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Abstract

Aim—The first-line therapy for polycystic ovary syndrome (PCOS) is weight loss focussing on
diet and regular exercise; measurement of diet and energy intake (El) is important to determine
associations between nutrients and health in women with PCOS. The EI underreporting (UR) is a
condition characterised by reports of habitual El that is implausibly low, compared with estimated
requirements. This case—control study aims to evaluate UR in women with PCOS.

Methods—Thirty-six women with PCOS were enrolled according to the Rotterdam criteria; 37
healthy women were enrolled as controls. Inclusion criteria: age range 18-45 and body mass index
>18.5 kg/m? in subjects without eating disorders and/or diabetes mellitus. Nutritional assessment
included: anthropometry, basal metabolic rate (BMR), weight history and physical activity
assessment. Subjects completed a non-consecutive three-day dietary diary to identify energy and
macronutrient intake. UR was calculated (Goldberg Index: EI/BMR).
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Results—Although women with PCOS reported a significantly higher mean BMR than controls
(P<0.0001), their EI was lower (P < 0.001), suggesting an UR in 47.2% of women with PCOS
versus 2.7% of controls (£< 0.0001). The EI from simple sugars was lower in women with PCOS
than controls (P < 0.01). The protein intake was increased in controls than women with PCOS (P <
0.0001). Weight cycling was more frequent in women with PCOS (P < 0.001). Logistic regression
analysis identified UR associated with PCOS (£ = 0.001).

Conclusions—Women with PCOS underreport foods rich in simple sugars rather than
underreport their total dietary intake. These results may have implications for the interpretation of
diet and health correlations in this patient population.

Keywords

basal metabolic rate; dietary underreporting; energy intake; misreporting; polycystic ovary
syndrome

Introduction

Polycystic ovary syndrome (PCOS) is one of the most common endocrine disorders in
women of reproductive age, with a 5-10% prevalence rate.1 Applying the Rotterdam criteria
which requires the presence of two or more of the following: ovulatory dysfunction (oligo-
or amenorrhoea), hyperandrogenism (either biochemical or clinical hirsutism) and polycystic
ovarian morphology,? the rate of PCOS in community settings might increase to 18%.3

The pathogenesis of PCOS is multifactorial—a key component is the association between
insulin resistance, compensatory hyperinsulinemia and hyperandrogenism.*~’ Clinical
manifestations of PCOS frequently include high body adiposity leading to an increased risk
of metabolic syndrome, type 2 diabetes and cardiovascular disease.8:9

Although weight loss and dietary modifications are recommended to improve the metabolic
status, reduce testosterone and decrease hirsutism in women with PCOS,510 they are usually
not able to result in sustainable weight loss with scarce results in metabolic and reproductive
outcomes. As women with PCOS could experience high body adiposity® they could feel
inadequate and judged for their weight and eating; therefore, they might disclose dietary
habits, which reflect counsellor’s expectations rather than actual consumption. It has been
reported that, in this selective misreport, patients affected by obesity omit socially
undesirable food items high in fat, sugar, alcoholic beverages, and underreport portion sizes
or snack consumption!1:12 to align with perceived preferred diet behaviours.

Several variables, grouped into nine distinct categories, seem to influence energy
misreporting: demographics (e.g. age, gender), diet (e.g. macronutrient intake), eating
behaviour (e.g. eating restraint), social desirability, dieting/weight history (e.g. number of
previous dieting attempts), body image, psychology (e.g. depression), life status (e.g.
socioeconomic status) and physical activity.13

The energy intake (EI) underreporting (UR) occurs when the report of habitual El is
implausibly low when compared with estimated requirement.14 It has been reported that UR
tends to be higher among women with obesity.1> People with obesity often experience
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weight stigma, as highlighted by Puhl and Suh.16 and at higher body mass indexes (BMIs)
frequently correspond higher UR and poorer diet quality.1® Therefore, inaccurate or biased

El reporting may undermine the validity of research on dietary surveys and health outcomes.
17

Finally, it has been reported8 that women with PCOS, particularly those with insulin
resistance, present a significantly decreased basal metabolic rate and should restrict their El
by diet and enhance their energy expenditure by exercise to maintain their body weight.

Based on these considerations, to the best of our knowledge, this is the first pilot case—
control study, to evaluate the presence of ElI UR in women affected by PCOS, paying
attention to insulin resistance as a possible confounding factor.

Subjects with PCOS, according to the Rotterdam consensus,? attending the Research Centre
for Reproductive Medicine, Gynaecological Endocrinology and Menopause, Fondazione
IRCCS San Matteo of Pavia (Italy) and not under treatment for weight loss, were recruited
between January 2015 and November 2015.

Exclusion criteria were BMI <18.5 kg/m?, diabetes mellitus, eating disorders and intentional
weight loss in the previous 3 months. Thus 36 women with PCOS were included (age range:
16-43 years) and 37 healthy subjects matched by age (age range: 18-45 years) were
enrolled as controls.

Informed consent and Patient Privacy Consent Form was obtained from all participants. IRB
approval was obtained per institutional guidelines. All procedures performed in the study
were in accordance with the ethical standards of the institutional and/or national research
committee and with the 1964 Helsinki declaration and its later amendments or comparable
ethical standards.

The study followed the ‘STrengthening the Reporting of OBservational studies in
Epidemiology’ (STROBE) guidelines.

Nutritional assessment was performed, including anthropometric measurements (height,
weight, waist circumference (WC)) and biochemical parameters (glucose, insulin, total
cholesterol, triglycerides, HDL and LDL cholesterols). Weight, height and WC were
measured under standard conditions, as previously described;1® BMI (weight in kg/height in
m?2) was then calculated.

Homeostasis Model Assessment (HOMA) index was also assessed as index of insulin
resistance (cut-off value >2.3).20

Moreover, we investigated the history of previous dieting, particularly the history of weight
cycling with the following questions:

. Have you ever undergone weight loss dietary treatment during your life? If yes,
how many times?
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. Have you lost any weight after any weight loss dietary treatments? If yes, how
much?
. Have you ever lapsed or relapsed? If yes, how many times?

According to the literature,2! all women reporting a 5 kg weight loss three or more times in
a lifecycle followed by a regain were defined as weight cyclers.

To estimate energy and nutrient intake, subjects were instructed to compile a non-
consecutive three-day dietary record (food diary).22 The days of recording were randomised
(1 weekend day and 2 non-consecutive weekdays), to provide a sufficient number of days to
measure EI for the sample size and a good weekly representation of the mean dietary habits
of the subjects.2? Total El, the percentage of energy from carbohydrates, simple sugars,
lipids, and proteins, and fibre were estimated using the Food Composition Database for
Epidemiological Studies in Italy.23

To investigate physical activity patterns, we administered a section of a previously validated
dietary questionnaire.2* The questionnaire was drawn from one originally developed and
validated on an Italian youth population?4 and then adapted by two dietitians to our adult
population by deleting physical activities in the school environment before its
administration. The new adapted version was previously piloted on a sample of 24 subjects
and revised accordingly, although its validity and reliability were not formally tested. All
answers were structured to quantify the time spent weekly in physical activity: (i) to
investigate the activities spent during the free time (i.e. walking, watching TV, listening, to
music, using the computer, reading a book, practicing a sport and shopping) and (ii) to
quantify screen time (i.e. the hours on the computer or watching TV). Each score ranged
from 0 to 3, with the maximum score assigned to the healthiest habit.2* The total score was
divided into tertiles: (i) Low: ‘sedentary’, (ii) Medium: “partially moderate’ and (iii) High:
‘active’, according to the National Lifestyle Guidelines.2®

To derive cut-offvalues for El misreporting, according to Goldberg et a/.,26 we applied at
individual level, the equations reported in Figure 1 to determine the rate of under-reporters,
plausible and over-reporters.2’

In the equations, SDmin was —2 for the 95% lower confidence limit; SDmax was +2 for the
95% upper confidence limit and n = 1 because we evaluated misreporting at individual level.
21 Based on the questionnaire,?4 the entire sample was classified as ‘sedentary’, leading to
physical activity level (PAL) value of 1.4, according to Food and Agriculture Organisation of
the United Nations/World Health Organisations/United Nations University report.28 The
BMR was estimated using the Schofield equation?® for age and sex categories. In the
equations, Swas the factor that considered the variation in EI, BMR and PAL2" and was
reported in Figure 2. To calculate Sfor 3 days food consumption (&= 3, by food diary) we
used revised factors of Black, considering 23% of within-subject variation for El (CVg)),
15% of between-subject variation for PAL (CV¢p) and 8.5% of within-subject variation for
estimated BMR (CV,,g).2"30
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Therefore, subjects with calculated values of the ratio EI: BMR in the interval 0.9-1.5 were
classified as plausible reporters. Subjects with individual EI:BMR <0.9 were categorised as
under-reporters, subjects with individual EI:BMR >0.9 were categorised as over-reporters.

Data quality control and statistical analyses were performed using STATA 11 (StataCorp,
College Station, TX, USA). All quantitative variables were explored to verify their
distributional properties and eventually transformed to respect the Normality assumption.
Descriptive statistics representing means, SDs, percentages and ranges were computed. T
test was performed to verify that patients’ characteristics did not differ significantly in the
PCOS patients and the control group. A logistic regression analysis was applied to evaluate
the association between PCOS and UR, taking into account the effect of age, BMI, the
presence of weight cycling and insulin resistance as possible confounders.

Table 1 shows anthropometric and biochemical characteristics of the sample population.

Most of PCOS patients (88.8%), had obesity when compared to controls (10.8%), with
higher mean BMI (31.5 + 5.6 kg/m? vs22.2 + 2.6 kg/m?; P< 0.0001, respectively). WC was
significantly higher in PCOS patients than controls (98.4 + 14.2 cm vs74.2 £ 8.4 cm; P<
0.0001, respectively).

Energy and macronutrient intake of the study population are reported in Table 2 and
compared to the Italian reference intakes (LARN 2014).31 Although PCOS patients had a
significantly higher mean BMR than controls (1658.7 + 201.1 kcal vs1359.2 + 103.7 kcal; P
< 0.0001, respectively), their EI was significantly lower (1790.1 + 365.5 kcal v51975.5

+ 186.1; P<0.001, respectively), suggesting a frequent UR, positive in 47.2% of PCOS
patients vs2.7% of controls (P< 0.0001).

The percentage of EI from total carbohydrates did not differ between the two groups except
for simple sugars. The percentage of EI from simple sugars was higher than recommended3?
in both groups but, it was significantly lower in PCOS than controls (21.2 + 10.3% v527.3
+9.8%; P<0.01, respectively).

Biochemical parameters assessment reported a HOMA /ndex value significantly higher in
PCOS patients than controls (3.6 £ 2.6 vs2.0 £ 0.8; 2= 0.003, respectively) highlighting
insulin resistance in 65.7% of PCOS patients and in 27.8% of controls (£ = 0.006). While
mean glucose levels were under the relevant cut-offboth in PCOS patients and controls and
did not differ significantly between groups; the mean insulin levels were significantly higher
in PCOS patients than controls (15.5 + 9.6 microun/mL v59.4 = 37 microun/mL; £=0.002,
respectively) and not within the relevant reference interval only in 14% of patients.

The protein intake (g/kg body weight) was significantly higher in controls than PCOS cases
(1.3 £ 0.2 g/kg body weight v50.8 = 0.2 g/kg body weight; £< 0.0001, respectively); even
though in both groups was observed a protein intake higher than recommended3! in 97.3%
of subjects and 69.4% of subjects, respectively, for controls and women with PCOS (P<
0.0001). The percentage of EI from lipids did not differ significantly between the two
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groups. Fibre intake was under the relevant cut-offt in the majority of PCOS patients and
controls.

Concerning lipid panel parameters, total cholesterol levels were significantly higher in
PCOS patients than controls (197.1 + 31.0 mg/dL vs180.4 + 34.4 mg/dL; P< 0.05,
respectively) and were above the cut-off value in the 38.8% of PCOS patients and 16.2% of
controls (P=0.05). Although mean triglycerides levels were under the cut-off value in both
groups, they were significantly higher in PCOS patients than controls. The HDL and LDL
cholesterol levels were, respectively, above and below the relevant cut-offs in most cases, but
the percentage of HDL and LDL cholesterol levels above and below the cutoff values did not
differ significantly between the two groups.

PCOS patients had more dietary attempts to lose weight than controls: 77.78% vs13.51%; P
< 0.001 and, the presence of weight cycling was more frequently reported in PCOS group as
well (33.33% vs2.7%; P< 0.001, respectively).

The logistic regression analysis, identified a significant association of UR in PCOS patients
(Odds Ratio = 27, £=10.002), independently from age, BMI, the presence of weight cycling
and HOMA.

Discussion

Accurate measurement of diet and EI is important when focusing on associations between
nutrients and health.32 While collecting subjective El by using questionnaires is relatively
easy and inexpensive, such data tend to be misreported, which provide unreliable estimates
of energy consumed.33

More direct measures of energy expenditure such as whole-body calorimetry and the use of
biomarkers as urinary nitrogen excretion and doubly labelled water confirm that
misreporting is common in self-reported dietary assessments, with a strong tendency
towards UR32:34 regarding both type of food items and EI.

Particularly, dietary self-recording is influenced by subjects’ characteristics. The magnitude
of UR increases in subjects with higher BMIs, particularly women,® which misleads to
draw the conclusion that individuals with overweight or obesity often consume less energy
compared with their normal-weight counterparts (differential misreporting).1! Therefore,
misreporting identification and analysis is crucial to the appropriate interpretation of
nutritional data.

PCOS is a heterogeneous syndrome characterised by multiple metabolic issues, including
obesity, early diabetes, high blood pressure, dyslipidaemia and fatty liver.8:° The first-line
therapy for PCOS patients is weight loss with a focus on diet and regular exercise.6:3> As
previously reported, 338 PCOS and its metabolic comorbidities may be explained by the
existence of a vicious cycle. A chronic androgen excess of ovarian and/or adrenal origin,
leads to abdominal adiposity and android obesity in affected women.38 Abdominal adiposity
favours hypoadiponectinaemia, adipose tissue dysfunction, local and systemic cytokine
excess and oxidative stress, among other mechanisms of disease.3% It also promotes further
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androgen excess both directly by the ovaries and adrenals response to the inflammatory
mediators, and indirectly by the development of insulin resistance and compensatory
hyperinsulinaemia, because insulin facilitates androgen secretion by these glands.36
Undeniably, our PCOS patients exhibited significantly higher BMI and WC, when compared
to controls, with 89% of them classified as Class | obesity (BMI: 30-34.9 kg/m2). Moreover,
abdominal obesity of our PCOS patients corresponded with insulin resistance; in fact,
HOMA and insulin levels were significantly higher in PCOS subjects than controls and 65%
of women with PCOS reported an insulin resistance. In addition, PCOS patients also had
significantly higher total cholesterol and triglycerides levels than controls.

Concerning the UR phenomenon, in our sample, the subjects with PCOS reported
significantly higher BMR and lower El, than controls, which explains the high prevalence of
UR in about half of them (47.2%), according to Goldberg index.26

Most of our PCOS patients had obesity, which may lead per seto UR.13:15 Therefore,
obesity could be considered a confounding factor in the energy UR assessment of patients
with PCOS. Weight loss has been shown to have a positive effect on fertility and metabolic
profile35 and calorie-restricted diet has been recommended for patients with PCOS with
excessive weight but weight maintenance is hard to achieve and most of the subjects regain
weight, which puts them at risk for weight cycling.3” In our study, the percentage of women
with PCOS who had previously participated in a weight loss programme was significantly
higher than in controls and there was a frequent occurrence (30%) of weight cycling—
another potential confounding factor in the energy UR assessment. Finally, another possible
confounding factor in UR assessment could be insulin resistance condition; in fact, it has
been previously described by Georgopoulos er a/18 that women with PCOS, particularly
those with insulin resistance, presented a significantly decreased basal metabolic rate.

However, in our pilot study, a significant and remarkable association was observed between
energy UR and PCOS, even taking into account the possible confounding effect of BMI, the
presence of weight cycling and insulin resistance.

As previously discussed, misreporting is not limited only to EI but may also affect the
macronutrient composition of the diet. In fact, some studies highlighted that UR is
characterised by a tendency to report relatively low intake of high fat and sugar-rich foods,
which are perceived to be unhealthy and energy dense.1’

Analysing the percentage of EI from macronutrients by means of a non-consecutive three-
day dietary diary, we observed no differences between the groups as far as fat intake, while
protein intake reporting was significantly lower. Additionally, we observed discrepancies
between the macronutrient intake report and the anthropometric and biochemical parameters
evaluated in the PCOS group that reported a significant lower intake of simple sugars despite
higher triglycerides plasma concentration and insulin resistance. As highlighted by
Rasmussen et al.,38 who characterised misreporters of EI and expenditure in 138 volunteers
founding that the percentage energy from added sugar was lower and the percentage energy
from protein was higher among under-reporters, it is important to be aware that not all food
items or nutrients are under-reported to the same degree.
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This study presented certain limitations. We cannot determine whether individuals with
PCOS systematically under-reported or instead under-ate3° during the dietary recording
period (three non-consecutive days). We can only observe that biochemical and
anthropometric characteristics of PCOS patients did not match with the reported dietary El,
especially from sugars. Additionally, the reported EI from the different macronutrients was
not compared to gold standard for energy and/or macronutrient intake assessment.

Moreover, BMR was not measured by indirect calorimetry, but it was estimated by Schofield
equation.?9

Finally, it should be acknowledged that other factors (increased adiposity or body size,
dieting behaviour, eating restraint, gender, socioeconomic status, lack of motivation to fill
out a dietary diary, social expectations and testing environment nature) may influence EI UR
and further studies should investigate their relation to UR in subjects with PCOS.40

In conclusion, to the best of our knowledge, this is the first pilot study to assess energy UR
in PCOS. These results demonstrate that subjects with PCOS tend to underreport foods rich
in simple sugars rather than underreport their total dietary intake. These results may have
implications for the interpretation of diet and health correlations in this population.
Moreover, it may be an obstacle to effective nutritional counselling which requires a
multidisciplinary approach including psychological, behavioural, sociological and
physiological skills to achieve meaningful clinical outcomes.
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EI'BMR < PAL X exp [SDmax X —

Figure 1.
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$/100
Vn

$/100
Vn

Goldberg/Black equation to derive cut-offvalues for evaluation of misreporting of energy

intake.2” Legend: El, energy intake; BMR, basal metabolic rate; PAL,
S, coefficient that takes account of the variation in El, BMR and PAL;

physical activity level;
SDmin, -2 for the

95% lower confidence limit; SDmax, +2 for the 95% upper confidence limit; n, the number

of subjects evaluated.
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CV2,k;
S= -TW-+ CV2,5+ CV2,p
\

Figure 2.
Equation used to calculate the coefficient (S) taking into account of the variation in energy

intake, BMR and PAL in the Goldberg/Black equation.?” Legend: CV,,g;, within-subject
variation in energy intake; d, number of days of diet assessment; CV,,g, within-subject
variation in repeated BMR measurements or precision of estimated BMR estimated
compared with measured BMR; CVp, within-subject variation in PAL.
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