed to the participants during their consultations, and reduced
energy intake was advised for individuals who were overweight. The follow-up data was obtainable from 59 participants. The results
from the study found that over two thirds of participants reported one or more of the following symptoms: carbohydrate craving, tired-
ness, hunger and hypoglycaemia. In the overweight participants, there was a significant decrease in waist circumference and BMI in the
follow up appointment (P < 0.05). There was also a reduction from 70% to 13% in self-reported hypoglycaemia in participants from the
initial consultation to the follow-up consultation. The findings of this study led to the conclusion that a low-glycaemic diet may improve
symptoms in PCOS.

Although this is a significant result, in the intention to treat analysis, 32.96% of participants did not have data from the follow up ap-
pointment. It is a possibility that this group of participants did not return for the follow up consultation, as they may not have adhered
to the low-glycaemic dietary plan that had been prescribed. Higher levels of adherence to this study would enable improved validity of

results.

The majority of research, which explores cravings in women with PCOS, focuses on the association and effects of hyperinsulinaemia
and insulin secretion [29]. Hyperinsulinaemia has been suggested as a potential cause of carbohydrate craving and general hunger
which leads to reduced blood glucose, resulting in a perceived need to ingest carbohydrates, with more recent research into the associa-
tion between hyperinsulinaemia and carbohydrate cravings explored in the investigation by Hischberg [16]. This subsequent craving
for carbohydrates caused by possibly reduced blood glucose levels may then lead to weight gain and obesity, which increases the likeli-

hood of insulin resistance occurring [28].

Many individuals suffering with PCOS are obese women with hyperinsulinaemia. An initial review of research [30] carried out to
investigate the disturbances of insulin secretion and sensitivity in women with PCOS has explored various explanations of the causes of
insulin resistance. A study has investigated the possibility that an increase in truncal-abdominal fat mass and consequently increased
free fatty acid levels induce insulin resistance in women with PCOS. This is not necessarily the only explanation of why insulin resis-
tance occurs in women with PCOS, as contrasting research [31] has supported the suggestion of genetic target cell defects as a cause
of insulin resistance, which is generally considered to be due to multiple post binding factors. When considering the insulin-resistant
individuals with unimpaired glucose tolerance, the majority of the hyperinsulinaemia may be due both to secondarily increased insu-
lin secretion and to decreased insulin degradation [31]. It is worth noting that insulin sensitivity was not reversed after weight loss,
contradicting current findings in insulin resistance [32], which found insulin sensitivity was restored with weight loss. It is not fully un-

derstood why this increase in insulin release occurs but is has been postulated that it may be associated with the hormonal imbalances
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which occur as a result of menstrual irregularities. In accordance with previous literature, this review also suggests that there are links
between carbohydrate craving and insulin release, which may ultimately lead to insulin resistance, obesity and diabetes. The enhanced
insulin secretion observed in PCOS may potentially be associated with the perturbed steroid balance associated with anovulation. Over-
all, extensive links in the androgen-insulin association have been identified, and the review of literature suggests that there are various

mechanisms which can have an effect on this. However, the effects of this may vary between individual women with PCOS.

In depth research into the effect on food cravings of both hyperandrogenaemia and menstrual disturbances in overweight and
obese women has identified significant links [33]. A study involving 198 women aged 28 + 0.3 years recorded their food cravings and
explored the relationship between psychological distress and reproductive health. The results from the study showed there was a
significant correlation between menstrual disturbances and food cravings (P < 0.05) and that there was also a significant correlation
between hyperandrogenaemia and food cravings (P < 0.01). Psychological stress has previously been linked to increased food cravings
within the Three Factor Eating Questionnaire among women with PCOS [34]; in contrast, however, the findings from a recent study [33]
showed no statistically significant correlation between psychological stress and food cravings. This research suggests that hyperandro-
genaemia and menstrual disturbances are associated with greater food cravings, and that food cravings may be due to physiological
imbalances in the body as opposed to psychological issues. To explore this further, it may be helpful to compare overweight and lean
women with PCOS in order to understand whether there are varying levels of cravings causing weight gain and increased PCOS symp-

toms, as opposed to lack of willpower when experiencing cravings.

It has been widely reported that a high proportion of women with PCOS are either overweight or obese, and in most cases obe-
sity has a detrimental effect on the symptoms suffered as a result of PCOS. The main issue surrounding obesity when associated with
PCOS is that the increase in insulin resistance as a result of obesity may further promote excessive production of ovarian and adrenal
androgens and unbound testosterone. Due to the increased adverse outcomes of individuals with both PCOS and obesity, weight loss
treatment is a vital factor in reducing the severity of symptoms in obese women suffering with PCOS, although this proves challenging

due to impaired lipolysis and insulin resistance [35].

As itis widely accepted that there is an improvement in symptoms following weight loss in obese women with PCOS, it is important
to identify the factors which can influence weight loss, such as food cravings. Factors affecting BMI in women with PCOS would be a

useful topic for further study.

Eating Behaviour Relationships and Measurement

At present, there has been minimal research on links between the Three Factor Eating Questionnaire score (TFEQ), which measures
uncontrolled eating, restrained eating and emotional eating behaviours, and food cravings within the PCOS population. There has, how-
ever, been a limited amount of research carried out to investigate the relationships between TFEQ score and BMI in women with PCOS.
A recent study [36] carried out on 24 pre-menopausal women with PCOS investigating the links between BMI and TFEQ score found
that there was a significantly positive correlation between BMI and both the emotional eating score (P = 0.01) and the uncontrolled
eating score ( = 0.04). It is worth noting that when obese and overweight women were compared with lean women, there was a trend
towards a significantly greater emotional and uncontrolled eating score in the overweight and obese women. From the results of this
study, it would seem helpful to explore whether and how BMI is associated with the TFEQ scores in women with PCOS. Although there
are significant findings in this study, the results may not be valid due to the limited number of participants used. Replication of this work

using a larger sample size may improve validity.

These findings are backed by further research [27], which involved 25 PCOS women and 24 healthy, BMI-matched women, each
of whom completed a pre-coded food diary to measure dietary intake and a TFEQ to asses eating behaviours. Results from this study

showed that eating behaviours from the TFEQ did not differ significantly between the groups, although this may be due to validity
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issues concerning pre-coded diaries. Research into the validity of pre-coded food diaries [37] suggests that participants are only mod-
erately correct when using pre-coded food diaries to assess food and nutrient intakes. Alternative forms of measuring food intake may

produce more accurate results, although they can be time consuming.

Due to the various forms of disordered eating which require accurate monitoring there is a need for a valid and effective form of
measuring eating behaviours. The Three Factor Eating Questionnaire is one of the most popular scales used to measure disordered
eating in recent research. The original questionnaire was developed by Stunkard and Messick [38] and contains 51 items to which the
individual responds in a self-assessment format. Research into the revised TFEQ-R18 [39,40] has found it to be an effective method of
analyzing eating behaviours across varying populations, and is therefore an appropriate tool for the measurement of eating behaviours

within the PCOS population.

The Current Proposed Study

Hypotheses
Hypothesis 1: Women with PCOS have differing levels of food craving which are positively associated with BMI.

Hypothesis 2: Women with PCOS who have a higher TFEQ score, representing disturbed eating behaviours, have higher carbohydrate
consumption levels than those with a lower TFEQ score.
Aim
The aim of this study is to identify whether there is a relationship between food cravings and BMI in women with PCOS.
Objectives

Due to significant findings to date that suggest increased food cravings in women with PCOS, it would be beneficial to compare the
food craving severity of women suffering with PCOS with BMI, in order to investigate whether there is a significant correlation between
craving severity and increased BMI. Furthermore, as there is minimal conclusive research to date, it would be useful to investigate the

links between eating behaviours and carbohydrate consumption. If this can be established, then a better understanding of eating be-

haviours and factors influencing energy intake in women with PCOS may be established.

Materials and Methods
Study Design

This was an observational study investigating varying food craving severity levels in women with PCOS and the relationship that
craving levels have with BMI. An observational study was the most appropriate design to establish if there was a relationship between
the food cravings and BM], it was also appropriate given the length and cost limitations of the study. When comparing food craving
and BM], the data obtained for BMI was calculated from the weight and height of each participant, each participant was then grouped
according to their BMI status of either ‘lean or underweight’ or ‘overweight or obese’. Further data collected included a food frequency
questionnaire, food craving severity using the food craving index and the Three Factor Eating Questionnaire to measure eating behav-

iours. General information was also collected including age, previous dietary guidance, date of diagnosis and type of symptoms.

Protocol
Participants

The initial sample used in this study was 76 pre-menopausal women with PCOS. This sample size was chosen to represent the
population of women with PCOS because a similar cross-sectional observational study [41] investigating women with PCOS found
this to be a sufficient sample size to give an accurate representation of the PCOS population. The study carried out by Barr et al. [41]

consisted of 37 women with PCOS and matched pairs, each of whom completed a 7 day food diary and completed anthropometric
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data collection. As there has been minimal research in this field, no further similar studies currently exist. This sample number was an
achievable figure in terms of recruitment for this study. The eligibility criteria required the participants to be over 18 years of age, to
be of reproductive age (not yet to have been through menopause), and with self-reported PCOS. The exclusion criteria for participants
included those who are currently pregnant or have been pregnant in the last 6 months, those who are breastfeeding, or those who are

on very restrictive diets or who are currently suffering with an eating disorder.

Materials
Anthropometric measurements in this study were self-reported and therefore the equipment used for measurement was unknown.

Questionnaires included an introductory questionnaire, a food craving inventory questionnaire to report the severity of carbohydrate
craving, a food frequency questionnaire to establish consumption levels, and a Three Factor Eating Questionnaire (-18), to gain infor-
mation on eating behaviours. The Three Factor Eating Questionnaire is a common scale used to measure disordered eating in recent
research. The original questionnaire contained 51 questions which covered three scales; disinhibition, hunger and cognitive restraint.
A study was carried out by Karlsson and Karlsson [42] after concerns were raised over the validity and format of the 51-item Three
Factor Eating Questionnaire. The sample of the study involved 377 middle aged obese women and men, who underwent psychometric
analysis, the results of which showed discrepancies when compared to the Three Factor Eating Questionnaire. Along with additional
research supporting the concerns of the Three Factor Eating Questionnaire [43], a revised questionnaire was compiled which was
comprised of three more appropriate categories including cognitive restraint, emotional eating and uncontrolled eating. This revised
version of the Three Factor Eating Questionnaire, the TFEQ-R18, comprised of 18 questions, the most effective items from the original
set of 51 questions were used to increase the legitimacy of the questionnaire. Participants were instructed to contact the investigator

for guidance if they wanted further clarification.

Procedure
The data collection process was carried out from July until December 2011. The majority of the participants were recruited via

Verity, a charity and self-help organization for women with PCOS, which has approximately 1000 members. Participants were also
recruited through email and poster advertisements to staff and pupils at Roehampton University. The proposal, which was released on
Verity for recruitment of participants included a brief description of the project explaining that many women with PCOS have difficulty

managing their weight and that this study was investigating the factors which influence what you eat and why.

There was a description of what would be expected from the participants’ involvement, explaining that they would be requested to
complete an online questionnaire. The potential participants were informed that any information obtained would be kept confidential
and that each participant would have a code which would be used to identify any information provided. The initial collection method
included an online questionnaire created using Survey Monkey (USA), an online questionnaire generating tool. Participant data was
collected from questions requesting information including self-reported anthropometry measurements (height and weight measure-
ments), relevant medical diagnoses and prescribed medication, food frequency and habits questionnaires including a food craving

inventory and a Three Factor Eating Questionnaire.

The link to the electronic survey and full details of information on the study were initially posted on the Verity website and discus-
sion board. Participants were reassured that they could be in close consultation with the project supervisor from Roehampton Uni-
versity and further assistance would be provided by the Verity support staff. Along with all Verity members being notified of the study
through the posting on their website, as an additional stage of participant recruitment, a random selection of 200 Verity members were
emailed an outline of the survey details via verity support staff, and an electronic link to the surveys was provided. This generated
substantial further interest in the study and additional participants were recruited. Participants were offered the option of receiving
feedback from a dietician from the dietary information they had given, including an indication of whether they were meeting the intake

requirements for a wide variety of nutrients.
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The details of the completed questionnaires were then entered into an excel data spread sheet with corresponding numbers for
each participant to ensure confidentiality. Specific data was then analysed in SPSS to establish the necessary differences and correla-

tions within the data.

Ethics

The main ethical issue which was to be considered during the study was to respect the confidentiality of the volunteers. Each vol-
unteer was assigned a number and their name only appeared on the consent form and not associated with the data collected regarding
the individual. The proposal was sent to the University of Roehampton Ethics Committee for approval, and general approval from Verity
was obtained to recruit women from their charity. A risk assessment was carried out for the study and potential risks were managed
and minimized. The potential risks that were covered in the risk assessment were; emotional distress, which was to be controlled
and minimized by providing details of what to do if suffering emotional distress in the participant consent form and the participants
were informed that they could withdraw at any time. The risk of having an inexperienced investigator carry out the investigation was
controlled by ensuring the investigator had fully researched the topic to be as aware as possible for any situations that could have oc-
curred. As with many studies of this nature, incorrect reporting of food intake is often an issue; producing specific guidelines for the
participants to follow reduced inconsistencies. Roehampton University Ethics Board granted ethical approval for the study and Verity

gave approval to contact their members.

Data Analysis
Frequencies and descriptive statistics were generated using SPSS version 16.0. A 95% confidence level (P = < 0.05) was assumed

for statistically significant results throughout and continuous data was presented as mean standard deviation.

Data was tested for normality using the one-way Kolmogorov-Smirnov test. T-tests and anova tests were used to compare subcat-
egories of data and relationships were determined using a Pearson’s correlation. A bonferri Post hoc analysis was used to determine
where the significance occurred in the ‘lack of willpower’ analysis. Data from the food craving questionnaire was analysed and catego-
rized for both trait and state measures for each of the behaviour characteristics within the food craving questionnaire and data from
the TFEQ was analysed for each of the subscales; uncontrolled eating, cognitive restraint and emotional eating. The BMI data was split

into two groups for analysis: BMI 18-24.9 kg/m, (underweight and lean) and BMI > 25 kg/m, (overweight and obese).

Results and Discussion
Results
Study Population Characteristics

There were 76 participants who had PCOS, with 92.06% (n = 70) of participants reporting their ethnicity as White, 3.96% (n = 3) as
Asian or Asian British, 1.32% (n = 1) as Black or Black British and 2.66% (n = 2) of the participants not stating any ethnicity. Nine of the
participants were excluded from the findings due to incomplete data entries. One participant was excluded from the findings regarding
carbohydrate consumption due to excessively high results given for weekly carbohydrate consumption; the participant was included in
findings that did not include carbohydrate consumption, as the remaining data collected was satisfactory. Of the 68 participants who
gave anthropometric data, 27.9% (n = 19) were allocated in the lean group (BMI < 25 kg/m,) and 72.1% (n = 49) were allocated in the
overweight group (BMI > 25 kg/m,).

The table below (Table 1) displays the ranges and means of the data collected; the mean BMI for the sample population was 30.02

kg/m,, the mean carbohydrate consumption was 37 portions per week and the mean age was 31.49 years.

Food Craving Questionnaire

The data for trait measures have been analysed in table 2 and state measures have been analysed in table 3.
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Minimum | Maximum Mean Std. Dew.
BMI (kg/m,) 17.4 47.4 30.02 6.61
Food Craving Score 51 194 126.85 35.19
Carbohydrate portions consumed per week 6 114 37 18.37
TFEQ score 22 61 42.13 17.99
Age (years) 19 45 31.49 6.03

Table 1: Descriptive statistics of basic data collected including BMI, food craving, carbohydrate consumption and TFEQ score. Food

craving score was assessed using the Food Craving Inventory and carbohydrate consumption was assessed using the Food Frequency

Questionnaire.
Trait Measure Minimum | Maximum Mean | St.dew.
Intent 3 17 8.96 3.18
Anticipation of positive reinforcement 6 26 18.43 4.69
Anticipation of negative reinforcement 4 18 11.58 | 3.23
Control 6 33 20.03 7.3
Thoughts 7 39 24.77 | 845
Hunger/physiological 4 19 12.8 4
Emotions/negative affect 4 24 10.77 | 5.29
Cues/environment 4 22 11.74 4.51
Guilt 3 16 7.96 3.76
Table 2: Descriptive statistics for trait measures of the FCQ.

State Measure Minimum | Maximum | Mean | St.dev

Desire 3 16 9.22 3.37

Anticipation of positive reinforcement 3 15 8.16 3.13

Anticipation of negative reinforcement 3 16 9.06 3.48

Lack of control 3 16 10.3 3.14

Hunger/physiological 3 16 10.35 2.96

Table 3: Descriptive statistics for state measures of the FCQ.

Food Cravings and BMI
The findings in table 2 show the results of the t-test, the significant P Value shows that for overweight women, food cravings scores
were significantly higher than lean women. The bar graph in figure 1 shows the differences in food craving inventory score in lean and

overweight/obese women.

BMI Group N Mean Food Craving Score Std. Dev. Sig. (2-tailed)
Overweight 19 150.73 34.33 P=0.04
Lean 48 131.26 33.87

Table 4: Independent t-test used to test hypothesis, result: P = 0.04. A significant result and therefore supports the hypothesis.

The findings in the table below show the results of a Pearson’s correlation used to determine if there is a correlation between the
(trait) control subscale of the FCQ and BMI. The significant P value shows that when there is a higher level of lack of control, BMI is
also higher.
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Figure 1: Significant differences in mean FCI score between lean and overweight groups with standard deviation error bars, n = 67.

Pearson’s Correlation N Correlation Coefficient Sig. (two-tailed)
Trait lack of control and BMI 67 0.274 P=0.025

Table 5: Pearson’s correlation used to test relationship between trait lack of control and BMI, result: P < 0.05. The correlation coef-
ficient shows that there is a positive linear correlation between the two factors.

It was revealed in an additional Pearson’s correlation test that there was no significant correlation between (state) lack of control
and BMI, (P > 0.05).

It was revealed in an additional Pearson’s correlation test that there was no significant correlation between (state) lack of control
and BM], (P > 0.05). The findings in table 3 show the statistically significant results from an anova test carried out on food cravings and
BMI. The 6 groups have been categorized by the answer given by each participant for the following question; ‘I have no willpower to
resist my food cravings’. A bar chart displayed in figure 2 is used to show the differences between the mean BMI between the 6 groups,

with error bars to demonstrate the standard deviation for each group.

Answer Group N Mean BMI (kg/m,) Std. Dew. Sig. (2-tailed)
Always 7 35.2 6.58 P=0.044
Usually 10 31.17 6.96
Often 13 28.18 5.6
Sometimes 24 30.98 5.75
Rarely 12 25.67 7.18
Never 2 30.8 10.47

Table 6: Anova test used to test differences in mean BMI between the 6 answer groups. The 6 answer categories: 1 = always, 2 =
usually, 3 = often, 4 = sometimes, 5 = rarely and 6 = never, result: P = 0.044, therefore the result is significant. A bonferroni post hoc

analysis shows the significant difference lies between the ‘always’ and ‘rarely’ group.
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The numbers of total participants in each group show that the group with the lowest number of participants and a minority of indi-
viduals, 2.94%, responded ‘Never’ to the statement, ‘[ have no willpower to resist my food cravings’ This result gives a clear indication
that the majority of participants report having some degree of food cravings of which they have no willpower to resist. There does not
appear to be a pattern with BMI and the bonferroni post hoc analysis shows that there is a significant difference between the ‘always’

group and the ‘rarely’ group only (see appendices).

Differences in mean BMI and willpower to
resist cravings
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Figure 2: Significant differences in mean BMI between the answer groups to the question, ‘I have no willpower to resist my food
cravings, with standard deviation error bars, n = 68.

BMI and Specific Food Craving Groups

The findings in table 7 show the results of an anova test used to determine if there is a difference in BMI between and type of foods
craved which were grouped as either sweet carbohydrate (such as chocolate, biscuits etc.), savoury carbohydrate (such as potatoes,
bread etc.) and non-carbohydrate (such as cheese, meat etc.). The majority of participants craved sweet carbohydrates, with 50.7% of
the sample, the most common craving of which was chocolate with 74.1% of the participants in the sweet carbohydrate craving group

selecting chocolate as the food which they crave the most often.

The P value shows that there was not a significant difference in mean BMI between the 3 groups.

Craving Group N Mean BMI (Kg/m,) | Std.Dev. | Sig. (2-tailed)
Sweet carbohydrate 35 29.03 6.7 P=0426
Savoury Carbohydrate 26 31.27 5.89

Non-carbohydrate 8 29.4 8.9

Table 7: Anova used to test differences in mean BMI between 3 craving groups; sweet carbohydrate, savoury carbohydrate or non-carbo-

hydrate, result: P = 0.426. The result is not significant which shows that there is no difference between craving groups and means BM1.

There is minimal difference in the mean BMI for each of these groups; with a total range of 1.24, which is somewhat unexpected

given the total BMI, range for the sample is 30 kg/m,.
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Figure 3: No significant differences in mean BMI score between craving groups with standard deviation error bars, n = 69.

Food cravings and carbohydrate consumption
The findings in the table below show the results of a Pearson’s correlation used to determine if there is a correlation between FCQ
score and carbohydrate consumption. The P value > 0.05 and therefore no relationship were found between FCQ score and carbohy-

drate consumption.

Pearson’s Correlation N | Correlation Coefficient | Sig. (two-tailed)

FCQ score and carbohydrate 68 0.175 P=0.153
portions consumed per week

Table 8: Pearson’s correlation used to test correlation between FCQ score and carbohydrate consumption, result P > 0.05, and therefore

not significant.

This was explored further by a Pearson’s correlation test carried out on the (trait) lack of control subscale of the FCQ and carbo-
hydrate consumption shows that there is no significant correlation between the 2 factors, (P > 0.05). There was also no significant

correlation found between the (state) lack of control subscale and carbohydrate consumption, (P > 0.05).

Three Factor Eating Questionnaire

The table below shows the data from the TFEQ. The data from the participants has been analysed for each behaviour; emotional
eating, restrained eating and uncontrolled eating. The number of participants in each eating behaviour group has been totaled to
demonstrate the distribution of participants across the groups, (high (80-100%), average (50-80%), or low (0-50%) for each eating
behaviour). The mean score for cognitive restraint was 52.8 (st.dev 19.8), uncontrolled eating score 55.2 (st. dev. 22.6), emotional eat-
ing score 54.8 (st. dev. 23.37).

Eating Behaviours and Carbohydrate Consumption
The findings in table 4 display the result of the Pearson’s correlation, which shows that there was no significant correlation be-
tween carbohydrate consumption and TFEQ score. This result therefore supports the null hypothesis 2, as participants with a higher

TFEQ score were not found to have higher carbohydrate consumption levels.
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Cognitive Restraint | Uncontrolled Eating | Emotional Eating
High levels of eating behavior 5 (6.75%) 10 (14.5%) 6 (8.7%)
Average levels of eating behavior 40 (58.35%) 31 (44.9%) 31 (44.9%)
Low levels of eating behavior 24 (34.9) 28 (40.6%) 32 (46.4%)

Table 9: Descriptive statistics of the three eating behavior categories within the TFEQ.

Pearson’s Correlation N Correlation Coefficient | Sig. (two-tailed)

TFEQ score and carbohydrate consumption 68 -1.44 0.241

Table 10: Pearson’s Correlation used to test correlation between the Three Factor Eating Questionnaire score and carbohydrate

consumption, P > 0.05. The result is not significant and therefore does not support the hypothesis.

An additional Pearson’s correlation also showed that there was no correlation found between any of the eating behaviour groups

(emotional eating P > 0.05, cognitive restraint P > 0.05and uncontrolled eating P > 0.05) and carbohydrate consumption.

Eating Behaviours and BMI
Table 5 show the results of an additional independent t-test, which highlights a significantly greater TFEQ score in lean women

compared with overweight women. The P value shows a significant difference between BMI and TFEQ score. The bar chart in figure 4
shows the differences in mean TFEQ score between the BMI groups, with error bars to demonstrate the standard deviation for each

BMI group.

BMI Group N | Mean TFEQ Score | Std. Dev. | Sig. (2-tailed)
Lean 18 43.61 6.14 0.024
Overweight 48 49.33 9.75

Table 11: Independent t-test used to test differences in TFEQ between lean and overweight BMI groups, result: P = 0.024.

The result is significant which shows there is a difference in TFEQ score and between lean and overweight participants.

Differences in mean TFEQ score and BMI
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Figure 4: Significant differences in mean TFEQ score between BMI groups with standard deviation error bars, n = 66.
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When explored in further detail, results from t-tests carried out on each TFEQ subscale showed that there was no significant differ-
ences in BMI between either emotional eating P > 0.05 or cognitive restraint P > 0.05, there was however a significant difference in the

uncontrolled eating score between lean and overweight individuals (P < 0.05), displayed in the findings in table 12.

BMI group N | Mean uncontrolled Eating Score | Std. Dev. | Sig. (2-tailed)
Overweight 48 59.65 20.52 P=0.04
Lean 19 48.73 15.38

Table 12: Independent t-test used to test differences in uncontrolled eating score between lean and overweight BMI groups, results:
P = 0.04. The result is significant which shows that there is a difference in uncontrolled eating score between lean and overweight

participants.

Sugar-free Drink Consumption and BMI
The findings in table 8 show the results of an anova test used to test the differences in mean BMI and sugar free drink consumption.
The answers given by the participants were grouped in three consumption categories; once a week or less, 2-7 portions per week and

2+ portions per day.

The statistically significant result shows that the participants who consumed more sugar-free drinks had a higher BMI than those
who consumed less. A bar chart has been used in figure 7 to show the mean BMI for each group with error bars to show the standard

deviation for each group.

Drink frequency N | Mean BMI (Kg/m,) | Std. Dev. | Sig. (2-tailed)
Once a week or less 30 28.02 7.04 P=0.039
2-7 portions per week 19 30.11 5.34
2+ per day 18 33.1 6.69

Table 13: Anova used to test differences in mean BMI between 3 sugar-free drink frequency groups; once a week or less, 2-7 portions
per week and 2 + portions per day, result: P = 0.039. The result is statistically significant which shows that there is a difference in

mean BMI between drink frequency groups.

A previous test carried out to investigate differences in mean BMI and high sugar drinks such as Coca-Cola, high sugar squash etc.
showed that there was no significant difference in mean BMI and high sugar drink consumption (P > 0.05). Although this result was
not statistically significant, it is worth observing that the P value was 0.054 and therefore the anova test showed a trend towards sig-

nificance.

Discussion

Key findings

There were several key findings from the results:
Overweight women had a significantly greater food craving score compared with lean women with PCOS, (P < 0.05).

b. No significant correlation was found between food craving score and carbohydrate consumption, (P > 0.05)

c. There was no significant correlation found in carbohydrate consumption between either of the TFEQ subscales; emotional eating
score, uncontrolled eating score or cognitive restraint score, (P > 0.05).

d. Overweight women had a significantly greater mean TFEQ score than lean women, and overweight women had a significantly
greater uncontrolled eating subscale score (P < 0.05); however, no significant difference was found between overweight and lean

women in the emotional eating subscale or the cognitive restraint subscale, (P > 0.05).
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e. The majority of participants stated that they craved carbohydrate based food (88.4%) compared to with non-carbohydrate based
foods (11.6%), however there was no significant correlation found between food type craved and BM], (P > 0.05).
f. There was a significant positive correlation found between sugar-free drink consumption and BMI, (P < 0.05), but no significant

correlation was found between high-sugar drinks and BMI (P > 0.05).

Difference in mean BMI between sugar-
free drink consumption groups

34

33

32

31

30

29

Mean BMI

28

27

26

25 T

Once a week or less 2-7 days a week 2+ per day

Sugar-free drink consumption

Figure 5: Significant differences in mean BMI score between snack groups with standard deviation error bars, n = 67.

The first hypothesis was supported by the results, which indicated that overweight women have more severe food cravings than
lean women with PCOS. This result gives further insight into the first main aim of the study, which was to investigate the relationship

between food cravings and BMI in women with PCOS.

The second hypothesis was rejected as the results showed that no correlation between eating behaviours and carbohydrate con-
sumption was found. This result gives a further understanding of the second main aim of the study, to explore the relationship between
TFEQ score and carbohydrate consumption levels in order to clarify if there are any links between eating behaviours and carbohydrate

consumption.

Data characteristics

The study population characteristics showed that there were considerably more overweight and obese participants than lean
participants in the study, with 27.9% lean participants and 72.1% overweight and obese participants. The descriptive statistics of the
participants in table 1 show the mean BMI of the total sample was 30.02. The World Health Organisation defines class I obesity as BMI
20-25 (WHO, 2000). This suggests that women who are suffering from PCOS may be more likely to be obese than the average female,
which has been found in previous studies, [4,44] although this may be due to the more obese women with PCOS than lean women with

PCOS volunteering to be involved with the study.

Food Cravings and Body Mass Index Findings
The findings regarding the significantly greater food cravings established in overweight women compared with lean women were

explored further by investigating the relationship between the trait lack of control subscale of the FCQ and BM], in order to gain a better
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understanding of the ‘control’ aspect of eating behaviours. The result from the Pearson’s correlation was statistically significant and

therefore the results suggest that there is a relationship between trait control and BMI.

The data analysis in this study is the first to assess this as there is currently no published studies in this field, however, when com-
pared to the non-PCOS population, recent research [45] did not find an association between food craving scores and BMI. The study
investigated 234 healthy participants each of whom completed a UK-specific version of the Food Craving Inventory. These findings may
indicate that overweight and obese women with PCOS are likely to engage in disordered eating behaviour such as binge eating, [46],

which in turn could contribute to weight gain.

Interestingly, when investigating the relationship between the state control subscale of the FCQ and BM], the result was not found
to be statistically significant. The insignificant result suggests that when there is a temporary change in an individual’s eating behav-
iour such as food bingeing following a trigger such as stress, fear or anger etc., no impact on BMI occurs. The results also suggest that,
although state control has no significant correlation with BMI, trait control does, and therefore more permanent characteristics of an
individual’s personality in regards to eating control, such as consistent dietary behaviour, have a stronger relationship with BMI. This
conflicts with findings investigating non-PCOS women, where binge eating behaviours were found to be positively associated with BMI
[47].

The hypothesis of abnormal appetite regulation in women with PCOS, which is suggested by research carried out by Hischberg
[16], could explain the differences in food cravings between the lean group and the overweight or obese group in this study. The re-
search carried out by Hischberg [16], states that abnormal appetite regulation may lead to increased risk of weight gain as a result
of women with PCOS having reduced postprandial CCK secretion. It has been suggested that impaired CCK secretion may be a factor

contributing to the phenomenon of binge eating and obesity in women with PCOS.

These findings suggest that women with PCOS who are overweight suffer from cravings more severely or frequently than lean
women with PCOS. It may therefore be inferred that, in this sample, lean women with PCOS do not necessarily have more willpower
when dealing with a craving; they may simply not be experiencing cravings as frequently or severely as those felt by the overweight

women.

The first hypothesis is further supported by the findings which explored the relationship between BMI and will-power by using a
willpower-focused question which was lifted from the food craving inventory questionnaire carried out by the individuals. The result
was significant (P < 0.05) although a post hoc analysis revealed the significance was only between the ‘rarely’ and the ‘always’ groups.
The numbers of total participants in each group show that the group with the lowest number of participants and a minority of indi-
viduals, 2.94%, responded ‘Never’ to the statement ‘I have no willpower to resist my food cravings’. This result gives a clear indication
that the majority of participants have some degree of food cravings which they felt unable to resist. Research investigating the lack of
willpower in non-PCOS women has found it to be a dominant factor in weight gain [48]. Investigating the willpower question specifi-
cally and testing for differences in BMI was necessary in order to understand the relationship between BMI and willpower exclusively,
because although the FCQ is a valid food craving measurement tool, there is a broad spectrum of questions incorporated in the ques-
tionnaire, some of which are not necessarily associated with this research question. This is because the FCQ is often used as a tool to as-
sess eating disorders such as bulimia. Therefore, by taking the most specific area to the topic being investigated in the first hypothesis
from the FCQ, the result reveals that not only is there a significant difference between BMI and FCQ as a whole, but also between BMI

and willpower specifically, which was one of the main research aims of this study.
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The results from the specific foods craved data and BMI show that the majority of participants craved sweet carbohydrates 50.7%,
followed by savoury carbohydrates 37.7%, and the minority of participants stated that they either crave non-carbohydrate based food
or do not crave foods at all 11.6%. Specific food cravings were explored in figure 3, which showed that 88.4% of participants craved
either sweet or savoury carbohydrates, however there was no correlation found between food craving and BMI. Recent research sup-
ports these findings, as a study found that sweet carbohydrates were the food group craved by the majority of women with hyperan-
drogenaemia [33]. The specific sweet food that was craved most by the majority of people in the research carried out by Lim [33] was
chocolate. This finding was replicated in this research, with 74.1% of participants within the sweet carbohydrates category reporting
chocolate as the most craved food. As there was no significant difference found in the mean BMI between the 3 groups, a relationship
between the food craving groups and BMI could not be identified. Interestingly, there was only a minimal difference in the mean BMI
for each of these groups, with a total range of 1.24. This was unexpected given that the total BMI range for the sample was 30, however
research investigating the non-PCOS population has also found that various food craving groups have a positive relationship with BMI
and do not differentiate greatly between groups [49]. This may be an indication that the type of foods craved may not be a leading cause

of weight gain and therefore increased BMI in the sample used.

Carbohydrate Consumption Findings

The findings regarding the links between TFEQ score and carbohydrate consumption were explored further by assessing the re-
lationship between carbohydrate consumption levels and the trait and state control subscale of the FCQ, and the results also failed to
show any significant correlation between either state or trait control and BMI. This was unexpected; however, recent research into
food craving and carbohydrate consumption also found no significant links between the two factors [33]. The research carried out by
Lim [33] which investigated the links between hyperandrogenaemia, psychological distress and food cravings in 198 young women,
found that although food cravings were significantly associated with psychological distress, there were no significant links between
psychological distress and energy intake. There was no correlation found between foods craved and energy intake and therefore it
could not be concluded that there were any links between food cravings and food consumption, which was also found in this investi-
gation. Although the results from this study were backed by findings in the research carried out by Lim [33], there has been research
reporting contrasting findings suggesting significant links between food craving and carbohydrate consumption. The research carried
out by Martin investigated the links between food craving and food intake, using the FCQ specifically to measure cravings for sweets,
fats, carbohydrates and fast food fats. Participants then took part in a taste test consisting of four foods; jelly beans, M&Ms, regular
crisps and low-fat baked crisps, and were in an environment where could eat as much or as little of each food as they chose. The results
showed that there was a significant correlation between the specific food craving groups and consumption of the corresponding food.
This conflicts with the findings from this investigation, possibly as a result of discrepancies surrounding self-reported carbohydrate

consumption which may have been eliminated by the use of a taste test method implemented in the research carried out by Martin.

The findings from the Pearson’s correlation test results investigating the relationship between carbohydrate consumption and
TFEQ score found no statistically significant correlation, (P > 0.05), and therefore supports the null hypothesis2. When the TFEQ sub-
scales were analysed individually, neither the emotional eating, cognitive restraint nor uncontrolled eating subscales were significantly
correlated with carbohydrate consumption levels (P > 0.05). Although there has been minimal research carried out to date regarding
the links between TFEQ score and eating behaviours within PCOS, a recent study (Chambers, 2011) [] consisting of healthy partici-
pants has investigated the carbohydrate and fat intake levels of 64 women who were preselected for high and low TFEQ scores for the
cognitive restraint and uncontrolled eating subscales. The results of the study showed that women who had high scores in the uncon-
trolled eating subscale of the TFEQ were found to consume more than the women who had low scores in the uncontrolled eating sub-

scale. There was, however, no significant correlation found between the cognitive restraint subscale score and energy consumption.
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The findings in the research carried out by Chambers with regards to the cognitive restraint subscale of the TFEQ concur with the
findings of this study; however, the results regarding the uncontrolled eating subscale conflict with the findings as no correlation with
carbohydrate consumption was found, although this may be due to the study consisting of healthy participants with a normal BMI. Al-
though the study was carried out with healthy participants and therefore might not produce the same results for PCOS women, it does
give a good indication of the links between eating behaviours and carbohydrate consumption, as the study size was similar to the one

used in this research and the participants were also all female.

There has been minimal research directly comparing the differences in carbohydrate craving in lean and overweight women with
PCOS; however, the comparisons in previous literature gives an accurate indication of the differences between the two groups within
the PCOS population. The findings of the differences in TFEQ score between the two groups in this study could lead to further un-
derstanding of findings in previous research, such as the investigation carried out by Wylie [34], which suggested that carbohydrate
craving in women with PCOS may cause them to eat more frequently. The results also supported initial research carried out by Heller
and Heller [29], which indicated reduced blood glucose and the subsequent urge to replace energy as the main cause for carbohydrate
craving in women with PCOS. If a craving is satisfied by over-consuming carbohydrates then weight gain may occur, which in turn in-

creases the likelihood of insulin resistance.

Eating Behaviours and Body Mass Index findings
The second hypothesis was investigated by exploring the differences in TFEQ score and BMI, which, in contrast with the previous
insignificant finding in carbohydrate consumption and TFEQ, was significant (P = 0.024). This suggests that there is a relationship

between BMI and TFEQ score.

When explored in further detail, results from t-tests carried out on each TFEQ subscale showed that there was no significant dif-
ference in BMI between either emotional eating P > 0.05 or cognitive restraint P > 0.05; there was, however, a significant difference in

the uncontrolled eating score between lean and overweight individuals, (P < 0.05).

The findings regarding the significant correlation in uncontrolled eating subscale and BMI were replicated in research carried out
by Jeanes [36], which also demonstrated a significant positive correlation with BMI and the uncontrolled eating subscale of the TFEQ
(P < 0.05). By contrast, the research carried out by Jeanes [36], also found there to be a significant correlation between emotional eat-
ing and BMI; this was not found to be significant in this study. This study was similar with regards to data collection although a larger

sample size of 131 PCOS women was used.

Although there was no significance found between TFEQ and carbohydrate consumption, there was a significant correlation be-
tween BMI and TFEQ score. This may indicate either that carbohydrate consumption was not a predominant factor in weight gain in the
sample used, or that discrepancies in the self-reported food questionnaire may have caused the TFEQ and carbohydrate consumption
result to be insignificant. Previous research into eating behaviour characteristics carried out on 154 overweight non-PCOS women sug-
gested that specific eating behaviours may be associated with weight gain through increased food intake [50], which backs the findings

in this research regarding the significant relationship found between uncontrolled eating and BMI.

Research into the relationship between the eating behaviours and BMI remains unclear and further studies are needed fully to

understand the relationship between the two factors.

Sugar-free Drinks and Body Mass Index Findings
An anova test was carried out on BMI measurements and both sugar-free and high sugar drink consumption, (P = 0.054, P =0.039)
respectively. The results showed a significant correlation between BMI and sugar-free drink consumption, but not with high sugar

drinks. This result is unexpected given the extensive research suggesting that high sugar drinks can be a key cause of weight gain [51]
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and therefore may be an indication that sugar-free soft drinks have as much of an adverse effect on weight gain as high-sugar drinks.
Although these results conflict with current literature [51,52] regarding the links between high sugar drinks and obesity within the

non-PCOS population, this may be due to inconsistencies in the TFEQ.

Limitations

Matched pairs

The main element of this study which differs from most of the current research carried out on women suffering with PCOS is that
most research includes two groups of women which are then compared, usually PCOS and matched controls for weight, height, age etc.
The matched paired method is an effective approach to comparing the PCOS population with the healthy population as it reduces the
risk of an alternative factor having an effect on the results. Although there are issues which arise with the PCOS matching method, and
there is possibility for improvement to increase the likelihood of accurate results, it is more of an effective system than comparing a
group of PCOS individuals as a whole with a group of healthy individuals as whole, which is the sample used in the majority of studies
which do not adopt the PCOS-healthy matching method. By not matching PCOS and healthy individuals, this method greatly increases
the chances of alternative factors having an effect on the results, decreasing the validity of any findings. This method is often adopted
to generate studies with high numbers of participants, as it is difficult to find appropriate age and BMI matches for high numbers of

PCOS participants.

This study differs from both these methods as only a PCOS population is being investigated and therefore there will be no compari-
sons with a healthy population or healthy matched pairs. The study will be exploring the variances within the PCOS population only,
with lean participants being compared with overweight and obese participants. By carrying out the study in this format it enables a
greater understanding of the variances of cravings and other factors which may cause some women with PCOS to become overweight
or obese while other women are able to remain lean. As healthy participants are not included in this study, the risk of invalid results is
reduced due to the exclusion of comparison of the healthy and PCOS groups and therefore a reduced risk of factors which are not being

accounted for affecting results.

Issues Surrounding Self-Reported Food Intake

The use of self-report food intake is a common method used in epidemiological studies to measure food intake. The use of self-
monitoring in food consumption has been consistently found to be an effective method concerning adherence to diets [53]; however,
extensive research has found the accuracy of self-reported food intake to be poor. Research has been carried out to investigate the
validity of self-reported food intake, primarily concerning under-reporting in actual food intake compared to the corresponding re-
ported intake [54]. The study carried out by Goris [54] to investigate the validity of self-reported measures for food intake consisted of
30 obese men. Underreporting was measured by calculating the difference in energy expenditure, measured using the doubly labeled
water technique, and energy intake from the reported intake. Body weight was measured at the beginning and the end of the same
week in which the food intake was recorded, and 1 week following the recording week to determine the energy balance of the individu-
als. The results of the study showed that energy intake was under reported by 12% and that participants were under eating by 26%,
recorded by weight loss in the observation week. This study, along with other well controlled clinical trials measuring self-reported
food intake against doubly labeled water results, found this inconsistency to be replicated [55,56]. These results highlight concerns
that there is underreporting in self-reported food intake and changes of behaviour for the duration of the period of observation, result-
ing in inaccurate findings in studies using self-reported food measures such as this study. The results also found that the obese men
were specifically underreporting fat intake from their diets, which raises concerns over whether underreporting in fat intake of obese

individuals is a common trend in research.
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Due to the findings regarding underreporting specific food groups amongst obese men, it should be considered that underreport-
ing may have occurred in carbohydrate consumption levels, which could have affected the validity of the results in this study, given
the issues surrounding the sample used. Concerns over the validity of self-reported food measures are heightened in this study, as
overweight individuals are more likely to underreport their food intakes than are normal-weight individuals [57] and the majority of
the sample used in this study were overweight. Women were found to be more likely to underreport than men [58] which increases the

chance even more given that that the sample used in this study was all female.

Missing Data

Limitations occurred in this study as a number of participants left sections of the questionnaires blank. Of the 76 participants who
were initially recruited, 68 sets of data were obtained. In some cases, the partial data could be used in analyses which did not include
the missing data; in other cases where the data was essential, the participant was removed from the analysis. One particular individual
was removed from the carbohydrate consumption analysis because although they had filled out the questionnaire, an unlikely quantity
of food consumption had been recorded (over 30 portions of carbohydrate per day). This resulted in a varying number of participants
being analysed for each test. The highest number of participants used for analysis was 70, and the lowest number used was 67. This
was not unexpected in a study of this subject area, and adherence rates for completion of data collection was relatively high when
compared to other PCOS research, with 93.4% completion of the FFQ in this study compared to 75% completion rate of diet diaries in

a study carried out by Egan et al. [59].

The inconsistencies in completion of the questionnaires may have been due to participants feeling uncomfortable in answering
questions on particular topics. Participants may not have wanted to answer questions which touched on topics about which they felt
sensitive, such as food intake, despite assurances of anonymity. Steps were taken to ensure high adherence rates, such as providing a
strong support system of Verity workers and the project coordinator. Furthermore, all the questionnaires were provided at the same
time to eliminate drop-out rates which can occur when information is given in multiple intervals, and participants were not required to

attend any testing at the university as information was provided on domiciliary self-measurement of anthropometric data.

Although this may have increased adherence rates in the study, limitations then arose due to inaccuracies in measurements. This
method of data collection also eliminated the possibility of measuring the body fat percentage of the individuals, as they would have
had to travel to the university to attend a data collection day. Body fat measurements would have enabled a more accurate health status

to be obtained than BMI alone, therefore increasing the validity of results.

Anthropometric Measurements
Limitations arose in the accuracy of the representation of the PCOS population in regards to proportions of overweight and lean

participants. Research shows that up to 50% of women with PCOS are overweight or obese [4]; however, the descriptive statistics in the
results show that 72.1% of participants were overweight or obese and 27.9% were lean. A study carried out in the United States [60]
to determine whether the degree of obesity of PCOS women has increased, paralleling the rise in obesity in the population has found
that the risk of PCOS only minimally increases with obesity, although the scale of obesity within the PCOS population has increased,
similar to that observed in the general population and reflecting the increase in BMI of the surrounding population. The findings from
this study highlight issues surrounding the increasing prevalence of obesity and the consequent associations with PCOS, which are also

a concern in the UK due to increasing obesity rates.

This could have affected the results, as food craving and carbohydrate consumption are more prevalent in the overweight group,
and therefore these results caused the overall PCOS sample to have apparently high levels of food craving and carbohydrate consump-
tion. It would be helpful to have equal numbers of lean and overweight participants; however, it may be more difficult to recruit lean

participants as they may be less motivated to seek a further understanding of weight management surrounding PCOS if they are not
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suffering from weight-related or other symptoms. Overweight participants may be easier to recruit, as they may perceive a gain in par-
ticipation through potential weight loss advice and information on their nutrient intake. Future studies could ensure this by focusing

on the beneficial factors of participation on factors other than weight loss, such as clearer skin or reduced hirsutism.

Another potential limitation was the division of participants into 2 categories of BMI, either lean and underweight, or overweight
and obese. Results may have been more accurate if the participants had been grouped into 4 categories; underweight, lean, overweight
and obese, but as the sample size was 68, the number of participants in the categories would be relatively low, especially the under-
weight group which would have had a total of 2 participants. The results would not have been an accurate representation of the PCOS
population if 2 participants had represented the underweight category. Using 2 groups for BMI categorization was a legitimate way to
split the data as the same 2 categories have been used in a similar study [28] however future research could benefit from splitting the

overweight participants into varying degrees of obesity.

Further discrepancies in portion size when calculating carbohydrate consumption levels may have affected results. This effect of
this was minimized by the wording of the questions; however, varying portion sizes between different participants is inevitable. This
could have an effect on the results as individuals may be consuming significantly differing portion sizes. This limitation could be elimi-
nated through adopting a different study design; the study coordinator could control participants’ portion sizes; however, this would

not be a time or cost effective procedure and may reduce adherence rates, as it would rely on greater participation from subjects.

Conclusion
The results from this research suggest that overweight and obese women with PCOS suffer from craving more severely or frequent-

ly than lean women with PCOS, and therefore it can be concluded that lean women with PCOS do not necessarily have more willpower

than overweight women when they suffer a craving as they do not suffer cravings as severely as overweight women with PCOS.

The findings from the TFEQ results suggest that there is no relationship between carbohydrate consumption and emotional eating,
uncontrolled eating or cognitive restraint. These findings suggest that differences in eating behaviours between women may not play
a key role in the amount of carbohydrate consumed and therefore other factors may be responsible for carbohydrate intake. This is an
important finding as there is currently minimal research into the links between eating behaviours and carbohydrate intake. However,
there was a correlation found between eating behaviours and BM], specifically the uncontrolled eating subscale which suggests that
there is a link between uncontrolled eating behaviours and BMI. The increased BMI which occurs with increased uncontrolled eating
behaviours appears to conflict with the previous findings regarding uncontrolled eating and carbohydrate intake. The results indicate
that the BMI increases with more uncontrolled eating behaviour but carbohydrate consumption does not, which suggests that the
weight gain observed from the increased BMI may be due increased intake of fats as opposed to carbohydrates. Although this is a pos-
sibility, common discrepancies in self-reported food questionnaires may have been the cause of no significant correlation being found

between uncontrolled eating and carbohydrate consumption.

Further research carried out in carbohydrate consumption could benefit from exploring alternative methods of food intake data
collection, such as providing food for each participant so that energy intake can be pre-determined for the duration of the study, as
there have been many issues surrounding the validity of self-reported food intake measures. Further research into the links between
carbohydrate intake and the TFEQ subscales; emotional eating, uncontrolled eating and cognitive restraint, is essential in order to
gain a clearer understanding of the links between eating behaviours and carbohydrate intake because, although there are tangible
relationships in recent research through BMI and carbohydrate consumption, there has been minimal research into TFEQ scores and
carbohydrate consumption. Future studies could focus on the differences in carbohydrate consumption of PCOS and non-PCOS women
in a monitored environment as opposed to self-reported carbohydrate intake and explore the links with the TFEQ subscale scores

between the 2 groups.

Citation: Agnes ] Morrell. “An Investigation into Carbohydrate Cravings and BMI in Women with Polycystic Ovary Syndrome”. EC
Nutrition 1.3 (2015): 72-95.



An Investigation into Carbohydrate Cravings and BMI in Women with Polycystic Ovary Syndrome
93
Acknowledgements
I express sincere thanks to Dr. Yvonne Jeanes for her consistent support and wealth of knowledge in the completion of this research

project. | would also like to thank members of Verity for their staff support and participation.

Bibliography

1. Diamanti-Kandarakis E., et al. “The role of genes and environment in the etiology of PCOS” Endocrine 30.1 (2006): 19-26.

2. Kerchner A, et al. “Risk of depression and other mental health disorders in women with polycystic ovary syndrome: a longitudi-
nal study”. Fertility and Sterility 91.1 (2009): 207-212.

3. Daniilidis A and Dinas K. “Long term health consequences of polycystic ovarian syndrome: a review analysis”. Hippokratia 13.2
(2009): 90-92.

4. Gambineri A, et al. “Obesity and the polycystic ovary syndrome” International Journal of Obesity Related Metabolic Disorders 26.7
(2002): 883-896.

5. Marsh KA, et al. “Effect of a low glycemic index compared with a conventional healthy diet on polycystic ovary syndrome”. The
American Journal of Clinical Nutrition 92.1 (2010): 83-92.

6. Thomson RL,, et al. “Lifestyle management improves quality of life and depression in overweight and obese women with polycys-
tic ovary syndrome”. Fertility and Sterility 94.5 (2010): 1812-1816.

7. Teede HJ., et al. “Insulin resistance, the metabolic syndrome, diabetes, and cardiovascular disease risk in women with PCOS”.
Endocrine 30.1 (2006): 45-53.

8. Mavropoulos JC, et al. “The effects of low-carbohydrate, ketogenic diet on the polycystic ovary syndrome: A pilot study”. Nutrition
& Metabolism 2 (2005): 35.

9. Wurtman JJ. “Carbohydrate craving. Relationship between carbohydrate intake and disorders of mood”. Drugs 39.3 (1990):
49-52.

10. Gendall KA, et al. “Impact of definition on prevalence of food cravings in a random sample of young women”. Appetite 28.1
(1997): 63-72.

11. Weingarten HP and Elston D. “The phenomenology of food cravings”. Appetite 15.3 (1990): 231-246.

12. Rosenthal NE,, et al. “Psychobiological effects of carbohydrate and protein rich meals in patients with seasonal affective disorder
and normal controls”. Biological Psychiatry 25.8 (1989): 1029-1040.

13. Gendall KA and Joyce PR “Meal-induced changes in tryptophan:LNAA ratio: effects on craving and binge eating”. Eating Behaviors
1.1 (2000): 53-62.

14. Wurtman R] and Wurtman JJ. “Brain serotonin, carbohydrate-craving, obesity and depression”. Obesity Research 3.4 (1995):
477S-480S.

15. Dunne N and Slater W. “The Natural Diet Solution for PCOS and Infertility”. Seattle, Washington: Health Solutions Press (2006).

16. Hirschberg AL, et al. “Impaired cholecystokinin secretion and disturbed appetite regulation in women with polycystic ovary
syndrome”. Gynecological Endocrinology 19.2 (2004): 79-87.

17. Harvey ], et al. “Effects on food cravings of a very low calorie diet or a balanced, low calorie diet”. Appetite 21.2 (1993): 105-115.

18. Hill AJ,, et al. “Food craving, dietary restraint and mood”. Appetite 17.3 (1991): 187-197.

19. Cepeda-Benito A, et al. “The development and validation of the state and trait food-cravings questionnaires”. Behavioural
Therapy 31.1 (2000): 151-173.

20. Nijs IM,, et al. “The modified Trait and State Food-Cravings Questionnaires: development and validation of a general index of
food craving”. Appetite 49.1 (2007): 38-46.

21. AbilesV, et al. “Psychological characteristics of morbidly obese candidates for bariatric surgery”. Obesity Surgery. 20.2 (2010):
161-167.

22. Franken IH and Muris P. “Individual differences in reward sensitivity are related to food craving and relative body weight in
healthy women”. Appetite 45.2 (2005): 198-201.

Citation: Agnes ] Morrell. “An Investigation into Carbohydrate Cravings and BMI in Women with Polycystic Ovary Syndrome”. EC
Nutrition 1.3 (2015): 72-95.



An Investigation into Carbohydrate Cravings and BMI in Women with Polycystic Ovary Syndrome

94

23. Meule A, et al. “Food cravings mediate the relationship between rigid, but not flexible control of eating behavior and dieting suc-
cess”. Appetite 57.3 (2011): 582-584.

24. Meule A, et al. “Food cravings discriminate differently between successful and unsuccessful dieters and non-dieters. Validation
of the Food Cravings Questionnaires in German”. Appetite 58.1 (2012): 88-97.

25. White MA,, et al. “Development and validation of the food-craving inventory”. Obesity Research 10.2 (2002): 107-114.

26. Juarascio A, et al. “The Food Acceptance and Awareness Questionnaire (FAAQ)”. Eating Behaviours 12.3 (2011): 182-187.

27. Corvig M. “Polycystic ovary syndrome: Diet, micronutrient status and eating behavior” (2008).

28. Herriot AM,, et al. “An retrospective audit of patients with polycystic ovary syndrome: the effects of a reduced glycaemic load”.
Journal of Human Nutrition and Dietetics 21.4 (2008): 337-345.

29. Heller RF and Heller RF. “Hyperinsulinemic obesity and carbohydrate addiction: the missing link is the carbohydrate frequency
factor”. Medical Hypotheses 42.5 (1994): 307-312.

30. Holte ]. “Disturbances in insulin secretion and sensitivity in women with the polycystic ovary syndrome”. Baillieres Clinical
Endocrinology and Metabolism 10.2 (1996): 221-247.

31. Dunaif A. “Insulin resistance and the polycystic ovary syndrome: mechanism and implications for pathogenesis”. Endocrine
Reviews 18.6 (1997): 774-800.

32. Greco AV, et al. “Insulin resistance in morbid obesity: reversal with intramyocellular fat depletion”. Diabetes 51.1 (2002):
144-151.

33. Lim SS,, et al. “Hyperandrogenemia, psychological distress, and food cravings in young women”. Physiology & Behavior 98.3
(2009): 276-280.

34. Wylie], et al. “Eating frequency and snacking habits in women with polycystic ovary syndrome”. Journal of Human Nutrition
Dietetics 22.3 (2009): 274-275.

35. Carmina E and Lobo RA. “Polycystic ovary syndrome (PCOS): arguably the most common endocrinopathy is associated with
significant morbidity in women”. The Journal of Clinical Endocrinology and Metabolism 84.6 (1999): 1897-1899.

36. Jeanes Y, et al. “Eating behaviours and BMI in women with polycystic ovary syndrome”. Proceedings of the Nutrition Society
69.0CE1 (2010): E57.

37. Knudsen VK, et al. “Relative validity of the pre-coded food diary used in the Danish National Survey of Diet and Physical Activ-
ity”. Public Health Nutrition 14.12 (2011): 2110-2116.

38. Stunkard A] and Messick S. “The three-factor eating questionnaire to measure dietary restraint, disinhibition and hunger”. Jour-
nal of Psychosomatic Research 29.1 (1985): 71-83.

39. Elfhag K and Linne Y. “Gender differences in associations of eating pathology between mothers and their adolescent offspring”.
Obesity Research 13.6 (2005): 1070-1076.

40. De Lauzon B,, et al. “The Three-Factor Eating Questionnaire-R18 is able to distinguish among different eating patterns in a gener-
al population”. The Journal of Nutrition 134.9 (2004): 2372-2380.

41. Barr S, et al. “Dietary intake, body composition and physical activity levels in women with polycystic ovary syndrome compared
with healthy controls”. Journal of Human Nutrition and Dietetics 21.4 (2008): 377.

42. Karlsson ], et al. “Psychometric properties and factor structure of the Three-Factor Eating Questionnaire (TFEQ) in obese men
and women. Results from the Swedish Obese Subjects (SOS) study”. International Journal of Obesity and Related Metabolic Dis-
orders 24.12 (2000): 1715-1725.

43. Hyland ME,, et al. “Psychometric analysis of the Stunkard-Messick Eating Questionnaire (SMEQ) and Comparison with the dutch
Eating Behaviour Questionnaire (DEBQ)”". Current Psychology 8.3 (1989): 228-233.

44. Sam S. “Obesity and Polycystic Ovary Syndrome”. Obesity Management 3.2 (2007): 69-73.

45. Nicholls W and Hulbert-Williams L. “British English translation of the Food Craving Inventory (FCI-UK)". Appetite 67 (2013):
37-43.

Citation: Agnes ] Morrell. “An Investigation into Carbohydrate Cravings and BMI in Women with Polycystic Ovary Syndrome”. EC
Nutrition 1.3 (2015): 72-95.



An Investigation into Carbohydrate Cravings and BMI in Women with Polycystic Ovary Syndrome
95

46. PasqualiR, et al. “Effect of long-term treatment with metformin added to hypocaloric diet on body composition, fat distribution,
and androgen and insulin levels in abdominally obese women with and without the polycystic ovary syndrome”. The Journal of
Clinical Endocrinology and Metabolism 85.8 (2000): 2767-2774.

47. Gendall KA, et al. “Food cravers: characteristics of those who binge”. The International journal of eating disorders 23.4 (1998):
353-360.

48. Rye]JA, etal. “Percieved barriers to physical activity according to stage of change and body mass index in the west virginia wise-
woman population”. Womens Health Issues 19.2 (2009): 126-134.

49. Corsica JA and Pelchat ML. “Food addiction: true or false?” Current Opinion in Gastroenterology 26.2 (2010): 165-169.

50. ProvencherV, et al. “Defined weight expectations in overweight women: anthropometrical, psychological and eating behavioral
correlates”. International Journal of Obesity 31.11 (2007): 1731-1738.

51. Bray GA, et al. “Consumption of high-fructose corn syrup in beverages may play a role in the epidemic of obesity”. American
Society for Clinical Nutrition 79.4 (2004): 537-543.

52. Malik VS, et al. “Intake of sugar-sweetened beverages and weight gain: a systematic review”. The American Journal of Clinical
Nutrition 84.2 (2006): 274-288.

53. Schnoll R and Zimmerman B]J. “Self-regulation training enhances dietary self-efficacy and dietary fiber consumption”. Journal of
the American Dietetic Association 101.9 (2001): 1006-1011.

54. Goris AH,, et al. “Undereating and underrecording of habitual food intake in obese men: selective underreporting of fat intake”.
American Journal for Clinical Nutrition 71.1 (2000): 130-134.

55. Black AE,, et al. “Measurements of total energy expenditure provide insights into the validity of dietary measurements of energy
intake”. Journal of the American Dietetic Association 93.5 (1993): 572-579.

56. Clark D, et al. “Energy metabolism in free-living, ‘large-eating’ and ‘small-eating’ women: Studies using 2H2(18)0". The British
Journal of Nutrition 72.1 (1994): 21-31.

57. Klesges RC,, et al. “Who underreports dietary intake in a dietary recall? Evidence from the second National Health and Nutrition
Survey”. Journal of Consulting and Clinical Psychology 63.3 (1995): 438-444.

58. Macdiarmid ] and Blundell ] “Assessing dietary intake: Who, what and why of under-reporting”. Nutrition Research Reviews 11.2
(1998): 231-253.

59. Egan N, et al. “Evaluating compliance to a low glycaemic index (GI) diet in women with polycystic ovary syndrome (PCOS)”". Bio-
medical Central Research Notes 4 (2011): 53.

60. tYildiz BO., et al. “Impact of obesity on the risk for polycystic ovary syndrome”. The Journal of Clinical Endocrinology and Metabo-
lism 93.1 (2008): 162-168.

Volume 1 Issue 3 March 2015
© All rights are reserved by Agnes ] Morrell.

Citation: Agnes ] Morrell. “An Investigation into Carbohydrate Cravings and BMI in Women with Polycystic Ovary Syndrome”. EC
Nutrition 1.3 (2015): 72-95.



