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Abstract
Objective: To determine any relationship of diet with breast cancer risk.
Methods: The case-control study was conducted at Aga Khan University Hospital and the Karachi Institute of Radiation
and Nuclear Medicine, Karachi, from February 2015 to July 2017, and comprised of cases with a confirmed diagnosis
of breast cancer and healthy controls. Data was collected using the Alternate Healthy Eating Index 2010, which was
modified according to the particular cultural patterns of diet in the Pakistani population. Data was analysed using
SPSS 21.
Results: Of the 1124 subjects, 374(33.3%) were breast cancer cases and 750(66.7%) were controls. High intake of
grains, both whole and refined including white rice, was associated with breast cancer (odds ratio: 2.53; 95%
confidence interval: 1.69-3.79; p<0.001). There was no association of breast cancer with Alternate Healthy Eating Index
2010 score (odds ratio: 1.85; 95% confidence interval: 0.61-1.17; p=0.291).
Conclusions: There was found a need for awareness of a healthy diet based on more of whole grains and brown rice
replacement with refined grains and white rice, respectively. Limiting refined carbohydrate intake might be a useful
public health message and may reduce breast cancer incidence in the long term.
Keywords: Diet, AHEI-2010, Grains, Breast cancer. (JPMA 71: 1289; 2021) DOI: https://doi.org/10.47391/JPMA.01276

Introduction
Breast cancer remains the world’s most prevalent cancer
and although 5-year survival in high-income countries
(HICs) is >90%, it is as low as 66% in India and 40% in South
Africa.1,2 Reproductive and hormonal factors are wellknown causes of breast cancer, while sedentary lifestyle
and unhealthy diet may also increase breast cancer risk by
up to 40%.3 Several behavioural interventions are
recommended by the World Health Organisation (WHO) to
reduce the risk of developing breast cancer. These include
prolonged breastfeeding, regular physical activity, weight
control, avoidance of harmful use of alcohol, tobacco,
prolonged use of hormones and excess radiation
exposure.1,2 Several nutrition epidemiological studies have
been recently published assessing the role of diet as a
modifiable risk factor in breast cancer.3 However, the role
of diet in breast cancer incidence remains inconsistent in
diﬀerent epidemiological studies. A contributing factor to
these variable findings may be the challenging nature of
dietary assessments.
Eating indices assess diet quality in individuals using a
structured scoring scale. Commonly used eating indices
include the Healthy Eating Index-2010 (HEI-2010) and the
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Alternate Healthy Eating Index-2010 (AHEI-2010). The HEI2010 was developed to measure diet quality according to
the recommendations made by federal dietary guidelines
for Americans. The HEI-2010 has components including
fruits, vegetables, grains, dairy products, total and plant
protein foods, refined grains, sodium and empty calories.4
Each component is given a score and the score confers diet
quality.
The AHEI-2010 is a standardised a priori data analysis tool
originally developed to characterise overall dietary patterns
associated with low chronic disease risk. It is a validated
questionnaire, derived and modified from the original HEI2010, to assess healthy diet quality and is based on servings
of a particular food group per day.5
AHEI-2010 includes nine components and the score ranges
from 2.5 (lowest) to 87.5 (highest).5 For healthy
components like fruits and legumes, the intake levels
corresponding to the highest decile receive a score of +10,
whereas intakes corresponding to the lowest decile
receives a score of +1. Conversely, food group intakes like
red meat, intakes found in the highest decile receive a score
of +1 versus intakes found in the lowest decile receiving a
maximum score of +10. The AHEI-2010 is about twice as
strong as the HEI-2010 at predicting chronic disease.5
Despite the high incidence of breast cancer (agestandardised rate [ASR]: 51.7 per 100,000), literature
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regarding the role of diet in breast cancer, specifically in
Pakistan, is lacking.6 The current study was planned to
assess the association of the modified AHEI-2010 and its
component scores with breast cancer risk among Pakistani
women.

Materials and Methods
The case-control study was conducted at Aga Khan
University Hospital (AKUH) and the Karachi Institute of
Radiation and Nuclear Medicine (KIRAN), Karachi, from
February 2015 to July 2017. Another aspect of the study
has been published previously.7 The ethical approval or the
study was obtained by the ethics review committees (ERCs)
of the two institutions, but also from the ERC of the
University of Adelaide, Australia. The cases were women
aged 18-75 years with a biopsy-proven confirmed
diagnosis of breast cancer. Controls were individually
matched both to hospital and age (±5 years) and were
selected from the outpatient departments (OPDs) of the
two hospitals.
Dietary intake was assessed by individual interviews of the
cases and the controls using the validated food frequency
questionnaire (FFQ).8 A pretest was conducted on 50
participants. Several food items were added to the study
during the pretesting of the FFQ and their relevance to
breast cancer risk.
For both cases and controls, dietary history was the average
diet consumed in the preceding year. After informed
consent was obtained, the study participants were
interviewed and asked in detail about their diet.
Intake frequency was categorized into 7 groups, ranging
from “never” to “5-6 times per day” for foods and for
beverages, and the daily intake was calculated for each
food item. Each participant was also asked about their
average portion size of the food. A standard serving (SVG)
size of a food item or beverage, according to FFQ is 1 plate
of pulses or 1 cup of milk or one egg, or natural unit such
as one apple.8 The intake frequencies were multiplied by
SVG to calculate servings per day of all food items.
The AHEI-2010 tool was modified in line with dietary
behaviours particular to the adult population in Karachi.
After discussion with a nutrition researcher and a
biostatistician to categorise specific dietary groups, 6
components were utilised and the score ranged 0-10
points. The 6 components included were fruits, vegetables,
dairy, grains, ratio between white meat and red meat, and
plant proteins. Alcohol, multivitamins, sodium, and fat were
excluded from the original AHEI-2010.5 Alcohol was
eliminated due to its prohibition in Pakistan. Nutrient
analysis was not done in this study, and, as such, sodium
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and fat components were also excluded. The AHEI-2010
variables and scoring patterns were altered, as in the case
of plant proteins where >2 serving per day was considered
ideal instead of 1 serving per day in the original AHEI-2010.
The 6 highest intake components of AHEI-2010 were
considered ideal; vegetables, fruit, grains, ratio between
white and red meat, dairy, and plant proteins, including
nuts and legumes. The counts were merged and summed
up for all vegetables to create a total vegetable SVG per
day. A higher score was given for a greater intake of
vegetables; 10 points for 5+ SVG/day; 0 points for no
SVG/day. Similarly, all the reported fruits were summed up
to calculate total fruits per day; 10 points for 4+ SVG/day; 0
points for no SVG/day. Higher scores were assigned for
consuming more white meat than red meat. The ratio of
white-to-red meat was scored as 10 points for 4:1 ratio and
0 points for ‘0’. A separate component for non-meat protein
or plant sources of proteins, like nuts, beans and pulses, was
created; 10 points for 2+ SVG/day and 0 points for no
SVG/day. For grains, all food items, like chappati, naan, puri,
paratha, fried and boiled rice and biryani, were summed up
to create total grains servings per day; 10 points for 5+
SVG/day and 0 points for no SVG/day. The diﬀerence
between whole grains and refined or processed grains
could not be worked out due to the lack of information on
the use of whole or processed grains in the questionnaires,
and, as such, captured only the total of grains. All individual
component scores were summed for a total modified AHEI2010 score, ranging from 0=lowest to 60=highest.
Height and weight were recorded from the medical files of
each subject and body mass index (BMI) was calculated.
Socioeconomic status (SES) was also noted and divided
into three categorical variables. Factor analysis was used to
calculate a composite variable from diﬀerent variables and
it was further categorised into three SES groups.
Data was analysed using SPSS 21. Categorical variables
were reported as frequencies and percentages. Continuous
variables were described as mean with standard deviation
(SD). Conditional logistic regression was used to calculate
matched odds ratio (OR) with 95% confidence intervals
(CIs) to assess association between breast cancer and the
modified AHEI-2010 total and component scores, adjusting
for the potential confounders, like BMI, SES and
menopausal status. Modified AHEI-2010 scores were
analysed in tertiles. Trend test was carried out to assess
dose-response relationships between the score tertiles and
breast cancer risk. P<0.05 was considered statistically
significant.

Results
Of the 1184 subjects enrolled, 1124(95%) completed the
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Table-1: Mean intake of modified Alternate Healthy Eating Index-2010 (AEHI-2010)
dietary components.
Food items as serving per day

Controls Breast cancer *p value
(n= 750) cases (n= 374)
Mean±SD Mean±SD

1A Components of modified AHEI Score-2010
Grains (whole)
2.85±1.61
Dairy (cup)
1.63±1.49
Red meat (plate)
0.46±0.78
White meat (plate)
0.58±0.86
White Meat to Red Meat Ratio
3.39±5.60
Plant Protein (plate)
2.86±1.14
Fruits (whole)
1.22±1.68
Vegetables (plate)
3.00±2.54
1B Grains
Chapatti (whole)
2.20±1.35
Paratha (whole)
0.16±0.25
Naan (whole)
0.32±0.72
Puri (whole)
0.24±0.75

3.41±1.97
1.66±1.47
0.48±0.83
0.58±1.03
3.23±5.18
2.89±1.15
1.34±1.84
2.99±2.59

<0.001
0.93
0.55
0.97
0.43
0.77
0.44
0.95

2.63±1.65
0.14±0.2
0.47±0.91
0.28±0.93

<0.001
0.51
0.01
0.27

*t-test of independence

study; 374(33.3%) cases and 750(66.7%) controls. The mean
intake of diﬀerent food items for both the cases and the
controls were assessed (Table 1).
The overall mean modified AHEI-2010 score was 35.1±7.64.
The mean score of the cases was 35.5±7.61 and that of the
controls was 34.8±7.34). Tertiles were then calculated for
the AHEI-2010 score, and the association between
demographic and other characteristic variables was
assessed among the cases and the controls (Table 2).
There was no association of breast cancer with AHEI score
(OR: 1.85; 95% CI: 0.61-1.17; p=0.291). High scores on the
grains component were associated with a higher risk of
breast cancer (OR: 2.53; 95% CI: 1.69-3.79; p<0.001)
(Table 3).

Discussion
The findings did not show any protective association of a
higher modified AHEI-2010 score against breast cancer in
patients from AKUH and KIRAN hospitals in Karachi. There
was a positive association between increased grain intake
and breast cancer. This was contrary to the initial
hypothesis as a higher AHEI-2010 score portends better
diet quality and decreased risk of co-morbid conditions.
There are several possible reasons why a protective
Table-3: Odds ratio (OR) and 95% confidence intervals (CIs) of breast cancer in women
according to modified Alternate Healthy Eating Index-2010 (AHEI-2010) score
tertiles.
Modified AHEI-2010 score tertile
Lowest tertile
Middle tertile
Highest tertile

OR*95 % CI

p-value

1(ref)
1.08 (0.81, 1.48)
0.85 (0.61, 1.17)

0.291

*Adjusted for BMI menopausal status and SES, OR: Odds ratio, CI: Confidence interval.

Table-2: Participant characteristics described in tertiles of modified Alternate Healthy
Eating Index-2010 (AHEI-2010) score.
Category

Modified AHEI Modified AHEI Modified AHEI p-value
Score 2010
Score 2010
Score 2010
Lowest Tertile1 Middle Tertile2 Highest Tertile3
n (%)
n (%)
n (%)
Hospital
0.001
AKUH
193 (47.9)
180(49.2)
216(60.8)
KIRAN
210(52.1)
186(50.8)
139(39.2)
Age groups (years)
0.78
<35
64(15.9)
58(15.8)
62(17.5)
35-44
117(29.0)
110(30.1)
110(31.0)
45-54
128(31.8)
104(28.4)
93(26.2)
55 & above
94(23.3)
94(25.7)
90(25.4)
Education
0.21
< grade 8
122(30.3)
99(27.0)
81(22.9)
grades 8-12
130(32.3)
122(33.3)
119(33.6)
> grade 12
150(37.3)
145(39.6)
154(43.5)
Marital status
0.15
single/widow/divorced 88(21.8)
78(21.3)
59(16.6)
married
315(78.2)
288(78.7)
296(83.4)
Socioeconomic Status
0.004
upper
48(12.0)
51(14.3)
44(12.5)
middle
211(52.6)
196(54.9)
226(64.4)
lower
142(35.4)
110(30.8)
81(23.1)
Parity
0.65
nulliparous
54(13.4)
57(15.6)
51(14.4)
<3
187(46.4)
164(44.8)
176(49.6)
>3
162(40.2)
145(39.6)
128(36.1)
Menopausal status
0.91
Postmenopausal
204(51.3)
181(49.9)
181(51.3)
Premenopausal
194(48.7)
182(50.1)
172(48.7)
Diabetes mellitus
62(15.4)
56(15.3)
44(12.4)
0.42
Any other comorbid 191(47.4)
185(50.5)
163(46)
0.46
Serum Vitamin D level
0.87
< 20 ng/mL
178(60.5)
162(59.1)
161(59.2)
20 - 30 ng/mL
52(17.7)
50(18.2)
43(15.8)
> 30 ng/mL
64(21.8)
62(22.6)
68(25.0)
Modified AHEI 2010 Score Lowest tertile1 mean (SD) 27.3(4.20), Middle tertile2 mean (SD)
35.5(1.6), Highest tertile3 mean (SD) 43.5(3.7); AKUH: Aga Khan University Hospital, KIRAN:
Karachi Institute of Radiation and Nuclear Medicine.

association was not observed. Firstly, the original AHEI2010 was developed on the basis of nutritional
recommendations for Americans which may not be
suitable for a Pakistani population. AHEI-2010 has been
Table-4: Association of modified Alternate Healthy Eating Index02010 (AHEI-2010)
dietary component score and breast cancer.
Component of modified AHEI -2010 score** OR*
Grains
Dairy
Fruits
Vegetables
White red meat ratio
Plant proteins

2.53
1.10
1.22
1.41
0.97
1.03

95% CI

p-value

1.69, 3.79
0.79, 1.52
0.62, 2.40
0.95, 2.10
0.68, 1.41
0.67, 1.60

<0.001
0.63
0.81
0.37
0.81
0.96

*Adjusted for socioeconomic status, BMI and menopausal status; **Reference is a lower
component score; OR: Odds ratio, CI: Confidence interval.
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inversely associated with cancers of gastrointestinal tract
(GIT) like colorectal carcinoma, pancreas, and oesophagus.
However, a published meta-analysis showed that there was
no association between AHEI-2010 and risk of breast cancer
mortality among women with breast cancer.9 Similarly, the
Nurses' Health Study (NHS) cohort (1984 to 2006) showed
no association between the AHEI-2010 and risk of breast
cancer by molecular subtype.10
Moreover, the types of food included for some dietary
components were also diﬀerent from the original AHEI2010, particularly with regard to grains, that is, based on
total grains and not whole grains only. Assessment of diet
by this scoring index is further limited by the location of
the study population. It has been reported that the
predictive ability of the score also varies widely across
countries. If such scores are used, they should be modified
and validated to local circumstances and recalibrated in
particular populations.11 For example, Pakistani grains and
rice are commonly cooked locally using excessive oil or fat
which may contribute to high-fat content. This may not be
the case in other populations.
The positive association between patients with newlydiagnosed breast cancer and grains component of
modified AHEI-2010 score was an unexpected finding, but
can be explained by multiple factors. It has been confirmed
that the Pakistani population consumes very high
carbohydrate diets mainly from refined sources.8 According
to the Household Integrated Economic Survey (HIES) 201516, per capita monthly consumption of wheat and wheat
flour was the highest (7.26kg) of carbohydrates.12 A similar
association of high starch / carbohydrate intake (>60% of
energy) with total mortality was found in a large
prospective cohort study from 18 countries.13 Results of a
study in Jordan also showed an association between higher
consumption of refined grains and colorectal cancer (CRC)
risk.14 A systematic review of Europe and North America did
not appreciate this association.15 Whole-grain
consumption, on the other hand, particularly whole-grain
wheat, has been reported to be protective against
oesophageal cancer16 and several neoplasms, including GIT
and breast.17
Additional studies have resulted in conflicting evidence
with regards to grain consumption and breast cancer risk.
Several studies showed that high whole grain consumption
was associated with lower breast cancer risk among all
women, including premenopausal women.18,19 However,
in the Nurses’ Health Study II, there was no association
observed between grain food intake and breast cancer.20
Another study reported lack of any protective eﬀect of a
healthy dietary index against breast cancer in British
women.21 In summary, the role of grain intake in breast
Vol. 72, No. 7, July 2022

cancer risk is inconsistent in the literature.
Some studies have shown that carbohydrate quality rather
than quantity of intake may be important in breast cancer
risk. A plausible biological explanation in relation to breast
cancer is that dietary carbohydrate quality aﬀects serum
insulin levels, and, thus, promote breast cancer growth in
the presence of insulin resistance (IR).22 Another possible
explanation for the positive association between higher
scores of grains and breast cancer could be the potential
pollution of grains by industrial wastes, which contaminate
rice and flour with certain carcinogens, like aflatoxins.23
The current study did not support a protective eﬀect of
intake of fruits, vegetables, and plant proteins with breast
cancer which was also reported in a European study.24
However, the eﬀects of diﬀerent fruits and vegetables may
have been diluted by combining fruits and vegetables into
a single dietary component.
The main strength of this study is that all the data was
collected by trained clinician researchers which allowed for
precision of data collection and analysis. In addition, a high
proportion (95%) of participants completed the FFQ. To our
knowledge, this case-control study, consisting of a
representative sample of women visiting private as well as
public hospitals of Karachi, is the first to investigate a
potential association of diet with breast cancer in Pakistani
women.
However, there are also several limitations to the study. The
first is the inability to diﬀerentiate between intake of
refined and whole grains and to adequately capture the
dietary grains component. The modified AHEI-2010
component scores gave points for all grains whereas the
original AHEI-2010 scores whole-wheat bread/grains
separately. This scoring diﬀerence may explain how the
category score in the current study was positively
associated with breast cancer contrary to other published
literature.20,21 In addition, the AHEI-2010 is not validated in
the Pakistani population, thus making comparisons
diﬃcult. Measurement error is also a limitation as patients
self-reported their diet from memory. Another weakness is
the inability to assess all the food items and portion sizes
accurately. Like all case-control studies, there are biases
related to the temporality and exposure misclassification
caused by diﬀerential recall by cases. Data-collectors were
trained to collect dietary information from cases and
controls in a similar way in order to minimise the possibility
of bias. Furthermore, the time period of exposure is also
critical in breast cancer epidemiological studies with
prolonged latency period. The current study only asked
participants about the year preceding the diagnosis.
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Further large population-based studies are recommended
with respect to breast cancer to identify any modifiable risk
factors. Also, nutrition studies are required to better
understand the role of healthy eating habits for breast
cancer prevention.
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Conclusion
There was found a need for awareness of a healthy diet
based on more of whole grains and brown rice
replacement with refined grains and white rice,
respectively. Limiting refined carbohydrate intake might be
a useful public health message and may reduce breast
cancer incidence in the long term.
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