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Walnuts Improve Semen Quality in Men Consuming a Western-style Diet: Randomized
Control Dietary Intervention Trial
Short Title: RCT of Walnut Effects on Sperm
Summary Sentence: In a randomized, parallel two-group, dietary intervention trial, 75 gm of
walnuts/day added to a Western-style diet improved sperm vitality, motility and morphology in
healthy men ages 21–35 years.
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Abstract
Purpose: We tested the hypothesis that 75 gm of whole-shelled walnuts/day added to a Westernstyle diet of healthy young men would beneficially affect semen quality.
Methods: A randomized, parallel two-group, dietary intervention trial with single-blind masking
of outcome assessors, was conducted with 117 healthy men, age 21 – 35 years, who routinely
consumed a Western-style diet. Primary outcome evaluated was improvement from baseline to
12 weeks in conventional semen parameters and sperm aneuploidy. Secondary endpoints
included blood serum and sperm fatty acid (FA) profiles, sex hormones, and serum folate.
Conclusions: The group consuming walnuts (n=59) experienced improvement in sperm vitality,
motility, and morphology and the group continuing their usual diet but avoiding tree nuts (n=58)
saw no change. Comparing differences from baseline between the groups, significance was
found for vitality p=0.003, motility p=0.009, and morphology (normal forms) p=0.04. Serum FA
profiles improved in the walnut group with increases in omega-6 (p=0.0004) and omega-3
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(p=0.0007) but not the control group. Only the plant source of omega-3, -linolenic acid (ALA),
increased (p=0.0001). Sperm aneuploidy was inversely correlated with sperm ALA, particularly
sex chromosome nullisomy (-0.41, p=0.002). Findings demonstrated that walnuts added to a
Western-style diet improved sperm vitality, motility and morphology.
Introduction
Food has been linked with human reproductive success throughout history [1]. Dietary habits and
essential nutrients to promote successful reproductive outcomes have been identified for the
maternal peri-conceptional and peri-natal period [2-7], but healthy dietary habits and essential
nutrients for paternal reproductive fitness are less clear. Selenium in the form of selenoproteins
protects sperm from oxidative damage and defines sperm morphology in the epididymis [8-10];
zinc and vitamins C and E have anti-oxidant properties believed important to male fertility [9]
[11-15]; low folate intake has been associated with sperm aneuploidy [13], and polyunsaturated
fatty acids (PUFAs) have been shown to play critical roles in sperm maturation and membrane
function in animal and human laboratory studies [16-18] as well as some, but not all, clinical
investigations of male infertility [19-28]. Although interest in establishing dietary
recommendations to optimize male fertility is growing, evidence on which to base
recommendations is still being defined and further research is needed.
Evidence is particularly limited for men who routinely consume Western-style diets that may
lack optimal nutrients and PUFA profiles needed for healthy sperm and fertility. Best known
sources of dietary PUFAs for persons consuming a Western-style diet include fish and fish oil
supplements, flax seed, and tree nuts [29]. Nuts provide a rich source of α-linolenic acid (ALA),
a natural plant source of omega-3. Of popular tree nuts, walnuts are particularly rich in ALA,
omega-6 fatty acids, anti-oxidants and micronutrients including folic acid.
In the current study we tested the hypothesis that 75 gm of whole-shelled walnuts/day added to a
Western-style diet would beneficially affect semen quality. The primary endpoint evaluated with
respect to efficacy of the walnuts was improvement from baseline to 12 weeks in conventional
semen parameters (sperm concentration, vitality, motility, morphology) and sperm aneuploidy.
These semen quality parameters provide clinical markers for male sub-fertility [30]. Secondary
endpoints included blood serum and sperm fatty acid (FA) profiles and sex hormones as potential
underlying factors associated with conventional semen parameters, and serum folate as a
potential underlying factor associated with sperm aneuploidy.
Materials and Methods
This was a parallel two-group, randomized dietary intervention trial, with single-blind masking
of outcome assessors, conducted at a major university. The research was approved by the
Medical IRB, Human Research Protection Program, University of California, Los Angeles and
all research participants gave written, informed consent.
Study Subjects and Dietary Intervention
Eligible participants were males, age 21 through 35, who reported routinely eating a Westernstyle diet. Men were ineligible for inclusion if they had a known food allergy, history of
reproductive disorders or vasectomy, were current smokers, were currently taking anti-oxidant
supplements or medications for chronic illness, or were using illicit drugs. Recruitment was
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through flyers posted on campus. A total of 120 men were enrolled October 2009 to September
2010. Three men completed a pilot trial of the walnut intervention. Subsequently the remaining
117 participants were randomly assigned to one of two parallel groups: group one continued to
consume their usual diet but added 75 gram of whole-shelled English walnuts per day (n=59);
and group two continued to consume their usual diet avoiding consumption of tree nuts (n=58).
Walnuts were supplied in pre-weighed, 1 ounce snack packs provided by the California Walnut
Commission, Folsom, California (http://www.walnuts.org).
Participants were randomized in a 1:1 manner to either walnut intervention or control using a
computerized random proportion model in permuted blocks of 10 [31]. Randomization was
performed at the Center for Human Nutrition with each allocation assignment placed into a
sealed envelope and transported to the Robbins’ lab where subjects were enrolled. Participants
opened the envelope after informed consent at the baseline visit. Subsequent to the baseline visit,
allocation was concealed from the researchers. The dietary trial lasted 12 weeks during which
participants attended two research clinic visits, one at baseline and one at the 12 week interval.
Prior to completing the study, three men were withdrawn by the researchers due to possible nut
allergy, two left the geographic area, and three were otherwise lost to follow-up (Figure 1.) [32]
There were no significant differences in baseline demographics, hormone and FA profiles, and
semen parameters between the group of eight men who did not complete the study and the 109
men who did (p>0.05).
Dietary Measures
Usual diet at baseline was determined using a self-administered 2007 NCI diet history
questionnaire [33], and three-day food record [31]. The food frequency questionnaire assessed
underlying dietary patterns while the three-day food record provided measurement of recent
dietary intake. To evaluate compliance, 24-hour dietary recalls were conducted over the
telephone by trained interviewers twice each month on randomly chosen days throughout the 12
week study. The Automated Self-Administered 24-hour Dietary Recall (ASA24) software
template was used for data collection and entry. [34] Researchers were blinded as to intervention
or control group status when collecting and entering ASA24 data.
Height and body weight were measured and body mass index (BMI) calculated as kg/m2. Men
reported usual exercise level which was recorded as to specific activity, intensity, and duration.
Total physical activity level was calculated and recorded in units of MET-minutes per week
(MET-min/wk) according to the IPAQ scoring protocol [35]. One MET equals the energy
expended during rest (3.5 ml O2 x kg (-1) x min (-1).
Semen Analysis
All men were instructed to abstain for 2 to 3 days prior to providing the study specimen with
abstinence period verified by self-report on day of sample collection. Semen samples were
collected in a private clinical examination room located adjacent to the research laboratory
allowing analysis within 60 minutes of sample production. A single researcher, who was blinded
as to intervention versus control group status, performed the conventional semen analyses. Each
sample was allowed to liquefy at room temperature and routine semen analysis performed
according to standard procedures described in the WHO laboratory manual for examination and
processing of human semen [30]. Hamilton-Thorne Biosciences IVOS
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(http://www.hamiltonthorne.com) was utilized for count and motility parameters according to
version 12.1 protocols. Samples with high concentrations were diluted using autologous spermfree seminal plasma to achieve concentrations below ~50 x 106 per mL for IVOS motility
assessments. Value for motile cells was set at Path Velocity (VAP) >5.0 µ/s. Minimum values
for progressively motile cells were set at VAP 25 µ/s and Straightness (STR) 80%. Standards
were purchased from Fertility Solutions (http://fertilitysolutions.com). Vitality was determined
by membrane exclusion of eosin vital dye (http://www.fishersci.com). For sperm morphology,
slides were scored by single technician who was blinded as to intervention or control group
status, who had completed an American Society of Andrology Sperm Morphology Laboratory
Training. Test slides for quality control validation were from Fertility Solutions. Strict criteria
[36] were used at x100 magnification. For sperm aneuploidy, 10µL of semen was smeared onto
slides, air dried, and evaluated for aneuploidy of chromosomes X, Y, and 18 using sperm
Fluorescence In Situ Hybridization (FISH) adapted from Robbins et al. [37]. A single technician,
who was blinded as to walnut intervention versus control group, systematically analyzed 5000
sperm per sample according to strict scoring criteria [38].
Blood Collection
Blood samples were collected into two 16 x 100 mm x 8.5 mL BD Vacutainer® Plus plastic
serum collection tubes (http://paswhitepapers.bd.com). Within 30 minutes of collection, samples
were centrifuged at 3000 rpm for 15 min, serum pipetted into 2 mL polypropylene tubes, then
stored at −80°C until analysis. Frozen serum was allowed to thaw at room temperature prior to
respective assays.
Blood Serum and Sperm Fatty Acid (FA) Analysis
Blood serum FAs were converted to methyl esters (FAME) using a methanol/benzene mix and
acetylchloride according to the method by Bagga et al. [39]. After heat treatment for 60 min at
100ºC, sodium carbonate was added and samples centrifuged at 913xg for 10 min at 4ºC.
Benzene supernatant was used to separate and quantify the FAMEs by use of an Agilent
Technologies (http://www.home.agilent.com) 5890A series II gas chromatograph fitted with a
model 7673 automatic split-injection system and flame ionization detector and SP2380 stabilized
phase fused silica capillary column (30m x 0.32 mm i.d., 0.25 um film thickness, Supelco, Inc,
http://www.manta.com). Quantification was based on recovery of a known quantity of internal
standard (heptadecanoic acid, NuChek Preparation Inc., http://www.nu-chekprep.com) and on
the response ratio of FA standards purchased from NuChek Preparation Inc. For quality control a
pooled serum sample was used with each batch of serum samples. Using this pooled serum
sample the following coefficient of variation was established: C16:0 1.6%, C16:1 2.7%, C18:0
2.6%, C18:1 3.4%, C18:2 0.7%, C18:3 0.7%, C20:2 8.7%, C20:4 0.7%, C20:5 3.2%, kC22:5
4.2% and C22:6 2.2%. Semen was centrifuged at 600xg.for 6 min at 4ºC to separate semen
plasma and sperm. The sperm pellet was dispersed in 50 µl PBS and mixed with
methanol/benzene mix and treated like the serum. Methylated FAs were separated and quantified
using the same gas chromatography conditions as described for serum FA analysis.
Blood Hormone Assays
Total testosterone (T), estradiol (E2), follicle stimulating hormone (FSH), luteinizing hormone
(LH) and sex hormone binding globulin (SHBG) were determined using chemiluminescent
immunometric assays with an Immulite 1000 automatic analyzer (Siemens Medical Solutions
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Diagnostics, http://www.usa.siemens.com). Hormone controls, standards (Siemens Medical
Solutions Diagnostics) and serum pools generated in our laboratory were analyzed for quality
control. The coefficient of variation for T was 6.8-13%, E2 6.3-15%, FSH 2.3-3.7%, LH 4.86.5% and 4.1-7.7% for SHBG. Duplicate samples with >10% coefficient of variation were reanalyzed. Sensitivity of the assays reported by the manufacturer are 0.5 nmol/L for T, 55 pmol/L
for E2, 0.1 mIU/mL for FSH and LH, and 0.2 nmol/L for SHBG.
Serum Folate Assay
Serum folate was determined by a chemiluminescent, competitive binding technique using
natural folate binding protein (Elecsys Folate III Assay, Cobas, Roche Diagnostics,
https://www.cobas-roche.co.uk). Controls and standards (Cobas, Roche Diagnostics) and serum
pools generated in the laboratory were analyzed for quality control. The intra-assay coefficient of
variation ranged from 4.7 to 7.0%. Limit of detection ranged from 3.41 to 45.4 nmol/L.
Statistical Analyses
Summary statistics are reported as percents for nominal data or mean ± standard deviation (std)
for continuous data. Fatty acids are expressed as a percent of total FAs. Unpaired student’s t-test
was used to test for differences between control and intervention group and paired student’s t-test
to test for differences within group from baseline to 12 weeks for variables that followed a
normal (Gaussian) distribution or, if the distribution was non-normal, variables were transformed
to approximate normal distribution. Mann-Whitney U test and Wilcoxon matched-pairs signedrank were used for comparisons of non-normally distributed data. Spearman correlation
coefficient or Pearson correlation coefficient were used to calculate pair-wise correlations. Twotailed significance level was defined as p<0.05. Excluding samples with abstinence intervals
outside a range of 1.5 to 3 days did not change study conclusions thus these samples were
retained in the final analyses. Sample size of 50 men per group for sperm parameters and 40 for
sperm aneuploidy was estimated for detecting a modest difference of the difference between the
two groups from baseline to 12-weeks, 80% power and -0.05. Statistical software package
STATA 12 (http://stata.com) was used for statistical analyses.
Results
Characteristics of the study population (age, education level, race, BMI, body weight, METs) did
not differ between the walnut intervention and control group at baseline indicating that the
randomization procedure had been successful. No significant changes in BMI, body weight, or
METs were noted in either group at the 12-week post-dietary intervention visit (Table 1). Days
of abstinence prior to collecting the semen study sample did not differ between the walnut
intervention and control group at baseline (3.2 [std 4.2] and 3.3 [std 4.2] days, respectively) or at
the post-dietary intervention visit (3.4 [std 1.7] and 3.2 [std 2.1] days, respectively.
Fatty acid profiles in blood serum did not differ between the walnut intervention and control
group at baseline (Table 2). Grouped omega-6 and omega-3 FAs in serum showed significant
increases at the 12-week follow-up visit within the walnut group (p=0.0004, 0.0007,
respectively), but not the control group. When comparing the 12-week change in the walnut
group to the change in the control group, the difference was significant for omega-6 (p=0.004)
and omega-3 (p=0.003). Among the omega-3 fatty acids, only ALA showed a significant change
and this was an increase seen only in the walnut intervention group (p=0.0001). Fatty acid
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profiles in sperm were not significantly different between the walnut intervention and control
group at baseline or at the 12-week post-intervention visit except for eicosadienoic acid where
within group differences in sperm between baseline and 12-weeks were not significant for either
group (p>0.05), however, comparing change in walnut group (an increase) to change in control
group (a decrease), the difference became significant (p= 0.02).
Sperm concentration, vitality, motility and morphology (normal forms) were not different
between the walnut intervention and control groups at baseline (Table 3). Post-dietary
intervention measures showed improvement within the walnut group for sperm vitality (p =
0.0001), motility (p=0.004), and morphology normal forms (p=0.003) but not within the control
group (p>0.05). When comparing change from baseline in the walnut group to change from
baseline in the control group, the following were significant: vitality (p=0.003), motility
(p=0.009), and morphology normal forms (p=0.03). Progressive motility increased within the
walnut group (mean increase 3.1% (std 8.0), p=0.001) but not within the control group. When
comparing change from baseline in progressive motility in the walnut group to the change in
the control group, p = 0.02. Sex hormones were not different between the groups at baseline or
at 12-weeks except for FSH. The walnut group started with a lower FSH level than controls
(p=0.04) and remained lower at post-intervention . Other than two subjects who were outliers,
the FSH values were within normal limits for healthy men of this age (data not shown) [40].
Sperm aneuploidy for chromosomes X, Y and 18 (reported as percent of sperm with numerical
abnormality out of total sperm scored) was not different between the walnut (n=54) and control
group (n=49) at baseline or at the 12-week post-intervention visit (Table 3). However, within the
walnut group sperm aneuploidy was decreased at 12 weeks (Paired t-test p=0.003). Specifically,
decreases were seen in sex chromosome disomy and sperm missing a sex chromosome (Paired ttest, p=0.002 and p= 0.01, respectively). No significant changes from baseline occurred within
the control group. At the 12-week visit, sperm ALA was inversely correlated with the proportion
of sperm missing a sex chromosome (Spearman correlation -0.41, p=0.002) and percent of sperm
with any numerical chromosomal abnormality (Spearman correlation -0.34, p=0.01). No
significant correlations were found between sperm aneuploidy measures and other omega-3s.
Serum folate levels were not significantly different between the walnut and control group at
baseline with mean values for the walnut group of 18.6 (std 6.3) range 7.1 – 44.2 nmol/L and
control group 19.6 (std 5.5) range 9.6 – 40.1 nmol/L. Change from baseline to 12 weeks when
compared between the groups was not significant (p>0.05). Serum folate was not correlated with
sperm aneuploidy measures at baseline or at the 12-week follow-up visit (p>0.05).
Discussion
We found that 75gm of walnuts per day added to a Western-style diet improved sperm vitality,
motility, and morphology (normal forms) in a group of healthy young men when compared to a
control group of men consuming usual diet but avoiding tree nuts. Improved semen quality was
associated with increases in blood serum omega-6 FA and in the plant source of omega-3 (ALA)
but not with other omega-3s. These findings are consistent with a literature showing a distinct
change in FA profiles during sperm maturation and differentiation that are key to cellular
functions such as phagocytosis of residual bodies by Sertoli cells affecting sperm morphology
and provision of fluidity to sperm membrane for motility [16][41-44].
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In clinical populations, Attaman et al., [19] reported dietary intake of omega-3 FA correlated
positively with normal sperm morphology, Chavarro et al., [45] reported higher trans-fatty acid
levels in sperm were associated with lower sperm concentration, Gulaya et al., [26] reported
lower levels of sperm DHA in oligoasthenozoospermic compared with normospermic men,
Aksoy et al., [23] and Safarinejad et al., [21] reported higher omega-6 to omega-3 ratios in
infertile versus fertile men. Other researchers have reported no difference in PUFAs across fertile
and infertile men [22][25]. Safarinejad [46] conducted a double-blind control trial of fish oil
supplements in an infertility clinic population located in Tehran, Iran. Participants were men
with idiopathic oligoasthenoteratospermia randomized to 1.12 gm eicosapentaenoic acid
(EPA)/day plus 0.72 gm of DHA/day or a corn-oil placebo. The group taking omega-3
supplements showed statistically significant increases in EPA and DHA in RBCs, sperm cells,
and seminal plasma with concomitant improvement in sperm concentration, count, motility, and
morphology.
Both the Safarinejad [46] RCT with EPA and DHA omega-3 supplements and our RCT that
enriched usual diet with ALA omega-3 through eating walnuts found improved sperm motility
and morphology (normal forms). In our study, the walnut dietary intervention resulted in a
changed serum FA profile for ALA but not EPA and DHA suggesting the beneficial omega-3
effects on sperm from walnuts were related to the plant source of omega-3, ALA. Safarinejad
[46] reported changes in sperm DHA and EPA associated with DHA/EPA supplements,
however, in our study a significant increase in serum ALA for the walnut group (p=0.0001) was
not reflected as a significant change in sperm ALA (p>0.05). Differences in the study findings
may reflect that walnuts, as a natural food, contain multiple nutrients that act synergistically with
dietary ALA [47] for cellular-level changes of benefit to sperm, or possibly, our 12-week
intervention was not adequate to effect changes in sperm FA (the Safarinejad trial of EPA/DHA
supplements lasted 32 weeks) [46]. In spite of this, in the present study, percent of sperm with
abnormalities in chromosome number were inversely correlated with sperm ALA as was
proportion of sperm missing a sex chromosome. No significant correlations were found with
other omega-3s.
Important differences between the Safarinejad [46] EPA/DHA supplement trial and our walnut
intervention dietary trial include the study populations. The EPA/DHA supplement trial was
conducted in Iran among men (mean age ~32) attending an infertility clinic and diagnosed with
idiopathic oligoasthenoteratospermia whereas the walnut intervention included healthy young
men (mean age ~25) without known history of infertility, consuming a typical Western-style
diet. Both studies generate important findings relevant to the different populations. For men
diagnosed with idiopathic oligoasthenoteratospermia, the DHA/EPA intervention improved
count, motility and morphology (normal forms) on a background of abnormal sperm parameters
associated with known infertility. In the case of healthy young men eating walnuts, the
intervention improved sperm parameters of vitality, motility, morphology (normal forms), and
sperm aneuploidy on a heterogeneous background of semen parameters for men of unproven
fertility. For example, at baseline 22% of study participants fell below the WHO lower reference
limit (5th centile, 95% CI 38-42) for total motile percent [30, p.238]. In the walnut intervention
group, but not the control group, the greatest proportion of men experiencing improvement in
total motile percent at 12 weeks was seen for men who had been in the lowest quintiles of
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motility (both total motile percent and progressive motility percent) at baseline.
Strengths of the present study include the twelve-week dietary intervention period that spanned
cells differentiating throughout one full cycle of spermatogenesis. Additionally, investigating
walnuts as a natural food source allowed evaluation of cumulative effects of multiple nutrients as
opposed to individual nutrients in commercial dietary supplements. Finally, in the present study
beneficial changes in blood serum FA profiles occurred (increased PUFAs, decreased saturated
FAs) that are consistent with a literature showing these same effects of walnuts on blood lipids in
studies designed to evaluate cardiovascular risk reduction [48-51]. The choice of 75 gm of
walnuts for the current study was derived from review of these and other studies showing doses
at which blood lipid levels would be expected to change but not result in weight gain in healthy
young males, and be high enough to answer the previously untested research question related to
male reproductive health.
A limitation of the present design was collection of blood specimens for hormone analysis
throughout the day. This was done to facilitate retention of this busy group of young men. To
control for diurnal variability, each man was matched on time of day blood was collected at
baseline to same time of day at 12-weeks. Greater than 80% of the study population returned at
12-weeks within a two-hour window of their baseline time and hormone levels at baseline and
12-weeks were correlated (p<0.001). Sex hormone and gonadotropin levels were assessed as a
measure of reproductive fitness and except for two subjects who were outliers, fell within mean
reference intervals commonly reported for this age group of healthy men [40]. The present study
did not find an association between folate and sperm aneupolidy whereas Young et al. [13] did.
This could reflect differences in exposure assessment and study populations. Young et al., [13]
averaged dietary folate intake for men age 20-70 years based on annual consumption patterns
assessed by a food frequency questionnaire. The present study of men age 21-35 measured folate
in blood serum which reflects recent dietary intake and can fluctuate. Baseline and 12-week
measures were found to correlate (Pearson 0.49, p<0.0001) but more folate research is needed.
Approximately 70 million couples worldwide experience sub-fertility or infertility with 30 –
50% of these cases attributed to the male partner [52]. In the USA, prevalence of men seeking
help for fertility is estimated at ~3.3 – 4.7 million [53]. Semen quality is a predictor of male
fertility [30] and some studies suggest human semen quality has declined in specific geographic
regions of the world, particularly industrialized nations where pollution, lifestyle habits such as
smoking, and trends toward a Western-style diet are hypothesized as potential causes [54-56].
Although importance of diet to human reproductive success is clear, existing dietary
recommendations primarily focus on women’s reproductive health with less attention given to
men. Efforts to identify male-specific dietary recommendations that optimize fertility and
promote offspring health should be encouraged.
We evaluated walnuts as a whole food contributing not only essential fatty acids but also micronutrients important for sperm development and function and found that 75 gm walnuts per day
improved sperm vitality, motility, and morphology (normal forms) in a group of healthy, young
men eating a Western-style diet. Whether adding walnuts to the diet will go beyond the shifts in
sperm parameters as seen in this study to improving birth outcomes for men within fertility clinic
populations or in the general population is not yet known and will require further research.

9
Acknowledgments
We would like to acknowledge the following for making significant contributions to the research
in areas of recruitment, data collection, and data entry: Kevin DeLeon, Cheryl Dankiewicz,
Beverly Egan, Stephanie Gordon, Leah Holiwell, Rachelle Jacoby, Brittany Johnson, Yanet
Moran, Erica Peterson, Miki Sato, and Wenting Wang.
References
1. Rickard IJ, Holopainen J, Helama S, Helle S, Russell AF, Lummaa V. Food availability at
Birth limited reproductive success in historical humans. Ecology 2010;91: 3515-3525.
2. American College of Obstetricians and Gynecologists (ACOG). Nutrition during pregnancy:
Frequently asked questions. [Internet]. [March 6, 2012] Available from
http://www.acog.org/Search.aspx?Keyword=nutrition/
3. Robker RL, Wu LL, Yang X. Inflammatory pathways linking obesity and ovarian
dysfunction. J Reprod Immunol 2011;88:142-148.
4. Barger MK. Maternal nutrition and perinatal outcomes. Journal of Midwifery & Women’s
Health 2010;55:502–511.
5. USDA. Nutrition during pregnancy resource list, Food and Nutrition Center. [Internet]
[March 12, 2012] Available from
http:// www.nal.usda.gov/fnic/bibs/topics/pregnancy/pregcon.pdf/.
6. Cetin I, Berti1 C, Calabrese S. Role of micronutrients in the periconceptional period. Hum
Reprod Update. 2010;16: 80–95.
7. Ward EM. Expect the Best:Your Guide to Healthy Eating Before, During & After Pregnancy.
New Jersey: American Dietetic Association, John Wiley & Sons, Inc. 2009
8. Moslemi MK, Tavanbakhsh S. Selenium-vitamin E supplementation in infertile men: effects
on semen parameters and pregnancy rate. Int J Gen Med 2011;23:99-104.
9. Camejo MI, Abdala L, Vivas-Acevedo G, Lozano-Hernandez R, Angeli-Greaves M, Greaves ED.
Selenium, copper and zinc in seminal plasma of men with varicocele, relationship with seminal
parameters. Biol Trace Elem Res 2011;143:1247-1254.

10. Beckett GJ, Arthur JR. Selenium and endocrine systems. J Endocrinol 2005;184: 455-465.
11. Ross C, Morriss A, Khairy M, Khalaf Y, Braude P, Coomarasamy A, El-Toukhy T. A
systematic review of the effect of oral antioxidants on male infertility. Reprod Biomed
Online 2010; 20:711-723.
12. Colagar AH, Marzony ET, Chaichi MJ. Zinc levels in seminal plasma are associated with
sperm quality in fertile and infertile men. Nutr Res 2009;29:82-88.
13. Young SS, Eskanazi B, Marchette FM, Block G, Wyrobek AJ. The association of folate, zinc
and antioxidant intake with sperm aneuploidy in healthy non-smoking men. Hum Reprod
2008;23:1014-1022.
14. Rolf C, Cooper TG, Yeung CH, Nieschlag E. Antioxidant treatment of patients with
asthenozoospermia or moderate oligoasthenozoospermia with high-dos vitamin C and
vitamin E: a randomized, placebo-controlled, double-blind study. Hum Reprod
1999;14:1028-1033.
15. Fraga GG, Motchnik PA, Shigenega MK. Ascorbic acid protects against endogenous
oxidative DNA damage in human sperm. Proc Natl Acad Sci USA 1991;88:11003-11006.
16. Wathes DC, Abayasekara DRE, Aitken RJ. Polyunsaturated fatty acids in male and female
reproduction. Biol Reprod 2007;7:190-201.
17. Lenzi A, Gandini L, Lombardo F, Picardo M, Maresca V, Panfili E, et al. Polyunsaturated
fatty acids of germ cell membranes, glutathione and glutathione-dependent enzyme-PHGPx:

10
from basic to clinic. Contraception 2002;65:301-304.
18. Lenzi A, Picardo M, Gandini L, Dondero F. Lipids of sperm plasma membrane: from
polyunsaturated fatty acid considered as markers of sperm function to possible scavenger
therapy. Hum Reprod Update 1996;2:246-256.
19. Attaman JA, Toth TL, Furtado J, Campos H, Hauser R, Chavarro JE. Dietary fat and semen
quality among men attending a fertility clinic. Hum Reprod 2012; published 1 May 2013;
PMID: 22416013.
20. Oborna I, Wojewodka G, De Sanctis JB, Fingerova H, Svobodova M, Brezinova J, et al.
Increased lipid peroxidation and abnormal fatty acid profiles in seminal and blood plasma of
normozoospermic males from infertile couples. Hum Reprod 2010;25:308-316.
21. Safarinejad MR, Hosseini SY, Dadkhah F, Asgari MA. Relationship of mega-3 and omega-6
fatty acids with semen characteristics, and anti-oxidant status of seminal plasma: A
comparison between fertile and infertile men. Clinical Nutrition 2010;29:100-105.
22. Khosrowbeygi A, Zarghami N. Fatty acid composition of human spermatozoa and seminal
plasma levels of oxidative stress biomarkers in subfertile males. Prostaglandins Leukot
Essent Fatty Acids 2007;77:117-211.
23. Aksoy Y, Aksoy H, Altinkaynak K, Aydin HR, Ozkan A. Sperm fatty acid composition in
subfertile men. Prostaglandins Leukot Essent Fatty Acids 2006;75:75-79.
24. Tavilani H, Doosti M, Abdi K, Vaisiraygani A, Joshaghani H. Decreased polyunsaturated
and increased saturated fatty acid concentration in spermatozoa from asthenozoospermic
males as compared with normozoospermic males. Andrologia 2006;38:173-178.
25. Calamera J, Buffone M, Ollero M, Alvarez J, Doncei GF. Superoxide dismutase content and
fatty acid composition in subsets of human spermatozoa from normozoospermic, and
asthenozoospermic, and polyzoospermic semen samples. Mol Reprod Dev 2003;66:422-430.
26. Gulaya NM, Margitich VM, Govseeva NM, Klimashevsky VM, Gorpynchenko II, Boyko
MI. Phospholipid composition of human sperm and seminal plasma in relation to sperm
fertility. Arch Androl 2001;46: 169-175.
27. Conquer JA, Martin JB, Tummon I, Watson L, Tekpetey F. Fatty acid analysis of blood
serum, seminal plasma, and spermatozoa of normozoospermic vs. asthenozoospermic males.
Lipids 1999;34:793-799.
28. Zalata AA, Christophe AB, Depuydt CE, Schoonjans F, Comhaire FH. The fatty acid
composition of phospholipids of spermatozoa from infertile patients. Mol Hum Reprod
1998;4:111–118.
29. Muskiet FAJ. Fat Detection: Taste, Texture, and Post Ingestive Effects. In: Montmayeur JP,
le Coutre J (eds), Pathophysiology and Evolutionary Aspects of Dietary Fats and Long-Chain
Polyunsaturated Fatty Acids across the Life Cycle. Boca Raton, CRC Press, 2010: Chapter 2.
30. World Health Organization. Laboratory Manuel for the Examination and Processing of
Human Semen. 5th Edition. Cambridge: Cambridge University Press, 2010.
31. Treyzon L, Chen S, Hong K, Yan E, Carpenter CL, Thames G, et al. A controlled trial of protein
enrichment of meal replacements for weight reduction with retention of lean body mass. Nutr J
2008;27:23.

32. Moher D, Schulz KF, Altman DG. The CONSORT statement: revised recommendations for
improving the quality of reports of parallel-group randomised trials. Lancet 2001;357:11911194.
33. NCI Diet History Questionnaire, Version 1.0, National Institutes of Health, Applied Research
Program, National Cancer Institute, 2007.
34. ASA24, National Cancer Institute. Automated Self-administered 24-hour Dietary Recall,

11
Risk Factor Monitoring and Methods [Internet]. Cancer Control and Population
Sciences;[September 9, 2009]Available from
http://riskfactor.cancer.gov/tools/instruments/asa24.html/.
35. Ainsworth BE, Haskell WL, Whitt MC, et al. Compendium of physical activities: An update
of activity codes and MET intensities. www.ipaq.ki.se Med Sci Sports Exerc 2000;32: S498–
S516.
36. Kruger TF, Menkveld R, Stander FS, Lombard CJ, Van der Merwe JP, Van Zyl JA, Smith K.
Sperm morphologic features as a prognostic factor in in vitro fertilization. Fertil Steril 1986;
46:1118-1123.
37. Robbins WA, Baulch JE, Moore D, Weier HU, Blakey D, Wyrobek AJ. Three-probe
fluorescence in situ hybridization to assess chromosome X, Y, and 8 aneuploidy in sperm of
14 men from two healthy groups: evidence for a paternal age effect on sperm aneuploidy.
Reprod Fertil Dev 1995;7:799-809.
38. Robbins WA, Meistrich ML, Moore D, Hagemeister FB, Weier HU, Cassel MJ, et al.
Chemotherapy induces transient sex chromosomal and autosomal aneuploidy in human
sperm. Nat Genet. 1997;16:74-78.
39. Bagga D, Capone S, Wang H-J, Heber D, Lill M, Chap L, et al. Dietary modulation of
omega-3/omega-6 polyunsaturated fatty acid ratios in patients with breast cancer. J Nat
Cancer Ins 1997;89:1123-1131.
40. Bjerner J, Biernat D, Fossa SD, Bjoro T. Reference intervals for serum testosterone, SHBG,
LH and FSH in males from the NORIP project. Scand J Clin Lab Investig 2009;69:873-879.
41. Oresti GM, Reyes JG, Luquez JM, Osses N, Furland NE, Aveldano MI. Differentiationrelated changes in lipid classes with long-chain and very long-chain polyenoic fatty acids in
rat spermatogenic cells. J Lipid Res 2010;51:2090-2121.
42. Gillot I, Jehl-Pietri C, Gounon P, Luquet S, Rassoulzadegan M, Grimaldi P, Vidal F. Germ
cells and fatty acids induce translocation of CD36 scavenger receptor to the plasma
membrane of Sertoli cells. J Cell Sci 2005;118:3027-3035.
43. Rettersol K, Haugen TB, Tran TN, Christophersen BO. Studies on the metabolism of
essential fatty acids in isolated human testicular cells. Reproduction 2001;121:881-887.
44. Ollero M, Powers RD, Alvarez JG. Variation of docosahexaenoic acid content in subsets of
human spermatozoa at different stages of maturation: implications for sperm lipoperoxidative
damage. Mol Reprod Develop 2000;55:326-334.
45. Chavarro JE, Furtado J, Toth TL, Ford J, Keller M, Campos H, Hauser R. Trans-fatty acid
levels in sperm are associated with sperm concentration among men from an infertility clinic.
Fertil Steril 2011;95:1794-1797.
46. Safarinejad MR. Effect of omega-3 polyunsaturated fatty acid supplementation on semen
profile and enzymatic anti-oxidant capacity of seminal plasma in infertile men with
idiopathic oligoasthenoteratospermia: a double-blind, placebo-controlled, randomized study.
Andrologia 2011;43:38-47.
47. Vinson JA, Cai Y. Nuts, especially walnuts, have both antioxidant quantity and efficacy and
exhibit significant potential health benefits. Food Func 2012;3:134-40.
48. Vila AS, Cofan, Nunez I, Gilabert R, Junyent M, Ros E. Carotid and femoral plaque burden
is inversely associated with the alpha-linolenic acid proportion of serum phospholipids in
Spanish subjects with primary dyslipidemia, Atherosclerosis 2011;214:209-14.
49. Torabian S, Haddad E, Cordero-Macintyre Z, Tanzman J, Fernandez ML, Sabate J. Longterm walnut supplementation without dietary advice induces favorable serum lipid changes in

12
free-living individuals. Eur J Clin Nutri 2010;64:274-279.
50. West SG, Krick AL, Klein LC, Zhao G, Wojtowicz TF, McGuiness M, et al. Effects of diets
high in walnuts and flax oil on hemodynamic responses to stress and vascular endothelial
function. J Am Coll Nutr 2010; 29:595-603.
51. Banel DK, Hu FB. Effects of walnut consumption on blood lipids and other cardiovascular
risk factors: a meta-analysis and systematic review. Am J Clin Nutr 2009;90:56-63.
52. Boivin J, Bunting L, Collins JA, Nygren KG. International estimates of infertility prevalence
and treatment seeking: potential need and demand for infertility medical care. Hum Reprod
2007;22: 1506-1512.
53. Anderson JE, Farr SL, Jamieson DJ, Warner L, Machaluso M. Infertility services reported by
men in the United States: national survey data. Fertil Steril. 2009;91:2466-2470.
54. Sharpe RM. Environmental / lifestyle effects on spermatogenesis. Phil. Trans. R. Soc. B
2010; 365:1697-1712.
55. Joffe M. What has happened to human fertility?. Hum Reprod 2010;25:295-307.
56. Chapin RE, Robbins WA, Schieve LA, Sweeney AM, Tabacova D, Tomashek KM. Off to a
good start: the influence of pre- and periconceptional exposures, parental fertility, and
nutrition on children’s health. Environ Health Perspect 2004;112:69-78.
Figure Legend
Figure 1. Flow diagram of walnut randomized control dietary intervention.
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Table 1. Selected characteristics of the study population at baseline with -change at 12-week
dietary intervention visit.
Walnut Group
n=59
25.6 (4.0)

Control Group
n=58
24.8 (3.7)

Age years, mean (std)
Education %
High School
15.8
10.5
AA or AS degree
22.8
43.9
BA or BS degree
42.1
31.6
Masters, MD, PhD
19.3
14.0
Race %
White
35.6
41.4
Asian
32.2
29.3
Hispanic
17.0
20.7
Black
3.4
1.7
Mixed & Other
11.8
6.9
BMI mean (std)
Baseline
24.98 (4.0)
25.59 (3.5)
 at 12-week visit
-0.66 (0.7)
0.12 (0.8)
Weight in lbs mean (std)
Baseline
174.7 (35.1)
174.1 (20.3)
 at 12-week visit
0.14 (5.0)
-0.41 (5.2)
Exercise Metabolic Equivalents (METs) mean (std)
Baseline
2458 (1935)
3629 (2056)
 at 12-week visit
352 (2099)
320 (2294)


p-value
NS

NS

NS
NS
NS
NS
NS
NS

-change values presented for 12-week follow-up are calculated based on 109 men who
completed the study; METs (n=103) .
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Table 2. Selected fatty acids in blood serum and sperm at baseline with -change at 12-week
dietary intervention visit.
Walnut Group
Control Group
p-value
Mean (std)
Mean (std)
Serum -linolenic acid (ALA)
Baseline
0.897 (0.37)
0.933 (0.37)
NS
 at 12-weeks
0.52 (0.87)
-0.02 (0.39)
0.0001
Sperm ALA
Baseline
2.1 (0.9)
2.0 (0.7)
NS
 at 12-weeks
0.03 (0.6)
0.02 (0.5)
NS
Serum Docosahexaenoic acid (DHA)
Baseline
2.32 (0.77)
2.05 (0.71)
NS
 at 12-weeks
-0.99 (0.51)
0.11 (0.66)
NS
Sperm DHA
Baseline
28.7 (5.8)
22.8 (5.0)
NS
 at 12-weeks
0.89 (4.5)
0.64 (4.4)
NS
Serum Omega-6
Baseline
41.2 (4.5)
42.5 (3.8)
NS
 at 12-weeks
2.8 (4.0)
0.78 (3.4)
0.004
Sperm Omega-6
Baseline
16.3 (3.3)
15.8 (2.6)
NS
 at 12-weeks
1.2 (3.9)
0.4 (2.8)
NS
Serum Omega-3
Baseline
3.49 (0.84)
3.26 (0.72)
NS
 at 12-week visit
0.42 (0.87)
0.09 (0.69)
0.003
Sperm Omega-3
Baseline
32.9 (5.3)
33.1 (4.6)
NS
 at 12-week visit
0.8 (4.3)
0.8 (4.1)
NS




Values for fatty acids are presented as percent of total fatty acids
Omega-6 fatty acids = Linoleic + Arachidonic acid; Omega-3 fatty acids=
-linolenic + Eicosapentaenoic + Docosahexaenoic
Values for blood serum FAs are based on 109 men who contributed pre-post blood
samples and sperm FAs are based on a subset of 58 men who contributed pre-post semen
samples with adequate cell counts remaining after semen analysis for FA analysis
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Table 3. Selected sperm parameters at baseline and change at 12-week dietary intervention visit
Walnut Group
Mean (std)
Range

Sperm Parameters
Concentration x 106/mL
Baseline
71.4 (61.1)
2.9-326.3
 at 12-week visit
2.2 (42.6)
Vitality %
Baseline
76.4 (13.2)
10-93
 at 12-week visit
5.5 (10.0)
Motility % (Progressive + Non-progressive)
Baseline
51.8 (20.6)
2-90
 at 12-week visit
5.7 (13.4)
Morphology (normal forms) %
Baseline
7.4 (3.5)
1-18.5
 at 12-week visit
1.1 (2.7)
Sperm X,Y, 18 Chromosome Aneuploidy %
Baseline
1.2 (0.4)
0.5-2.4
 at 12-week visit
0.1 (0.4)


Control Group
Mean (std)
Range

p-value

71.8 (54.5)
-6.3 (49.6)

1-316.2

NS
NS

78.0 (14.4)
0.51 (7.4)

0-95

NS
0.003

53.5 (19.6)
0.53 (10.4)

0-86

NS
0.009

7.1 (2.9)
0.1 (2.3)

1-14

NS
0.03

1.3 (0.7)
0.04 (0.4)

0.7-4.8

NS
NS

Sperm parameters are based on 107 men who provided pre-post semen samples

Enrollment

Assessed for eligibility (n=161)

Excluded (n=44)
 Not meeting inclusion criteria (n=36)
 Declined to participate (n=5)
 Pilot trial of study materials (n=3)

Randomized (n=117)

Allocation
Allocated to walnut intervention (n=59)
 Received allocated intervention (n=59)

Allocated to ‘usual diet’ control (n=58)
 Received allocated intervention (n=58)





Did not receive allocated intervention (n=0)

Did not receive allocated intervention (0)

Follow-Up
Lost to follow-up (did not return) (n=1)

Lost to follow-up (left geographic region) (n=2)
(did not return) (n=2)

Discontinued intervention (potential nut allergy)
(n=3)

Discontinued intervention (n=0)

Analysis
Analysed blood (n=55)
 Excluded from analysis (n=0)

Analysed blood (n=54)
 Excluded from analysis (n=0)

Analysed semen (n=55)
 Excluded from analysis (n=0)

Analysed semen (n=52)
 Excluded from analysis (inadequate volume
pre-or post- specimen) (n=2)

