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Dietary patterns are associated 
with improved ovarian reserve in overweight 
and obese women: a cross-sectional study 
of the Lifestyle and Ovarian Reserve (LORe) 
cohort
Ashley M. Eskew1,2, Bronwyn S. Bedrick1,3, Jorge E. Chavarro4, Joan K. Riley1,5 and Emily S. Jungheim1,5* 

Abstract 

Background: Growing evidence suggests that adherence to certain dietary patterns is associated with improved 
fecundity and reproductive outcomes in the general population and infertile couples assisted reproductive treat-
ments. The objective of this study was to assess if dietary patterns are associated with ovarian reserve in reproductive 
age women without a history of infertility.

Methods: This was a cross-sectional study of 185 women in the Lifestyle and Ovarian Reserve (LORe) cohort. Women 
aged 18–44 without a history of infertility were recruited from the local community at an academic medical center. 
Subjects completed validated food frequency and physical activity questionnaires to assess patterns over the year 
prior to presentation. Dietary patterns including a Western (including meat, refined carbohydrates, high-calorie 
drinks), prudent (including fruits, vegetables, olive oil and nuts), fertility (lower intake of trans fat with higher intake 
of monounsaturated fatty acids, increased intake of plant based protein, high-fat dairy, lower glycemic load carbohy-
drates and supplemental iron) and profertility diet (PFD) (characterize by whole grains, soy and seafood, low pesticide 
residue produce, supplemental folic acid, B12 and vitamin D) were identified through principal component analysis. 
Main outcome measures were serum antimullerian hormone concentration (AMH) (ng/mL) and antral follicle count 
(AFC) obtained by transvaginal ultrasound.

Results: After stratifying by BMI, adjusting for age, smoking and physical activity, dietary patterns were not associated 
with ovarian reserve in normal weight women. Increased adherence to a profertility diet in overweight and obese 
women (BMI ≥ 25 kg/m2) was associated with a significantly higher AMH. Women in the third and fourth quartiles of 
PFD adherence had a mean AMH concentration of 1.45 ng/mL (95%CI 0.33–2.56, p = 0.01) and 1.67 ng/mL (95%CI 
0.60–2.74, p = 0.003) higher than women in the lowest quartile respectively. The highest adherence to PFD was also 
associated with a higher AFC in women with a BMI ≥ 25 kg/m2 (β = 7.8, 95%CI 0.003–15.34, p < 0.05). Other common 
dietary patterns were not significantly associated with ovarian reserve.
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Background
Studies have shown that dietary patterns are associated 
with endometriosis, ovulatory infertility and fecund-
ability [1–5]. Additionally, emerging evidence suggests 
that modifiable lifestyle factors, including adherence to 
certain dietary patterns and avoidance of environmen-
tal toxins, are associated with improved reproductive 
outcomes, including clinical pregnancy, spontaneous 
miscarriage and live birth rates, in women undergoing 
in vitro fertilization (IVF) [6, 7].

The Fertility Diet (FD) was first described in 2007 from 
the Nurses’ Health Study II [5]. This diet, which is char-
acterized by lower intake of trans fat and higher intake 
of monounsaturated fatty acids, plant-based protein, and 
high-fat dairy, has been shown to associated with the 
lowest risk of ovulatory infertility. In 2019, pretreatment 
adherence to the Profertility Diet (PFD) was found to 
be associated with an increased probability of live birth 
in women undergoing in  vitro fertilization and embryo 
transfer when compared to other dietary patterns. The 
PFD is characterized by increased intake of whole grains, 
soy and seafood (in place of conventional animal pro-
tein), dairy, low pesticide residue produce [6]. Despite 
increasing data on the association of lifestyle and dietary 
patterns and reproductive outcomes, evidence regarding 
the influence of diet on measures of ovarian reserve is 
scarce [8, 9]. Markers of ovarian reserve, including anti-
Müllerian (AMH) hormone concentration and antral 
follicle count (AFC) are used to predict ovarian respon-
siveness to gonadotropins in women undergoing ovarian 
stimulation [10–12].

Women with overweight and obesity have been shown 
to have decreased ovarian responsiveness to oral ovula-
tion induction medications and gonadotropin stimu-
lation [13–15]. Further AMH has been shown to be 
inversely associated with increasing body mass index 
(BMI) [16]. Being able to provide evidence-based lifestyle 
recommendations to optimize outcomes in reproductive 
age women seeking fertility treatments is critical. Given 
evidence that adherence to certain dietary patterns is 
associated with reproductive outcomes we hypothesized 
that dietary patterns are also associated with markers of 
ovarian reserve as determined by AFC and AMH concen-
tration. We sought to investigate this in a novel cohort of 
reproductive age women without a history of infertility 
with normal weight, overweight or obesity.

Methods
For this cross-sectional study, reproductive age women 
were recruited from the St. Louis, Missouri metropolitan 
area for participation in the LORe study—lifestyle and 
reproductive outcomes—between May 2014 and May 
2018 [17]. Briefly, women 18 to 44 years of age with regu-
lar menstrual cycles were eligible for the study. Exclusion 
criteria included history of ovarian surgery or infertility, 
PCOS as defined by NIH criteria, a major chronic disease 
(e.g., diabetes mellitus, hypertension, autoimmune dis-
ease), or current pregnancy.

A sample size of 200 women was initially calculated 
assessing rates of diminished ovarian reserve (as meas-
ured by AFC) between women with low or normal 
omega-6:omega-3 ratios assuming a 0.05 type I error, and 
0.20 type II error and were enrolled in this study based on 
findings from prior work [18]. This study was approved 
by the Institutional Review Board at Washington Uni-
versity School of Medicine (#201405045). Subjects were 
enrolled after obtaining informed consent. The analysis 
of this cross-sectional study was performed according to 
STROBE guidelines [19].

Participants completed three questionnaires: a gen-
eral demographic questionnaire, the Harvard Willett 
Food Frequency Questionnaire, and the Kaiser Physical 
Activity Survey [20–22]. The general questionnaire con-
tained questions on race, ethnicity, obstetric history, past 
and present use of contraceptives, and past and present 
smoking status.

The Harvard Willett Food Frequency Questionnaire 
was used to capture participants’ diet over the previous 
year [21, 22]. The questionnaire asked participants to 
report how often, on average, they consumed a speci-
fied amount of 131 foods, beverages, and supplements. 
Quantifications of food items were based on commonly 
used units (e.g. one banana, 8 oz. skim milk). Individual 
food items were then combined to form 40 predefined 
food groups (e.g., low-fat dairy products) based on nutri-
ent profile and culinary use, as previously described 
[23]. Daily consumption of these food groups was then 
calculated. From these quantifications, adherence to dif-
ferent diets was calculated. Women with caloric intake 
< 500 kcal/day or > 5000 kcal/day were excluded from 
analyses (n = 9).

The Kaiser Physical Activity Survey (KPAS) [20] was 
used to capture participants’ physical activity over the 

Conclusions: Increased adherence to a profertility diet is associated with improved markers of ovarian reserve in 
overweight and obese women. These findings provide novel insight on potential modifiable lifestyle factors associ-
ated with ovarian reserve.

Keywords: Profertility diet, Ovarian reserve, Fertility, Obesity, Fertility diet
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previous year. In brief, KPAS consists of four indices: 
household and caregiving; occupational; active-living; 
and sports and exercise. The occupational index was 
modified to exclude the occupational intensity compo-
nent, as previously described [24, 25] and individuals 
who were unemployed were assigned a value of one. To 
calculate the sports and exercise index, metabolic equiva-
lent ratings from the Compendium of Physical Activity 
were assigned to each listed activity [26].

Transvaginal ultrasound was performed to determine 
the total AFC, which was calculated as the sum of antral 
follicles measuring 2-10 mm in both ovaries [27]. Serum 
AMH concentration was determined using a Roche 
cobas e411 analyzer. BMI was calculated from the height 
and weight measured at each participant’s research visit.

Adherence to predefined dietary patterns and the com-
mon dietary patterns in our cohort were calculated from 
each participant’s daily food consumption. For the FD 
and PFD, points were assigned to food groups most asso-
ciated with fertility, as described in Chavarro et  al. and 
Gaskins et al., respectively [5, 6]. For the PFD, pesticide 
residue burden was determined by pesticide residual 
based scoring which did not account for intake of organic 
produce [28].

In addition to analyzing the predefined FD and PFD, we 
used principal components analysis to identify and cat-
egorize the underlying dietary patterns among study par-
ticipants [29–31]. Varimax rotation was used for greater 
interpretability. Principal components analysis allowed us 
to synthesize the extensive dietary data from the Harvard 
Food Frequency Questionnaire into a smaller number of 
variables—or dietary patterns. Given significant regional 
variability in diet [32, 33], using principal components 
analysis permitted us to explore dietary patterns unique 
to our cohort. The number of dietary patterns retained 
was determined according to three considerations: eigen-
values > 1.0, scree plot, and pattern interpretability. Food 
groups were considered discriminatory if their loading 
factors were ≥  |0.4|. The dietary pattern score for each 
woman was determined by adding her daily consump-
tion of each food group multiplied by the standardized 
coefficients of each food group. Women with higher 
scores for a specific dietary pattern were considered to 
be more adherent to that dietary pattern which has been 
described previously [17].

To assess the association between markers of ovar-
ian reserve and each dietary pattern, multivariate linear 
regression was then performed controlling for age, BMI, 
smoking status, and physical activity. Subjects were strat-
ified by BMI < 25 kg/m2 and BMI ≥ 25 kg/m2 as BMI is 
known to be associated with markers of ovarian reserve 
[16]. KPAS and the dietary pattern scores were divided 
into quartiles, with the lowest quartile representing 

women least adherent to the behavior. Variables included 
in the final model were based on univariate analysis and 
known confounders based on prior literature [34–36]. 
Spearman correlation was used to assess strength of cor-
relation between the different dietary patterns.

All data were stored on the online database REDCap 
[37]. P < 0.05 was considered statistically significant. SAS 
version 9.4 (SAS Institute, Cary, NC, USA) was used for 
all statistical analyses.

Results
A total of 185 women were recruited and 175 were 
included in the analysis. Women were excluded from 
analysis if they did not complete all aspects of the 
study (n = 1) or if they had a daily caloric intake > 5000 
or < 500 kcal per day (n = 9). Women who had AFC docu-
mented from only one ovary were included for analysis of 
AMH but not AFC (n = 8). Participants had a mean age 
of 31.0 (±6.6) years and had a mean BMI of 27.7 (±7.0) 
kg/m2. The majority were non-smokers (92%), Caucasian 
(61%) and had graduated from college (71%).

For the overall cohort, the median (25th–75th per-
centile) AMH concentration was 2.2 (1.3–3.6), and the 
median AFC was 25 (17–37). For women with a BMI 
≥25 kg/m2, the median AMH was 2.2 (1.3–2.6) and 
the median AFC was 24 (15–31). For women with a 
BMI < 25 kg/m2, the median AMH was 4.5 (3.0–5.8) and 
AFC was 27 (19–41).

We identified two dietary patterns by principal com-
ponents analysis. The first pattern was characterized by 
high intake of animal protein, snack foods, potatoes, and 
high-calorie drinks. We termed this dietary pattern the 
“Western” pattern. The second pattern, which we termed 
the prudent diet, was characterized by increased con-
sumption of fruits, vegetables, and nuts. These patterns’ 
characterizations were similar to those described before 
in the literature, however, regional differences were 
noted between the prudent dietary pattern in our cohort 
and that which has been described in the literature. For 
example, the prudent diet in our cohort was not defined 
by consumption of fish [17]. These dietary patterns were 
then compared to subjects with increased adherence to 
the PFD and FD.

The median (25th–75th percentile) score of the PFD 
was 18 (16–21) overall. For women with a BMI ≥ 25 kg/
m2, it was 18 (16–21) and 18 (15.5–21) for women 
with BMI < 25 kg/m2. The median score for the FD was 
19 (16–21) overall. For women with BMI ≥25 kg/m2 
the median score was 18 (16–21) and 19 (18–21) for 
women with BMI < 25 kg/m2. There was a moderate posi-
tive correlation between the PFD and FD (rho = 0.19, 
p = 0.01), and a strong positive correlation between the 
PFD and the Prudent diet (rho = 0.37, p  < 0.0001). The 
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FD and Western diet had a strong inverse correlation 
(rho = − 0.56, p < 0.0001).

Women with increased adherence to the PFD were 
more likely to be older, college educated, have higher 
physical activity levels, greater daily caloric intake, con-
sume higher amounts of alcohol and caffeine, and were 
more likely to take a daily multivitamin than women with 
decreased adherence [Table  1]. Women with increased 
adherence to the FD were more likely to have higher 
physical activity levels, higher educational attainment, to 
have lower BMI, to have lower daily calorie intake, and 
to have higher multivitamin intake (data not shown). 
Women with increased adherence to the Prudent diet 
were also more likely to be college educated, to have 
higher physical activity levels, and to have lower BMIs. 
Women with increased adherence to the Western diet 
were more likely to be older, to have lower educational 
attainment, and to have higher BMI.

No association was observed between PFD adherence 
and ovarian reserve in our overall cohort after adjusting 
for age, smoking status and physical activity (data not 
shown). However, after stratifying by BMI, adherence to 
the PFD in overweight and obese women (BMI ≥ 25 kg/
m2) was associated with higher AMH concentrations. 

Women in the third and fourth quartiles of the PFD 
had mean AMH concentrations of 1.45 ng/mL (95%CI 
0.33–2.56, p = 0.01) and 1.67 ng/mL (95%CI 0.60–2.74, 
p  = 0.003) higher than women in the lowest quar-
tile respectively. The highest adherence with the PFD 
was also associated with a higher mean AFC in over-
weight and obese women (β = 7.8, 95%CI 0.003–15.34, 
p = 0.049) whereas quartiles 2 and 3 were not. Increased 
adherence to PFD not associated with markers of ovarian 
reserve in normal weight women [Table 2].

The fertility diet, prudent diet and Western dietary pat-
terns were not significantly associated with AMH or AFC 
in normal weight, overweight or obese women [Table 2].

Discussion
In this cross-sectional cohort study of reproductive age 
women without a history of infertility, we observe a lin-
ear association with improved markers of ovarian reserve 
in women with overweight and obesity with increasing 
adherence to the PFD. This association remained after 
controlling for potential confounders. Markers of ovar-
ian reserve were negatively associated with increasing 
adherence to a Western dietary pattern, but this did not 
reach statistical significance at any level of adherence. 

Table 1 Baseline characteristics by adherence to the Profertility Diet

Note: Categorical data are represented as n (%), and continuous variables are represented as median (interquartile range)

Note: KPAS Kaiser physical activity survey, AMH Anti-Müllerian, AFC antral follicle count
a P < 0.05 across groups

Characteristics Profertility diet

Quartile Quartile 1 (n = 41) Quartile 2 (n = 55) Quartile 3 (n = 40) Quartile 4 (n = 39) P-value

BMI < 25 kg/m2 (n) 19 23 18 16

BMI ≥ 25 kg/m2 (n) 22 32 22 23

Age (years) 27 (24–32) 31 (25–37) 31 (26–36) 31 (27–38) 0.06

Current smoker 4 (10%) 4 (7.4%) 2 (5%) 4 (10.3%) 0.85

White 23 (58%) 29 (53%) 27 (69%) 28 (72%) 0.19

Education 0.08

 Less than college 15 (38%) 20 (36%) 10 (26%) 6 (15%)

 College graduate or higher 25 (62%) 35 (64%) 29 (74%) 33 (85%)

BMI (kg/m2) 26.2 (23.1–33.3) 25.8 (22.8–32.9) 26.7 (22.9–30.0) 25.7 (22.3–29.9) 0.82

KPAS 9.3 (8.1–11.1) 9.5 (8.2–11.4) 11.1 (10.3–11.6) 10.4 (9.0–11.9) 0.002a

AMH 2.6 (1.8–4.1) 2.3 (1.3–3.8) 2.7 (1.6–4.3) 2.8 (1.7–4.5) 0.85

AFC 25 (12–38) 22 (15–31) 24 (17–38) 28 (17–35) 0.71

Dietary Characteristics

 Total calories, kcal/d 1500 (1112–1747) 1705 (1270–2045) 2054 (1603–2592) 2013 (1761–2430) < 0.0001

 Carbohydrates, % of kcal/d 48 (42–53) 47 (40–54) 48 (43–50) 46 (42–51) 0.91

 Protein, % of kcal/d 17 (14–19) 17 (13–19) 17 (15–18) 17 (16–19) 0.28

 Fat, % of kcal/d 34 (30–44) 34 (30–40) 34 (32–37) 34 (31–38) > 0.999

 Alcohol, g/d 2.3 (0–6.6) 3.6 (0–8.1) 5.6 (2.0–10.3) 7.0 (2.5–11.8) 0.01

 Caffeine, mg/d 31.6 (13.1–114.7) 95.2 (16.0–239.0) 115.8 (45.8–237.2) 161.5 (91.5–288.5) 0.0001

 Multivitamin use 6 (15%) 14 (26%) 18 (47%) 29 (74%) < 0.0001
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Table 2 Association Between Adherence to Dietary Patterns and Markers of Ovarian Reserve by BMI

Note: CI Confidence interval, Q Quartile
a Analyses were run using multivariate linear regression. Data are presented as the difference in means (95% CI) adjusted for age, BMI, smoking status and physical 
activity level
b P < 0.05 for comparison of designated quartile to quartile 1 (reference)

Variables AMH, (95%CI) P value AFC, (95%CI) p-value

Profertility Diet
 BMI < 25

  Q1 (reference) – –

  Q2 −0.78 (−1.97–0.40) 0.19 −3.46 (− 11.9–5.01) 0.42

  Q3 − 0.31 (− 1.64–1.02) 0.65 7.17 (−2.47–16.8) 0.14

  Q4 − 0.87 (− 2.20–0.46) 0.20 0.19 (− 9.24–9.61) 0.97

 BMI ≥ 25

  Q1 (reference) – –

  Q2 0.86 (−0.12–1.84) 0.08 5.9 (−1.2–13) 0.1

  Q3 1.45 (0.33–2.56) b 0.01 5.93 (−2.41–14.3) 0.16

  Q4 1.67 (0.60–2.74) b 0.002 7.77 (0.004–15.4) b 0.049 b

Fertility Diet
 BMI < 25

  Q1 (reference) –

  Q2 −0.47 (−1.93–0.99) 0.52 −4.16 (− 15.49–7.17) 0.47

  Q3 0.07 (−1.22–1.37) 0.91 0.41 (−9.00–9.81) 0.93

  Q4 0.39 (−0.98–1.75) 0.57 −1.16 (− 11.11–8.78) 0.82

 BMI ≥ 25

  Q1 (reference) –

  Q2 0.74 (−0.26–1.74) 0.14 1.04 (−6.1–8.19) 0.77

  Q3 0.77 (−0.51–2.07) 0.23 0.92 (−8.29–10.14) 0.84

  Q4 0.84 (−0.11–1.79) 0.08 −0.28 (−7.16–6.61) 0.94

Traditional Diet
 BMI < 25

  Q1 (reference) – –

  Q2 0.34 (−0.71–1.39) 0.52 1.33 (−6.74–9.40) 0.74

  Q3 0.63 (−0.55–1.80) 0.29 0.24 (−8.66–9.15) 0.96

  Q4 −0.97 (−2.25–0.31) 0.13 −2.61 (−12.23–7.01) 0.59

 BMI ≥ 25

  Q1 (reference)

  Q2 −0.15 (−1.35–1.04) 0.80 1.70 (−6.57–9.98) 0.68

  Q3 0.33 (−0.79–1.45) 0.56 5.13 (−2.71–12.98) 0.20

  Q4 −0.16 (−1.31–0.99) 0.78 − 0.17 (−8.21–7.86) 0.97

Prudent Diet
 BMI < 25

  Q1 (reference) – –

  Q2 −0.71 (−2.18–0.77) 0.34 −7.09 (−17.50–3.31) 0.18

  Q3 −0.32 (−1.50–0.86) 0.59 1.90 (−6.66–10.47) 0.66

  Q4 0.09 (−1.27–1.44) 0.90 −8.65 (− 18.42–1.12) 0.08

 BMI ≥ 25

  Q1 (reference)

  Q2 0.47 (−0.53–1.47) 0.35 −1.25 (−8.31–5.81) 0.73

  Q3 0.62 (−0.63–1.87) 0.33 3.85 (−4.91–12.59) 0.38

  Q4 0.55 (0.60–1.66) 0.33 1.16 (−6.64–8.97) 0.77
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Increased adherence to the fertility diet was not associ-
ated with markers of ovarian reserve in women with nor-
mal, overweight or obese BMIs.

Increasing evidence over the past decade has shown 
that lifestyle factors including diet and exercise patterns 
are associated with fecundability in a general population 
of reproductive age women trying to conceive [1–3, 38]. 
Our study is one of the first to investigate associations 
between dietary patterns and markers of ovarian reserve 
in a reproductive age cohort of ovulatory women without 
a history of infertility.

Anderson et al. evaluated the association between die-
tary intake and serum AMH concentrations among 296 
late premenopausal women in the Sister Study. Their 
findings suggest that dietary fat intake may be inversely 
associated with AMH concentration. However, their 
cohort had a mean age of 42.8 years, a median BMI of 
25 kg/m2 and no specific dietary patterns were exam-
ined for associations [39]. The EARTH study, a study of 
women undergoing in  vitro fertilization, demonstrated 
no relation of dietary patterns to AFC but did suggest an 
inverse relation of AFC to dairy intake specifically [8, 9]. 
They did not look at AMH, a more objective and reliable 
measure of ovarian reserve.

Data from the Nurses’ Health Study II (NHSII), which 
served as the foundation for the fertility diet, examined 
18,555 married, premenopausal women without a his-
tory of infertility who had attempted pregnancy during 
an eight-year period during the study. Dietary assess-
ments were made in relation to the incidence of ovula-
tory infertility. During the follow up period, women who 
consumed higher amounts of trans fats as opposed to 
monounsaturated or polyunsaturated fats had a signifi-
cantly higher risk of ovulatory infertility [40]. Addition-
ally, women who consumed the highest glycemic load 
carbohydrates compared to the lowest amounts, had a 
92% higher risk of ovulatory infertility, whereas women 
who prioritized intake of plant based proteins and took 
a daily multivitamin conversely had a 22 and 41% lower 
risk of ovulatory infertility respectively [41, 42]. Our 
cohort differs from the NHSII in that women with PCOS 
were specifically excluded from our study. One factor 
that wasn’t accounted for by the Nurse’s Health Study 
II was intake of low versus high pesticide residue fruits 
and vegetables which is important given the evidence 
regarding the impact of environmental toxins (including 
through our food systems) on reproductive health [43].

Increased intake of high pesticide residue fruits and 
vegetables has been directly associated with increased 
systemic levels of pesticide metabolites [44]. In women 
undergoing IVF, increased consumption of high pes-
ticide fruits and vegetables (> 2.3 servings/day versus 
< 1.0 servings per day) was associated with an 18% lower 

probability of clinical pregnancy and 26% lower prob-
ability of live birth [44]. When combining these findings 
with assessment of dietary patterns the association with 
reproductive outcomes has been substantiated [6].

Gaskins et  al. was the first to describe a “profertility” 
diet that was characterized by higher intake of low pesti-
cide residue fruits and vegetables, whole grains, seafood, 
dairy, soy foods and supplemental vitamin D, folic acid 
and B12. Women undergoing IVF with the highest adher-
ence to a PFD had significantly higher odds of implanta-
tion (47%), clinical pregnancy (43%) and live birth (53%), 
and a 31% lower odds of clinical pregnancy loss. Higher 
adherence to the fertility diet, in contrast, was not asso-
ciated with reproductive outcomes following IVF. These 
findings highlight the importance of accounting for envi-
ronmental exposures such as pesticide residue burden 
when examining lifestyle factors that may impact repro-
ductive health and outcomes as our study does here.

In addition to modifiable lifestyle factors, obesity is 
associated with a longer time to pregnancy, higher like-
lihood of menstrual cycle irregularity [45, 46], ovulatory 
dysfunction [47, 48] and decreased ovarian responsive-
ness to oral ovulation induction medications and gon-
adotropin stimulation [13–15]. BMI at age 18 has been 
shown to be a predictor of future ovulatory infertility 
[47]. Further, studies have demonstrated that BMI has 
an inverse association with AMH, making the findings 
we present here even more compelling [16]. Our findings 
are important as they offer the potential for building evi-
dence-based tools tailored to help empower at-risk popu-
lation for improved fertility outcomes.

Our results may also be beneficial for women undergo-
ing ovarian stimulation for planned oocyte cryopreser-
vation or other clinical indications. AMH concentration 
and AFC have been shown to correlate with ovarian 
responsiveness to gonadotropins and to be accurate pre-
dictors of poor response [10, 12, 36]. Implementation of a 
PFD pattern as discussed could further optimize assisted 
reproductive treatment outcomes particularly in patients 
with a poor prognosis such as those with diminished 
ovarian reserve.

Lastly, AMH concentration has been shown to poten-
tially predict age of menopause, with lower AMH con-
centration being associated with earlier onset [11]. Early 
age of menopause has been shown to be associated with 
a higher risk of bone, neurologic and cardiovascular dis-
ease in women [49–52]. Simple dietary counseling could 
be implemented as preventative management in repro-
ductive age women to potentially lessen their risk of early 
menopause and associated co-morbidities.

There are many strengths of this study including its 
novel findings. This was also a reproductive age cohort 
of women without a history of chronic disease which 
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could minimize additional confounders. Addition-
ally, we used principal components analysis to identify 
dietary patterns present in our cohort and examined 
pre-defined dietary patterns. This permitted us to 
determine if dietary patterns other than those that have 
been previously described could explain differences 
in markers of ovarian reserve. Using dietary patterns 
rather than looking at dietary intake or serum concen-
trations of specific nutrients allows for improved tools 
for counseling women about modifiable lifestyle factors 
and reproductive health. Further, the use of KPAS more 
accurately assesses physical activity in women com-
pared to other questionnaires which allowed for better 
assessment of a potential confounder.

Several limitations must be considered in the inter-
pretation of our work. First, our sample size was small. 
While sample size may impact accuracy, our findings 
were significant and based on our a priori hypothesis, 
and therefore these findings are worthy of considera-
tion and future prospective investigation. Our cohort 
was comprised of healthy, reproductive age women 
from a mid-west metropolitan area. This may limit 
generalizability to women in other regions and cer-
tain dietary patterns associated with chronic disease. 
Additionally, it’s being increasingly recognized that the 
US lags behind other countries in limiting the use of 
harmful pesticides, so these findings may not be gen-
eralizable world-wide [53]. Although our dietary ques-
tionnaire did not account for organic produce intake 
future studies should account for this. While we dem-
onstrated an association between dietary patterns and 
AMH concentration in women with overweight or obe-
sity, these findings were not shown in women with nor-
mal weights. As ovarian reserve decreases throughout a 
woman’s reproductive years, it is difficult to determine 
the most relevant biologic window to assess dietary 
patterns and measures of ovarian reserve. Furthermore, 
our cross-sectional study design limits our ability to 
determine causality, although based on other prospec-
tive cohort studies of diet and reproductive health, our 
results are biologically plausible.

Conclusions
Findings from this cross-sectional study of reproduc-
tive age women without a history of infertility support 
the association between dietary patterns and markers 
of ovarian reserve, but only in overweight and obese 
women. Additional prospective studies are needed to 
evaluate the potential modifying effect of dietary intake 
on ovarian reserve.

Abbreviations
AFC: Antral follicle count; AMH: Antimullerian hormone concentration; BMI: 
Body mass index; FD: Fertility Diet; IVF: In vitro fertilization; KPAS: Kaiser Physical 
Activity Survey; LORe: Lifestyle and Ovarian Reserve; PFD: Profertility Diet.

Acknowledgements
Not applicable.

Authors’ contributions
AME, BSB, ESJ and JEC analyzed and interpreted the patient data, and were 
major contributors in writing, revising and editing the final manuscript. JKR 
was a major contributor in writing, revising and editing the final manuscript. 
All authors read and approved the final manuscript.

Funding
Research reported in this publication was supported by the National Center 
for Advancing Translational Sciences of the National Institutes of Health under 
Award Numbers UL1TR002346, KL2 TR000450 and TL1TR002344 and grant P30 
DK046200 from the National Institute of Diabetes and Digestive and Kidney 
Diseases. The content is solely the responsibility of the authors and does not 
necessarily represent the official views of the National Institutes of Health.

Availability of data and materials
Data cannot be shared for ethical/privacy reasons. The data underlying this 
article cannot be shared publicly for the privacy of individuals that partici-
pated in the study. The data will be shared on reasonable request to the 
corresponding author.

Declarations

Ethics approval and consent to participate
This study was approved by the Institutional Review Board at Washington 
University School of Medicine (#201405045). All subjects were enrolled after 
obtaining informed consent.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Department of Obstetrics and Gynecology, Washington University School 
of Medicine, St. Louis, MO 63110, USA. 2 Present address: Department 
of Obstetrics and Gynecology, Atrium Health, Charlotte, NC 28204, USA. 
3 Present Address: Department of Obstetrics and Gynecology, Johns Hopkins 
University, Baltimore, MD 21287, USA. 4 Harvard T. H. Chan School of Public 
Health, Harvard University, Boston, MA 02115, USA. 5 Present address: Depart-
ment of Obstetrics and Gynecology, Northwestern University Feinberg School 
of Medicine, Chicago, IL 60611, USA. 

Received: 28 November 2021   Accepted: 2 February 2022

References
 1. Gaskins AJ, Sundaram R, Buck Louis GM, Chavarro JE. Seafood intake, 

sexual activity, and time to pregnancy. J Clin Endocrinol Metab. 
2018;103(7):2680–8.

 2. Wise LA, Wesselink AK, Tucker KL, Saklani S, Mikkelsen EM, Cueto H, et al. 
Dietary fat intake and Fecundability in 2 preconception cohort studies. 
Am J Epidemiol. 2018;187(1):60–74.

 3. Hatch EE, Wesselink AK, Hahn KA, Michiel JJ, Mikkelsen EM, Sorensen HT, 
et al. Intake of sugar-sweetened beverages and Fecundability in a north 
American preconception cohort. Epidemiology. 2018;29(3):369–78.

 4. Missmer SA, Chavarro JE, Malspeis S, Bertone-Johnson ER, Hornstein MD, 
Spiegelman D, et al. A prospective study of dietary fat consumption and 
endometriosis risk. Hum Reprod. 2010;25(6):1528–35.



Page 8 of 9Eskew et al. Reproductive Biology and Endocrinology           (2022) 20:33 

 5. Chavarro JE, Rich-Edwards JW, Rosner BA, Willett WC. Diet and lifestyle 
in the prevention of ovulatory disorder infertility. Obstet Gynecol. 
2007;110:1050–8.

 6. Gaskins AJ, Nassan FL, Chiu YH, Arvizu M, Williams PL, Keller MG, et al. 
Dietary Patterns and Outcomes of Assisted Reproduction. Am J Obstet 
Gynecol. 2019;220(6):567.e1–567.e18.

 7. Karayiannis D, Kontogianni MD, Mendorou C, Mastrominas M, Yian-
nakouris N. Adherence to the Mediterranean diet and IVF success 
rate among non-obese women attempting fertility. Hum Reprod. 
2018;33(3):494–502.

 8. Maldonado-Cárceles AB, Mínguez-Alarcón L, Souter I, Gaskins AJ, Arvizu 
M, Williams PL, et al. Dietary patterns and ovarian reserve among women 
attending a fertility clinic. Fertil Steril. 2020;114(3):610–7.

 9. Souter I, Chiu YH, Batsis M, Afeiche MC, Williams PL, Hauser R, et al. The 
association of protein intake (amount and type) with ovarian antral fol-
licle counts among infertile women: results from the EARTH prospective 
study cohort. BJOG. 2017;124(10):1547–55.

 10. Baker VL, Gracia C, Glassner MJ, Schnell VL, DoodyK CCC, Shin SS, et al. 
Multicenter evaluation of the access AMH antimullerian hormone assay 
for the prediction of antral follicle count and poor ovarian response to 
controlled ovarian stimulation. Fertil Steril. 2018;110(3):506–13 e3.

 11. Broer SL, Eijkemans MJ, Scheffer GJ, van Rooij IA, de Vet A, Themmen 
AP, et al. Anti-mullerian hormone predicts menopause: a long-term 
follow-up study in normoovulatory women. J Clin Endocrinol Metab. 
2011;96(8):2532–9.

 12. Broer SL, Broekmans FJ, Laven JS, Fauser BC. Anti-Mullerian hormone: 
ovarian reserve testing and its potential clinical implications. Hum Reprod 
Update. 2014;20(5):688–701.

 13. Imani B, Eijkemans MJ, te Velde ER, Habbema JD, Fauser BC. A nomogram 
to predict the probability of live birth after clomiphene citrate induction 
of ovulation in normogonadotropic oligoamenorrheic infertility. Fertil 
Steril. 2002;77:91–7.

 14. Mulders AG, Laven JS, Eijkemans MJ, Hughes EG, Fauser BC. Patient 
predictors for outcome of gonadotrophin ovulation induction in women 
with normogonadotrophic anovulatory infertility: a meta-analysis. Hum 
Reprod Update. 2003;9(5):429–49.

 15. Souter I, Baltagi LM, Kuleta D, Meeker JD, Petrozza JC. Women, weight, 
and fertility: the effect of body mass index on the outcome of superovu-
lation/intrauterine insemination cycles. Fertil Steril. 2011;95(3):1042–7.

 16. Palomaki GE, Kalra B, Kumar T, Patel AS, Savjani G, Torchen LC, et al. Adjust-
ing antimullerian hormone levels for age and body mass index improves 
detection of polycystic ovary syndrome. Fertil Steril. 2020;113(4):876–84 
e2.

 17. Bedrick BS, Eskew AM, Chavarro JE, Jungheim ES. Dietary patterns, 
physical activity and socioeconomic associations in a Midwestern 
cohort of healthy reproductive-age women. Matern Child Health J. 
2020;24:1299–307.

 18. Jungheim ES, Macones GA, Odem RR, Patterson BW, Lanzendorf SE, Ratts 
VS, et al. Associations between free fatty acids, cumulus oocyte complex 
morphology and ovarian function during in vitro fertilization. Fertil Steril. 
2011;95(6):1970–4.

 19. Elm EVAD, Egger M, Pocock SJ, Gøtzsche PC, Vandenbroucke JP. The 
strengthening the reporting of observational studies in epidemiology 
(STROBE) statement: guidelines for reporting observational studies. Int J 
Surg. 2014;12(12):1495–9.

 20. Ainsworth BE, Sternfeld B, Richardson MT, Jackson K. Evaluation of 
the kaiser physical activity survey in women. Med Sci Sports Exerc. 
2000;32(7):1327–38.

 21. Yuan C, Spiegelman D, Rimm EB, Rosner BA, Stampfer MJ, Barnett JB, 
et al. Validity of a dietary questionnaire assessed by comparison with 
multiple weighed dietary records or 24-hour recalls. Am J Epidemiol. 
2017;185(7):570–84.

 22. Yuan C, Spiegelman D, Rimm EB, Rosner BA, Stampfer MJ, Barnett JB, 
et al. Relative validity of nutrient intakes assessed by questionnaire, 
24-hour recalls, and diet records as compared with urinary recovery and 
plasma concentration biomarkers: findings for women. Am J Epidemiol. 
2018;187(5):1051–63.

 23. Hu FB, Rimm E, Smith-Warner SA, Feskanich D, Stampfer MJ, Ascherio A, 
et al. Reproducibility and validity of dietary patterns assessed with a food-
frequency questionnaire. Am J Clin Nutr. 1999;69:243–9.

 24. Im EO, Ham OK, Chee E, Chee W. Physical activity and depressive 
symptoms in four ethnic groups of midlife women. West J Nurs Res. 
2015;37(6):746–66.

 25. Schmidt MDFP, Pekow P, Roberts D, Sternfeld B, Chasan-Taber L. Validation 
of the Kaiser physical activity survey in pregnant women. Med Sci Sports 
Exerc. 2006;38(1):42–50.

 26. Ainsworth BE, Haskell W, Whitt MC, Irwin ML, Swartz AM, Strath SJ, et al. 
Compendium of physical activities: an update of activity codes and MET 
intensities. Med Sci Sports Exerc. 2000;32:S498–504.

 27. Rosen MP, Johnstone E, Addauan-Andersen C, Cedars MI. A lower antral 
follicle count is associated with infertility. Fertil Steril. 2011;95(6):1950–4 4 
e1.

 28. Chiu YH, Williams PL, Gillman MW, Gaskins AJ, Minguez-Alarcon L, Souter 
I, et al. Association between pesticide residue intake from consumption 
of fruits and vegetables and pregnancy outcomes among women under-
going infertility treatment with assisted reproductive technology. JAMA 
Intern Med. 2018;178(1):17–26.

 29. Panaretos D, Tzavelas G, Vamvakari M, Panagiotakos D. Repeatability 
of dietary patterns extracted through multivariate statistical meth-
ods: a literature review in methodological issues. Int J Food Sci Nutr. 
2017;68:385–91.

 30. Cutillas-Tolin A, Minguez-Alarcon L, Mendiola J, Lopez-Espin JJ, Jorgensen 
N, Navarrete-Munoz EM, et al. Mediterranean and western dietary pat-
terns are related to markers of testicular function among healthy men. 
Hum Reprod. 2015;30(12):2945–55.

 31. Wu K, Hu FB, Fuchs C, Rimm EB, Willett WC, Giovannucci E. Dietary pat-
terns and risk of colon cancer and adenoma in a cohort of men (United 
States). Cancer Causes Control. 2004;15:853–62.

 32. Cusack LK, Smit E, Kile ML, Harding AK. Regional and temporal trends in 
blood mercury concentrations and fish consumption in women of child 
bearing age in the United States using NHANES data from 1999-2010. 
Environ Health. 2017;16(1):10.

 33. Kant AK, Graubard BI. Secular trends in regional differences in nutritional 
biomarkers and self-reported dietary intakes among American adults: 
National Health and nutrition examination survey (NHANES) 1988-1994 
to 2009-2010. Public Health Nutr. 2018;21(5):927–39.

 34. Freour T, Masson D, Mirallie S, Jean M, Bach K, Dejoie T, et al. Active 
smoking compromises IVF outcome and affects ovarian reserve. Reprod 
BioMed Online. 2008;16:96–102.

 35. Plante BJ, Cooper GS, Baird DD, Steiner AZ. The impact of smoking on 
antimüllerian hormone levels in women aged 38 to 50 years. Menopause. 
2010;17:571–6.

 36. Tal R, Seifer DB. Ovarian reserve testing: a user’s guide. Am J Obstet 
Gynecol. 2017;217(2):129–40.

 37. Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde JG. Research 
electronic data capture (REDCap)--a metadata-driven methodology and 
workflow process for providing translational research informatics sup-
port. J Biomed Inform. 2009;42(2):377–81.

 38. Mumford SL, Chavarro JE, Zhang C, Perkins NJ, Sjaarda LA, Pollack 
AZ, et al. Dietary fat intake and reproductive hormone concentra-
tions and ovulation in regularly menstruating women. Am J Clin Nutr. 
2016;103(3):868–77.

 39. Anderson C, Mark Park YM, Stanczyk FZ, Sandler DP, Nichols HB. Dietary 
factors and serum antimullerian hormone concentrations in late pre-
menopausal women. Fertil Steril. 2018;110(6):1145–53.

 40. Chavarro JE, Rich-Edwards JW, Rosner BA, Willett WC. Dietary fatty 
acid intakes and the risk of ovulatory infertility. Am J Clin Nutr. 
2006;85(1):231–7.

 41. Chavarro JE, Rich-Edwards JW, Rosner BA, Willett WC. A prospective study 
of dietary carbohydrate quantity and quality in relation to risk of ovula-
tory infertility. Eur J Clin Nutr. 2009;63(1):78–86.

 42. Chavarro JE, Rich-Edwards JW, Rosner BA, Willett WC. Protein intake and 
ovulatory infertility. Am J Obstet Gynecol. 2008;198(2):210 e1–7.

 43. Gore AC, Chappell VA, Fenton SE, Flaws JA, Nadal A, Prins GS, et al. EDC-2: 
the Endocrine Society’s second scientific statement on endocrine-
disrupting chemicals. Endocr Rev. 2015;36(6):E1–E150.

 44. Hu Y, Chiu YH, Hauser R, Chavarro J, Sun Q. Overall and class-specific 
scores of pesticide residues from fruits and vegetables as a tool to rank 
intake of pesticide residues in United States: a validation study. Environ 
Int. 2016;92-93:294–300.



Page 9 of 9Eskew et al. Reproductive Biology and Endocrinology           (2022) 20:33  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 45. Hartz AJ, Rupley DC, Rimm AA. The association of girth measurements 
with disease in 32,856 women. Am J Epidemiol. 1984;119:71–80.

 46. Castillo-Martínez L, López-Alvarenga JC, Villa AR, González-Barranco J. 
Menstrual cycle length disorders in 18- to 40-y-old obese women. Nutri-
tion. 2003;19(4):317–20.

 47. Rich-Edwards JW, Goldman MB, Willett WC, Hunter DJ, Stampfer MJ, 
Colditz GA, et al. Adolescent body mass index and infertility caused by 
ovulatory disorder. Am J Obstet Gynecol. 1994;171:171–7.

 48. Grodstein F, Goldman MB, Cramer DW. Body mass index and ovulatory 
infertility. Epidemiology. 1994;5:247–50.

 49. De Vos M, Devroey P, Fauser BCJM. Primary ovarian insufficiency. Lancet. 
2010;376(9744):911–21.

 50. Gallagher JC. Effect of early menopause on bone mineral density and 
fractures. Menopause. 2007;14:567–71.

 51. Shuster LT, Rhodes DJ, Gostout BS, Grossardt BR, Rocca WA. Premature 
menopause or early menopause: long-term health consequences. Matu-
ritas. 2010;65:161–6.

 52. Rocca WA, Shuster LT, Grossardt BR, Maraganore DM, Gostout BS, Geda YE, 
et al. Long-term effects of bilateral oophorectomy on brain aging: unan-
swered questions from the Mayo Clinic cohort study of oophorectomy 
and aging. Women’s Health (Lond Engl). 2009;5:39–48.

 53. Donley N. The USA lags behind other agricultural nations in banning 
harmful pesticides. Environ Health. 2019;18(1):44.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Dietary patterns are associated with improved ovarian reserve in overweight and obese women: A cross-sectional study of the Lifestyle and Ovarian Reserve (LORe) cohort
	Please let us know how this document benefits you.
	Recommended Citation

	Dietary patterns are associated with improved ovarian reserve in overweight and obese women: a cross-sectional study of the Lifestyle and Ovarian Reserve (LORe) cohort
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Results
	Discussion
	Conclusions
	Acknowledgements
	References


