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Abstract

Background: Dietary acid load (DAL) may play a key role in certain cancers, includ-

ing breast cancer (BC); however, evidence showing a causal relationship is lacking.

Aim: We examined the relationship between DAL, assessed with both the potential

renal acid load (PRAL) and the net endogenous acid production (NEAP) scores, and

BC risk.

Methods: We identified 150 women who had a diagnosis of BC recently and 150

age‐matched apparently healthy controls. Data from dietary intake and anthropomet-

ric measures were collected from participants and eventually, PRAL and NEAP

scores were obtained from nutrient intakes. Multivariate odds ratios (OR) with 95%

confidence intervals (CI) were used to evaluate the relationship of BC risk with PRAL

and NEAP scores.

Results: The odds ratios (OR) of BC according to tertiles of PRAL and NEAP scores

by multivariate logistic regression models revealed that both PRAL (P‐trend = 0.8) and

NEAP (P‐trend = 0.1) scores were not significantly associated with BC risk. After con-

trolling confounders, multiple logistic regressions still remained non‐significant which

indicated no significant associations between PRAL (P‐trend = 0.9), NEAP (P‐

trend = 0.4) scores and risk of BC.

Conclusion: The results of our study suggested that there is no significant relation-

ship between DAL and BC incidence among Iranian women.
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1 | INTRODUCTION

Despite wide range of evidences, the role of diet in the risk breast can-

cer (BC) is still not entirely understood. Generally, higher consumption

of red meat, alcohol and fat may be associated with BC incidence

while diet rich in fiber, fruit, vegetable and different sources of

phytoestrogens, broadly speaking a plant‐based diet is known as a

preventive dietary approach for BC.1 The mechanisms proposed to

explain the association between diet or dietary factors and risk of

BC are broad.1 In addition, it has been hypothesized that dietary acid

load (DAL) of diet can influence the body's acid–base balance. The

DAL concept hypothesizes that animal products, such as meat, dairy

Abbreviations: BC, breast cancer; CKD, chronic kidney disease; EGFR, epidermal growth
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and eggs, create an acidic environment in the body while plant‐based

foods, such as fruits and vegetables provide a more alkaline environ-

ment. Overall DAL is estimated by net endogenous acid production

(NEAP) and the potential renal acid load (PRAL).2,3 While the literature

has shown mixed results, there are studies showing an association

between DAL and obesity, increased waist circumference, dyslipid-

emia,4 and hypertension,5 which are all risk factors for BC.6-9 More-

over, there is limited evidence that an acidic environment may

promote grows of some cancer cells and tumors.10,11 But, until now,

few studies have explored the association of diet‐dependent acid load

and the risk of cancer, especially BC. In this context, prior literature on

50,884 US and Puerto Rican women with the mean follow up

6.7 years, revealed that higher DAL which assessed by PRAL may be

a risk factor for invasive BC, they proposed that base‐inducing diets

such as fruits and vegetables may have a protective effect on BC

development while higher scores of PRAL which positively linked to

meat and other acid‐producing food consumption may be attributed

as a risk factor for invasive BC.12 In this study, dietary information

was not updated during follow‐up, so they could not evaluate any

changes in dietary consumption over time. About the probable associ-

ation between DAL and other kind of cancers, there is limited evi-

dence. As only a cohort study assessed the link between renal net

acid excretion and bladder cancer and indicated no significant associ-

ation between renal net acid excretion and bladder cancer among on

27,096 male smokers after 17.4 years of follow‐up.13 Moreover, a sys-

tematic review provided no significant association between DAL and

cancer incidence, they suggested that alkaline diet was not justified

for preventing cancer.14

At present, according to findings of two studies on BC12 and blad-

der cancer,13 the associations of DAL and different cancer types have

yielded inconsistent results. Also since, the nature of diet is different

among populations and largely depends on the culture of geographical

regions; we need to explore that type of association in different pop-

ulations. In this context, a literature shows different dietary patterns

across 187 nations in 1990 and 2010 and diet quality varies by age,

sex, national income, time, and world region.15 Although, a cohort

study examined the association of diet‐dependent acid load with BC

among US and Puerto Rican women but up to date, no study have

been examined the association between DAL and BC incidence in

case–control design and among Iranian women. Hence, we conducted

a population‐based study to address the relation of DAL indicators

including PRAL and NEAP with the risk of BC in Iranian women.

2 | METHODS

2.1 | Study population

The present case–control study was carried out on 150 women who

had been recently diagnosed with BC and 150 apparently healthy

women in cancer research center, Imam Khomeini hospital between

September 23, 2017 and June 21, 2018. A pathologist referred cases

to attend our study. On the other hand, through poster installation,

apparently healthy subjects selected from relatives of patients in other

wards of Imam Khomeini Hospital, such as dermatology, urology,

orthopedic, etc., which had no family relationship with cases. The

cases and controls were matched only by age. In order to decreasing

the effect of awareness of BC on subject dietary reports, only women

with diagnosis period of less than 3 months were included to our

study. Also, cases and controls were excluded if they had medical his-

tory or presence of other cancers and controls that had BC history

were not selected too. Two trained interviewers obtained information

from participants by a 45‐min structured face‐to‐face interview. They

administered to cases and controls a structured questionnaire, includ-

ing information on age (year), BMI (kg/m2), education (≤ high school

or ≥ university degree), marital status (married or single/divorced/

widowed), menopause status (yes or no), socioeconomic status (low

or high/average), alcohol use (yes or no), smoking (yes or no), vitamin

supplements and medication (lipid lowering and anti‐hypertensive

medications) uses (yes or no), medical history (diabetes, hypertension

and hyperlipidemia) (yes or no), history of hormone replacement

therapy (HRT) (yes or no) and time of oral contraceptive (OCP) use

(year), age at first menarche (year), time since menopause in post‐

menopausal women (year), weight at age 18 years old (kg), number

of child (n), length of breast feeding (year) and family history of BC

(yes or no).

2.2 | Ethical statement

This research has been supported by Tehran University of Medical Sci-

ences (TUMS) (Ethics No. IR.TUMS.VCR.REC.1396.2880). Also, all par-

ticipants provided informed consent.

2.3 | Assessment of anthropometric, physical
activity and blood pressure measurements

Body weight of women was measured with light clothes on, by using a

digital weighing scale (Seca725 GmbH & Co. Hamburg, Germany) to

the nearest 0.1 kg. Height was measured in a standing position to

the nearest 0.5 cm while women wearing no shoes. The following for-

mula was used to calculate the body mass index (BMI). Physical activ-

ity was determined by a short from International Physical Activity

Questionnaire (IPAQ) to calculate the metabolic equivalent (MET) min-

ute per week.16 MET minute per week (MET/min/wk), the duration

and frequency of physical activity days were multiplied by the MET

value of the activity. Then, sum of the scores was calculated as the

total exercise minute per week. Also, systolic and diastolic blood pres-

sures (sBP and dBP) were measured twice by Breuer blood pressure

equipment (BC 08, digital, Germany) after at least 10–15 minutes rest

while sitting and the mean of them was calculated and used.

2.4 | Dietary intake assessment

The nutritional status of the participants was determined by a semi‐

quantative 147‐item food frequency questionnaire (FFQ) which
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previously validated in Iran for energy and nutrient intake.17 Trained

interviewers asked each woman to report how often, on average, they

have consumed each food item on a daily, weekly, monthly or yearly

scale over the previous year. Portion sizes of consumed foods that

were reported in household measures were then converted to grams.

2.5 | Measuring dietary acid load

PRAL and NEAP are two major factors describing DAL. PRAL is an

estimation of the production of endogenous acid that exceeds the

level of alkali produced and depends on foods consumed daily.18 Sub-

stantially, meats, eggs and dairy products are known as acid‐ while

most fruits and vegetables are base‐ producing foods.19 PRAL of food

intakes was calculated by data obtained from the 147‐item FFQ, using

the calculation model developed by Remer and Manz:

[PRAL (mEq/d) = 0.49*protein(g) + 0.037*phosphorus (mg)]‐

0.021*potassium (mg) 0.026*magnesium (mg)‐0.0125*calcium (mg)].20

The nonvolatile acid load, also known as the NEAP, is calculated

by the balance of acid and alkali precursors in the diet.21 In present

TABLE 1 Characteristics of study participants between apparently
healthy controls and cases with BC

Variables
Apparently healthy
controls (n = 150)

Cases with BC
(n = 150)

P‐
valuea

BMI (kg/m2) 28.2 ± 5.2 28.1 ± 4.6 0.8

Education, n (%) 0.2

High school ≥ 129 (86) 122 (81)

≤ university degree 21 (14) 28 (19)

Socioeconomic
status †, n (%)

0.8

Low 134 (89) 135 (90)

High/average 16 (11) 15 (10)

Marital status, n (%) 0.2

Married 136 (90) 129 (86)

Single, divorced
or widowed

14 (10) 21 (14)

Menopause status,
yes, n (%)

61(40) 54 (36) 0.4

Time since
menopause in
post‐menopausal
women (year)

10.0 ± 8.3 8.7 ± 7.3 0.3

Age at first
menarche (year)

13.6 ± 1.6 13.4 ± 1.6 0.3

Weight at 18 years
old (kg)

51.4 ± 9.1 52.0 ± 8.9 0.5

Number of child, n 2.6 ± 2.1 2.4 ± 2.1 0.3

Length of
breastfeeding
(year)

4.2 ± 3.5 3.5 ± 2.7 0.059

Family history of
breast cancer,

yes, n (%)

30 (20) 39 (26) 0.2

History of HRT,
n (%)

12 (8) 8 (5) 0.3

OCP use time
(year)

1.3 ± 1.1 1.2 ± 1.0 0.2

Physical activity
(MET/min/wk)

590.0 ± 843.8 475.8 ± 1043.2 0.2

Smoking, never
smoked, n (%)

147 (98) 144 (96) 0.3

Alcohol, never
used, n (%)

149 (99) 148 (98) 0.5

Dietary supplement
use, yes, n (%)

80 (53) 84 (56) 0.6

Comorbidities ‡,
n (%)

38 (25) 31 (20) 0.3

Medication use §,
yes, n (%)

64 (42) 62 (41) 0.8

Energy intake
(kcal/d)

2914.1 ± 1159.0 2660.3 ± 799.6 0.02*

(Continues)

TABLE 1 (Continued)

Variables
Apparently healthy
controls (n = 150)

Cases with BC
(n = 150)

P‐
valuea

Sodium intake
(g/day)

4891.1 ± 2258.4 4351.1 ± 1670.6 0.01*

Systolic blood
pressure
(mm/hg)

120.4 ± 10.8 120.2 ± 10.7 0.3

Diastolic blood
pressure

(mm/hg)

80.3 ± 10.3 80.2 ± 10.0 0.3

BC, Breast Cancer

BMI, body mass index

HRT, hormone replacement therapy

OCP, oral contraceptive

kg/m2, kilogram/meter2

MET/min/wk, metabolic equivalent minute per week

kcal/d, kilocalorie/day

g/day, gram/day

mg, milligram

mm/Hg, millimetre of mercury
aStudent t test used for continuous variables, Chi‐square test used for cat-
egorical variables.
†Diabetes, Hypertension and Hyperlipidemia
‡Socioeconomic status represents: having 3 or less living items for low sta-
tus, 4 to 6 living items for average status, and 7 to 9 living items at home
for high status

§Lipid lowering and anti‐hypertensive medications

*P < 0.05.

**P < 0.01.

***P < 0.001.
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TABLE 2 Characteristic of study participants according to tertiles of potential renal acid load (PRAL)

Tertile 1 (n = 100) Tertile 2 (n = 100) Tertile 3 (n = 100) P‐value a

PRAL (mEq/d) −54.5 ± 4.4 −26.1 ± 2.3 −2.37 ± 4.07

Age (year) 45.9 ± 9.3 46.5 ± 11.5 47.4 ± 11.2 0.6

BMI (kg/m2) 29.1 ± 5.0 27.9 ± 4.8 27.5 ± 4.8 0.058

Education, n (%) 0.6

High school≥ 84 (84) 81 (81) 86 (86)

≤ university degree 16 (16) 19 (19) 14 (14)

SociSocioeconomic status ‡, n (%) 0.6

Low 89 (89) 88 (88) 92 (92)

High/average 11 (11) 12 (12) 8 (8)

Marital status, n (%) 0.5

Married 85 (87) 93 (91) 87 (85)

Single/divorced/widowed 12 (13) 9 (9) 14 (15)

Menopause status, yes, n (%) 36 (37) 40 (39) 39 (48) 0.8

Time since menopause in post‐menopausal women (year) 6.8 ± 6.0 9.7 ± 7.5 11.3 ± 9.0 0.04*

Age at first menarche (year) 13.5 ± 1.4 13.4 ± 1.5 13.6 ± 1.9 0.7

Weight at 18 years old (kg) 52.8 ± 9.0 52.0 ± 9.6 50.3 ± 8.2 0.1

Number of child, n 2.5 ± 1.7 2.5 ± 2.0 2.5 ± 2.1 0.9

Length of breastfeeding (year) 4.1 ± 3.1 3.7 ± 3.1 3.7 ± 3.1 0.5

Family history of breast cancer, yes, n (%) 16% 26% 27% 0.1

History of HRT, n (%) 6% 7% 7% 0.9

OCP use time (year) 1.1 ± 1.0 1.2 ± 0.9 1.3 ± 1.2 0.3

Physical activity (MET/min/wk) 598.5 ± 973.4 446.6 ± 666.2 553.7 ± 1147.0 0.5

Smoking, never smoked, n (%) 99% 97% 95% 0.2

Alcohol, never used, n (%) 100% 98% 99% 0.3

Dietary supplement use, yes, n (%) 51% 57% 56% 0.6

Comorbidities ‡, n (%) 20 (20.0) 21 (21.0) 28 (28.0) 0.3

Medication use §, yes, n (%) 43% 37% 46% 0.4

Energy intake (kcal/d) 2933.1 ± 1192.6 2603.5 ± 647.9 2825.0 ± 1064.7 0.06

Sodium intake (g/d) 4660.3 ± 2171.9 4205.4 ± 1180.4 4997.6 ± 2380.7 0.01*

Systolic blood pressure (mm/hg) 120.1 ± 10.5 120.4 ± 10.9 120.4 ± 10.7 0.5

Diastolic blood pressure (mm/hg) 80.3 ± 10.2 80.4 ± 10.0 80.2 ± 10.3 0.4

PRAL, potential renal acid load

mEq/d, milliequivalent/day

BMI, body mass index

HRT, hormone replacement therapy

OCP, oral contraceptive

kg/m2, kilogram/meter2

MET/min/wk, metabolic equivalent minute per week

kcal/d, kilocalorie/day

g/d, gram/day

mg, milligram

mm/Hg, millimetre of mercury
aANOVA test used for continuous variables, Chi‐square test used for categorical variables.
†Diabetes, Hypertension and Hyperlipidemia
‡Socioeconomic status represents: having 3 or less living items for low status, 4 to 6 living items for average status, and 7 to 9 living items at home for high
status
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study NEAP was estimated using a previously validated equation:

[NEAP (mEq/d) = −10.2 + 54.5 (protein intake [g/d] ÷ potassium intake

[mEq/d])].22

As mentioned above, different variables are used to calculate DAL

in these formulas, and there is still no consistency for more credibility

of one of them, so we used both of them in the present study.

2.6 | Statistical analyses

The SPSS version 23.0 for Windows was used in order to perform the

statistical analysis. All individuals were categorized according to the

tertiles of PRAL and NEAP. Characteristic and dietary intakes of partic-

ipants were tested between case and control by Student t tests.

Chi‐square tests also were performed for comparing qualitative vari-

ables. The mean values of the quantitative variables across the tertiles

were compared using the ANOVA test. Moreover, the mean intakes of

main food groups which can affect acid–base status were compared

between cases and controls. Logistic regressions were used to analyze

the association between PRAL and NEAP and risk of BC after energy

adjustment by the residual method. The results were adjusted for BMI

(kg/m2), education (≤ high school or ≥ university degree), marital sta-

tus (married or single/divorced/widowed), menopause status (yes or

no), socioeconomic status (low or high/average), alcohol use (yes or

no), smoking (yes or no), vitamin supplements and medication (lipid

lowering and anti‐hypertensive medications) uses (yes or no), medical

history (diabetes, hypertension and hyperlipidemia) (yes or no), history

of HRT (yes or no) and time of OCP use (year), age at first menarche

(year), time since menopause in post‐menopausal women (year),

weight at age 18 years old (kg), number of child (n), length of breast

feeding (year) and family history of BC (yes or no). The level of signif-

icance was set at 0.05.

3 | RESULTS

A total of 300 participants, 150 cases with BC and 150 apparently

healthy control subjects were included in this analysis. The character-

istics of study participants are shown inTable 1. It was shown that the

mean dietary intake of energy (P = 0.02) and sodium (P = 0.01) were

higher in healthy women compared to cases with BC. In addition,

the baseline participant characteristics across the tertiles of PRAL

and NEAP are shown in Table 2 and Table 3. It was observed that by

increasing the score of PRAL, the time since menopause in post‐

menopausal women was increasing too (P = 0.04). Through tertiles

of NEAP, the dietary intake of energy was significantly increased

(P = 0.03). Interestingly, in both tertiles of NEAP (P < 0.001) and PRAL

(P = 0.01) women in the highest tertiles had greater intake of sodium.

Moreover, the result of Pearson correlation coefficient indicated

that the correlation between PRAL and NEAP was significant (Pearson

correlation coefficient = 0.81, P < 0.001). It was also observed that

individuals with BC noticeably consumed more red and processed

meat in comparison to healthy ones (P = 0.01) while the consumption

of other food groups did not differ significantly between two groups

Table 4.

The odds ratios (OR) of BC according to tertiles of PRAL and NEAP

by multivariate logistic regression models are presented in Table 5.

Our crude results manifested that both PRAL (P‐trend = 0.8) and

NEAP (P‐trend = 0.1) were not significantly linked to BC risk. After

controlling known risk factors for BC such as BMI, education,

marital status, menopause status, socioeconomic status, alcohol use,

smoking, vitamin supplements and medication (lipid lowering and

anti‐hypertensive medications) uses, medical history (diabetes, hyper-

tension and hyperlipidemia), history of HRT and time of OCP use,

age at first menarche, time since menopause in post‐menopausal

women, weight at age 18 years old, number of child, length of breast

feeding, family history of BC and energy intake, multiple logistic

regressions indicated no statistical significant associations between

PRAL (P‐trend = 0.9), NEAP (P‐trend = 0.4) and risk of BC too.

4 | DISCUSSION

To our knowledge, this is the first study which examined the relation-

ship between the acid–base potential of diet and risk of BC in a

case–control study of Iranian women. We found that diet‐dependent

acid load was not significantly associated with the increased risk BC

in Iranian women.

Nevertheless, few studies evaluated the association of acidosis and

cancer risk.12-14,23 For example, Park et al.12 used PRAL and NEAP to

estimate DAL, recognized that women in highest quartile of PRAL

and NEAP were more susceptible for invasive BC incidence. Although,

this study did not provide data of possible association of NEAP and BC

risk. The mentioned relationship was more pronounced in post‐

menopausal status and in estrogen and progesterone receptor nega-

tive BC12 but in the present study there was a limitation of access to

information of tumor receptor status. Regarding to another type of

cancer, in line with our study, Wright et al.13 examined the relation

between urine pH and the risk of bladder cancer found a significant

association of net acid excretion on bladder cancer incidence. There-

fore, at present, very little evidence has been supported the hypothesis

of the existence a relationship between DAL and cancer risk. More-

over, in line with our result, recent systematic review revealed no sig-

nificant relationship between alkaline diet and water and cancer risk14

while another review indicated there was a relationship acid–base

§Lipid lowering and anti‐hypertensive medications

*P < 0.05.

**P < 0.01.

***P < 0.001.
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TABLE 3 Characteristic of study participants according to tertiles of net endogenous acid production (NEAP)

Tertile 1(n = 100) Tertile 2(n = 100) Tertile 3 (n = 100) P‐value a

NEAP (mEq/d) 21.9 ± 3.5 29.4 ± 1.8 40.5 ± 7.5

Age (year) 45.2 ± 9.2 47.5 ± 11.7 47.0 ± 11.0 0.2

BMI (kg/m2) 28.7 ± 4.6 27.9 ± 5.6 27.8 ± 4.5 0.3

Education, n (%) 0.1

≥high school 87 (84) 78 (81) 86 (86)

≥ university degree 13 (16) 22 (19) 14 (14)

SociSocioeconomic status ‡, n (%) 0.8

Low 91 (91) 89 (89) 89 (89)

High/average 9 (9) 11 (11) 11 (11)

Marital status, n (%) 0.7

Married 87 (87) 88 (88) 90 (90)

Single, divorced or widowed 13 (13) 12 (12) 10 (10)

Menopause status, yes, n (%) 32 (37) 43 (39) 40 (48) 0.2

Time since menopause in post‐menopausal women (year) 6.9 ± 6.1 9.9 ± 7.0 10.8 ± 9.5 0.09

Age at first menarche (year) 13.6 ± 1.4 13.4 ± 1.4 13.6 ± 1.9 0.5

Weight at 18 years old (kg) 52.5 ± 9.6 51.1 ± 8.4 51.5 ± 9.0 0.5

Number of child, n 2.5 ± 1.7 2.4 ± 1.8 2.6 ± 2.6 0.8

Length of breastfeeding (year) 4.1 ± 3.1 3.7 ± 3.1 3.7 ± 3.1 0.7

Family history of breast cancer, yes, n (%) 19% 25% 25% 0.5

History of HRT, n (%) 7% 6% 7% 0.9

OCP use time (year) 1.1 ± 1.0 1.2 ± 0.9 1.3 ± 1.2 0.3

Physical activity (MET/min/wk) 605.9 ± 1018.5 406.1 ± 587.6 586.8 ± 1145.5 0.2

Smoking, never smoked, n (%) 99% 97% 95% 0.2

Alcohol, never used, n (%) 100% 98% 99% 0.3

Dietary supplement use, yes, n (%) 51% 62% 51% 0.6

Comorbidities ‡, n (%) 19 (20.0) 25 (21.0) 25 (28.0) 0.5

Medication use §, yes, n (%) 38% 44% 44% 0.6

Energy intake (kcal/d) 2625.3 ± 1142.8 2750.1 ± 752.9 2986.2 ± 1045.0 0.03*

Sodium intake (g/d) 4156.1 ± 2061.4 4449.2 ± 1418.5 5258.0 ± 2275.5 <0.001***

Systolic blood pressure (mm/hg) 120.1 ± 10.6 120.4 ± 10.8 120.5 ± 10.8 0.1

Diastolic blood pressure (mm/hg) 80.3 ± 10.1 80.3 ± 10.1 80.2 ± 10.3 0.8

NEAP, net endogenous acid production

mEq/d, milliequivalent/day

BMI, body mass index

HRT, hormone replacement therapy

OCP, oral contraceptive

kg/m2, kilogram/meter2

MET/min/wk, metabolic equivalent minute per week

kcal/d, kilocalorie/day

g/d, gram/day

mg, milligram

mm/Hg, millimetre of mercury
aANOVA test used for continuous variables, Chi‐square test used for categorical variables.
†Diabetes, Hypertension and Hyperlipidemia
‡Socioeconomic status represents: having 3 or less living items for low status, 4 to 6 living items for average status, and 7 to 9 living items at home for high
status
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balance and cancer occurrence or progression.23 Additionally, we

found that there was a direct association between PRAL and time since

menopause which can propose that by increasing the time from men-

opause, the consumption of plant‐based food was decreased. Consis-

tent with our results which demonstrated higher PRAL score and

probably lower consumptions of fruits and vegetables by increasing

time since menopause, the finding of NHANES III study on 4,622 par-

ticipants indicated that social isolation, missing teeth pairs and obesity

may cause a reduction of fruits and vegetables consumptions among

older adults.24 Furthermore, we observed a positive link of NEAP score

with daily energy intake. It confirmed that through increasing of DAL,

the consumptions of energy‐dense foods such as refined grains, added

sugars, or fats are increased in individuals while the consumption of

more fruits and vegetables typically lowers the DAL.25,26 Although, this

increasing trend of energy intake was not reflected in BMI which can

be justified by short term data collection or bias of food recall in pres-

ent study. Likewise, we observed that the intake of sodium was

increased by higher PRAL and NEAP scores. In this context, a study

defined that NaCl content of the diet contributed to low‐grade meta-

bolic acidosis in healthy subjects and NaCl had about 50–100% of

the acidosis‐producing effect of the diet net acid load.27 However,

we found that healthy subjects consumed more dietary sodium relative

to cases. Also we observed that the consumption of red and processed

meat was noticeably higher in cases with BC and about the probable

relationship between meat consumption and BC incidence, the result

of a meta‐analysis including 12 prospective studies indicated that

intake of red and processed meat was directly linked to BC risk.28

There are several possible explanations why we might did not find

any association between DAL and BC risk. Evidences have proposed

that the association of risk factors may be depended on the tumor

receptor status29,30 and previous studies found a more potent rela-

tionship between DAL and ER‐ and triple‐negative BC.12 We did not

evaluate BC risk with considering hormone receptor status and it

should be mentioned that this will require the inclusion of more

patients and controls. Previous studies have proposed the potential

effect of diet in adolescent on woman's future BC risk.31,32 Given

the limitations of food recall surveys, our study only examined dietary

intake over a limited period of time. Therefore, the influence of diet

over the lifespan, including childhood and adolescent periods, could

not be accounted for. On the other hand, the intakes of fruits and

§Lipid lowering and anti‐hypertensive medications

*P < 0.05.

**P < 0.01.

***P < 0.001.

TABLE 4 Mean intakes of main food groups contributing to acid–base balance between apparently healthy controls and cases with BC

Variables Apparently healthy controls (n = 150) Cases with BC(n = 150) P‐value †

Fruitsa (g/d) 700.0 ± 287.5 701.3 ± 269.7 0.9

Vegetablesb (g/d) 397.1 ± 171.3 373.7 ± 138.5 0.1

Red and processed meatc (g/d) 16.2 ± 12.0 20.5 ± 18.2 0.01*

Grainsd (g/d) 562.7 ± 301.3 536.6 ± 248.2 0.4

Eggs (g/d) 19.8 ± 15.9 18.4 ± 16.4 0.4

Dairy productse (g/d) 378.5 ± 198.2 357.9 ± 223.5 0.3

aWatermelon, melon, apple, apricot, fig, nectarine, peach, pear, citrus fruit, date, kiwi, pomegranate,

persimmon, prunes, grape, strawberry, banana, berries, grapefruit, cherries, orange juice, apple juice,

lemon juice and other fruits.
bSpinach, lettuce, mixed vegetable, stew vegetables, local vegetables, kinds of cabbage, celery, carrots,

pumpkin, eggplant, green squash, pepper, cucumber, garlic, tomato, onion, mushroom, green peas, green beans,turnip, and other vegetables.
cBeef, hamburger, lamb and sausages.
dWhite bread (all types), noodles, pasta, rice, milled barley, sweet bread, white flour, starch, cornflakes,

corn, wheat germ, bulgur and potato.
eSkim or low‐fat milk, low‐fat yogurt, high‐fat milk, whole milk, chocolate milk, cream, high‐fat.

yogurt, cream yogurt, cream cheese, other cheeses and ice cream.

BC, Breast Cancer

g/d, gram/day
†Student t test

*P < 0.05.

**P < 0.01.

***P < 0.001.
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vegetables which affect DAL is also related to socioeconomic status.33

It was shown that fruits and vegetables intakes are positively associ-

ated with education and socioeconomic status34 while we did not find

any significant association between socioeconomic status and fruits

and vegetables consumptions.

To the best of our knowledge, this is the first case–control study to

evaluate the association between PRAL, NEAP and BC risk. Since age

is one of the most prominent factor on BC incidence,35 the strength of

our study is a large number of subjects which adjusted by age. However,

our study has further limitations. First, response errors, recall, social

desirability andBerkson's bias are inevitable in the FFQ. Second, possible

sampling bias and short period of assessment without any follow up time

are other limitations. Third, we matched case and controls only by age.

Although we tried to control those confounders, always there are some

residual confounders. Also, similar to all case–control studies, no cause

and effect association could be interpreted between DAL and BC.

5 | CONCLUSION

Our findings showed no significant association between DAL, as-

sessed by PRAL and NEAP, with BC risk among Iranian women. Fur-

ther examination of this association is warranted in other studies,

exclusively with consideration of hormone receptor status.
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TABLE 5 Odds ratio (95% CI) of breast cancer according to tertiles of potential renal acid load (PRAL) and net endogenous acid production
(NEAP)

Scores Tertile 1 (n = 100) Tertile 2 (n = 100) Tertile 3 (n = 100) P‐trend*

PRAL (mEq/d) −54.5 ± 24.5 −26.1 ± 3.8 −2.3 ± 16.3

Subject with breast cancer (n) 48 56 46

Model 1 1 ref 1.37 (0.79–2.40) 0.92 (0.53–1.60) 0.8

p 0.2 0.7

Model 2 1 ref 1.64 (0.51–5.30) 1.00 (0.29–3.36) 0.9

P 0.4 0.9

NEAP (mEq/d) 21.9 ± 3.5 29.4 ± 1.8 40.5 ± 7.5

Subject with breast cancer (n) 52 56 42

Model 1 1 ref 1.17 (0.67–2.05) 0.66 (0.38–1.16) 0.1

p 0.5 0.1

Model 2 1 ref 3.94 (1.11–13.98) 0.92 (0.25–3.36)

0.03 0.9 0.4

CI, confidence interval

PRAL, potential renal acid load

NEAP, net endogenous acid production

mEq/d, milliequivalent/day

Model 1: unadjusted

Model 2: adjusted for BMI (kg/m2), education (≤ high school or ≥ university degree), marital status (married or single/divorced/widowed), menopause sta-
tus (yes or no), socioeconomic status (low or high/average), alcohol use (yes or no), smoking (yes or no), vitamin supplements and medication (lipid lowering

and anti‐hypertensive medications) uses (yes or no), medical history (diabetes, hypertension and hyperlipidemia) (yes or no), history of HRT (yes or no) and
time of OCP use (year), age at first menarche (year), time since menopause in post‐menopausal women (year), weight at age 18 years old (kg), number of
child (n), length of breast feeding (year), family history of BC (yes or no) and energy intake (kcal/day)

*P‐trend <0.05.
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