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Abstract
Objective: The purpose of the study was to analyse the dietary habits identified
by diet quality scores (DQS) in the scope of body fatness (BF) and nutritional
knowledge (NK) of polycystic ovary syndrome (PCOS) women.
Design: Case–control study. The DQS were accessed by Dietary Habits, and
Nutrition Beliefs Questionnaire (KomPAN, The Committee of Human Nutrition,
Polish Academy of Science) included food frequency consumption of thirty-three
food items andwas formulated by six diet indexes: Pro-Healthy-Diet-Index (pHDI-
10), Non-Healthy-Diet-Index (nHDI-14), High-Glycemic-Diet-Index-7 (hGIDI-7),
Low-Glycemic-Diet-Index-4 (lGIDI-4), High-Sugar-Diet-Index-4 (hSDI-4) and
High-Saturated-Fats-Diet-Index-8 (hSFDI-8). The BF was analysed by air displace-
ment plethysmography (BodPod, Life Measurement Inc.). NK was assessed
by using the twenty-five ‘true or false’ statements included in the KomPAN
questionnaire.
Setting: Poland, Clinical Hospital, Department of Endocrinology, Metabolism, and
Internal Diseases.
Participants: The study group included 122 PCOS women and 116 age- and socio-
economic status-matched healthy controls (CON) aged 17–44 years.
Results:Higher BF and lower NK in PCOSwomen v. controls were observed. PCOS
women had a lower pHDI-10 and LGIDI-4 than CON. There was no relation
betweenNK andDQS in PCOSwomen. The higher NK in the CON groupwas asso-
ciated with increased intensity of pHDI-10 and lower frequency of hSFDI-8 levels.
Conclusions: Pro-healthy DQS and NK of PCOS women in this study were lower
than CON. Professional dietary education might improve dietary behaviours and
understanding of the necessity of dietary habits modification in this group. A multi-
disciplinary approach is needed in the treatment of PCOS women.
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Polycystic ovary syndrome (PCOS) is a common female
endocrinopathy, recognised as a heterogeneous disorder,
characterised by hyperandrogenism, ovulatory dysfunction
and polycystic ovary ultrasound image(1). The prevalence
of PCOS ranges between 8 and 13% around the world
and indicates that it has become a major public health issue
worldwide(2). About 50 % of diagnosed women are obese or
overweight(3). Consequently, PCOS women are at increased
risk of insulin resistance and metabolic syndrome(4).

The choice of treatment is related to the symptoms
such as menstruation abnormalities, androgen excess
and infertility(1,5). One of the main goals of PCOS therapy

is to decrease metabolic consequences related to obesity,
fatness, insulin resistance and metabolic syndrome.
Therefore, it is important to reduce excess of fat mass
related to obesity and insulin sensitivity in PCOS women.
According to the Androgen Excess Society and the
European Society of Endocrinology, PCOS therapy should
be based on lifestyle changes, including increased physical
activity and dietary modifications concerning the intake of
SFA, lowGlycaemic Index (GI) foods and weight reduction
if necessary(6,7). Following this, diet quality recommenda-
tions and lifestyle modifications for PCOS women should
be the prior treatment approach. Despite many studies,
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the optimum and effective diet composition has not yet
been identified. A limited number of papers analysing
the correlation between diet quality and body composition
in PCOS women are available(8,9). The only confirmed ben-
eficiary strategy for obese PCOS women was concluded by
Moran et al.(10) and indicated weight loss, without defined
diet composition. Other studies suggest instead the role of
the particular features of the diet like GI, energy intake
reduction, protein and carbohydrates in the management
of PCOS(11–18). Only a few studies analysed the dietary
patterns of PCOS women, while their relation to body
fatness (BF) had not been studied yet(19,20). Bearing in mind
the fact that diet is the composition of many nutrients, it is
increasingly recognised that whole dietary scores are a
more important predictor of non-communicable disease
risk(21–23). Moreover, the analysis of overall dietary scores
more closely parallels real life, where subjects do not take
isolated nutrients but rather as meals consisting of a variety
of foods with complex combinations of nutrients which
may be interactive or synergistic. The current approach
to examine the link between nutrition and diseases recom-
mends moving from single nutrients to dietary patterns,
including a group of foods as diet quality scores (DQS).
For this reason, the nutritional management of PCOS
should be discussed and debated under consideration of
overall diet quality and then selected nutrients and their
relation to the BF.

Dietary patterns are influenced by social, physiological
and economic factors and vary between individuals and
populations(24,25). The status and critical role of nutrition
knowledge (NK) have been hypothesised and are still
uncertain in public health nutrition. Health abnormalities
might be an additional significant factor influencing their
dietary choices. As proved in previous studies, nutrition edu-
cation can cause the change in nutrition behaviours(26), body
weight and prevalence of obesity(27,28). To the best of our
knowledge, no studies were investigating whether the NK
of PCOSwomen could be related to their dietary behaviours.
Considering that the search of mutual relations between
DQS, BF and NK will give a possibility to plan, complemen-
tary therapy addresses metabolic abnormalities of PCOS
women.

The limited amount of literature in this area provides
a basis for further research on the recommended composi-
tion of the diet in relation to BF and NK of PCOS women.
Therefore, based on the presented studies, it is essential to
determine the relation of the DQS, NK and BF in PCOS and
compare these with a group of healthy women with similar
age and socio-economic status.

Materials and methods

Participants
This case–control study included 122 women with PCOS
(PCOS) and 116 age and socio-economically matched

healthy controls (CON). Participants were selected and diag-
nosed in the Department of Endocrinology, Metabolism
and Internal Diseases. The patients flow chart is shown in
Fig. 1. Women with PCOS were classified according to the
Rotterdam criteria(29), which are the most common diagnos-
tic criteria for PCOS. Rotterdam criteria recommend PCOS
to be diagnosed when at least two of the following three fea-
tureswere present: (1) oligoovulation; (2) hyperandrogenism
(elevated androgen levels: testosterone >2·67 nmol/l, free
testosterone >11 pmol/l and/or free androgen index >5·5)
or hyperandrogenisation (acne and hirsutism) and/or (3)
ultrasonographic findings: the presence of at least twelve
follicles in each ovary measuring 2–9 mm in diameter,
and/or ovarian volume more than 10ml. Lack of food
allergies and intolerances were inclusion criteria. The CON
women were a convenient sample of female volunteers
recruited through advertising at the university, local workpla-
ces andpublic spaces. Inclusion criteria for CONwere normal
ovulating cycles with no signs of hyperandrogenism. Chronic
hepatic, renal and rheumatic diseases, overt hypothyroidism,
steroid therapy in the last 3 months and pregnancy were
exclusion criteria for both PCOS and CON groups. The use
of oral contraceptives was also among exclusion criteria
for both groups, due to the inability of PCOS diagnosis
while using this type of pharmacotherapy. The same day
after endocrinologist appointment, all the participants were
directed to the Institute of Human Nutrition and Dietetics,
Poznan University of Life Sciences, where the body compo-
sition was measured and a dietary interview was performed.
The study appointments took place in themornings, between
October 2016 and January 2018.

One hundred seventy-five patients were screened
towards PCOS diagnosis between 2016 and 2018, from
which 134 patients had positive PCOS diagnosis. One
hundred forty-six subjects were self-reported as healthy,
but after the screening process, six participants were
rejected. During the matching process (described in the
Statistics part), twelve participants with PCOS and twenty-
four healthy participants were rejected due to age and/or
socio-economic status. The BMI of the rejected participants
was no different than the study group.

The diet quality scores
The DQS were calculated as dietary indexes, collected
with a validated questionnaire (the Dietary Habits and
Nutrition Beliefs KomPAN Questionnaire) developed
by the Committee of Human Nutrition, Polish Academy
of Science(30). The interview was conducted by a qualified
pollster. Closed questions regarding the frequency of
consumption of thirty-three food groups were used in
the questionnaire. Six food frequency intake categories
were used: (1) never, (2) 1–3 times/month, (3) once a
week, (4) 2–3 times/week, (5) once a day and (6) a few
times during the day. For each food item, the categories
of frequency consumption were converted to values
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reflecting daily frequency consumption (1) never= 0·00,
(2) 1–2 times/month = 0·06, (3) once a week= 0·14,
(4) 2–3 times/week = 0·5, (5) once a day= 1 and (6) a
few times during the day = 2(31,32). Conversion rates have
been arbitrarily accepted by literature analysis and the
authors’ own experience(33). The description of food
frequency intake was undertaken by using the diet indexes
characterising the intensity of food frequency intake of
chosen groups of products widely known as healthy,
unhealthy, with a high- and low-GI, high content of simple
sugars and saturated fats. To evaluate overall diet quality,
a pro-Healthy-Diet-Index (pHDI-10) and a non-Healthy-
Diet-Index (nHDI-14) scores were established based
on previous knowledge and other validated studies(34).
Due tomultiple reports on its effects in PCOSmanagement,
high- and low-GI foods as well as foods with high saturated
fats and high simple sugar were analysed(10,11,35). To eluci-
date dietary intake of high- and low-GI foods, high-sugar,
and high saturated fat dietary sources, the four novumDQS
were created by the authors based on the previously vali-
dated scores (pHDI-10, n-HDI-14) (Table 2). Each index
was designed and calculated based on the same conversion
formula as previously validated(33):

Diet Quality Index ¼ 100% �PA
P

B
%½ �

where A is the sum of the reported daily intake of all items
listed in specific food groups (e.g. low GI, see Table 2),
for example, ∑ = 0þ 0·14þ 0·06 þ 0·5. B is the sum of
the maximum possible to report daily intake of the
same (low GI) foods, determined for one product as 2
(e.g. ∑= 2þ 2þ 2þ 2).

All dietary scores were created a priori by summing
the consumption frequencies (times/d) of the following
food items: the pHDI – dairy products, fish, vegetables,
fruit; the nHDI – fast food, sweetened soft drinks, energy
drinks, and sweets, both already validated(33). For
this study, the high-Glycaemic-Diet-Index-7 (hGIDI-7),
low-Glycaemic-Diet-Index-4 (LGIDI-4), high-Sugar-
Diet-Index-4 (hSDI-4) and the high-saturated-fats-Diet-
Index-8 (hSFDI-8) indexes were designed. Groups of
food products classified in individual diet indexes are
presented in Table 2. The consumption levels of the
food groups (indexes) were classified on a percentage
scale. Each DQS was expressed in % points and was
categorised as follows: low (0–33·32 % points), moderate
(33·33–66·65 % points) and high (66·66–100 % points)
intensity of consumption of selected food groups.
For example, the calculation for low-Glycaemic-
Diet-Index-4 (LGIDI-4) was: lGIDI-4 = 100 %*0·7/8
= 8·75 %. There was a low intensity of consumption of
low GI foods in the studied group.

Women hospitalized in the Department of Endocrinology Metabolism and
Internal Medicine, affiliated with suspicion of PCOS between 2016 and 2018

(n 175)

Rejected participants:
Missed inclusion Rotterdam criteria, diagnosed

with other endocrine disorders, receiving
other treattment modalities (n 41)

Included PCO women who meet Rotterdam
criteria (n 134)

Rejected participants due to not
matching socio-economic status and age

(n 12)

Patients with PCOS diagnosis included for the
study (n 122)

Age, socio-economic, matched recruited for
the study controls (n 116)

Rejected participants due to
matching: socio-economic status and

age (n 24)

Healthy control group (n 140)

Rejected participants due to other
endocrine disorders diagnosed during the

screening process (n 6)

Self reported healthy patients eligible for the
screening (n 146)

Fig. 1. Study recruitment process
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Body fatness
The subject’s BF was assessed by the air displacement
plethysmography method using BodPod (Life Measurement
Inc.). During the measurement, all the subjects wore swim-
ming suits and swimming caps; they fasted for 2 h before
the analysis(36). The measurements were taken in morning
hours. The reference values for the body fat (BF) percentage
were accepted from the literature(37) in the three ranges: nor-
mal (below 30%), above normal (30–36%) and high risk
(above 36%). The basic anthropometric measurements were
also taken: bodymass (kg), height (cm),waist andhip circum-
ference (cm).

Nutrition knowledge
The nutrition beliefs and knowledge of the studied groups
were determined by using the validated KomPAN ques-
tionnaire(33). It included the twenty-five statements and
assessments expressed as ‘truth’, ‘false’ and ‘hard to say’.
For each correct answer, the respondent received 1 point,
and for an incorrect answer or ‘hard to say’, 0 point. Points
were summed up for each respondent (range 0 to 25
points). The respondents were divided into three nutrition
knowledge categories: insufficient (0–8 points), sufficient
(9–16 points) and good (17–25 points).

Physical activity
To assess physical activity, the short version of the
international physical activity questionnaire was used(38).

Statistics
To calculate the sample size, the Sample Size Calculator
Clinical Calc (ClinCalc, LLC) was used(39). The anticipated
means of the pHDI-10 score were set as 27 ± 15 (low
score) and 34 (high score). The minimum number of sub-
jects for adequate study power was calculated as 119 for
each independent group with the enrolment ratio set at 1,
type I error at 0·05 and power 95%.

To achieve comparability between the study groups
(PCOS v. CON), propensity score 1:1 matching was per-
formed, in which patients in the PCOS groupwerematched
with counterparts in the CON group according to age and
socio-economic status. The subjects were matched accord-
ing to the closest distance with the replacement of the
matched control subject(40). The normality of the distribu-
tion data was verified with the Shapiro–Wilk test. The logis-
tic regression was used to determine the OR for DQS and
body fat by nutrition knowledge. Differences in nutritional
status and frequency intake were calculated using the t test
of two independent samples. For non-normal distribution
data, the Mann–Whitney U test was used. Values are pre-
sented as mean andmedian. The 95 % CI was set. A P value
of <0·05 was considered to be statistically significant. The
statistical analysis was carried out using Statistica 13·1
software (Dell Inc. 2016).

Results

As depicted in Table 1, the general characteristics show
that most of the women participated in the study lived in
cities with more than 20 000 residents, declared an average
economic situation, had higher education level and lived in
1–4 person households. In the PCOS group, more women
smoked cigarettes. As shown in Table 1, over 40 % of
women with PCOS were overweight or obese and pre-
sented a higher BF.

Table 3 shows the significant anthropometric differences
between the PCOS andCONgroups. Thewomenwith PCOS
had significantly higher body fat and BMI. The waist:height
ratio was significantly higher in comparison with the CON
group. Women with PCOS declared less intense physical
activity and more sitting time than the control group.
Ninety-one percentage of the PCOS group were diagnosed
with hyperandrogenism, 76% had oligoovulation, 91%
irregular menstruation, 13% hyperlipidaemia and 34% insu-
lin resistance.

As shown in Table 4, both groups presented low
intensity of consumption of foods perceived as generally
healthy. The PCOS group had a significantly lower
frequency intake of pro-healthy foods (pHDI-10) and
low GI foods (LGIDI-4) than the CON group. There was
a tendency in a higher frequency of high-sugar product
(hSFDI-8) intake in the PCOS group than the CON group.
PCOS had a lower intake of fruits, vegetables and cottage
cheese, what has been shown in detailed components of
the indexes included in the online supplementary material,
Supplementary Table 6. To ensure that the frequency of
eating is not only related to the higher body mass
of PCOS women, we stratified the PCOS and CON
groups by BMI: 1. BMI< 25 and BMI≥ 25 (PCOS) and 2.
BMI < 30 and BMI≥ 30 (CON). After performing a
Mann–Whitney U test in the CON group, the PCOS group
and combined, we did not find any statistical differences
between the DQS stratified by BMI. The subjects from
the PCOS group had lower average (sufficient level) NK
compared with the CON group (at a good level) according
to the validation protocol(33), as shown in Table 4.

CONwomen with at least a good level of NKwere more
than two times likely to have a high intensity of intake of
pro-healthy foods (pHDI-10) and had less than a half likely
to have a high intensity of intake of saturated fat dietary
sources (hSFDI-8) (Table 5). There was also a tendency
in controls with at least good knowledge to have a high
intensity of consumption of low GI foods (lGIDI-4) and
low intensity of high GI foods. These results did not repeat
in the PCOS group.

Discussion

Our study revealed the dietary habits identified by DQS in
the scope of fatness andNK of PCOSwomen. To the best of

3392 A Bykowska-Derda et al.

https://doi.org/10.1017/S1368980020001755 Published online by Cambridge University Press

https://doi.org/10.1017/S1368980020001755
https://doi.org/10.1017/S1368980020001755


our knowledge, this research is the first study to identify using
the a priori approach, the dietary intake in PCOS women
through integrated nutrition quality scores covering groups
of food items. Based on the frequency intake of thirty-three
food groups, DQS were grouped and categorised according
to consumed food products: pro-healthy, non-healthy, low-
and high-GI, a high simple sugar, high SFA. PCOSwomen, in
comparison with CON subjects, presented lower intensity
of consumption of foods recommended as ‘generally
healthy’ (pHDI-10, Pro-Healthy-Diet-Index-10) and foods

characterised by low GI (lGDI-4, Low-Glycemic-Diet-
Index-4). We found no relation between DQS, nutrition
knowledge and body fat percentage among PCOS
women, which was apparent in the healthy control group.
Concurrently, we observed a higher body fat and lower nutri-
tion knowledge in the PCOS group.

The first dietary characteristics in PCOS women we
present were the low-intensity consumption of foods per-
ceived as healthy. It was found that fruits, vegetables and
cottage cheese intake were the main factors involved in

Table 1. Sample characteristics between women with polycystic ovary syndrome (PCOS) and control group

Variables† PCOS (n 122) PCOS (%) CON (n 116) CON (%) P‡

Age (years) 0·48
≤25 63 52 51 44
26–29 33 27 27 23
30–35 18 15 23 20
36–45 8 7 15 13

BMI (kg/m2) 0·00*
<18·5 underweight 3 3 10 9
18·5–24·9 normal 65 53 85 73
25·0–29·9 overweight 28 23 12 10
≥30·0 obesity 26 21 10 9

BF% 0·00*
≤30 normal 36 30 55 48
30–36 increased 25 20 21 18
≥36 increased risk 61 50 39 34

Place of residence 0·69
Village 26 21 26 22
City< 20 000 residents 9 7 8 7
City 20 –100 000 residents 27 22 19 16
City> 100 000 residents 60 49 63 54

Self-reported economic situation 0·91
“Below average” 3 2 3 3
“Average” 85 70 81 70
“Higher than average” 31 25 30 26

Education 0·21
Basic 5 4 0 0
Vocational 1 1 1 1
Middle 41 34 47 40
Higher 72 59 64 55

Number of people in the household 0·89
1 or 2 49 40 40 34
3 or 4 55 45 56 48
5 and over 18 15 20 17

Employment 0·10
No, I am on retirement/pension 2 2 3 3
No, I am on maternity leave, parental leave,
unemployed, staying at home

25 20 33 28

Yes, but a temporary job 23 19 14 12
Yes, I am permanently employed 70 57 57 49

Smoking cigarettes 0·01*
Yes 16 13 5 4
No 106 87 111 96

Physical activity (MET-minute/week)§ 0·49
Insufficient 63 52 58 49
Sufficient 22 18 27 23
High 14 11 11 9

Clinical characteristics 0·00*
Hyperandrogenism 111 91 0 0
Oligovulation 93 76 0 0
Irregular cycles 111 91 0 0
Hyperlipidaemia 16 13 0 0
Insulin resistance 42 34 0 0

*P < 0·05.
†Variables categorised into clases (as percentage and number of subjects in presented category, e.g. age ≤ 24·9).
‡Results from the χ2 test.
§Physical activity was categorised according to the manual of a short version of International Physical Activity Questionnaire (IPAQ-SF)(38).
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lowering pHDI-10. Other characteristics were the low
intensity of consumption of low GI foods, recommended
for consumption for PCOS, and included whole-wheat
bread, whole-wheat cereals, oatmeal, whole-wheat pasta,
dishes with legumes and vegetables. The vegetables were

the most significant group to differentiate PCOS and con-
trols. In spite of above food groups, PCOSwomen declared
a higher intensity (30 %more than control) of consumption
of fast food. Our results suggest that PCOS women were
prone to a less healthy lifestyle; they were smokers more

Table 2. Characteristics of dietary indexes

Dietary indexes Groups of products

pHDI-10 (Pro-Healthy-Diet-Index-10) (1) Whole-wheat bread; (2) whole-wheat cereals, oatmeal, whole-wheat pasta; (3) milk;
(4) fermented milk drinks; (5) cottage cheese; (6) white meat; (7) fish; (8) dishes with
legumes; (9) fruits; (10) vegetables

nHDI-14 (Non-Healthy-Diet-Index-14) (1) White bread; (2) white rice, pasta, fine-ground groats; (3) fast food; (4) fried dishes;
(5) butter; (6) lard; (7) cheese; (8) cold meats, smoked sausages, hot-dogs; (9) red
meat dishes; (10) sweets; (11)tinned meats; (12) sweetened carbonated and non-
carbonated drinks; (13) energy drinks; (14) alcoholic beverages

hGIDI-7 (High-Glycemic-Diet-Index-7) (1) White bread; (2) white rice, pasta, fine-ground groats; (3) sweets; (4) sweetened
carbonated and non-carbonated drinks; (5) juices; (6) sweetened hot drinks; (7) fruits

lGIDI-4 (low-Glycaemic-Diet-Index-4;
lGIDI-4= 100% × 0·7/8= 8·75%.
The consumption of low GI foods
in diet low intensity.)

(1) Whole-wheat bread; (2) whole-wheat cereals, oatmeal, whole-wheat pasta; (3) dishes
with legumes; (4) vegetables

hSDI-4 (High-Sugar-Diet-Index-4) (1) Sweets; (2) sweetened carbonated and non-carbonated drinks; (3) sweetened hot
drinks; (4) juices

hSFDI-8 (High-Saturated-Fats-Diet-Index-8) (1) butter; (2) lard; (3) red meat dishes; (4) cold meats, smoked sausages, hot-dogs;
(5) tinned meat; (6) cheese; (7) fried dishes; (8) fast food

Table 3. Anthropometrics, physical exercise and body composition measurements between polycystic ovary syndrome (PCOS) and control
group

PCOS (n 122) CON (n 116)

Mean SD Mean SD P†

Age (years) 27 6 26 5 0·39
Body mass (kg) 72·5 17·5 63·8 13·7 0·00*
BMI (kg/m2) 26·2 6·2 22·8 4·6 0·00*
BF (%) 36·5 9·7 31·1 8·6 0·00*
Waist (cm) 82·7 14·3 75·7 10·7 0·00*
WHtR (–) 0·50 0·08 0·45 0·06 0·00*
High-intensity physical activity‡ 1892 9215 6855 21 629 0·03*
Medium-intensity physical activity‡ 2168 6988 2995 9119 0·46
Walking‡ 2637 7710 2990 7543 0·73
Sitting‡ 2205 2863 1535 894 0·02*

WHtR, waist:height ratio.
†Level of significance for the comparison of means between groups: *P< 0·05.
‡MET-minute/week.

Table 4. Diet indexes and nutritional knowledge in polycystic ovary syndrome (PCOS) and CON women

PCOS (n 122) CON (n 116)

Mean SD Median Minimum Maximum Mean SD Median Minimum Maximum P†

pHDI-10 (%) 23·5 10·0 23·0 6·0 51·0 26·1 10·0 26·0 6·0 49·0 0·04*
nHDI-14 (%) 13·0 7·2 11·0 0·6 37·8 13·4 8·2 11·1 1·2 38·0 0·94
hGIDI-7 (%) 16·1 11·2 22·0 13 0·0 16·3 11·8 13·0 0·0 87·0 0·82
hSDI-4 (%) 14·9 13·5 11·1 0·0 75·0 13·5 13·9 9·2 0·0 100·0 0·08
hSFDI-8 (%) 11·9 7·6 10·9 0·0 45·0 12·1 7·7 11·1 0·0 32·0 0·97
lGIDI-4 (%) 27·5 13·1 26·3 3·0 57·0 30·5 12·7 28·5 4·5 62·0 0·02*
NK (points) 15·0 4·9 16·0 4·0 23·0 16·7 5·9 18·0 0·0 25·00 0·01*

pHDI-10, Pro-Healthy-Diet-Index-10; nHDI-14, Non-Healthy-Diet-Index-14; hGIDI-7, High-Glycemic-Diet-Index-7; hSDI-4, High-Sugar-Diet-Index-4; hSFDI-8, High-Saturated-
Fats-Diet-Index-8; lGIDI-4, Low-Glycemic-Diet-Index-4; NK, nutrition knowledge.
†Level of significance for the comparison of means between groups: *P< 0·05.
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often than CON and engaged in less intense physical activ-
ity but were sitting more. Such picture of studied PCOS was
supplemented by 20 % and 22 % lower consumption of fruit
and vegetables in this group. This tendency was also
observed by Shishehgar et al.(41). According to the current
nutrition guidelines for the general population, themajority
of food groups classified in the healthy and low glycaemic
intake index (pHDI-10 and lGIDI-4) should be consumed
at least several times a day. Food products classified in the
nonhealthy dietary index (nHDI-14) and high GI (hGIDI-7)
(white bread, white rice, plain pasta or cereal, fast food,
butter, lard, cheese, sausages, red meat, sweets, canned
meat, sweetened carbonated and non-carbonated drinks,
energy drinks and alcoholic beverages) should be con-
sumed in the smallest possible amounts. Dietary intake pro-
file of our PCOS women was contrary to the
recommendation of increasing the consumption of low
GI products. According to Androgen Excess Society recom-
mendations, it is necessary to increase the intake of low GI
products, including fruit and vegetables(6). This approach
may help to improve the effects of treatment associated
with insulin resistance, which is supported by multiple
intervention studies(13,15–17).

In our study, the relation of DQS to BF was sought as
well. We hypothesised that the diet quality, along with hor-
monal abnormalities, like hyperandrogemia, might support
increased BF. The etiopathogenesis of obesity in PCOS has
not yet been exactly explained. The hyperandrogenaemia,
as was mentioned in other studies, could enhance the vis-
ceral obesity of PCOSwomen(42,43). Having inmind, the fact
of hormonal abnormalities in PCOS; we had a look at pos-
sible relations of BF to DQS.We could not find any relation-
ship there. Despite this, it is necessary to underline that the
comparison of PCOS and CON groups revealed that none-
theless of matching procedure for age and socio-economic

status, the BF of PCOSwomenwas higher than healthy par-
ticipants. The study group had a similar body composition
to subjects in other studies, further supporting the data that
half of PCOS women are overweight or obese(44).

Considering the lower diet quality in PCOS, it is essential
to find the reasons standing behind it. Keeping this in mind,
we analysed the nutrition knowledge. It has been shown
that knowledge influences dietary behaviours, particularly
the intake of fruits and vegetables which, in turn, stimulates
dietary patterns and determines BF(45). Our study reveals
that women with PCOS presented lower NK than controls.
In contrast, the literature suggests that PCOS women show
higher knowledge andmotivation to implement preventive
health strategies, which is related to the economic situation
and education level(28,46–49). Some authors suggest that
PCOS women seem to be interested in broadening their
knowledge and practising healthy behaviours which are
related to DQS(50). It is possible that women from our study
were not engaged in dietary consultations but used fad
diets, internet forums and were guided by advertising in
their dietary choices. Additionally, it must be underlined
that we have been looking at relations between NK
and BF in the studied group. The current results in PCOS
did not confirm the expected relationships. Such a relation-
ship was evident in healthy controls, where the intake
of prohealthy and saturated fat groups of products was
driven by NK. This difference between PCOS and CON
might suggest additional factors like hormonal abnormal-
ities influencing BF in PCOS, lower motivation and
dietary adherence. Additionally, such differences could
be explained by nutrition knowledge or related to psycho-
logical state, which has been hypothesised by other authors
and was not analysed in our study(51).

Although the research has reached its aims, it may have
some limitations. First of all, the retrospective setting of the

Table 5. OR (95% CI) for diet quality scores and body fat by nutrition knowledge in polycystic ovary syndrome (PCOS) women and healthy
control group

PCOS CON

Dietary scores % n OR 95 % CI P % n OR 95 % CI P

Body fat ≥36%†
Nutrition knowledge ≥ good§ 16 19 0·92 0·4, 2·0 0·85 9 11 0·58 0·2, 1·5 0·26

pHDI-10 ≥ high-intensity‡ (Pro-Healthy-Diet-Index-10)
Nutrition knowledge ≥ good§ 8 10 0·84 0·3, 2·0 0·70 27 32 2·25 1·0, 4·9 0·03*

nHDI-14 ≥ high-intensity (Non-Healthy-Diet-Index-14)
Nutrition knowledge ≥ good§ 8 10 0·64 0·3, 1·5 0·31 16 19 0·49 0·2, 1·0 0·07

lGIDI-4 ≥ high-intensity (Low-Glycemic-Diet-Index-4)
Nutrition knowledge ≥ good§ 11 13 1·16 0·5, 2·6 0·72 27 31 1·90 0·9, 4·2 0·09

HGIDI-7 ≥ high-intensity (High-Glycemic-Diet-Index-7)
Nutrition knowledge ≥ good§ 9 11 0·69 0·3, 1·6 0·39 16 19 0·54 0·2, 1·1 0·10

hSDI-4 ≥ high-intensity (High-Sugar-Diet-Index-4)
Nutrition knowledge ≥ good§ 10 12 0·60 0·3, 1·3 0·22 15 18 0·58 0·3, 1·3 0·17

hSFDI-8 ≥ high-intensity (High-Saturated-Fats-Diet-Index-8)
Nutrition knowledge ≥ good§ 9 11 0·77 0·3, 1·8 0·54 16 19 0·46 0·2, 1·0 0·05*

Level of significance for the comparison of means between groups: *P < 0·05.
†Body fat content categories according to Jeukendrup and Michael(37).
‡High intensity of frequency intake refers to upper tertile of each of index.
§Nutrition knowledge referred to as good according to the validated questionnaire manual.
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study. We are not sure if women already have been chang-
ing their nutrition behaviours. This problem is partially
solved by the time of the diagnosis. Women in our study
were diagnosed for the first time with PCOS. However,
the nature of symptoms of this disorder could cause the
change in their health behaviours before the study com-
menced. Due to this reason, and higher body weight, there
is a possibility that the women involved in the study could
have under-reported their intake, especially concerning
unhealthy products and simple sugar sources(52).

Second, even though the present study determined the
dietary scores of 238 women by the frequency of intake of
thirty-three foods, the portion size was not determined.
This could have prevented an accurate assessment of
the dietarynutrient intake. A lackof recording of portion sizes
could explain the absence of statistical differences between
the intake of non-healthy, high GI, saturated fats and dietary
sugar sources. Furthermore, we did not analyse week and
weekend fluctuations in dietary intake, as it was proven in
previous studies, where women generally report large
fluctuations in the intake of sugar and other nutrients(53).
Moreover, underestimation may be contributed to the com-
pulsive eating of products generally considered unhealthy,
which is not possible to observe with the FFQ(54).

Third, the study did not consider the seasonality of food
consumption. As the authors of previous studiesshowed,
DQS would have been more precise and differentiated if
the seasonality of consumption had been considered in
the frequency of intake(55).

Fourth, the tool used to analyse the frequency of intake
was validated on healthy subjects. Verification questions
concerning frequency consumption were collected, ana-
lysed and revealed high repeatability of collected data.
Another limitation was the size of the study sample, which
restricted the use of statistical methods recommended for
dietary pattern evaluation(56,57).

Finally, considering the role of body fat distribution and
cardiometabolic risk in PCOS women, it would be valuable
to assess the androidal and gynoidal body fat distribution.
In this study, despite the use of the ‘gold standard’, plethys-
mography, only total BF was assessed. Additionally, the
fact that hormonal disturbances potentially influenced fat
distribution should be taken into account.

Conclusions

In conclusion, our results pointed to the role of multidiscipli-
nary therapy including dietary behaviours in PCOS women.
We found differences between PCOS women and healthy
controls in lower DQS related to generally healthy foods
and low GI foods. PCOS women presented lower NK. The
professional dietary education and improving the NK of
PCOS women could affect the diet quality and increase the
presence of hygienic lifestyle factors. The complementary
treatment of PCOS, to ensure the optimal improvements in

the disease endpoints, should be implemented after PCOS
diagnosis.
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