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Abstract 

Background:  Infertility affects up to 15% of couples. In vitro fertilization (IVF) treatment has modest success rates 
and some factors associated with infertility and poor treatment outcomes are not modifiable. Several studies have 
assessed the association between female dietary patterns, a modifiable factor, and IVF outcomes with conflicting 
results. We performed a systematic literature review to identify female dietary patterns associated with IVF outcomes, 
evaluate the body of evidence for potential sources of heterogeneity and methodological challenges, and offer sug-
gestions to minimize heterogeneity and bias in future studies.

Methods:  We performed systematic literature searches in EMBASE, PubMed, CINAHL, and Cochrane Central Register 
of Controlled Trials for studies with a publication date up to March 2020. We excluded studies limited to women who 
were overweight or diagnosed with PCOS. We included studies that evaluated the outcome of pregnancy or live birth. 
We conducted an initial bias assessment using the SIGN 50 Methodology Checklist 3.

Results:  We reviewed 3280 titles and/or titles and abstracts. Seven prospective cohort studies investigating nine 
dietary patterns fit the inclusion criteria. Higher adherence to the Mediterranean diet, a ‘profertility’ diet, or a Dutch 
‘preconception’ diet was associated with pregnancy or live birth after IVF treatment in at least one study. However, 
causation cannot be assumed. Studies were potentially hindered by methodological challenges (misclassification 
of the exposure, left truncation, and lack of comprehensive control for confounding) with an associated risk of bias. 
Studies of the Mediterranean diet were highly heterogenous in findings, study population, and methods. Remaining 
dietary patterns have only been examined in single and relatively small studies.

Conclusions:  Future studies with rigorous and more uniform methodologies are needed to assess the association 
between female dietary patterns and IVF outcomes. At the clinical level, findings from this review do not support rec-
ommending any single dietary pattern for the purpose of improving pregnancy or live birth rates in women undergo-
ing IVF treatment.
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Background
Approximately 15% of couples in the United States and 
one in four couples in developing countries are affected 
by infertility, defined as the inability to become pregnant 
after 12 months of regular unprotected intercourse [1, 
2]. The World Health Organization recognizes infertil-
ity treatment and the examination of factors associated 
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with fertility as essential to the promotion of reproduc-
tive health [1, 3].

Though in  vitro fertilization (IVF) is one of the most 
effective treatments for infertility [4], much of the suc-
cess of IVF relies on women undergoing multiple 
embryo transfers and oocyte retrievals. However, mul-
tiple embryo transfers and oocyte retrievals can be cost 
prohibitive and emotionally and physically burden-
some resulting in reported treatment attrition rates of 
up to 35–50% [5, 6]. While some factors associated with 
lower success of IVF treatment, such as advanced female 
age, are not modifiable, there is growing interest in the 
impact of modifiable factors, such as diet, on treatment 
outcomes.

Diet currently accounts for nearly a tenth of the global 
burden of disease [7, 8] and epidemiological studies have 
linked female and male diet to reproductive outcomes. 
Studies on the general impact of diet on female fertil-
ity have focused largely on the examination of specific 
dietary nutrients and food groups, such as dairy, fats, 
and antioxidants, and point to several different poten-
tial pathways of effect. Animal and in  vitro human cell 
studies indicate possible associations with mechanisms 
that underlie fertility including hormone levels, ovarian 
insufficiency, diminished ovarian reserve, and embryonic 
development [9–15]. Human studies link dietary factors 
to longer time to pregnancy and the risk of developing 
reproductive disorders which may impact fertility such as 
anovulatory infertility, endometriosis, and uterine leio-
myomata [16–29]. However, despite uncovering possible 
links with fertility and fecundity, studies of associations 
between individual female dietary factors and infertility 
in both animals and humans are largely equivocal.

Much of what is known about the impact of individ-
ual female dietary factors specifically on IVF outcomes 
derives from a single observational study, the study 
of Environment And Reproductive Health (EARTH), 
described in detail elsewhere [30–32]. Within the context 
of IVF, female dietary patterns have been more widely 
studied. This reflects a trend toward viewing diet holis-
tically in an effort to limit confounding from individual 
dietary items, capturing the effects resulting from the 
complex interactions between food groups, and provid-
ing results that are more interpretable and translatable to 
individuals [33–35].

To date, studies on associations between female dietary 
patterns and IVF outcomes have relied on observational 
designs. While randomized controlled trials are the gold 
standard for research methods, observational designs 
can be appropriate when the exposure is a dietary pat-
tern; blinding may not be possible, ensuring adherence 
can be difficult, and participants may need to remain in 
a trial for long periods of time to observe the effect [36]. 

However, observational studies are often hindered by 
methodological challenges that carry the risk for bias, 
such as exposure misclassification, confounding control, 
and cohort selection. Further, observational studies are 
often carried out in populations and employ methods 
that are considerably different, necessitating careful con-
sideration of heterogeneity across studies when compar-
ing findings or pooling results [37, 38].

Given the importance of understanding the associa-
tions between diet, including dietary patterns, and IVF 
outcomes, the observational nature of existing studies, 
and the need to compare and conduct well-designed epi-
demiologic studies, we performed a systematic literature 
review with the following aims: to identify female dietary 
patterns associated with the outcomes of IVF treatment, 
to evaluate the body of evidence for sources of heteroge-
neity and methodological challenges, and to offer sugges-
tions for minimizing heterogeneity and potential sources 
of bias in future studies.

Methods
This review follows the Preferred Reporting Items for 
Systematic Reviews and Meta-Analysis (PRISMA) guide-
lines [39] (Supplemental Table 1).

Search strategy
Articles were identified through computerized literature 
searches undertaken March–April 2020. We searched 
PubMed, EMBASE, Cochrane Central Register of Con-
trolled Trials, and CINAHL for English language publica-
tions. In EMBASE we utilized key words and EMTREE 
terms: ‘infertility’ OR (‘in vitro fertilization’ OR ‘infer-
tility therapy’ OR ‘IVF’) AND (‘dietary intake’ OR ‘diet’ 
OR ‘dietary pattern’). In PubMed we utilized MeSH 
terms and keywords: (‘IVF’ OR ‘in vitro fertilization’) OR 
(‘reproductive techniques, assisted’ OR ‘assisted repro-
ductive technology’) and (‘food OR diet’). Finally, we per-
formed a manual search of the reference lists from the 
final included articles.

Selection criteria
Inclusion criteria were based on the PICO framework 
(Population, Intervention, Comparison, Outcome) [39]. 
P: women undergoing IVF or IVF with intracytoplasmic 
sperm injection (ICSI). Weight loss potentially improves 
outcomes during IVF treatment among women who are 
overweight (body mass index > = 25 kg/m2) or diagnosed 
with polycystic ovarian syndrome (PCOS) [40]; thus, 
we excluded studies restricted to women who are over-
weight or diagnosed with PCOS. I: dietary pattern with 
clearly delineated component food items. C: compari-
son group that differed in adherence to the dietary pat-
tern. Early outcomes, such as embryo quality and yield, 
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may not predict overall IVF treatment success [41–43]. 
Thus O: biochemical pregnancy (pregnancy diagnosed 
only by the detection of beta human chorionic gonado-
trophin (βhCG) in serum or urine), clinical pregnancy 
(pregnancy diagnosed by ultrasonographic visualization 
of one or more gestational sacs or definitive clinical signs 
of pregnancy), or live birth (the birth of a live fetus after 
22 completed weeks of gestational age) [44].

We included peer reviewed original research articles 
with a publication date up to March 1, 2020. Review arti-
cles, editorials, conference abstracts, opinions, and case 
reports were excluded.

Assessment of study quality
The SIGN 50 Methodology Checklist 3 [45], a checklist 
specific to observational studies, was utilized to assess 
study quality. Studies were rated as “high quality” if the 
majority of criteria in the checklist were met and there 
is little risk of bias, “acceptable” if most criteria were 
met with some flaws and an associated risk of bias and 
“low quality” if either most criteria were not met or if 
there were significant flaws in the study design. One of 
the aims of this review is to explore methodological chal-
lenges in some depth. However, an initial assessment of 
studies was conducted to eliminate studies that did not 
receive a rating of “acceptable” or higher.

Data extraction
One author extracted data from the included studies 
and another subsequently confirmed or disconfirmed 
the data. Investigators from five studies were contacted 
for clarification. We extracted study characteristics: first 
author, year of publication, location, study duration, 
study design (observational vs. interventional; and cross-
sectional, case-control, cohort), and analytical sample 
size. We extracted sample characteristics: age, major 
exclusions, infertility diagnosis, type of ART (IVF vs IVF/
ICSI), prior ART treatment, number of prior failed preg-
nancy attempts, and ‘duration of infertility’. We extracted 
data on the exposure (dietary pattern, exposure window), 
methods (questionnaire used for assessing exposure, tim-
ing of recruitment and exposure assessment, covariates, 
study end points, follow up period), and how outcomes 
were defined (Supplemental Table 2).

Results
Search results
The search of databases identified 5308 English language 
references (Fig.  1). After removal of duplicates, 3280 
articles remained. We screened remaining references by 
reading titles and/or titles and abstracts; 3215 articles 
were deemed not relevant. We scanned the full texts of 
the remaining 65 articles and identified 56 for exclusion: 

12 were reviews, opinions, or conference abstracts and 2 
could not be located. 42 did not meet PICO criteria. Nine 
articles, representing nine independent research studies 
reporting on female dietary patterns and IVF outcomes, 
remained. No additional articles were identified after 
scanning reference lists.

Assessment of study quality
Nine studies underwent the initial quality assessment 
and two studies were omitted; one lacked sufficient 
information to make an assessment [46] and one con-
tained a measure of association for clinical pregnancy 
that fell outside the confidence interval (OR 0.14, 95% 
CI: 0.3–0.7) [47]. Study authors could not be reached to 
correct this error [47] (Table 1). Seven studies were rated 
as “acceptable” quality and were included in the review. 
In included studies, potential selection bias and reliabil-
ity of exposure assessment were the most common inad-
equately addressed items (items 1.2, 1.3, 1.4, 1.5, 1.6, 1.12, 
Table 1).

Dietary patterns associated with IVF outcomes
Nine dietary patterns were examined for an association 
with IVF outcomes in seven observational cohort studies: 
the MedDiet (Mediterranean diet and a ‘Mediterranean 
style’ dietary pattern), a Dutch ‘preconception’ diet, a 
‘profertility’ diet, the ‘Fertility Diet’, the alternate Healthy 
Eating Index 2010 (aHEI-2010) diet, and the ‘health-con-
scious low processed’, ‘vegetable and seafood’, ‘Western’, 
and ‘rice and miso soup’ dietary patterns (Table 2).

Mediterranean diet
The MedDiet is generally comprised of high intake of 
whole grains, vegetables, fruits, nuts, legumes and/or 
pulses, and olive oil; moderate intake of nonfat or low-fat 
dairy products, seafood, and wine; and low consumption 
of poultry and red meat [55–57] (Table 2). In all five stud-
ies examining the MedDiet, participants were recruited 
from IVF treatment centers, had their diet assessed using 
a questionnaire at a point prior to embryo transfer, and 
followed prospectively.

Four studies examined the outcome biochemical preg-
nancy (Table  3). In a study of 161 couples in the Neth-
erlands, Vujkovic (2010) reported a positive association 
between a positive urine pregnancy test 15 days after 
oocyte retrieval, and a couple’s increased adherence to 
a ‘Mediterranean style’ dietary pattern (adjusted OR 1.4, 
95% CI: 1.0–1.9). Study participants were assigned an 
individual diet adherence score based on their responses 
to a food frequency questionnaire (FFQ). The scores 
from both members of the couple were then averaged 
and used as the exposure. No analysis was conducted to 
decipher associations of female or male diet alone with 
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biochemical pregnancy. Biochemical pregnancy was the 
only examined pregnancy related outcome in this study 
and no appreciable association with biochemical preg-
nancy was found in any other study of the MedDiet [48, 
49, 52].

Four studies examined associations with clinical preg-
nancy [48–50, 52] (Table  3). In a study conducted in a 
Greek population with 244 women, Karayiannis (2018) 
reported a positive association between high adherence 
to the MedDiet (as a continuous variable) and clinical 
pregnancy in women under the age of 35 (adjusted RR 
1.2, 95% CI: 1.05–1.43). Findings were not consistent 
among older women (adjusted RR 1.00, 95% CI: 0.92–
1.09). In a study of 474 Italian women, Ricci (2019) found 
an association between lower adherence to the MedDiet 
and risk of not achieving a clinical pregnancy however, 
contrary to Karayiannis (2018), the association was only 
present among older women aged ≥35 years. Further, 
among older women, the association was found only in 
the intermediate versus lower MedDiet adherence cat-
egories (adjusted RR 0.84, 95% CI: 0.71–1.01) and not 
present in the highest versus lower adherence categories 
(adjusted RR 0.94, 95% CI: 0.78–1.13). No other study 

found an appreciable association with clinical pregnancy 
[48, 52].

Three studies examined associations between the Med-
Diet and live birth [48–50] (Table  3). Gaskins and col-
leagues (2019) reported a positive association between 
the MedDiet and the probability of live birth in a sam-
ple of 357 U.S. women. There was not a dose-response 
association and the association was only present when 
comparing the lowest level of adherence to an inter-
mediate level of adherence (probability of live birth as 
an adjusted proportion (95% CI) in increasing quartiles 
of adherence = 0.31 (0.25–0.39), 0.47 (0.39–0.55), 0.44 
(0.36–0.49), 0.41 (0.34–0.49). Karayiannis (2018) found 
a positive association between increased adherence to 
the MedDiet (as a continuous variable) and live birth. 
Mirroring the study’s results for clinical pregnancy, the 
association was only among women under age 35 years 
(adjusted RR 1.25, 95% CI: 1.07–1.45). Ricci and col-
leagues (2019) reported no association with live birth in 
any age or dietary adherence group.

In a study conducted in China, Sun (2019) observed 
that clinical pregnancy rates in a high versus low adher-
ence group was 42.62% vs. 50.94% and biochemical 

Fig. 1  PRISMA flow diagram
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pregnancy rate 27.97% versus 31.75% respectively 
(Table  3). However, out of 590 participants, only 61 
women in the high adherence group and 106 in the low 
adherence group had an embryo transfer by study com-
pletion. Reasons for the abbreviated follow up are not 
given. Results for biochemical pregnancy and clinical 
pregnancy were only adjusted for endometrial thick-
ness on embryo transfer day and number of embryos 
transferred.

‘Profertility’ diet
The ‘profertility’ diet was examined alongside the Med-
Diet in Gaskins 2019. The ‘profertility’ diet is based on 
findings from the EARTH study and comprises higher 

intake of supplemental folic acid, vitamin B12, vitamin 
D, low-pesticide fruits and vegetables, whole grains, 
seafood, dairy, and soy foods; and lower intake of high 
pesticide fruits and vegetables [32, 48] (Table 2). Higher 
adherence to the ‘profertility’ diet was positively associ-
ated with biochemical pregnancy, clinical pregnancy, 
and probability of live birth (probability of live birth as 
an adjusted proportion Q1 vs Q4 (95% CI) = 0.33 (0.26–
0.40), 0.56 (0.47–0.64) (Gaskins, 2019) (Table  4). Find-
ings were largely attributed to intake of micronutrients 
and pesticide residues on fruits and vegetables, however 
an indirect approximated measure of pesticide intake 
was used to assess exposure [48]. The sample included 
357 women participating in the EARTH study and the 

Table 2  Components of dietary patterns

+ Indicates dietary component is used to calculate the total dietary score and contributes to a higher score

- indicates dietary component is used to calculate the total dietary score and contributes to a lower score
a  Sun 2019 [52] did not include alcohol
b  Sun 2019 [52] and Vujkovic 2010 [54] did not include potatoes
c  Gaskins 2019 [48], Karayiannis 2018 [49] and Sun 2019 [52] specified unrefined or whole grain; Vujkovic 2010 [54] did not include cereal
d  Sun 2019 [52] included nuts
e  Gaskins 2019 [48] and Karayiannis 2018 [49] specified full fat dairy; Vujkovic 2010 [54] did not include dairy
f  Vujkovic 2010 [54] did not included meat, Gaskins 2019 [48] specified red meat
g  Ricci 2019 [50], Sun 2019 [52], and Vujkovic 2010 [54] did not include or specify poultry
h  high fat dairy contributed positively, and low-fat dairy contributed negatively
I  low pesticide fruits and vegetables contributed positively, and high pesticide fruits and vegetables contributed negatively low pesticide fruits and vegetables 
contributed positively and high pesticide fruits and vegetables contributed negatively
j  only whole grain cereal
k  Vujkovic 2010 [54] did not include fruits
l  Vujkovic 2010 [54] specified vegetable oil, Ricci 2019 [50] high monounsaturated/saturate fatty acid ratio, Gaskins 2019 [48] and Karayiannis 2018 [49] specified olive 
oil
m  Sugawa 2018 [51] specified red meat
n  Sugawa 2018 [51] specified oils

Mediterranean 
Diet

Healthy 
Eating 
Index

Fertility 
Diet

profertility 
diet

rice and 
miso

vegetable 
and 
seafood

‘Western’ 
Diet

preconception 
diet

health 
conscious

Dietary factor (aHEI2010)

Seafood + + + – + +
Legumes + + +
Fruit + k + +/−i + +
Vegetables + + + +/−i + + +
Potatoes +b

Dairy -e +/−h +
Cereal +c + +j +j +j

Fats +l + + +n +
Soy + +
Vitamins + +
Nuts +d +
Meat -f – – – +m + –

Poultry -g + +
Rice/miso +
Alcohol +a +
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‘profertility’ diet has not been tested in an independent 
cohort [32, 48]. Gaskins (2019) followed women for mul-
tiple cycles (maximum of 6 ‘cycles’) and included all ‘in 
study cycles’ in the main analysis. The sample contained 
a relatively low number of frozen embryo transfer cycles 
(14%) versus fresh embryo transfer cycles (82%) when 
compared with recent (2016) U.S. wide treatment trends 
(33% frozen embryo transfer cycles versus 33% fresh 
embryo transfer cycles [58]).

A Dutch ‘preconception’ diet
In a study of 199 Dutch women undergoing IVF treat-
ment, Twigt (2012) found a positive association between 
increasing adherence to a Dutch ‘preconception’ diet and 
ongoing pregnancy at 10 weeks (adjusted OR 1.65, 95% 
CI: 1.08–2.52) [53] (Table 4). The Dutch ‘preconception’ 
diet is comprised of: high daily intake of whole grains, 
vegetables, and fruit; weekly intake of at least three serv-
ings of meat or meat replacers and one serving of fish; 

and use of monounsaturated or polyunsaturated oils [53] 
(Table 2). The study occurred within the context of a pre-
conception intervention in which women attending an 
outpatient OB/GYN clinic could opt into counseling to 
improve their lifestyle, including diet. The analytic popu-
lation comprised women who opted into the intervention 
and subsequently underwent an IVF treatment. Findings 
may have different implications from other findings in 
this review. Participants were given a preconception die-
tary risk score (PDR) with the highest score correspond-
ing to dietary intake that meets the basic requirements of 
a preconception diet. Thus, lower PDRs likely represent 
inadequate dietary intake and any increase in PDR score, 
a step toward adequacy. Conversely, it is not clear if lower 
levels of adherence to most other dietary patterns in this 
review correspond to an inadequate, or merely different, 
dietary pattern. Exposure was reassessed in 46% of par-
ticipants at a voluntary follow up session, however only 
baseline exposure was used in the analysis.

Table 3  Associations between higher adherence to the MedDiet and outcomes

+  = positive association
a  the sample contributed 608 ART ‘cycles’ and adjustments were made for unbalanced study design (different number of cycles contributed per woman)
b  positive association for Q2 vs Q1 only
c Q2 vs Q1 only

Outcome Author (year) Sample size Main finding Measure of association

Biochemical pregnancy Vujkovik (2010) [54] 161 couples + adjusted OR (95% CI) (ref not stated): 1.4 (1.0–1.9)

Karayiannis (2018) [49] 244 women no appreciable association adjusted RR (95% CI) Q1-Q3: 0.62 (0.28–1.36), 0.81 
(0.39–1.65), 1.00 (ref )

Gaskins (2019) [48] 357 womena no appreciable association adjusted proportion (95% CI) Q1-Q4: 0.49 (0.41–0.57), 
0.62 (0.53–0.69), 0.64 (0.55–0.72), 0.55 (0.47–0.63)

Sun (2019) [52] 167 women no appreciable association (binary) high adherence = 29.97%, low adher-
ence = 31.75%

Clinical pregnancy Karayiannis (2018) [49] 244 women + Age < 35 years adjusted RR (as a continuous variable) (95% CI):
Age < 35 years 1.22 (1.05–1.43)
Age ≥ 35 1.00 (0.92–1.09)
adjusted RR Q1-Q3 (95%CI): all women 0.35 (0.16–0.78), 
0.81 (0.41–1.59), 1.00 (ref )

Gaskins (2019) [48] 357 women1 no appreciable association adjusted proportion (95% CI) Q1-Q4: 0.43 (0.35–0.50), 
0.56 (0.47–0.64), 0.57 (0.48–0.66), 0.48 (0.40–0.56)

Ricci (2019) [50] 474 women + Age > 35b adjusted RR of not achieving pregnancy Q1-Q3 (95% 
CI): Age ≤ 35 1 (ref ), 0.96 (0.80–1.14), 0.99 (0.81–1.20)
Age > 35 1 (ref ), 0.84 (0.70–1.00), 0.94 (0.81–1.20)
all women 1 (ref ), 0.95 (0.86–1.05), 0.98 (0.87–1.09)

Sun (2019) [52] 167 women no appreciable association (binary) high adherence = 42.62%, low adher-
ence = 50.94%

Live birth Karayiannis (2018) [49] 244 women + Age < 35 years adjusted RR (as a continuous variable) (95% CI):
Age < 35 1.25 (1.07–1.45)
Age ≥ 35 1.01 (0.93–1.11)
adjusted RR Q1-Q3 (95%CI): all women 0.32 (0.14–0.71), 
0.78 (0.39–1.54), 1.00 (ref )

Gaskins (2019) [48] 357 women1 + c adjusted proportion (95% CI) Q1-Q4: 0.31 (0.25–0.39), 
0.47 (0.39–0.55), 0.44 (0.36–0.49), 0.41 (0.34–0.49)

Ricci (2019) [50] 474 women Null adjusted RR Q1-Q3 (95% CI)
Age ≤ 35 1.00 (ref ), 1.00 (0.81–1.21), 1.00 (0.79–1.26)
Age > 35 1.00 (ref ), 0.96 (0.84–1.10), 0.97 (0.84–1.12)
all women 1 (ref ), 1.00 (0.90–1.11), 0.99 (0.89–1.11)
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Table 4  Associations between higher adherence to dietary patterns and outcomes

+ = positive association

- = negative association.
a  sample contributed 608 ART ‘cycles’ and adjustments were made for unbalanced study design (different number of cycles contributed per woman)

Dietary pattern Outcome Author Sample size Main finding Measure of association

‘profertility’ diet Biochemical pregnancy Gaskins (2019) [48] 357 womena + adjusted proportion Q1-Q4 
(95%CI): 0.46 (0.39–0.54), 0.53 
(0.45–0.61), 0.65 (0.56–0.73), 
0.68 (0.59–0.76)

Clinical pregnancy Gaskins (2019) [48] 357 womena + adjusted proportion Q1-Q4 
(95%CI): 0.44 (0.33–0.48), 0.46 
(0.38–0.54), 0.59 (0.50–0.68), 
0.61 (0.52–0.69)

Live birth Gaskins (2019) [48] 357 womena + adjusted proportion Q1-Q4 
(95%CI): 0.33 (0.26–0.40), 0.32 
(0.25–0.40), 0.48(0.39–0.57), 
0.56 (0.47–0.64)

aHEI-2010 Biochemical pregnancy Gaskins (2019) [48] 357 womena no appreciable association adjusted proportion Q1-Q4 
(95%CI): 0.62 (0.54–0.69), 0.59 
(0.50–0.67), 0.53 (0.44–0.61), 
0.54 (0.46–0.62)

Clinical pregnancy Gaskins (2019) [48] 357 womena no appreciable association adjusted proportion Q1-Q4 
(95%CI): 0.55 (0.47–0.63), 0.51 
(0.43–0.59), 0.50 (0.42–0.59), 
0.45 (0.37–0.53)

Live birth Gaskins (2019) [48] 357 womena no appreciable association adjusted proportion Q1-Q4 
(95%CI): 0.44 (0.36–0.52), 0.42 
(0.34–0.50), 0.40 (0.33–0.49), 
0.37 (0.29–0.45)

‘Fertility Diet’ Biochemical pregnancy Gaskins (2019) [48] 357 womena no appreciable association adjusted proportion Q1-Q4 
(95%CI): 0.54 (0.46–0.62), 0.58 
(0.50–0.66), 0.62 (0.53–0.69), 
0.54 (0.45–0.63)

Clinical pregnancy Gaskins (2019) [48] 357 womena no appreciable association adjusted proportion Q1-Q4 
(95%CI): 0.45 (0.41–0.56), 0.53 
(45–0.60), 0.52 (0.44–0.61), 0.47 
(0.39–0.56)

Live birth Gaskins (2019) [48] 357 womena no appreciable association adjusted proportion Q1-Q4 
(95%CI): 0.37 (0.30–0.45), 0.42 
(0.35–0.50), 0.42 (0.34–0.50), 
0.43 (0.34–0.52)

‘health-conscious low 
processed’

Biochemical pregnancy Vujkovik (2010) 
[54]

161 couples – adjusted OR (95% CI) (ref not 
stated) (value provided to one 
decimal place in article):
0.8 (0.6–1.0)

Dutch ‘preconception’ diet Clinical pregnancy Twigt (2012) [53] 199 women + adjusted OR (95% CI): 1.65 
(1.08–2.52)

‘vegetable and Seafood’ Clinical pregnancy Sugawa (2018) [51] 140 women no appreciable association adjusted OR Q1-Q4 (95%CI): 
1.00 (ref ) 0.46 (0.14–1.53), 0.42 
(0.13–1.43), 0.90 (0.30–2.69)

‘Western’ Clinical pregnancy Sugawa (2018) [51] 140 women no appreciable association adjusted OR Q1-Q4 (95%CI): 
1.00 (ref ) 1.90 (0.58–6.24), 1.38 
(0.41–4.61), 0.84 (0.23–3.11)

‘rice and miso soup’ Clinical pregnancy Sugawa (2018) [51] 140 women no appreciable association adjusted OR Q1-Q4 (95%CI): 
1.00 (ref ), 1.78 (0.58–6.77), 1.98 
(0.58–6.77), 0.72 (0.18–2.93)
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Dietary patterns with largely null associations with IVF 
outcomes
The aHEI‑2010 diet and ‘fertility diet’
The aHEI-2010 diet and ‘Fertility Diet’ were examined 
alongside the MedDiet and ‘profertility’ diet in Gaskins, 
2019. Higher adherence to the aHEI-2010 diet or the 
‘Fertility Diet’ was not appreciably associated with bio-
chemical pregnancy, clinical pregnancy, or live birth 
(aHEI-2010 diet probability of live birth as an adjusted 
proportion Q1 vs Q4 (95%CI) = 0.44 (0.36–0.52), 0.37 
(0.29–0.45)) (‘Fertility Diet’ probability of live birth as 
an adjusted proportion Q1 vs Q4 (95%CI) = 0.37 (0.30–
0.45), 0.43 (0.34–0.52)) [48] (Table 4). The ‘Fertility Diet’ 
is comprised of higher intake of monounsaturated fatty 
acids to trans-fat, vegetable protein, high-fat dairy, iron, 
and multivitamins; lower intake of animal protein and 
low-fat dairy; and lower glycemic load. The aHEI-2010 
diet is comprised of higher intake of vegetables (exclud-
ing potatoes), fruit, whole grains, nuts and legumes, long 
chain omega-3 fats, polyunsaturated fat, and alcohol; 
and lower intake of sugar-sweetened beverages, fruit 
juice, red and processed meat, trans-fat, and sodium [48] 
(Table 2).

‘Vegetable and seafood’,  ‘Western’ and ‘rice and miso  soup’  
dietary  patterns                              
Like Twigt (2012), Sagawa (2018) examined the associa-
tion between adherence to a ‘healthier’ dietary pattern, 
defined as ‘high  intake of fruit and vegetables  and abun-
dant nutrients’,  and  IVF outcomes [51]. Sagawa identi-
fied three patterns of dietary intake in a cohort of 140  
infertile Japanese women: a ‘healthier’ pattern called ‘veg-
etable and seafood’ with a high intake of  vegetable, sea-
food, soy, and chicken; and two likely less healthy dietary 
patterns, ‘Western’ with a high intake of oil, meat, and 
chicken; and ‘rice and miso soup’ with a high intake of 
rice and miso soup (Table 2). Contrary to Twigt (2012), 
Sugawa (2018) found no association between higher 
adherence to a ‘healthier’ pattern and clinical pregnancy, 
confirmed by ultra sound 21 days after egg retrieval (veg-
etable and seafood adjusted O R per 1 category increase 
in adherence = 0.85 95% CI (0.67–1.39)) (‘Western’ = 0.92 
95% CI (0.63–1.36))(rice and miso soup = 0.94 95% CI 
(0.63–1.40)) (Table  4).

‘Health‑conscious low processed’ dietary pattern
Vujkovik [54] examined a ‘Mediterranean style’ and 
‘health-conscious low processed’ dietary pattern, within 
the same cohort of 161 couples. The ‘health-conscious 
low processed’ dietary pattern is defined as contain-
ing high intakes of fruits, vegetables, whole grains, fish, 
and legumes, but low intake of mayonnaise, snacks, and 
meat products (Table  2). Contrary to findings for the 

‘Mediterranean style’ dietary pattern, a couple’s higher 
adherence to a ‘health-conscious low processed’ dietary 
pattern was associated with reduced odds of biochemical 
pregnancy (adjusted OR 0.8 (95% CI: 0.6–1.0) (Table 4). 
Vujkovik [54] attributes the difference in findings to 
higher intake of linoleic acid, a component found in veg-
etable oil, and higher levels of vitamin B6 found in the 
serum and follicular fluid of women with higher adher-
ence to a ‘Mediterranean style’ dietary pattern.

Study characteristics likely leading to increased 
heterogeneity
Study population and exclusion criteria
Studies were conducted in six countries: China, Japan, 
Greece, Italy, the Netherlands (n = 2), and U.S. (Sup-
plement Table  2). Three studies excluded women based 
on underlying medical and/or reproductive conditions 
including; hypertension, endometriosis, or tubal fac-
tor infertility [49, 51, 54]. Two excluded older women 
(over 40 or 41) [49, 52], two excluded women based on 
treatment protocol [49, 52], and three studies contained 
a higher percentage of participants with male versus 
female factor infertility [49, 53, 54]. By exclusion criteria, 
one study each excluded women who did not undergo an 
ART treatment [48], did not undergo an embryo transfer 
[53], or became pregnant before treatment started [54].

Dietary patterns and components
Across studies, the exposure under investigation (dietary 
pattern) was selected using two different methods (Supple-
mental Table  2). In two studies, an α-posteriori approach 
was utilized [51, 54]. Results from participant question-
naires or FFQ were examined and the exposure was derived 
based on which dietary pattern best fit the data. In the 
remaining studies, investigators used a hypothesis driven 
α-priori approach. An exposure was chosen before dietary 
intake information was obtained and a FFQ or question-
naire appropriate for the respective pattern administered.

No two studies included the same dietary components 
in their definitions of the MedDiet (Table 2). All MedDiet 
definitions included higher intake of seafood, legumes, 
fruits, and vegetables. Most included low consumption of 
meat [48–50, 52] and low to moderate (versus no or high) 
intake of alcohol [48–50, 54]. Definitions inconsistently 
included; whole grains, type of fats and oils, dairy, nuts, 
poultry, and potatoes (Table 2).

Time period of exposure assessment
All studies reporting the exposure window period asked 
participants about relatively recent dietary intake with 
exposure windows ranging from four weeks [54] to 
twelve months prior to exposure assessment [48–50, 52] 
(Supplemental Table  2). In Sugawa (2018), participants 
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reported their current dietary intake during the month 
leading up to oocyte retrieval, and in Twigt (2012) the 
exposure window is not stated. In two studies, women 
were asked whether they had changed their diet dur-
ing the exposure window and were excluded if they had 
made a change [49, 52]. In the remaining studies, diet 
change during the exposure window was not reported 
[48, 50, 51, 53, 54].

Study end points and follow‑up
Study length varied from one month [51] to ten years [48] 
(Supplemental Table 2). Participants were followed until 
the occurrence of at least one of the following events: 
biochemical pregnancy, clinical pregnancy, or live birth; 
completion of a maximum of six medical stimulation 
‘cycles’ or treatment cessation [48], one oocyte retrieval 
and the transfer of resulting fresh and/or frozen embryos 
(only cycle with ‘best’ outcome included in analysis) 
[50], one oocyte retrieval and transfer of only the first 
fresh embryo(s) [49, 51, 53, 54], or until study end date 
[52]. The maximum time period between the exposure 
assessment and reproductive outcome was not explicitly 
stated across studies, however likely ranged from weeks 
and months [48–54] to years [48, 50], and in the case 
of Gaskins and colleagues (2019), potentially up to ten 
years.

Outcome definitions
Outcomes were defined somewhat inconsistently (Sup-
plemental Table 2). Four studies reported on biochemical 
pregnancy defined as a rise in serum βhCG 14–21 days 
after oocyte retrieval [48, 49], urine test 15 days after 
oocyte retrieval [54], and undefined in one [52]. Six 
studies reported on clinical pregnancy confirmed by 
ultrasound at 6–10 weeks [48–51, 53], and undefined in 
one study [52]. Three studies reported the outcome of 
live birth, which was defined as birth of a neonate after 
24 weeks in two studies [48, 49] and not defined in the 
third study [50].

Study characteristics likely leading to methodological 
challenges
Exposure assessment
All studies utilized questionnaires to assess exposure, 
with most utilizing a validated self-administered semi-
quantitative FFQ (number of items ranging from 6 to 
131) [48, 49, 51, 54] (Supplemental Table  2). No ques-
tionnaire was validated prospectively in a population of 
women experiencing infertility and/or undergoing IVF 
treatment. In all studies, for exposure classification, par-
ticipants were grouped into categories of adherence (e.g., 
low, intermediate, high) to the dietary pattern under 
investigation in relation to other participants’ adherence 

based on questionnaire responses. In all studies, expo-
sure used for analyses and covariates were assessed 
once at baseline and not reassessed during the follow up 
period for changes. Studies including participants who 
utilized cryopreserved embryos or oocytes did not assess 
exposure at both the time of cryopreservation and the 
time of attempted use/transfer into a uterus [48, 50].

Timing of recruitment and exposure data collection
It is unclear if studies included baseline data on the dura-
tion of the current pregnancy attempt. A portion of 
participants in three studies had undergone at least one 
prior IVF treatment cycle during the current pregnancy 
attempt at the time of recruitment [48, 50, 54] while no 
participant had a previous IVF treatment in two studies 
[49, 51] (Supplemental Table  2). Four studies collected 
information on participants’ ‘duration of infertility’ at the 
time of baseline data collection [49, 52–54]. In the two 
studies in which a range of data was provided, partici-
pants had a mean duration of 3 years [49, 52]. Six studies 
collected exposure data subsequent to initial consultation 
for infertility; three at treatment initiation [48, 51, 52], 
two at the time of oocyte retrieval [49, 50] and one at the 
time of embryo transfer [54].

Covariates collected for assessment of confounding
Female age and body mass index (BMI) were the only 
covariates controlled for in all studies (Supplemental Table  
2). All but one study controlled for energy intake and smok-
ing [52]. ‘Duration of infertility’, previous use of ART, infer-
tility diagnosis (male, female, unexplained), education, 
income, treatment protocol and use of ICSI, parity, physi-
cal activity, vitamin/supplement use, alcohol and caffeine 
intake, paternal covariates, and covariates related to mental 
health were inconsistently controlled for [48–54].

Discussion
Associations between dietary patterns and IVF outcomes
Nine different dietary patterns from seven observational 
studies were examined among participants. Higher 
adherence to the MedDiet, a Dutch ‘preconception’ diet, 
and a ‘profertility’ diet were associated with improve-
ments in biochemical pregnancy, clinical pregnancy, or 
live birth in at least one study. Amongst studies of the 
MedDiet, findings were inconsistent and dose-response 
associations were only found in one study. Within the 
study, associations were modified by age and present 
only among women age < 35 and only for the outcomes 
of clinical pregnancy and live birth. Although examined 
in one relatively small population, increased adherence to 
a ‘profertility’ diet was associated with improvements in 
biochemical pregnancy, clinical pregnancy, and live birth. 
Likewise, higher adherence to a Dutch ‘preconception 
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diet’ was associated with improvements in clinical preg-
nancy in a single small study. The aHEI-2010 diet, ‘Fer-
tility Diet’, ‘health-conscious low processed’ dietary 
pattern, ‘vegetable and seafood’ dietary pattern, ‘Western’ 
dietary pattern, and ‘rice and miso soup’ dietary pattern 
were not materially associated with improved IVF out-
comes. Explanations for differences in findings across 
and within studies on the MedDiet put forth by study 
authors include the escalating and overshadowing influ-
ence of age on fertility [49], lack of accounting for dietary 
supplements [50], and insufficient statistical power [51]. 
Likewise, authors of studies investigating remaining die-
tary patterns hypothesize that differences may be attrib-
uted to intake of substances such as pesticides [48] and 
linoleic acid [54]. However, causative conclusions are 
difficult to draw due to the high degree of heterogeneity 
across studies and potential bias resulting from method-
ological issues which may mask true associations.

Heterogeneity across studies
Sources of heterogeneity included different study popu-
lations, dates, and length; selection of participants and 
dietary pattern under investigation; exposure window 
and assessment relative to the outcome; outcomes inves-
tigated and definitions; and control for potential con-
founders. However, differences in how the MedDiet was 
defined, geographic locations, and study end points make 
comparing studies especially difficult.

The MedDiet has over 34 definitions across the broader 
literature differing by a number of factors including con-
stituent dietary components [59, 60]. In this review, five 
different MedDiet definitions were used, one determined 
α posteriori, and some included and/or excluded individual 
dietary components that have been independently associ-
ated with reproductive outcomes [31]. Moderate intake 
(0.5–2 glasses per day) of alcohol is a common yet contro-
versial component of the MedDiet [61–63]. There is uncer-
tainty around the safety of women’s alcohol consumption 
during conception and pregnancy [64–66], however alco-
hol was incorporated into almost all definitions of the Med-
Diet in this review. Due to the low number of studies using 
any one MedDiet definition, we cannot speculate on the 
extent to which definitional differences may have affected 
findings across studies. However, in future studies, it may 
be informative to compare analyses within a given popula-
tion using different existing definitions of the MedDiet and 
prudent to consider excluding alcohol from future dietary 
pattern definitions used in studies on this topic.

Geographic location of studies may contribute to het-
erogeneity and affect observed associations across studies 
[67, 68]. Studies examining the MedDiet were conducted 
in five different countries, two in Mediterranean regions. 
As studies on the MedDiet generally contain internal 

comparison groups and the range of adherence differs 
across geographic regions, it is difficult to appreciate how 
the same categories of dietary intake correlate across 
studies. Similarly, different populations may not contain 
enough heterogeneity in dietary intake to fully test some 
hypotheses [37, 69]. In future studies, it may be useful to 
provide a population mean and range or clinically based 
cut points (when available), so that it is easier to under-
stand how results may apply in different populations.

Lastly, study end points were heterogenous across stud-
ies. Ideally, in a study on IVF treatment, women would be 
followed for all pregnancy attempts until they achieved 
the outcome of interest or stopped treatment. Most stud-
ies on the MedDiet followed women for one fresh embryo 
transfer. While abbreviating the follow-up period simplifies 
the data collection and analysis, this strategy can oversim-
plify associations [70] and limit comparability. For instance, 
associations between exposure and the results from a single 
first fresh embryo transfer versus multiple embryo trans-
fers or transfers with cryopreserved embryos, may differ. 
When placing findings into context, it may be helpful to 
limit comparisons to studies with similar end points so that 
women and clinicians can better interpret results.

Methodological challenges
Three key methodological challenges of existing studies 
include the inaccurate assessment of exposure, enroll-
ment of women with previous pregnancy attempts, and 
lack of comprehensive control for confounding.

Collecting accurate exposure information
Information about the potential impact of diet, healthy 
eating and weight loss on fertility is widely available [71–
73]. Studies have reported that some women change their 
habits in response to unsuccessful pregnancy attempts 
[74–79] and that populations of women undergoing IVF 
treatment have a higher prevalence of disordered eating 
when compared with the general population [80–84].

Exposure in all studies was based on information from 
a single questionnaire or FFQ. However, the accuracy of 
FFQs and questionnaires can vary across populations [85, 
86]. No study questionnaire was prospectively validated 
among women experiencing infertility and/or undergo-
ing IVF treatment before use, potentially resulting in 
exposure misclassification. Exposure misclassification 
would likely attenuate associations toward the null as the 
outcomes was not known at the time of assessment. Even 
with a validated FFQ, collecting accurate information 
on exposure is difficult as FFQs are designed to approxi-
mate intake over a period of time. Few studies assessed if 
women changed their diet during the exposure window 
[49, 52] increasing risk for heterogeneity within catego-
ries of exposure. Future studies would benefit from FFQs 
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prospectively validated in populations of women under-
going IVF and collecting data on any dietary changes 
during the exposure window.

Enrollment of women with previous pregnancy attempts
All studies recruited women seeking IVF treatment and 
it’s unclear if studies collected data on number of previ-
ous pregnancy attempts. Women seek and receive IVF 
treatment after a different number of pregnancy attempts 
and two studies included women with prior IVF attempts 
[87, 88]. Thus, cohorts likely contained samples with a 
heterogenous number of prior pregnancy attempts at 
baseline. If the dietary pattern under study is a cause of 
improved fertility, then women with higher adherence to 
the dietary pattern will have higher underlying fertility 
and will be less likely to be included in the study, result-
ing in a selection bias (left truncation) that could attenu-
ate associations toward the null [89, 90]. To minimize 
(but not eliminate) bias from left truncation, future stud-
ies examining associations between dietary patterns and 
IVF outcomes could, at the very least, enroll and follow 
women from their initial consult at an infertility treat-
ment center.

If infertility or a previous unsuccessful IVF cycle caused 
a change in diet, then reverse causation could be a poten-
tial source of bias in studies that enroll infertile couples 
utilizing IVF treatment. Reverse causation usually occurs 
in studies when participants’ knowledge of the outcome 
influences their exposure [91]. Although all exposure data 
was collected prior to the outcome, there is the potential 
for reverse causation if participants had related outcomes 
and believe their exposure may be related to these out-
comes [23, 92, 93]. Women have reported using diet to 
enhance IVF treatment success since as early as 2001 
[73, 75, 94, 95] and no data was collected in any study 
in this review regarding participants’ knowledge of the 
associations between diet and reproductive outcomes. 
The potential for reverse causation could be assessed in 
future studies by collecting data on participants’ knowl-
edge of the potential associations between diet, fertility, 
and IVF outcomes, and if any change in diet was related 
to their knowledge.

Controlling for confounding
While all studies in this review collected data on poten-
tial confounders, it is difficult to anticipate and collect 
data on every possible confounder related to diet. Most 
authors acknowledge the potential for residual confound-
ing. However, potentially important sources of residual 
confounding not addressed in most studies include male 
diet, which often mirrors female diet [96–99]; comple-
mentary and ‘add-on’ therapies, which may be used by 
women in conjunction with diet to enhance fertility [78, 

100–105]; and weight loss [106, 107]. At a minimum, all 
studies should collect a broad range of data on potential 
confounders including demographic factors (e.g., race, 
ethnicity, age, and country of origin), socioeconomic 
position (e.g., education, occupation, income, and mari-
tal status), behavioral factors, lifestyle, anthropomet-
rics, multivitamin use, medication use, and medical, 
and reproductive history. In addition, all studies should 
control for total energy intake to adjust for confounding, 
reduce measurement error, and account for differences in 
basal metabolic rate and body size.

Limitations
Limitations to our systematic review should be noted 
when considering its findings. Across the literature, no 
study investigated long-term dietary patterns, therefore 
results only reflect recent intake. We included only Eng-
lish language publications in our search and excluded 
studies with samples restricted to women who were 
overweight and/or diagnosed with PCOS. A prospective 
registration was not undertaken and a single author con-
ducted the literature search and screen. A meta-analysis 
was not conducted due to the high degree of heterogene-
ity across studies and the low number of studies exam-
ining any one dietary pattern and any one outcome. We 
did not discuss potential limitations of different statistical 
approaches and some findings from included studies may 
be spurious. Conversely, strengths of our review include 
the systematic approach and focus on sources of hetero-
geneity and bias. Likewise, our review included all study 
dates during the literature search and all identified die-
tary patterns that fit the review criteria.

Conclusions
The literature on associations between female diet and 
fertility is rapidly expanding. This review adds to the cur-
rent knowledge by highlighting: female dietary patterns 
that have been investigated for associations with IVF out-
comes, ways in which studies differ, methodological chal-
lenges, and strategies that could be employed in future 
studies. Although some studies reported positive associa-
tions between female dietary patterns and IVF outcomes, 
causation cannot be assumed. Studies were potentially 
hindered by methodological challenges (misclassification 
of exposure, left truncation, and lack of comprehensive 
control for confounding) with an associated risk of bias. 
In particular, studies of the MedDiet were highly heter-
ogenous in study population, methods, and findings, and 
remaining dietary patterns have each only been exam-
ined in single and relatively small populations of women. 
Future studies with rigorous and more uniform method-
ologies are needed to determine the association between 
female dietary patterns and IVF outcomes. At the clinical 
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level, findings from this review do not support recom-
mending any single dietary pattern for the purpose of 
improving pregnancy or live birth rates in women under-
going IVF treatment.
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