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Research Article

Introduction

Breast cancer (BC) is the most common malignancy and the 
second most lethal cancer type among women worldwide.1 
Epidemiological observations have supported several lines 
of evidence from experimental in vitro studies on dietary 
factors as lifestyle-related variables to be implicated in 
breast tumorigenesis.2-4 Findings from the European 
Prospective Investigation into Cancer and Nutrition and 
other cohort studies resulted in inverse associations regard-
ing fruit and vegetable intakes with BC risk.5-7 The risk of 

female breast carcinoma in relation to the consumption of 
Allium vegetables evaluated in the Netherlands Cohort 
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Abstract
Purpose. Doxorubicin has been found to be associated with insulin resistance in animal models. Onion, a so-called functional 
food, is noted to affect the insulin signaling pathway of diabetes in vitro. To our knowledge, this is the first study to investigate 
the effects of consuming fresh yellow onions on insulin-related indices compared with a low–onion-containing diet among 
breast cancer (BC) patients treated with doxorubicin. Methods. This parallel-design, randomized, triple-blind, controlled 
clinical trial was conducted on 56 eligible BC patients (aged 30-63 years), diagnosed with invasive ductal carcinoma. 
Following their second cycle of chemotherapy, subjects were assigned in a stratified-random allocation to receive body 
mass index–dependent 100 to 160 g/d of onion as high onion group (HO; n = 28) or 30 to 40 g/d small onions in low onion 
group (LO; n = 28) for 8 weeks intervention. Participants, care givers, and those who assessed laboratory analyses were 
blinded to the assignments (IRCT Registry No.: IRCT2012103111335N1). Results. The compliance level of participants in 
the analysis was as high as 87.85%. A total of 23 available cases was analyzed in each group. The daily use of HO resulted 
in a significant decrease in serum fasting blood glucose and insulin levels in comparison with LO, over the period of study 
(P < .001). Posttreatment with HO showed a significant decrease in homeostasis model of assessment-insulin resistance 
relative to changes in the LO group (P < .05). A comparison of the changes that occurred throughout pre- and postdose 
treatments indicated improved quantitative insulin sensitivity check index (P < .05) and controls on C-peptide in the HO 
group (P < .05). Conclusions. The present study demonstrated the effectiveness of onion to ameliorate hyperglycemia and 
insulin resistance in BC during doxorubicin-based chemotherapy.
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study related to diet and cancer showed no significant 
results, whereas a French epidemiological study showed 
that higher onion (Allium cepa L) intake, as the most fre-
quently consumed Allium vegetable, was correlated with a 
lower risk of BC.7,8 Evidence from a case-control study 
undertaken in Switzerland has indicated that a high fre-
quency of onion consumption was associated with a notable 
decrease in BC risk.9 According to Leviac et al, a descend-
ing trend within the range of 40% to 60% BC risk has 
been observed for the highest versus the lowest tertiles of 
consumptions.9 Although there is consensus within most 
observational studies to indicate an inverse association 
between onion and Allium intake and cancer risk, no clini-
cal trial has to date been undertaken to prove the role of 
onion consumption on biomarkers related to BC prognosis 
and metabolic determinants.

Insulin is a peptide hormone synthesized in pancreatic β 
cells and considered as a potent mitogenic hormone.10 
C-peptide is a by-product of cleaved pro-insulin released 
when insulin is being secreted. Therefore, circulating levels 
of C-peptide could be interpreted as a sensitive biomarker 
for insulin changes and taken into account as biomarkers for 
predicting increased risk of tumorigenesis, especially when 
pathological lesions of neoplastic transformation exist (par-
ticularly in the early stages of BC).11 Insulin resistance (IR) 
and hyperglycemia are common metabolic features of type 
2 diabetes mellitus (T2DM), formerly known as non–
insulin-dependent diabetes mellitus; IR has rarely been tar-
geted in intervention studies of cancer patients. T2DM may 
be incorporated in malignant transformation by several 
mechanisms, such as hyperinsulinemia, hyperglycemia, and 
elevated levels of cytokines.12,13 High circulating levels of 
insulin directly induce the neoplastic phenotypes of growth, 
being resistant to apoptotic stimuli, propagation, and metas-
tasis in BC patients.13 Hyperinsulinemia also indirectly asso-
ciates with tumorigenesis through reduction of the hepatic 
expression levels of insulin-like growth factor (IGF) binding 
proteins and sex-hormone binding protein to enhance 
mitogenic effects of free circulating IGF and estradiol, 
respectively.13,14 In addition, hyperinsulinemia-dependent 
T2DM and/or obesity could potently promote inflammatory 
features that interplay in the etiology of cancer-related 
transformation or tumor progression.12 There is surge of 
interest in determining whether the possible comorbidity of 
IR with cancer could be associated with increased mortality 
and poorer disease-specific survival.13

The homeostasis model assessment (HOMA) has been 
implicated in identifying insulin resistance (HOMA-IR) 
and insulin sensitivity (HOMA-β).15 More recently, it has 
been tempting to study the metabolic behaviors and related 
physiologic phenotypes of cancer patients involved in 
dietary interventions. On the other hand, it has been revealed 
that a doxorubicin (DOX)-contained chemotherapy regi-
men can potently induce cellular resistance to insulin and 

predispose individuals to hyperinsulinemia in cancer cases 
while concurrent administration of high dose of dexametha-
sone used to prevent nausea and vomiting of DOX play a 
basic role in inducing IR as well.16 Consequently, this che-
motherapy effect may give rise to the possibility of IR at 
least as short-term changes in metabolism and correlated 
markedly with adiposity changes in treating cancer 
patients.17 The effectiveness of adjuvant therapies on cancer 
prognosis has been speculated to be attributed in part to adi-
posity status.14,18 In particular, a greater effect on prognosis 
is observed in younger women.18

Onion contains biologically active constituents that 
mainly include sulfur compounds and flavonoids such as 
rutin and quercetin (QR). A significant collection of data 
from in vitro studies has established the apoptotic, antip-
roliferative, and immune-enhancing properties of onion 
products.4,19-21 However, current evidence from animal stud-
ies has reported insulinotropic,22 and insulin-sensitizing,23 
effects as a result of onion, either in diabetic or hypercho-
lesterolemic conditions. Despite the possible cytotoxic 
effects of DOX in the regimen of chemotherapy for control-
ling the proliferation of cancer cells, DOX is bioavailable to 
the whole body through systematic blood circulation and 
raises the possibility of adverse toxic effects, including neu-
tropenia as a result of immunosuppressant effects, also hav-
ing hepatotoxic and cardiotoxic effects in some cases.24,25 
Although onion has conventionally been used to enhance 
the function of the immune system in folk medicine, no data 
exist to support this hypothesis in BC patients who have 
received an immunosuppressant such as DOX in previous 
studies. Therefore, a randomized, triple-blind, placebo-
controlled clinical trial was conducted to investigate the 
effect of 8 weeks of manipulation of dietary habits through 
the daily ingestion of raw yellow onion, a staple vegetable 
item in an Iranian diet, on IR-related biomarkers in BC 
patients receiving chemotherapy.

Materials and Methods

Study Subjects

The randomized, triple-blind, placebo-controlled clinical 
trial study was conducted at Tabriz University of Medical 
Sciences (Faculty of Nutrition), Tabriz, Iran. BC patients 
whose disease had been histopathologically proven follow-
ing radical or partial mastectomy at the Surgery Ward of 
Nour-Nejat Hospital, and who were referred to Shahid 
Ghazi Cancer Research Centre and private cancer clinics 
(Tabriz, Iran) and aged 30 to 65 years, were recruited among 
the primary population of BC patients (the complete date 
range for patient recruitment was October 2012 till June 
2013). This multicenter design trial gives the possibility to 
include patients from Tabriz city, which is the capital of 
Eastern-Azerbaijan located in the northwest of Iran.
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The inclusion criteria included the self-intentions of the 
patient to participate and a completed consent form prior to 
the commencement of the study, patient diagnosed with 
invasive ductal carcinoma (IDC), grade 2 or 3, having no 
metastasis, and having no history of any cancer in other 
anatomic sites. The exclusion criteria included the follow-
ing: energy intake out of the range of 700 to 3500 kcal/day; 
having severe liver or kidney failure, hyperthyroidism, 
polycystic ovary syndrome, and gastrointestinal inflamma-
tory disorders (gastritis, peptic ulcer, and inflammatory 
bowel syndrome); allergy or intolerance to onion; bleeding 
disorders; asthma; low blood pressure; being pregnant and 
lactating during the study; any prior history of chemotherapy, 
radiotherapy, and/or hormone therapy; and medically used 
methotrexate, aspirin, metformin, cyclosporine, epilepsy-
related drugs, contraceptive, hormone replacement therapy, 
uridine 5-phosphate, or colchicines. The consumption of 
flaxseed, supplements of vitamin E, and omega-3 for 4 
weeks prior to enrollment was considered as an exclusion 
criterion (changed in initial protocol after trial commence-
ment) and therefore avoided during the whole study period.

Eligible participants were requested to remain with their 
common habitual diet and lifestyle within the range of 

adherence to dietary guidelines. Finally, after obtaining 
informed consent, 56 women with newly diagnosed BC ful-
filled the selection criteria and were randomly assigned into 
2 groups via stratified-random allocation, which has been 
described in detail in an erarlier article.26 The sampling pro-
cedure is summarized in the flowchart depicted in Figure 1.26 
The number needed to treat was derived from a study in 
which polycystic ovary syndrome patients were treated with 
onion for 2 months.2,27 Eventually, 23 participants completed 
the intervention in each arm of follow-up to be included in 
analysis (Figure 1).

Ethics Statement

The study was carried out according to the revised guide-
lines released in the Declaration of Helsinki.28 A written 
informed consent form was completed prior to the start of 
the study by each participant. All procedures were subject 
to the prior approval of the Ethics Committee at Tabriz 
University of Medical Sciences (Ethics No.: 5-4-6829). The 
enrollment of eligible participants was started after the eth-
ics committee approved the study (October 2012). This 
clinical trial was also registered at the Centre of Iranian 

Figure 1.  CONSORT flow chart diagram of intervention.
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Registry of Clinical Trials (IRCT) and linked to the World 
Health Organization Registry Network (IRCT No.: 
IRCT2012103111335N1). The authors confirm that all the 
protocol of trials for this intervention was registered in the 
framework specified in the IRCT homepage (http://www.
irct.ir).

Study Design

The second cycle of chemotherapy was generally consid-
ered as the baseline of interventions, and blood sampling 
was conducted prior to receiving a second cycle of chemo-
therapy. The second chemotherapy cycle was chosen to rule 
out a level of adaptation to chemotherapy that might change 
metabolic and proliferation-related indices in patients. Prior 
to the baseline of the study, all participants (between the 
initial and second chemotherapy cycles) were placed in a 
2-week run-in (4 days had been planned in initial protocol, 
to include the ovulation phase of the menses cycle) period 
in order to obtain information regarding well-tolerated con-
ditions in chemotherapy, lifestyle-related carcinogenic risk 
factors, and the compliance of patients to follow the basics 
of treatment. During the run-in period, participants were 
instructed not to consume any onion and less than half a 
serving of other Allium species such as spring onion, shal-
lots, garlic, garlic chives, native water-cress leaves, and 
leek on a daily basis (amount of Allium had to be less than 
90 g/d). Dietary assessments and information were pro-
vided regarding the concept of treatment to encourage bet-
ter adherence during the 8-week intervention, as described 
in detail in previously published data.26 Possible cachexia 
following chemotherapy might increase the patients’ desire 
for weight gain, which might have been a potent motivation 
for overreporting of calorie intake and underreporting of 
some food intakes.4,29 Therefore, in order to possibly 
improve the accuracy of data compliance related to onion 
consumption, based on Goldberg cutoffs, individuals with 
misreporting were not included for randomization after the 
run-in period.29,30 The measure of the actual body weight at 
diagnosis prior to surgery was used for basal metabolic rate 
calculation.

All participants were individually counselled not to 
change their habitual diet, with some considerations regard-
ing World Cancer Research Fund International guidelines 
(specifically, the fat content of their diet) and abstaining 
from Allium-based products, as well as a limitation to eat 
less than 90 g/d of Allium vegetables in order to increase 
their compliance throughout the study.27,31,32 A physical 
activity record was also obtained from each participant dur-
ing run-in period, in addition to baseline assessments. Then, 
BC subjects included in the study were randomly allocated 
to either the intervention or control group by means of the 
method of sequence generation of computer-generated ran-
domization software.

In total, 46 patients who completed the trial received 1 of 
the following 3 chemotherapy arms: (1) 13 patients (28.3%) 
included in 4 cycles of intravenous (IV) doxorubicin 75 
mg/m2 every 3 weeks followed by 3 cycles of cyclophos-
phamide, methotrexate, and 5-fluorouracil (CMF); (2) 19 
(41.3%) patients included in the arm of 4 cycles of IV 
doxorubicin 60 mg/m2 along with IV cyclophosphamide 
600 mg/m2 every 3 weeks, followed by 3 cycles of CMF; 
(3) 14 patients (30.4%) included in 3 cycles of IV doxorubi-
cin 75 mg/m2 every 3 weeks, followed by 4 cycles of IV 
docetaxel 100 mg/m2 every 3 weeks, followed by 3 cycles 
of CMF. The duration of each chemotherapy protocol was 
estimated around 24 weeks (except for the regimen in arm 
3, which was 33 weeks). The present 8-week intervention 
was carried out within this duration and commenced after 
the second treatment cycle of DOX. The endpoint of the 
intervention was determined prior to any prescription of 
docetaxel. Tamoxifen as a hormonal adjuvant therapy (20 
mg/d) was prescribed during chemotherapy for 20 patients 
out of 46 participants and intended to be used for almost 5 
years in patients with estrogen receptor–positive and/or 
progesterone receptor–positive tumors characterized by 
immunohistochemistry staining data. Radiation therapy 
was also set as adjuvant therapy according to institutional 
guidelines. Dexamethasone was administered in 8 mg IV 
(Daroo Pakhsh Inc, Iran) for each participant before DOX 
treatment to prevent nausea and vomiting induced by IV 
injection of DOX.

Details about the compliance for onion intervention were 
described in a previous report.26 In summary, weighing the 
leftover parts of onion and a weekly checklist to estimate 
the frequency of onion use were employed to monitor the 
compliance of each participant to the study. This checklist 
also instructed participants to record in a diary details for all 
unexpected adverse occurrences, cases of doubtful or acci-
dental consumption, as well as delivering the checklist at 
each 3-week visit. During the study, all participants pro-
vided data concerning a 3-day 24-hour dietary records and 
a weekly physical activity record once every 2 weeks. As 
a result, each participant had 3 visits between the base-
line and end point of 8 weeks. In addition, physical 
examinations at these visits were conducted following 
chemotherapy-related changes such as primary and sec-
ondary cachexia. Nonresponse to follow-up was defined for 
patients who ate less than 85% of the prescribed onions and 
thus were not included in the study. However, this was 
clearly not the case. At the beginning and end of the study, 
fasting blood samples were obtained and sera were stored at 
−70°C until the analyses were performed.

Interventions

Obese participants with body mass index (BMI) >35 kg/m2 
were not included in the randomization and this resulted in 
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less variation regarding calorie-dependent risk factors. We 
provided a range of total daily amounts of onion consump-
tion, individually based on BMI at diagnosis (time of enrol-
ment) of each participant. The BMI-dependent amount of 
onion (those with BMI < 24.9 consumed 100-120 g/d and 
those with BMI > 25 consumed 140-160 g/d) was taken 
daily by the high onion group (HO) in addition to main 
meals. Participants in the low onion group (LO; placebo 
group) took 30 to 40 g/d onion in addition to meals in a 
BMI-dependent manner (modified to the initial protocol). 
This range of onion consumption by participants was also 
followed in other studies. This superiority trial was set to 
demonstrate that HO treatment could be more effective 
than LO on outcome measures. Patients did not experience 
any loss of body weight more than 25%, which would have 
triggered exclusion from the study. All participants were 
asked not to consume any onion a day after receiving che-
motherapy in order to enhance compliance and adherence 
to the study. The duration of treatments for both groups 
was set at 8 weeks. The complete date range for patient 
follow-up took place between October 2012 and September 
2013.

Two onions for daily usage were packed in a 5″ × 5″ 
white foam–hinged container to provide supplies every 3 
weeks in order to fulfil the concealment criteria. The weight 
of the container was adjusted by pieces of wood so that 
filled containers of the 2 treatments had identical weights, 
and onions were fixed by surrounding them with cotton 
(introduced to the protocol). Opaque plastic foam contain-
ers were used to pack onions to fulfil the concealment crite-
ria. Participants were asked to store all onions in a 
refrigerator at 4°C. Subjects were served one fresh raw 
onion with lunch and another with dinner meals. Only the 2 
outer layers of onions were peeled off before consumption, 
and the onions were sliced in half before being served to the 
patient. The average weight of this pulled-off skin (20-30 g) 
was excluded from the computed weight of served raw 
onion (pure weight). Raw yellow onions were obtained 
from a local market (one seller, Tabriz), who declared 
obtaining the onions from a particular cultivated farm.

Sequence generation and allocation concealment were 
listed and marked by the designer of the study and imple-
mented by clinic personnel unaware of the allocated inter-
vention at the time of enrolment. Participants, clinic 
personnel, and laboratory assessors were blinded to the 
treatment assignments. The date of entry to receive the first 
chemotherapy varied between participants in the study. The 
multicenter design of the study prevented participants from 
coming in contact with each other collectively during the 
course of the intervention, in order to improve the blinding 
concept. Ultimately, each participant at posttreatment time-
line was asked whether she had been aware of assignment 
in control or intervention group and responded of being 
unaware of grouping.

Anthropometric Assessments

Measurement of participants’ height without shoes was con-
ducted in the standing position to the nearest 0.1 cm, using a 
wall-mounted stadiometer (Seca, Hamburg, Germany). 
Weight was measured by a calibrated Seca scale (Itin Scale, 
Berlin, Germany) to the nearest 0.1 kg with subjects wearing 
light clothing without shoes prior to surgery and during other 
time periods. Information pertaining to BMI (kg/m2) is 
actual body weight in kilograms divided by squared meter of 
height at diagnosis as the primary measure of total adiposity. 
Based on World Health Organization guidelines,11 “over-
weight” was defined as a BMI between 25 and 29.9 kg/m2, 
while obesity was defined as a BMI greater than 29.9 kg/m2. 
To avoid subjective errors, all measurements were made by 
only one instructor.

Biochemical Assessments

Venous blood samples (8 mL) were taken from subjects at 
least after 12 hours of fasting in a clot tube (Vacuum Blood 
Collection Tube—Gel & Clot Activator Tube, AMIS 
Medical Co, China), prior to the second cycle of chemother-
apy at Danesh Laboratory, which is under quality control 
and verified by the National Reference Laboratory 
(Tabriz, Iran). The samples were immediately centrifuged 
(Refrigerated Centrifuge, Sigma, Germany) at 3000×g and 
at 20°C for 10 minutes to separate serum supernatant. 
Aliquots were stored at −70°C until laboratory tests were 
conducted. Commercially available ELISA kits and stan-
dards were used as a follow-up to measure prespecified pri-
mary outcomes such as fasting blood glucose (FBG) by 
Pars-Azmoon (coefficient variation [CV] of interassay = 
0.90%; Cat. No.: 5825; Tehran, Iran), insulin by Monobind 
(Cat No.: 5825-300, Lake Forest, CA), and C-peptide using 
a Monobind kit (Cat No.: 2725-300). Measurements were 
carried out following the manufacturers’ instructions. The 
homeostasis model assessment (HOMA-IR) was calculated 
using the following: HOMA-IR = [glucose (mg/dL) × insu-
lin (µIU)/405] and HOMA-β = [(360 × insulin (µIU)]/[glu-
cose (mg/dL) − 63] × 100. Quantitative insulin sensitivity 
check index (QUICKI) was estimated using the following: 
1/[logarithm of insulin (µIU) + logarithm of glucose (mg/
dL)]. The within and between assays’ CVs for all biochemi-
cal measures were <10%. For each biomarker, measures 
were performed at the same time in one laboratory run and 
in random order to attenuate systematic errors. The name of 
the patient in each serum sample was labelled with a specific 
numeric code in order to impart blindness in the laboratory 
analysis procedures. The National Cancer Institute and the 
World Health Organization toxicity criteria recommend 
standard criteria for the assessment of therapy-induced tox-
icity (added to the initial eligibility criteria).33 Their classifi-
cation of more severe grades of anemia referring to a grade 
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higher than 3, in which hemoglobin is measured as <7.9 g/
dL, was an exclusion criterion.

Statistical Analyses

Analysis was performed using SPSS software (Version 15). 
A graphed linear histogram was used to test the potential 
skewness and kurtosis. A Kolmogorov-Smirnov test was 
also applied to ensure the normality of data distribution in 
each analyzed subclass. A box plot was used to detect pos-
sible outliers. Descriptive results were expressed in mean ± 
standard deviation (SD; or standard error of the mean 
[SEM]) and median (95% confidence interval [CI]) for the 
general characteristics of studied variables. Two indepen-
dent sample t tests were used to compare variables between 
the control and intervention groups. Date-dependent within 
group comparisons in a tail between the baseline and 8 
weeks’ intervention were carried out by paired t test.

Absolute treatment effect was calculated by assessing 
the mean change in a variable between the 2 arms of HO 
and LO, from baseline to 8 weeks of follow-up. The P 
value of the treatment effect was tested by repeated- 
measures linear mixed model (Table 3). Percentage of 
changes for certain dependent biochemical variables 
within each interventional group was estimated using the 
following formula: [(postdose measure) − (predose mea-
sure)/predose measure] × 100. Independent sample t test 
was performed to analyze significance levels of compari-
sons between HO and LO groups for mean percentage 
changes. Absolute treatment effect was determined as an 
estimate of change from predose to follow-up in the HO 
group minus the absolute change from predose to follow-
up in the LO group in a mixed model. Repeated-measures 
analysis of variance was used to test the statistical levels 
of significance of absolute treatment effect in terms of 
comparing mean differences between 2 arms of interven-
tions. Study participants were included in the model as a 
random effect, and absolute treatment effect was calcu-
lated and reported. For each comparison, P < .05 was con-
sidered as statistically significant.

Results

Demographic Characteristics

Volunteer subjects with histopathologically confirmed 
BC (n = 100) were recruited to the primary research pop-
ulation. In this controlled clinical trial, 44 patients were 
not eligible to participate. Main reasons included not 
meeting inclusion criteria (n = 30), declining to partici-
pate (n = 7), refusing chemotherapy (n = 3), or using CMF 
as a chemotherapeutic regimen (n = 4). As a result, 56 
participants were randomly allocated into either the HO 
or control (LO) group, and 28 BC volunteers in each 

group entered the trial; also 10 participants were excluded 
during the 8-week study. Finally 23 patients in each group 
completed the study. The minimum, maximum, and 
median duration of follow-up were 57, 68, and 61 days, 
respectively. The general and dietary variables of BC 
patients who were randomly assigned to arms of the inter-
ventions are summarized in Table 1. Mean age at diagno-
sis for participants included in the study was 42.7 ± 5.9 
years (range = 32.0-58.0 years) for the LO group and 43.9 
± 8.7 years (range = 30.0-63.0 years) for the intervention 
group (HO). The 2 groups were similar with respect to 
demographic variables and well-known risk factors for 
BC (Table 1). Daily intakes of total energy, carbohy-
drates, fat, protein, and fiber did not differ significantly 
between the 2 groups at baseline (Table 1). The habitual 
dietary and lifestyle-related factors of all the subjects did 
not differ significantly in terms of the interventions. The 
BMIs for each group increased but were not significantly 
different between placebo and HO groups at the comple-
tion of the study. The histopathological and therapeutic 
characteristics of the BC participants at the baseline of 
the study are also shown in Table 2. The administered 
adjuvant therapy for participants during the study included 
analogous protocols of chemotherapy regimens based on 
DOX in 4 courses with average 3-week intervals.

Patients’ adjuvant taxane (docetaxel and paclitaxel)-
based chemotherapy was not included for possible interac-
tion with onion in the pharmacodynamics of taxane and its 
toxicity.34,35 DOX-based chemotherapy after 4 courses was 
in the majority of patients followed by taxane and figured as 
one of the main reason to explain the 8-week duration of the 
study.

Compliance

The compliance of participants in the analysis was as high 
as 87.85%. The average compliance for the LO and HO 
groups were 87.85 ± 2.37% (82.22% to 91.78%) and 88.29 
± 1.98% (84.44% to 91.44%), respectively, during the 8 
weeks of intervention. None of the participants in either 
group consumed <80% per day in order to be considered as 
noncompliance.

Erythropenia, which counts as an indicator of chemo-
therapy-induced blood toxicity, was not observed in 
blood tests prior to each chemotherapy cycle. The aver-
age red blood cell counts did not differ significantly 
between pre- and postdose in each of the intervention 
groups. The likelihood of an observed reduction in neu-
tropenic toxicity in HO rather than LO was not observed 
between the 2 arms of the trial (data not shown). 
Participants who were highly prone to neutropenic reac-
tions (white blood cell count <4 × 103, neutrophil <50%, 
and lymphocytes <24%) were not considered for this 
nutritional intervention.
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Figure 2 depicts a scatter plot for plasma variables of 
C-peptide in association with dependent variables in terms 
of serum insulin and insulin-dependent indices. C-peptide 
correlated significantly with plasma insulin levels (r = .40, 
P = .0001). C-peptide was inversely correlated with 
QUICKI (r = −.56, P = .0001) and also correlated positively 
with HOMA-IR (r = .36, P = .014). Table 3 showed 
increases in the average BMI within either HO or LO group 
during the intervention. No difference was observed regard-
ing to BMI between groups.

Intervention Effect

Raw yellow onion was administered to adjuvant-treated BC 
patients consistently and begun in the post-second course of 
chemotherapy (after 2 days) in a triple-blind state. The 
BMI-dependent weighed onion in the intervention of HO 
and LO groups was administered following a 14-day run-in 
period. Changes in certain metabolic parameters during 8 
weeks of intervention for both groups are summarized in 
Table 4. The HO group experienced a significant decline of 
FBG at week 8 (P = .014) while the LO group showed a 
nonsignificant increase. Posttreatment, the HO group 
showed a significant decrease in serum levels of insulin in 
comparison to LO (P = .008). The within-group comparison 
in the LO group showed an increase in HOMA IR (P = 
.025), while the HO group presented a significant decrease 
in HOMA-IR levels (P = .021; Table 4). Between-group 

comparison at posttreatment compartment demonstrated a 
decline of HOMA-IR in HO group, but the difference failed 
to reach a significance level (P = .080). The comparable 
relative changes of FBG and HOMA-IR observed between 
interventional groups presented significant declines in high 
onion consumers rather than in the LO group (P = .005; 
Figure 3). Likewise, there was a negative relative change of 
FBG obtained in HO rather than a rise of FBG in the LO 
group (P = .003; Figure 3). Comparing pre- and postdose 
stages in the group of LO consumers showed a significant 
decrease in the QUICKI variable (P = .012). Postintervention 
after 8 weeks resulted in less affected QUICKI levels among 
HO consumers compared with the postdose serum level of 
the LO group (P = .002). The absolute treatment effect for 
the mean changes of QUICKI in LO was estimated to be 
higher than what was observed in the HO group (P = .028). 
There existed also a statistically nonsignificant decline in 
the mean difference of QUICKI within the HO group when 
LO exhibited greater changes within the group (P = .012). 
The absolute treatment effect for the mean changes of 
QUICKI in the LO group was estimated to be higher than 
what was observed in the HO group (P = .028). There was a 
significant increase in fasting plasma C-peptide levels in 
the LO group (P = .026), but no significant changes were 
demonstrated in the HO group. Absolute treatment effects 
estimated in the HO group in comparison to LO was −0.27, 
showing a negative impact of high onion consumption on 
C-peptide levels (P = .005).

Table 1.  Demographic and Clinical Characteristics of BC Patients in LO (Placebo; n = 23) and HO (Intervention; n = 23) Groups at 
Baseline of Intervention.

Characteristics

LO (Placebo) HO (Intervention)

P ValueaMean ± SD Median 95% CI Mean ± SD Median 95% CI

Age (years)
  At diagnosis 42.7 ± 5.9 43.0 40.1-45.2 43.9 ± 8.7 42.0 40.1-47.7 0.570
  At first delivery 21.7 ± 3.6 21.5 20.0-23.3 22.1 ± 3.7 22.0 20.4-23.8 0.937
  At first menses 13.9 ± 1.3 13.7 13.3-14.5 13.5 ± 1.7 13.0 12.7-14.3 0.455
Anthropometric indices
  BMI (kg/m2) 27.4 ± 4.8 28.1 25.1-29.7 27.8 ± 3.7 28.1 26.2-29.5 0.832
  Waist (cm) 88.4 ± 11.5 89.7 83.3-93.5 89.8 ± 9.1 93.2 85.3-94.3 0.441
  Hip (cm) 106 ± 10   106 101-110 107 ± 13   103 101-114 0.683
  Waist-to-hip ratio 0.83 ± 0.06 0.83 0.80-0.85 0.8 ± 0.1 0.8 0.8-0.9 0.735
Daily dietary intake
  Total calorie intake (kcal/day) 1893 ± 417 1954 1712-2073 1952 ± 442 1789 1761-2144 0.641
  Protein intake (g/day) 68.6 ± 21.6 73.2 59.2-77.9 67.9 ± 17.5 63.3 60.4-75.5 0.918
  Carbohydrate intake (g/day) 253 ± 81   262 217-288 270 ± 98   279 228-313 0.505
  Fat intake (g/day) 56.5 ± 20.75 53.15 47.5-65.4 56.6 ± 18.8 56.2 48.5-64.7 0.977
  Total dietary fiber (g/day) 4.6 ± 2.9 3.8 3.3-5.8 4.6 ± 2.9 3.9 3.3-5.8 0.956
  Soluble fiber (g/day) 0.6 ± 0.5 0.6 0.4-0.9 0.5 ± 0.7 0.3 0.2-0.8 0.286
  Crude fiber (g/day) 3.9 ± 2.5 3.2 2.8-5.1 4.1 ± 2.4 3.5 2.9-5.0 0.684

Abbreviations: BC, breast cancer; LO, low onion group; HO, high onion group; BMI, body mass index.
aIndependent sample t test was performed.
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Discussion

Throughout this randomized controlled clinical trial con-
ducted on newly diagnosed BC patients receiving postopera-
tive chemotherapy, the raw yellow onion intervention 
concurrently showed favorable effects in terms of control-
ling insulin-related variables. To the best of our knowl-
edge, this is the first study suggesting that the variable of 
QUICKI, which is a sensitive determinant for predicting 
insulin sensitivity,36 declined in LO counterparts as com-
pared to HO participants, who in the meantime had all been 
exposed to conventional DOX-based chemotherapy.

Onion is a staple vegetable item used in the Iranian 
habitual diet. Its inclusion in the side dishes accompanying 
main meals (lunch and dinner) provided an exclusive oppor-
tunity for observing the effects of this functional food on 

hyperinsulinemia and its possible tumor-promoting effects. 
The role of HOMA-related indices in BC prognosis is well-
established.37 Our observations showed that the HO group 
treatment significantly controlled HOMA-IR and insulin 
levels. Earlier studies have shown that fasting glucose lev-
els in nondiabetic women with early BC was associated 
with a modest increase in the risk of distant breast tumor 
recurrence and relevant lethal outcomes, suggesting insu-
lin-dependent underlying biologic mechanisms.38 The 
hypoglycemic effect of onion was also determined in an 
earlier clinical study conducted by Augusti et al,37 on nor-
mal healthy individuals. Onion has been consistently and 
widely used for the treatment of diabetes in traditional 
Chinese practices.39 A clinical trial conducted on diabetic 
patients showed that the use of onion slices could cause 
antidiabetic effects with particularly significant reductions 
of FBG levels in both insulin-dependent and noninsulin-
dependent diabetes.40 Similar antihyperglycemic effects 
were also shown by very early clinical trials of administered 
juice, aqueous extract, or oil constituent of onion on healthy 
volunteers.40-42 Additionally, Sharma et al demonstrated the 
blood sugar lowering effects of boiled onion extract when 
used to treat diabetic patients.42 The consumption of cooked 
onion (150 g onion cake containing 89.7 mg QR) by healthy 
human subjects caused significant effects on plasma levels 
of QR; however, there was no remark regarding its ability to 
reduce oxidative DNA damage in leukocyte, plasma F2 iso-
prostane concentration, and changes in malodialdehyde-
modified low-density lipoprotein cholesterol.43

The findings of this study agree with a considerable 
number of studies that have indicated the antidiabetic 
effects of various types of onions.22,44-46 BC participants 
in the present intervention study generally received 
DOX as an anthracycline antibiotic reagent used widely 
in chemotherapeutic approaches for different types of 
malignancies.47 Substantial follow-up evidence has sup-
ported that receiving chemotherapeutic regimens includ-
ing DOX causes systemic IR.16 In this regard, it is primarily 
implied that DOX-mediated dysregulation of genes is 
highly involved in insulin signaling pathways that are 
mainly involved in skeletal muscle cells.48 Collectively, 
DOX administration during the course of patients’ chemo-
therapy regimens might be capable of predisposing BC 
patients to IR, which may lead to subsequent impaired 
insulin secretion and signaling in targeted cells.48 
Dexamethasone, which is administered as an antivomiting 
agent before DOX IV injection, could potentially give rise 
to IR that is correlated to adiposity.49,50 Notably, evidence 
in colorectal cancer has shown that raised BMI or weight 
gain during the time period between ongoing adjuvant che-
motherapy and 6 months after its completion increased the 
risk of cancer recurrence and death in patients but none of 
them addressed clinical relevance to dexamethasone.18,51,52 
Results from a cohort of the Nurses’ Health Study reported 

Table 2.  Histopathological and Therapeutic Characteristics 
Among BC Patients in Placebo (n = 23) and Intervention  
(n = 23) Groups at Baseline of Studya.

Characteristics
LO  

(Placebo)
HO 

(Intervention) P Value

Menopausal status
  Premenopausal 19 (82.6)b 17 (73.9)  
  Postmenopausal 4 (17.4) 6 (26.1) .722c

Tumor size (cm)
  Mean ± SD 3.5 ± 1.4 3.3 ± 1.5 .527d

  ≤2 4 (18.2)b 5 (22.7)b  
  2.1-5.0 15 (68.2) 14 (63.6)  
  >5 3 (13.6) 3 (13.6) .930
Nuclear grade
  1 or 2 19 (86.4) 20 (90.9)  
  3 3 (13.6) 2 (9.1) 1.000c

ER
  Negative 2 (9.1) 1 (4.5)  
  Positive 20 (90.9) 21 (95.5) .550c

PR
  Negative 2 (9.1) 0 (0.0)  
  Positive 20 (90.9) 22 (100.0) .488c

Surgery
  Breast 

conservation
4 (17.4) 2 (8.7)  

  Mastectomy 19 (82.6) 21 (91.3) .655c

Adjuvant endocrine therapy
  No 6 (27.3) 7 (31.8)  
  Tamoxifen 14 (63.6) 9 (40.9)  
  Letrozole 2 (9.1) 6 (27.3) .256
Lymphatic invasion
  Yes 10 (45.5) 8 (36.4)  
  No 12 (54.5) 14 (63.6) .540

Abbreviations: BC, breast cancer; LO, low onion group (placebo); 
HO, high onion group (intervention); ER, estrogen receptor; PR, 
progesterone receptor.aSome missing data exit in variables.bData 
are expressed as observed number (%).cFisher exact test was 
considered.dIndependent sample t test was performed.



284	 Integrative Cancer Therapies 16(3) 

by Kroenke and colleagues suggested that BC patients 
who gained weight after diagnosis and had no history of 
smoking might be at risk of disease relapse, and eventu-
ally all-cause mortality.53 A comprehensive pooled analy-
sis on different data sets of well-known cohort-based 
studies (NHS, Life after Cancer Epidemiology study, and 
Women’s Healthy Eating and Living study) showed that 
weight gain after chemotherapy could increase all-cause 
mortality rates for BC survivors.54 Therefore, we can 

suggest that the comorbidity of other causes of death, such 
as being IR, and obesity in cancer patients, can be effec-
tive contributors on predicting the overall survival rate. 
Makari-Judson and colleagues, in a prospective observa-
tional study of women with BC who were treated with adju-
vant therapy, showed that the variable of HOMA-IR was 
positively associated with weight gain after diagnosis.55 Of 
those patients who received chemotherapy, HOMA-IR 
remained high, even after 6 months.

Figure 2.  Linear regressions with 95% mean predictive values obtained to show the validity of data based on serum C-peptide 
concentration (independent variable) in association with insulin-related biomarkers (dependent variable) at baseline compartment of 
the study (n = 46).
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The administration of crude hydroalcoholic extract of 
Allium cepa in alloxan-induced diabetic rats produced sig-
nificant hypoglycemic effects, which can most likely be 
attributable to improvement in or perhaps remission of func-
tionally disabled pancreatic β-cells.44 In contrast, in a quasi-
experimental research study conducted on 26 patients with 
T2DM, patients ate breakfast containing 60 g/d of onion, 
which resulted in no significant changes in glucose level 
between sampling intervals; however, increased serum insu-
lin levels were obvious.56 Despite the limited data pertaining 
to human intervention trials,56 there are additional experi-
mental animal model studies supporting the effect of onion 
in controlling hyperglycemia and hyperinsulinemia. Wu et al 
have shown inhibitory activities against α-glucosidase after 
onion administration to alloxan-induced diabetic Rattus nor-
vegicus (for 6 weeks).57 Additionally, this study indicated 
that onions showed strong free radical scavenging capaci-
ties, contributing to their antidiabetic properties.58 Onions 
were observed to improve control of fasting hyperglyce-
mia by enhancing insulin sensitivity, possibly through 
α-glucosidase inhibition, and subsequently to promote insu-
lin signaling in db/db mice.59 Kannappan and Anuradha 
showed improvements in insulin signaling and subsequent 
insulin sensitizing activity in IR-induced rats through the 
administration of QR.58 Moreover, in support of our find-
ings, an in vivo study performed by Hanasaki et al60 reported 
that onion enhanced insulin sensitivity and secretion, subse-
quently ameliorating the manifestation of diabetes. Data 
from animal model studies have shown that both onion and 
QR may upregulate insulin receptor (INSR) and glucose 
tranporter-4 (GLUT4) genes in peripheral tissues.61 The 
intervening effect of onion could partly be ascribed to the 
effect of QR on systemic glucose homeostasis. AMP-
activated protein kinase (AMPK), an extracellular regulated 
kinase, functions as an energy sensor related to intracellular 

transmembrane insulin receptor and has been observed to be 
influenced potently by QR in experimental in vitro studies.62 
In addition, extract of onion can regulate the function of 
hepatic hexokinase, glucose-6-phosphate, and 3-hydroxy-
3-methylglutaryl coenzyme-A reductase to yield hypoglyce-
mic and hypolipidemic effects.21 Insulin also exerts its 
function through the phosphatidylinositide-3-kinase (PI3K)/
Akt signaling pathway, which is suppressed by QR treat-
ment in vitro.63 Among limited evidence on hypoinsulinemic 
effects of onion in cancer patients, the present study is the 
first evidence suggesting that regular onion consumption as 
part of the diet could attenuate QUICKI and control high 
HOMA-IR in DOX-treated BC patients.

There were some limitations of the present study that 
should be considered when interpreting the results. The 
sample size by subgroups of the present interventions was 
relatively small and small changes in serum levels of bio-
markers might not be supported by sufficient power of 
analysis. The interventional time frame of 8 weeks after the 
second cycle of chemotherapy was considered limited by 
the possible interaction of high onion consumption in the 
detoxification of taxane (docetaxel and paclitaxel), which 
was administered according to the protocol after 12 weeks 
in the chemotherapy regimens in this study. We attempted 
to ensure homogenous adjuvant chemotherapy was given 
alongside the onion intervention by including only patients 
on DOX-based regimens in the study. We therefore cannot 
rule out the possibility of IR changes induced by the DOX-
based chemotherapy. Thus, the observed prospective 
effects of onion consumption on IR changes might be 
masked to some extent by the profound effects of primary 
adjuvant therapy. We suggest that at least stratified random 
allocation could be imperative to attenuate the variable 
effects that resulted from variant chemotherapy regimens. 
Potential dietary changes are frequently observed after 

Table 3.  The Effects of Onion on Body Mass Index During the Intervention in Women With BC.

Variable
LO (Placebo; n = 
23), Mean ± SD

HO (Intervention; 
n = 23), Mean ± 

SD
Mean 

Differencea P Value a

Absolute Treatment Effectb

Mean [95% CI] P Valuec

BMI (kg/m2)
  Predose 27.87 ± 5.03d 28.26 ± 3.70 +0.38 .788 0.339 .810
  Week 8 28.22 ± 5.09 28.52 ± 3.65 +0.28 .835 [−2.50, 3.18]  
  Mean difference +0.35e +0.27  
P valuee <.001 .005  

Abbreviations: BMI, body mass index; BC, breast cancer; LO, low onion group; HO, high onion group.
aIndependent sample t test was performed between group. The mean difference of between groups was calculated for a variable at (endpoint) − 
(baseline).
bAbsolute treatment effect is an estimate of change from predose to follow-up in the HO group minus the absolute change from predose to follow-up 
in the LO group in a mixed model.
cRepeated-measures ANOVA was carried out in the mixed model.
dData are expressed in geometric mean ± SD.
ePaired t test was performed to compare within-group changes in intervention group during the study. The mean difference within groups was 
calculated from averages of variables at (postdose) − (week 8).
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cancer diagnosis, when patients can become more sensitive 
about their lifestyle. To overcome this challenge, instruc-
tions to patients that they should remain on their habitual 
diets were administered and verified over the run-in period 
and throughout the 8 weeks of intervention. Although che-
motherapy-related metabolic changes that promote weight 
loss (eg, cachexia) can be observed after receiving the first 
cycle of chemotherapy, our intervention, which was 

administered after the second cycle, was not associated 
with significantly reduced anthropometric changes in con-
trols. One advantage of the study is that the variables of 
insulin and insulinemia-related indices were validated by 
the C-peptide biomarker. Overall, the results of this 8-week 
intervention suggest that onion favorably alters some 
markers of insulin in a direction that would be effective 
during chemotherapy.

Table 4.  Serum Levels of Glycemic and Insulinemic Biomarkers at Baseline Compartment of Study and 8 Weeks After the 
Intervention in Women With BC Who Received Onion (HO Group) Versus LO Consumers.

Variable

LO (Placebo;  
n = 23),  

Mean ± SD

HO  
(Intervention;  

n = 23), Mean ± SD
Mean 

Differencea P valuea

Absolute Treatment Effectb

Mean [95% CI] P Valuec

FBG (mg/dL)
  Predose 91.1 ± 16.0d 106.6 ± 21.2 +15.5 .008 −5.04 .245
  Week 8 100.6 ± 21.6 95.1 ± 13.6 −5.3 .313 [−3.58, 13.67]  
  Mean difference +9.5e −11.5  
  P valuee .079 .014  
Insulin (ng/mL)
  Predose 0.198 ± 0.006 0.196 ± 0.005 −0.002 .235 −0.006 .009
  Week 8 0.207 ± 0.018 0.197 ± 0.006 −0.010 .008 [−0.010, −0.002]  
  Mean difference +0.009 +0.001  
  P value 0.123 0.523  
HOMAIRf

  Predose 0.045 ± 0.01 0.052 ± 0.011 +0.007 .017 0.001 .655
  Week 8 0.051 ± 0.01 0.046 ± 0.006 −0.005 .080 [−0.003, 0.005]  
  Mean difference +0.006 −0.005  
  P value .025 .021  
HOMAβg

  Predose 226.1 ± 643.8 229.4 ± 188.6 3.2 .982 +19.64 .804
  Week 8 259.5 ± 140.4 295.5 ± 226.6 35.9 .521 [−138.8, 178.0]  
  Mean difference +33.4 +66.1  
  P value .806 .207  
QUICKIh

  Predose 0.90 ± 0.20 0.90 ± 0.18 0.01 .938 +0.063 .028
  Week 8 0.76 ± 0.14 0.89 ± 0.13 0.13 .002 [−0.004, 0.131]  
  Mean difference −0.15 −0.011  
  P value .012 .801  
C-peptide (ng/mL)
  Predose 2.07 ± 1.10 2.09 ± 0.91 0.02 .954 −0.27 .005
  Week 8 3.14 ± 2.17 2.59 ± 1.41 0.55 .314 [−0.965, 0.430]  
  Mean difference +1.07 +0.50  
  P value .026 .096  

Abbreviations: BC, breast cancer; LO, low onion group; HO, high onion group; FBG, fasting blood glucose.
aIndependent sample t test was used to compare between 2 interventional groups. The mean difference of between groups was calculated for variables 
at (endpoint) − (baseline).
bAbsolute treatment effect is an estimate of change from predose to follow-up in the HO group minus the absolute change from predose to follow-up 
in the LO group in a mixed model.
cRepeated-measures ANOVA was carried out in the mixed model.
dData are expressed in geometric mean ± SD.
ePaired t test was performed to compare within-group changes. The mean difference within groups was calculated from averages of variables at 
(postdose) − (week 8).
fHomeostatic model assessment.
gAssessment of β-cell functionality.
hQuantitative insulin sensitivity check index.
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Conclusions

The present study demonstrated the potential effectiveness 
of onion in ameliorating hyperglycemia and insulin resis-
tance in BC during DOX-based chemotherapy. Manipulation 
of diet through high intake of onion is promising for having 
a synergistic effect with DOX-based chemotherapy. The 
common use of fresh and raw onion in Iranian dietary habits 
renders this study important in terms of establishing the 
possible effects of regular onion consumption associated 
with DOX among BC survivors. Fresh yellow onion dem-
onstrates promising properties in terms of insulin-related 
indices in BC patients prone to IR while being treated with 
DOX.
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