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Background
- Diets rich in fruits and vegetables (F/V) are associated with reduced inflammatory 

cytokine profiles as well as increasing the circulating levels of adiponectin, and 
decreasing circulating levels of interleukin and C-reactive protein (CRP)

- What is a cytokine?
- A small protein released by cells that has a specific effect on the interactions 

between cells, on communications between cells or on the behavior of cells. 
The cytokines includes the interleukins, lymphokines and cell signal molecules, 
such as tumor necrosis factor and the interferons, which trigger inflammation 
and respond to infections

- Recent reviews based on the relationship between circulating cytokines and 
healthy dietary pattern show a reduced level of CRP-  a substance produced in the 
liver in response to high inflammation levels

- However, the extent to which CRP concentrations may reflect F/V-associated 
changes in other cytokines is poorly understood.

 

https://www.medicinenet.com/tumor_grade/article.htm


Background (con’t)
- Inflammatory cytokines in the breast are directly related to the growth of 

premalignant cells. Therefore Fruit and vegetable consumption may play a role in 
breast cancer.

- Diets rich in F/V are frequently associated with reduced risk of breast cancer
- Breast milk reflects the breast micro-environment 
- While there have been dietary supplementation studies that show altered levels of 

cytokines in breast milk the study of increased fruit and vegetable intake on the 
inflammatory profile has not been studied



Purpose
The purpose of this study is to investigate the feasibility of conducting a larger trial 
among breastfeeding women to test if increasing their fruit and vegetable intake 
reduces the inflammatory cytokine levels in breast milk.



Methods



Study Design
The study was conducted as a Randomized Control Trial 



Study Population
- 10 Breastfeeding Women who lived within a 25 mile radius of Amhurst, 

MA
- Inclusion Criteria

- Female
- Ages 18 or older
- Currently breastfeeding and  planning to breastfeed for at least three more months
- Live within a 25 mile radius of Amhurst, MA

- Exclusion Criteria
- History of any cancer (except Melanoma) 
- Crohn's Disease, Celiac Disease, or any other malabsorption syndrome 
- Non-gestational diabetes
- Currently eating more than five servings of fruits and vegetables a day on a regular basis 

 



Recruitment and Sampling Method 
- Advertisements placed in local businesses
- Referrals from Lactation Consultants 
- Eligibility was initially determined by a screening phone call, and all 

potentially eligible women received a “Health and History” questionnaire 
to determine if they were actually eligible

- All those who were determined eligible  at this point had their answers to the 
questionnaire used as part of their baseline data

- The questionnaire is a 10 question (two parts each) screener used to determine daily 
intake and serving sizes of fruits and vegetables    



Procedures
- Participants had an introductory session at their home at the onset of the 

study (week 0)
- Participants signed consent forms, gave basic information about themselves and were 

given information on who to be in contact with if they start having adverse effects from 
the study

- Participants were also given instructions on how to collect breast milk, and given the 
materials needed to properly store it and submit it to the trial 

- After initial visit, participants were randomized into groups by a random 
number generating system 

- Visits to the home by trained research assistants occured on week 1 and 
week 13 



Procedures Cont’d. 
- Participants were asked to express all their breast milk from both breasts 

into separate containers within a half hour to an hour of their child's first 
feeding of the day 

- They also completed forms daily about their medication intake for 24 hours prior to 
nursing

- During the week 1 and week 13 visits the assistant measured both the 
mother and the infants height and weight, and collected the samples of 
breast milk the mothers had been expressing and freezing 

- Participants received nutrition counseling and boxes of fruits and 
vegetables delivered to their houses, which were tailored to their likes 
and dislikes 

- Counseling and food plans were done by an RD or trained Nutrition graduate student 
- Both counseling and deliveries occurred on a weekly basis from weeks 2-12



Procedures Cont’d. 
- Throughout the intervention, participants were asked to keep a food 

journal for five days each week to help with adherence to the plan
- Three weekdays, one weekend, and one more day of their choice
- Journals were collected weekly to help with counseling 



Variables
- Independent Variable: Fruit and Vegetable intake of nursing mothers

- Measured in servings per day

- Dependent Variable: Inflammation markers in breast milk
- Measured in concentration of specific markers in breast milk in a specific testing format



Data Analysis
- Number of servings of F/V consumption were taken by screeners at weeks 

1 and 13 from both the control and experimental groups using 
standardized coding systems 

- BMI was recorded at both weeks 1 and 13 
- t-Tests were conducted to compare week 1 and week 13 BMI’s 

- Independent t-Tests were conducted to compare BMI’s  between groups
- Dependent t-Tests were conducted to compare BMI’s of  week 1 and week 13 within the 

experimental group 
- P-Values presented had no set level of significance

- A mixed-effects repeated-measures model was used to determine the 
effect of diet on cytokines over an extended period of time

- Two observations of cytokine levels were taken from each woman 



Results



Characteristic Control Diet P value

Age at donation (years) 33.2 33.8 0.545

Baby’s age (days) 239.8 353.4 0.514

Age at menarche 
(years)

12.4 11.6 0.207

Age at first birth 
(years)

27.8 28.4 0.841

Number of children 
breastfed

2.4 2.4 0.514

Pre-pregnancy BMI 26.7 30.9 0.211

BMI at week 1 27.2 31.8 0.204

BMI at week 13 26.9 30.6 0.224

All values given are mean values.

Participant Demographics



Participant Demographics and Anthropometric Measures

- Most characteristics were similar between the two groups
- Compared to the control group, the women in the intervention group had 

a younger age at menarche and a higher BMI pre-pregnancy, at week 1, 
and at week 13

- The women in the intervention group lost an average of 2.91 kg by week 
13

- The women in the control group gained an average of 1.12 kg by week 13



Behavioral Changes
- At baseline, both groups were 

consuming similar daily servings 
of fruits and vegetables

- At week 13:
- The control group was consuming an 

average of two F/V servings a day
- The intervention group was 

consuming an average of 9.9 F/V 
servings a day

- The daily average increase in 
servings in the intervention group 
is very significant (P=0.004)



Cytokine Levels
- 14 cytokines and growth factors were measured from the left and right breasts of 

10 women collected at week 1 and week 13
- 2 cytokines, tyrosine kinase with immunoglobulin-like and endothelial growth 

factor indicated limited assay precision
- There was no further examination of these 2 analytes 

- The other 12 cytokines indicated excellent to good assay reliability for all analytes
- At week 1, higher concentrations of 10 analytes were found in the control group 

(compared to the intervention group)
- Concentration of all 10 analytes decreased by week 13

- Adiponectin, a hormone usually associated with a healthy diet, increased 27% in 
the intervention group by week 13 (13% higher than the control group)

- VEGF-D increased by 43% in the intervention group (35% higher than the control 
group)



Cytokines and Growth Factor Analytes Measured



Study Results
- The goal of this study was to change inflammatory markers to decrease risk of 

breast cancer by increasing fruit and vegetable intake in breastfeeding women
- Results show that it is possible to increase F/V intake, but it’s unknown if the 

participants of this study had an easier time increasing their intake because of the 
weekly support, free box delivery, and food journals provided by this study

- It is unknown if the increase in adiponectin levels in the intervention group is 
related to the increase in F/V consumption, or if it is because they had lower 
baseline values than the control group. Weight loss generally increases adiponectin 
levels

- In a previous study of 40 postmenopausal women, dietary induced weight loss 
did not increase adiponectin levels

- The higher adiponectin levels in this study suggests that F/V consumption 
(directly/indirectly related to weight loss) may decrease the risk of breast 
cancer



Discussion



In Relation to Other Studies
- This is a pilot study, so it’s the first study done on this topic
- This study was very small scale- there were only 10 participants and 

limited funding
- This study adds to literature on this topic by proving that it is worth doing 

this study on a larger scale
- In the future, a larger study would have similar BMI between groups 

which would allow them to determine if F/V intake alone results in weight 
loss in breastfeeding women, and if F/V consumption reduces 
inflammation (independent of weight loss)



Strengths
- Study shows that it is possible for breastfeeding women to increase F/V 

intake to 8-10 servings a day when receiving free weekly deliveries, weekly 
nutrition counseling, and practicing self monitoring by keeping a journal



Limitations
- Only 10 participants, so the results are preliminary 
- F/V screener used doesn’t measure the exact intake levels

- For more accurate results, biomarkers or 24-hour recalls are recommended
- Future studies should include analyses of carotenoid levels in skin, blood, or milk because 

they are correlated with dietary intake
- Changes in physical activity were not accounted for

- Physical activity affects weight loss, cytokines, and breast cancer risk
- No theoretical framework was used 
- Participants did not have similar characteristics. Varying factors included the 

infants age, whether the infant was only breastfeeding, and time to weaning 
variables

- It was hard to get conclusive results because of the difference in BMI between the 
intervention group and control group

- Can’t be determined if this study would work for everyone- participants were 
receiving free F/V deliveries



Recommendations for Future Research
- Larger number of participants
- More commonalities between participants, such as:

- Number of children
- Age of infant
- Whether the infant is solely breastfeeding
- BMI prior to study

- Physical activity should be monitored
- Participants should not receive free F/V deliveries for the entire duration 

of the study, in order to see if it’s possible to do independently  



Citation
Definition of cytokine:

https://www.medicinenet.com/script/main/art.asp?articlekey=11937


