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Abstract

Background Although adherence to a healthy dietary pattern is one of the primary recommendations for the
prevention of polycystic ovary syndrome (PCOS), there is still no conclusive evidence of which specific dietary pattern
is best. The Lifelines diet score (LLDS) is a new, evidence-based scoring system to determine diet quality, and its
association with PCOS has not been investigated. The present study aimed to assess the association between LLDS
and PCOS in Iranian women.

Materials and methods This frequency-matched case-control study was carried out on 108 women with PCOS and
108 women without PCOS as a control group in Yazd, Iran. Healthy controls were matched to PCOS women based
on age and BMI. The validated 178-item food frequency questionnaire was used to assess the usual dietary intake.
Logistic regression was used to estimate the association between LLDS and PCOS.

Results The findings of the present study showed women in the highest tertile of LLDS compared with the
participants in the lowest tertile had 90% lower odds of PCOS (Odds Ratio (OR): 0.10; 95% Confidence Interval (Cl): 0.04
to 0.21, p for trend: <0.001). This association remained significant after adjustment for energy intake, marital status,
pregnancy history, WC, chronic disease history, physical activity, and BMI (Odds Ratio (OR): 0.11; 95% (C1):0.05 t0 0.27, p
for trend: <0.001).

Conclusion Although the present study found a significant protective association between adherence to LLDS and
PCOS, more mechanism-based studies are needed to confirm these findings in the future.
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Introduction
Polycystic ovary syndrome is considered one of the major
health problems in the world [1] and is a common and
complicated endocrinopathy with 6-20% prevalence
among women in the childbearing period [2, 3]. This
syndrome is marked by various phenotypes and is recog-
nized when at least two of the three Rotterdam criteria
exist: first, clinical hyperandrogenism and/or high levels
of circulating androgens; second, the existence of ovarian
cysts diagnosed by ultrasound examination; and third,
oligo-amenorrhea with oligo-anovulation [4]. PCOS also
has detrimental outcomes and is associated with meta-
bolic disorders and type 2 diabetes (T2D), cardiovascu-
lar and cerebrovascular traumas, obstetric comorbidities,
infertility, mood disturbances, and endometrial and ovar-
ian cancer [5]. Although the pathogenesis of PCOS is
complex and not exactly clear, studies refer to the role of
genetic or modifiable agents such as environmental and
lifestyle factors. However, unfavorable lifestyle especially
unhealthy dietary patterns, causes insulin resistance and
obesity as etiological factors in this syndrome [6, 7]. Life-
style amendments particularly dietary intake and physical
activity have an important role in the clinical manage-
ment of PCOS to improve its adverse consequences in
women [8]. Previous research was mainly focused on
the association between single diet components and
PCOS [9, 10]. Dietary patterns show the variety of daily
food intakes compared with a single food item. There-
fore, dietary patterns are considered a good indicator of
the type of diet that people usually consume [11]. Several
studies demonstrated that higher adherence to healthy
dietary patterns was inversely associated with PCOS
[12-14]. A systematic review showed that the diet, which
appears to improve the clinical and laboratory markers
of this syndrome, includes: fruits and vegetables (non-
starchy and with low glycemic index), low-fat dairy prod-
ucts (in small quantities), lean red meat and poultry (in
small amounts), fish (rich in w-3 fatty acids), whole grain,
legumes, fatty acids and alcohol (in moderation) [15].
Lifeline Diet Score (LLDS) is a novel food-based score
according to the Dutch Dietary Guidelines used to unveil
the association between diseases and diets [16]. Results
of a 7.6-year prospective analysis of the Dutch Lifelines
cohort showed that higher scores are associated with
a lower risk of type 2 diabetes and all-cause mortal-
ity [17, 18]. It has been reported that a diet low in total
fat and saturated fats and rich in fruits and vegetables
can decline inflammatory indicators [19] and result in
reduced risk of insulin resistance, cardiovascular disease,
and cancers [20, 21]. Also, two surveys illustrated that
higher LLDS respectively decreased the odds of meta-
bolically unhealthy and breast cancer in women [22, 23].
Due to the emergence of the LLDS as a novel evidence-
based scoring system for assessing diet quality and the
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lack of investigation of its relationship with PCOS in the
population of Iranian women, it was decided to investi-
gate the association between LLDS and PCOS.

Materials and methods

Study population

This frequency-matched case-control was conducted on
216 women (108 new cases diagnosed with PCOS and
women without PCOS) who attended the Yazd Diabetes
Clinic and Khatam Clinic in Yazd from January 2018 to
March 2019. Women with PCOS were diagnosed based
on Rotterdam criteria and the presence of at least two
of the three following criteria: menstrual irregularities,
clinical or biochemical signs of hyperandrogenism, and
polycystic ovaries (=12 follicles measuring 2-9 mm in
diameter and/or an ovarian volume>10 mL in at least
one ovary) [4]. The inclusion criteria of the case group
were as follows: women of reproductive age (18 to 45 y)
diagnosed as new PCOS cases; women with no history
of diseases such as hypothyroidism, hyperprolactinemia,
congenital adrenal hyperplasia, Cushing syndrome, or
food allergies; women without type 1 diabetes; women
with no history of using drugs such as medications that
could change the density of androgens or hormonal
drugs; women who did not drink alcohol and were not
smokers; and women who did not have a specific diet
during the last year. The control group included women
without PCOS (lacking Rotterdam diagnostic crite-
ria) who had been referred to other departments of the
same clinic such as orthopedics, dentistry, or optometry.
Healthy controls were matched to PCOS women based
on age and BMI. Other inclusion criteria were almost
identical for the case and control groups. The partici-
pants’ recruitment procedures are represented in Fig. 1.

Sample size calculation
Because of the limited number of similar articles, the
minimum required sample size, considering alpha of
0.05 and a power of 90%, assuming that there is a 20%
difference in adherence to the dietary patterns in the
two groups (P1=40%, P2=60%), and a 10% probability
of sample loss, was calculated to be 108 women in each
group.

P1=the ratio of people who followed the dietary pat-
tern among the women without PCOS.

P2=the ratio of people who followed the dietary pat-
tern among the women with PCOS.

(Z1-0 2V2PQ + Z1_5/PiQ1 + P2Q2)2
(P — )

Where
Q2=1-P

P:Plzpzy Q:]-_P’ Ql:]-_Plr



Darand et al. BMC Nutrition (2024) 10:133

Page 3 of 8

236 subjects were introduced by expert
endocrinologist diagnosis to our study

117 women with PCOS

3 women declined to
participate, 4 cases were
not newly diagnosed and 2
cases had food allergies

108 women remained as
cases

Fig. 1 The participants’recruitment procedures are represented in Fig. 1

Dietary intake assessment

After the recruitment, participants’ dietary intake over
the past year was evaluated using a validated 178-item
food frequency questionnaire (FFQ) with 551 ques-
tions. This questionnaire was validated in previous stud-
ies [24]. Portion sizes and frequency of food items were
questioned by a blinded trained dietitian with face-to-
face interviews. The frequency response for food intake
included 10 categories as follows: “never or <1 time/
month” to “10 times or more/day”. Then, the frequency
was converted into daily intake and converted to grams
based on household measures. Eventually, the actual food
consumption (g/d) was transferred to Nutritionist IV to
calculate the total energy and nutrient intake.

Lifelines diet score

The LLDS, a tool for ranking people in the relative qual-
ity of their diet, was calculated based on the Vinke et al.
method [16]. According to the LLDS guidelines, food
groups were classified as having positive, neutral, nega-
tive, or unknown health effects. Foods in the nine groups
with positive health effects include legumes and nuts,
whole grain products, fruits, vegetables, fish, unsweet-
ened dairy, coffee and tea, soft margarine, and oils. But-
ter and hard margarine, sugar-sweetened beverages,
and red and processed meat are three groups that have
a negative impact on health. Each participant’s food con-
sumption was measured in grams per 1000 kilocalories
(kcal) and then divided into quintiles from 1 to 5 points.
Patients in the highest quintile of each positive food
group’s intake were given 5 points and those assigned to
the lowest quintile were given 1 point. For food groups

119 women without PCOS

9 women were not willing to
participate, and 2 cases had
food allergies

v

v

108 women remained as
controls

with negative effects on health, point 1 represents the
maximum, and point 5 represents the minimum dietary
intake. The scores summation for the consumption of
12 food groups consisting of LLDS ranged from 12 to 60
points [16].

Covariate measurements

All the anthropometric measurements were done in a
fasting state using standard protocols by a trained inves-
tigator. Subsequently, BMI was calculated by dividing the
person’s weight (kg) by the square of height (m2). Waist
circumference (cm) was measured using a tape measure
with an accuracy of 0.5 cm at the midpoint between the
lower rib and iliac crest at the end of a normal exhala-
tion in a standing position. Physical activity data was
evaluated using an International Physical Activity Ques-
tionnaire-Short Form (IPAQ-SH) [25] and expressed as
metabolic equivalent in min per week (MET-min/wk).

Assessment of other covariates

Needed information including demographic data, age,
chronic diseases (Diabetes and hypertension), marital
status and pregnancy history was acquired by using vali-
dated self-administered questionnaires.

Statistical analysis

Quantitative and qualitative participants’ characteristics
were compared by an independent t-test and chi-square
test, respectively. The ANOVA test was used to compare
the dietary intakes in tertiles of LLDS. Logistic regression
was used to evaluate the association between the Life-
lines diet and PCOS in adjusted and crude models. The
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Table 1 General characteristics of women with and without

PCOS

Variables Case (n=108) Control P
(n=108) value”

Age (y) 2895+7.16 3045+7.17 0.126

BMI (kg/m2) 27.10+4.88 26.63+4.87 0482

WC (cm) 82.74+10.77 79.74+11.62 0.051

PA (MET-min/wk) 1426.24+760.70 149355479342 0.525

Marital status (n (%)) 39(36.1) 41(38) 0.778

Single 69(63.9) 67(62)

Married

Pregnancy history 45(41.7) 49(454) 0.583

(n (%)) 63(58.3) 59(58.3)

No

Yes

Chronic disease his- 61(56.5) 62(57.4) 0.891

tory (n (%)) 47(43.5) 46(42.6)

Yes

No

LLDS (mean+SD) 33.21+594 39.10+6.36 <0.001

BMI: body mass index; MET: metabolic equivalent; PA: physical activity; PCOS:
polycystic ovary syndrome; WC: waist circumference, SES: socioeconomic status

For quantitative variables mean+SD; and for qualitative variables frequency (%)
were used

*Independent t-test for quantitative variables and x? test for categorical
variables conducted

T Anti-diabetic and anti-hypertensive drugs

model I was adjusted for energy intake. Further adjust-
ments were for marital status, pregnancy history, WC,
disease history, and physical activity. The BMI was addi-
tionally adjusted in model III. P-values<0.05 were con-
sidered statistically significant. Analyze the data used by
the Statistical Package for Social Sciences (SPSS) (version
26.0, SPSS Inc., Chicago, Illinois, USA).
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Results

General characteristics of the study population

General characteristics and physical activity of women
with and without PCOS are presented in Table 1. As
shown in this table, no statistically significant differences
were detected in age, BMI, physical activity, marital sta-
tus, pregnancy history, and disease history between the
case and control group (P>0.05), while the WC in the
case group was marginally larger than the control group
(P=0.051). Also, the mean LLDS in the control group
(39.10+6.36) was significantly higher than the case group
(33.21£5.94) (P<0.001).

Table 2 shows the characteristics of the study popula-
tion across tertiles of the Lifelines Diet Score. After LLDS
score categorization into three groups (tertiles), no statis-
tically significant differences were observed in age, BMI,
WC, physical activity, marital status, pregnancy history,
and chronic disease history across tertiles of the LLD
scores (P>0.05), while the prevalence of PCOS differed
significantly across tertiles of the LLD scores (P<0.001).

Dietary intakes of participants

Table 3 shows the study patients’ energy and dietary
intakes based on tertiles of LLD scores. The individu-
als in the highest LLDS tertile had significantly greater
intakes of carbohydrates, calcium, magnesium, and folate
(p<0.001), but significantly lower consumption of energy,
fat, saturated fatty acid, and monounsaturated fatty acid
(p<0.001). Intake of protein, polyunsaturated fatty acid,
vitamin B6, and vitamin B12 was not significantly dif-
ferent between tertiles of LLDS). Based on food group
intake, participants with a higher score for the LLDS had
a significantly higher intake of vegetables, whole grain
products, legumes and nuts, fish, oils and soft margarine,
coffee and unsweetened dairy; whereas, they had a lower

Table 2 Characteristics of the study participants across tertiles of LLDS *

Variable Tertiles of LLDS P-value™
T1(<20) T2 (33-38) T3(39%)

Age (year) 29.01+738 30.01+7.16 30.05+7.09 0.621

BMI (kg/m2) 2663+542 2751+497 2647+4.17 0.384

WC (cm) 81.18+1299 8240+11.33 80.20+10.73 0.501

PA (MET-min/week) 1518.69+828.90 1423.80+726.55 1439.19+778.04 0.729

Marital status (n (%)) 28(40) 27(38) 25(33.3) 0.332

Singel 42(60) 44(62) 50(66.7)

Married

Pregnancy history (n (%)) 25(35.7) 30(42.3) 39(52) 0.137

No 45(64.3) 41(57.7) 36(48)

Yes

Chronic disease history (n (%)) 31(44.3 39(54.9 23(30.7) 0.012

Yes 39(55.7) 32(45.1) 52(69.3)

No

PCOS (n (%)) 0<0.001

No 17(24.3) 34(47.9) 57(76)

Yes 53(75.7) 37(52.1) 18(24)
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Table 3 Dietary intakes of study participants based on tertiles of LLDS
Variable Tertiles of LLDS P-value™
T1(<20) T2 (33-38) T3 (39<)
Energy intake (keal)” 2372.14+721.79 210641+781.16 1849.57 £585.41 <0.001
Carbohydrate 55.62+0.07 58.97+0.06 62.32+0.05 <0.001
(% of total daily energy)
Protein (% of total daily energy) 15.78+0.03 1544+0.02 16.61+0.02 0.054
Fat (% of total daily energy) 31.86+0.05 28.27+0.06 24.66+0.05 <0.001
Cholesterol (mg/100Kcal) 115.56+44.62 110.19+49.75 115.10+54.01 0.175
SFA (gr/1000Kcal) 11.05£252 9.66+2.56 824+2.37 <0.001
MUFA (gr/1000Kcal) 11.11+£254 944+235 7.80+1.66 <0.001
PUFA (gr/1000Kcal) 9.75+5.78 11.27+7.90 12524747 0.066
Calcium (mg/1000Kcal) 327.80+96.74 398.08+117.99 418.93+100.85 <0.001
Magnesium (mg/1000Kcal) 11567 £16.54 1284142038 137.85+£21.18 <0.001
Vitamin B6 (mg/1000Kcal) 0.80+0.25 0.83+0.25 0.89+0.28 0.122
Folate (g/1000Kcal) 12248+26.51 139.77+36.11 15853+37.70 <0.001
B12 (ug/1000Kcal) 1.91+0.85 1.73+0.68 1.82+0.59 0319
Food groups
Vegetables (gr/1000Kcal) 7242+4897 107.09+59.49 168.08+74.17 <0.001
Fruits (gr/1000Kcal) 308.03+170.68 330.12+£182.67 366.20+145.69 0.107
Whole grain products (gram) 757+1144 2480+34.34 5246+42.13 <0.001
Legumes and nuts (gr/1000Kcal) 17.03£7.90 2221+£1201 28.84+14.41 <0.001
Fish (gram) 3.36+3.66 4.10+£3.53 6.67+4.75 <0.001
Oils and soft margarines (gram) 3.01+2.81 427 +329 5.94+2.99 <0.001
Unsweetened dairy (gram) 85.30+74.49 124.74+£102.09 135.16+7747 0.001
Coffee (gram) 3.90+5.25 570x16.77 834+14.84 <0.001
Tea (gram) 146.20+159.32 211.56+306.23 179.79+305.63 0351
Red and processed meat (gram) 3790+19.26 2497+17.16 17.99+£15.25 <0.001
Butter and hard margarines 557+579 3.18+4.39 0.89+145 <0.001
Sugar sweetened beverages(gram) 52.59+56.07 24.55+38.08 15.25+3551 0.001

MUFA, Monounsaturated Fatty Acid; PUFA, Ponounsaturated Fatty Acid; SFA, Saturated Fatty Acid; LLDS, lifelines diet score; PCOS, Polycystic ovary syndrome

" Data reported on mean +standard deviation (SD)
“Obtained from one way Anova
Statistically significant difference (P-value <0.05)

intake of red and processed meat, butter and hard marga-
rine, and sugar-sweetened beverages (p<0.001).

Association between adherence to Lifelines diet and odds
of PCOS

Crude and multivariate-adjusted odds ratios for occur-
rence of the PCOS across tertiles of LLDS in 108 cases
are shown in Table 4. PCOS women in the highest ter-
tile of LLDS compared with the participants in the low-
est tertile had 90% lower odds of PCOS (Odds Ratio
(OR): 0.10; 95% Confidence Interval: 0.04 to 0.21, p for
trend: <0.001). This association remained significant
after adjustment for energy intake, marital status, preg-
nancy history, WC, drug history, disease history, physical
activity and BMI (Odds Ratio (OR): 0.11; 95% [14]:0.05 to
0.27, p for trend: <0.001).

Discussion

To our knowledge, this study is the first to investigate
the association between LLDS and PCOS among Iranian
women. Our results illustrated that women in the high-
est tertile of LLDS had 90% lower odds of PCOS than
those in the lowest tertile. As the LLD score increased,
the average intake of positive food groups, including
vegetables, whole grain products, legumes and nuts, oils
and soft margarine, fish, coffee, and unsweetened dairy,
significantly increased, although consumption of nega-
tive food groups, such as red and processed meat, but-
ter and hard margarine, and sugar-sweetened beverages
significantly decreased. Previous studies showed that
adherence to a diet with a high LLDS decreased the odds
of breast cancer and metabolically unhealthy in women
[22, 23]. In addition, a higher score reduced the risk of
type 2 diabetes and all-cause mortality in the Dutch Life-
line cohort [17, 18]. However, some studies have found
no association between higher adherence to LLDS and
novel anthropometric indices affecting polycystic ovary
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Table 4 Odds ratio and 95% confidence interval for occurrence of the PCOS across tertiles of LLDS in 108 cases

PCOS Tertiles of LLDS diet P-value® Ptrend
T1(<20) T2 (33-38) T3(39%)

No. of cases 17 34 57

Crude 1.00 0.34(0.17_71) 0.10(0.04_0.21) <0.001 <0.001

Model1 1.00 0.40(0.19_0.83) 0.13(0.05_0.28) <0.001 <0.001

Model2 1.00 0.39(0.18-0.84) 0.12 (0.05-0.27) <0.001 <0.001

Model3 1.00 0.39(0.18-0.85) 0.11 (0.05-0.27) <0.001 <0.001

LLDS: lifelines diet score; PCOS, polycystic ovary syndrome
"Third tertile compared to first tertile
Model 1: adjusted for energy intake

Model 2: additionally, adjusted for marital status, pregnancy history, WC, chronic disease history (Diabetes and hypertension) and physical activity

Model 3: additionally, adjusted for BMI

syndrome such as A Body Shape Index, Body Roundness
Index, and Body Adiposity Index [26—28].

In line with our results, some studies have shown that
higher adherence to healthy dietary patterns is signifi-
cantly inversely associated with PCOS and its related
conditions [15]. Results from a study carried out on
PCOS women with overweight and obesity indicated
that consumption of a diet rich in whole grains, vegeta-
bles, fruits, and low-fat dairy and low in refined grains,
sweets, cholesterol, and saturated fats, led to a significant
reduction in serum levels of insulin and hs-CRP, HOMA-
IR values, waist and hip circumference [29]. A cross-
sectional/case-control study by Barrea et al. reported
that women with PCOS had higher levels of testoster-
one, fasting insulin and glucose, and HOMA-IR than the
control group. They found that women with PCOS had a
lower intake of legumes, nuts, fish/seafood, and extra-vir-
gin olive oil than the control group. Furthermore, women
with PCOS consumed lesser amounts of fiber, complex
carbohydrates, n-3 polyunsaturated fatty acids (PUFA),
monounsaturated fatty acids (MUFA), and higher
amounts of total fat, saturated fatty acids, simple carbo-
hydrates, PUFA, and n-6 PUFA compared to the control
group [14]. A cross-sectional study conducted in 2020
showed that diets rich in favorable agents, including fiber,
vitamins, minerals, and other antioxidant ingredients,
resulted in decreased glycemic disorders, insulin resis-
tance, obesity, and hyperandrogenism and additionally
led to satiety in women [30]. In a trial that was conducted
on 60 women with PCOS, a higher intake of whole grains,
vegetables, fruits, and low-fat dairy products, as well as a
lower intake of refined grains, sweets, saturated fats, and
cholesterol, led to a significant decrease in weight, body
mass index (BMI), fat mass, and serum androstenedione,
and a significant increase in sex hormone-binding globu-
lin and antioxidant status [31].

Several mechanisms may explain the association
between dietary intake and PCOS. A diet rich in fruits,
vegetables, and nuts provides a considerable por-
tion of the human potassium intake and reduces the

sodium-to-potassium ratio. Based on previous evidence
lower sodium-to-potassium ratios result in a lower risk of
PCOS [32, 33]. However, unhealthy dietary patterns can
result in chronic low-grade inflammation, either directly
or indirectly [34, 35]. It has been suggested that inflam-
mation and oxidative stress caused by nutrients can lead
to metabolic disruption and ovarian dysfunction. For
instance, glucose and saturated fats increase the num-
ber of circulating mononuclear cells, causing the activa-
tion of nuclear factor kappa B, subsequent induction of
inflammation, and insulin resistance in PCOS [36, 37]. In
addition to their direct outcomes, unhealthy dietary pat-
terns can cause inflammation through the indirect effects
of obesity; secretion of inflammatory cytokines occurs by
the accumulation of dysfunctional adipocytes in white
adipose tissue, and the infiltration of immune cells leads
to inflammation [38]. Additionally, insulin resistance and
other hormonal disturbances (including increased ghre-
lin levels) in women with PCOS lead to increased caloric
intake, resulting in obesity and exacerbation of PCOS
[39].

The Lifeline diet is rich in antioxidants contained in
fruits, vegetables, and whole grains. In addition, this diet
is a valuable source of dietary magnesium, which elevates
the antioxidant capacity of the serum and tissues [40],
reduces the activity of antioxidative enzymes, eliminates
oxygen radicals [41], and decreases insulin resistance
[42].

One of the strengths of this study was the use of a valid
FFQ in the Iranian population. In addition, this is the first
study to investigate the association between LLDS and
PCOS among Iranian women, and results were adjusted
for energy intake, marital status, pregnancy history, WC,
drug history, and physical activity as confounder fac-
tors; however, there are limitations as well. First, due to
the cross-sectional nature of this study, a causal relation-
ship cannot be inferred. Second, recall biases are possible
because of the retrospective and memory-dependent
nature of FFQ. Third, a measurement bias is inevitable in
any dietary assessment. Furthermore, despite controlling
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for confounders, the effects of residual confounders
could not be ruled out. Thus, a prospective study design
with a larger sample size and longer duration is required
to assess this relationship.

Conclusion
Our results disclosed a significant protective association
between adherence to LLDS and PCOS, more mecha-
nism-based studies are needed to confirm these findings
in the future.
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