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Purpose: To investigate the association between glycosylated hemoglobin A1c (HbA1c)

with anthropometric measurements and clinicopathologic characteristics of breast cancer

patients. Such data are lacking in Arabian countries.

Patients and Methods: A cross-sectional study was conducted at the Outpatient Oncology

Unit at King Hussein Medical Center at the Royal Medical Services (RMS) and 223 breast

cancer patients were included. Blood levels of HbA1c were measured and patients were

classified into normal/non-diabetic (HbA1c <5.7%), prediabetic (HbA1c 5.7–6.4%), and

diabetic (HbA1c ≥6.5%).

Results: The average age of patients was 49.9±10.3 years. Most patients had waist circum-

ference equal to or more than 80 cm (91.9%) and more than half (55.2%) had waist-hip ratio

equal to or more than 0.85. Mean body mass index (BMI) was 29.9±5.7 kg/m2. The mean

level of HbA1c was 6.2±1.4% (range 4.7% to 12.6%). HbA1c levels revealed that most

patients in this study classified as prediabetics (44.4%). There was a significant positive

correlation between HbA1c levels and each of patient's age (r=0.267, p<0.001), waist

circumference (r=0.180, p=0.008), and waist-hip ratio (r=0.278, p<0.001). Compared with

premenopausal breast cancer patients, postmenopausal patients had significantly higher

HbA1c blood levels (t=–3.542, p=0.003). HbA1c was significantly associated with stage

(p=0.044) and grade (p=0.016) of carcinoma in premenopausal breast cancer patients.

Among postmenopausal cases, HbA1c was significantly associated with molecular subtype

of the disease (p=0.039).

Conclusion: The majority of Jordanian breast cancer patients in this study are prediabetic,

obese, and had visceral obesity. HbA1c levels are increased among older patients and those

who have greater waist circumference and waist-hip ratio. HbA1c is associated with

advanced stage and grade of breast carcinoma in premenopausal patients and with molecular

subtype in postmenopausal cases. These findings urge the need to screen breast cancer

patients for glycemic status upon disease presentation and to further consider treatments to

control hyperglycemia in order to reduce the impact of metabolic derangements on disease

prognosis and outcomes.
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Introduction
The exact causes of breast cancer remain largely unknown.1 Greater emphasis is

being given to modifiable risk factors to reduce the incidence of the disease. Of

interest, anthropometrics and metabolic profile have captured recent attention in

breast cancer research. In recent years, growing evidence suggested a complex
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association between breast cancer and diabetes. Breast

cancer and diabetes are commonly occurring comorbid-

ities. It has been reported that up to 16% of postmeno-

pausal breast cancer patients have diabetes.2

Furthermore, diabetes shares many risk factors with

breast cancer such as obesity, advanced age, physical

inactivity, and smoking.3 Diabetic women have an

increased risk for breast cancer compared to the non-

diabetic.4,5 According to a meta-analysis, the risk of

breast cancer among women with type II diabetes is

increased by 27%.6 In addition, overall mortality

among diabetic breast cancer patients is higher compared

to those without diabetes.7–9 Hyperglycemia is linked to

breast cancer mainly by three mechanisms which include

activation of the insulin-like growth factor (IGF) signal-

ing pathway, activation of insulin signaling, and altered

endogenous sex-hormone regulation.10,11 In line with

this, obesity is known to induce insulin resistance lead-

ing to hyperglycemia which in turn increases the risk of

breast cancer patients to develop aggressive phenotypes

of cancer and to present with advanced disease.12

Most studies on the association between glycemic status

and breast cancer were conducted in Western countries.

Data regarding the association in the Arab countries are

still deficient despite the high prevalence of breast cancer

in this region of the world. In addition, limited number of

studies investigated the relationship between glycemic sta-

tus and each of anthropometric measurements and clinico-

pathologic characteristics of breast cancer patients in the

Arab world. In this study, the goal was to investigate the

association between glycemic status, as determined by gly-

cosylated hemoglobin A1c (HbA1c) levels, and measures

of general and central obesity along with clinicopathologic

characteristics of breast cancer among Jordanian patients.

Methods
A cross-sectional study was conducted at the Outpatient

Oncology Unit at King Hussein Medical Center at the

Jordanian Royal Medical Services (RMS), Amman, Jordan.

RMS has a wide network of hospitals distributed in different

provinces across the Kingdom of Jordan. King Hussein

Medical Center is a major medical compound affiliated to

RMS with an annual admission rate of 25,000 patients.13

RMS serve multiple directorates in Amman and other areas

in Jordan.

The study was approved by Research Ethics Committee

of RMS and by the Institutional Review Board (IRB) com-

mittee of Jordan University of Science and Technology

(JUST) and King Abdullah University Hospital (KAUH)

(Research number 13/94/2016). The study was conducted

in accordance with the standards and regulations of the

declaration of Helsinki. The goals, procedure, and protocol

of the study were discussed to all patients before interview-

ing. All participants provided written informed consent prior

to data collection.

Study Population
The study enrolled adult females who were ≥18 years of

age with histologically confirmed diagnosis of breast can-

cer. The diagnosis of breast carcinoma was performed

using histopathologic analysis of resected tumor, biopsy

or cytology specimens at the Pathology Department of

King Hussein Medical Center. Breast cancer patients

were interviewed by a trained-graduate student (SKJ) in

the Chemotherapy Unit waiting room at the Outpatient

Oncology Unit.

Data Collection
The data collection form was developed and modified by

researchers based on previously published studies.8,10,14–16

Collected data included demographic and lifestyle informa-

tion. Regarding menopausal status, patients were deter-

mined to be postmenopausal if they indicated to have

physiological menopause for at least 12 months.17 Patients

were considered diabetic if their laboratory results are sug-

gestive of diabetic state or if they present with a well-

established diagnosis of diabetes for at least 48 hrs prior

to interview based on a known history of diagnosis and

treatment with insulin and/or oral hypoglycemic agents. In

addition, the diagnosis of diabetes was confirmed by

reviewing medical records of patients.

Anthropometric measurements for body weight (kg),

height (cm), waist (cm), and hip (cm) circumferences were

obtained for all patients according to recommendations by

World Health Organization (WHO).18 The measurements

were carried out by a trained graduate student (SKJ) using

the same scale and balance for all patients. Visceral obesity

was evaluated using measurements of waist circumference

and the waist-hip ratio, which was calculated by dividing the

waist circumference by the hip circumference.18 Central

obesity was indicated if the waist circumference measure-

ment was 80 cm or more. Body mass index (BMI) was

calculated using the standard method, in which weight in

kilograms is divided by the square of the height in meters.19

Patients were divided into groups based on WHO classifica-

tion of BMI as follows: underweight (<18.5 kg/m2), normal
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(18.5–24.99 kg/m2), overweight (25.00–29.99 kg/m2) and

obese (≥30.00 kg/m2).19 Only two patients classified as

underweight, therefore, the “underweight” and “normal”

BMI groups were categorized together as one unit for the

purpose of the current analysis.20 Patients were interviewed

on daily basis through workdays from 9:00 am to 3:00 pm.

Average time for interviewing patients was 10–15 mins.

Tumor characteristics for patients were extracted from

relevant pathology reports issued by Pathology Department.

Reports included details of tumor grade, stage, ipsilateral

axillary lymph node status, lymphovascular invasion (LVI),

and detailed histological criteria. Expression status of estro-

gen receptor (ER) and progesterone receptor (PR) was deter-

mined using immunohistochemical methods. Activity

greater than 1% was considered positive for each hormone

receptor. Expression of human epidermal growth factor

receptor 2 (HER2) was evaluated by immunohistochemical

analysis in which scores of 0 or +1 were considered negative,

while scores of +3 were considered positive for HER2 over-

expression. For equivocal results of immunohistochemical

analysis (+2), fluorescence in situ hybridization (FISH) ana-

lysis positive for gene amplification implied overexpression

of HER2. Stage of disease was classified according to the

tumor–node–metastasis (TNM) cancer staging system of the

American Joint Committee on Cancer (AJCC).21 Grade of

carcinoma was determined based on the Nottingham

Combined Histologic Grade system.22 Accordingly, tumors

were classified into grade I (well-differentiated/low grade),

grade II (moderately-differentiated/intermediate grade), and

grade III (poorly-differentiated/high grade) carcinomas.

Breast cancer was classified into molecular subtypes based

on expression of receptors into: luminal A (ER+ and/or PR+,

HER2–); luminal B (ER+ and/or PR+, HER2+); HER2-

positive (ER–, PR–, HER2+); and triple-negative (ER–,

PR–, HER2–).23

Blood Samples and HbA1c Measurements
Venous blood samples were drawn from patients before

starting their scheduled treatment. Blood samples were

obtained by venipuncture of an antecubital vein of the

forearm and were collected in EDTA tubes (Greiner

Bio-One GmbH, Kremsmünster, Austria). Blood levels of

HbA1c were measured at JUST Health Center

Laboratories. During blood sample analysis, laboratory

technicians were blind to patient data as the tubes were

given serial numbers to allow retrieval by researchers.

Based on the American Diabetes Association (ADA) cri-

teria for HbA1c% blood levels, patients were classified

into normal/non-diabetic (HbA1c <5.7%), prediabetic

(HbA1c 5.7–6.4%), and diabetic (HbA1c ≥6.5%).24

Statistical Analysis
Data analysis was performed using the IBM SPSS version

21 statistical package (IBM Corp. Version 21.0. Armonk,

NY, USA). Continuous variables presented as mean ±

standard deviation while categorical variables presented

as frequency and percentage (n, %). To compare catego-

rical variables between groups, Pearson’s chi-square test of

independence was used. Independent samples t-test was

applied to compare two independent groups. One-way

Analysis of Variance (ANOVA) test was used for multiple

comparisons between independent groups when indicated.

To assess correlations between continuous variables,

Pearson’s correlation test was applied. All p values were

two-sided at α value of 0.05. Differences were statistically

significant at p-value of less than 0.05.

Dichotomization of some categorical variables was con-

sidered for correlation analysis of some study variables. This

dichotomization was based on sample size and was per-

formed in advance of conducting statistical analysis in

order to avoid small sample size upon further stratification

of data.23 Therefore, the TNM stage of breast cancer was

dichotomized as early stages (I/II) and advanced stages (III/

IV). Histologic grade was categorized into grades (I/II) and

grade III tumors. Tumor size was classified into two groups,

less than 2 cm (T1) and greater than 2 cm (T2 and T3).

Categories of these tumor variables were selected based on

cut points previously published by other researchers.25

Results
The study was conducted over an 8-month period from

July 2016 to February 2017. Of 248 interviewed patients,

223 patients agreed to participate in the study, yielding

a response rate of 88.8%.

Demographic and Anthropometric

Characteristics of Breast Cancer Patients
Demographic characteristics of breast cancer patients are

shown in Table 1. The average age of patients was 49.9

±10.3 years (range 27 to 80). Among participants, 72

(32.3%) were premenopausal and 151 (67.7%) were post-

menopausal. Most patients have no family history of

breast cancer among first-degree relatives (n=166,

74.4%), never smoked (80.7%), or consumed alcoholic

beverages (99.1%) (Table 1). Mean waist circumference
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of patients was 98.8±12.4 cm (range 70.0–132.0). Average

waist-hip ratio was 0.86±0.75 (range 0.65–1.10). Majority

of patients had waist circumference equal to or more than

80 cm (91.9%). In addition, more than half of patients

(55.2%) had waist-hip ratio equal to or more than 0.85.

Average BMI for patients was 29.9±5.7 kg/m2 and ranging

from 17.7 to 51.1. One hundred and eight patients (48.4%)

were obese at time of interview (Table 1).

Glycemic Status and HbA1c% Levels of

Breast Cancer Patients
Forty-eight patients (21.5%) are known cases of diabetes

mellitus. Almost all diabetics have type II disease and

were diagnosed after the age of 40 years (Table 2). Most

diabetics received treatment regimens composed of oral

hypoglycemic agents (74.5%). The mean level of HbA1c

% for patients was 6.2±1.4 (range 4.7% to 12.6%). HbA1c

% levels revealed that most patients classified as predia-

betics (44.4%) (Table 2). Among non-diabetic cases

(n=175), more than half (n=92, 52.6%) were prediabetic

and nine patients had HbA1c% levels suggestive of dia-

betes (n=9, 5.1%).

Clinicopathologic Characteristics of

Breast Cancer Patients
Pathology reports were retrieved for 189 patients. Most

patients had breast cancer for less than one-year duration

(61.4%) and were diagnosed with left-sided disease

(51.9%) (Table 3). Most patients had stage II (38.1%) or

stage III (30.7%) disease at diagnosis. Almost half of

patients (49.7%) presented with high tumor grade (III).

Invasive ductal carcinoma (IDC) was the main histopatho-

logic type identified (79.9%). Most patients had positive

expression for both hormone receptors and luminal A was

the most reported molecular subtype (40.2%). Many

patients underwent surgical tumor resection (79.9%).

Other tumor characteristics of patients are shown in Table 3.

Correlation Between HbA1c Levels and

Anthropometric Measurements of Breast

Cancer Patients
Bivariate correlation analysis of continuous variables

showed a significant positive correlation between HbA1c

levels and patients' age (r=0.267, p<0.001, Table 4).

HbA1c levels were positively and significantly correlated

with waist circumference and waist-hip ratio (r=0.180,

p=0.008 and r=0.278, p<0.001, respectively). However,

HbA1c levels were not significantly correlated with BMI,

tumor size, and number of lymph nodes among breast

cancer patients (Table 4).

Table 1 Demographic and Anthropometric Characteristics of

Breast Cancer Patients (N=223)

Characteristic n (%)

Age*, years 49.9±10.3 (27–80)

18–39 36 (16.1)

40–59 139 (62.3)

>60 84 (21.5)

Marital Status

Single 19 (8.5)

Married 165 (74)

Widowed 37 (16.6)

Divorced 2 (0.9)

Menopausal Status

Premenopausal 72 (32.3)

Postmenopausal 151 (67.7)

Family History of Breast Cancer

Absent 166 (74.4)

Present 56 (25.1)

Unknown 1 (0.4)

Smoking Status

Never 180 (80.7)

Past 27 (12.1)

Current 16 (7.2)

Alcohol Intake

Never 221 (99.1)

Past 1 (0.4)

Current 1 (0.4)

Use of oral contraceptives 79 (35.4)

Use of HRT 7 (3.1)

Waist*, cm 98.8±12.4 (70.0–132.0)

<80 12 (5.4)

≥80 205 (91.9)

Missing 6 (2.7)

Waist-hip ratio* 0.86 ±0.75 (0.65–1.10)

<0.85 94 (42.2)

≥0.85 123 (55.2)

Missing 6 (2.7)

BMI*, kg/m2 29.9±5.7 (17.7–51.1)

Normal 39 (17.5)

Overweight 72 (32.3)

Obese 108 (48.4)

Missing 4 (1.8)

Note: *Mean ± SD (range).

Abbreviations: BMI, body mass index; HRT, hormone replacement therapy.
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In agreement, mean HbA1c levels were significantly

higher among elderly patients compared to other age groups

(F=5.225; p=0.006) (Figure 1A). Similarly, breast cancer

patients with greater waist circumference and waist-hip ratio

had significantly higher HbA1c levels (Figure 1B and C).

Though obese and overweight patients had higher mean levels

ofHbA1c, these differences did not reach the level of statistical

significance (p=0.204) (Figure 1D).MeanHbA1c blood levels

were significantly higher among postmenopausal compared to

premenopausal patients (t=–3.542, p=0.003) (Figure 1E).

Association of HbA1c with

Clinicopathologic Characteristics in Breast

Cancer Patients Based onMenopausal Status
Associations between HbA1c with clinicopathologic char-

acteristics of breast cancer patients was stratified accord-

ing to menopausal status as indicated in Table 5. HbA1c

Table 2 Description of Glycemic Status and HbA1c% Levels

Among Breast Cancer Patients (N=223)

Characteristic n (%)

Known Case of Diabetes

Yes 48 (21.5)

No 175 (78.5)

Type of Diabetes

Type I 1 (2.1)

Type II 46 (95.8)

Unknown 1 (2.1)

Age at Diagnosis, years

<40 4 (8.3)

≥40 43 (89.6)

Years Since Diagnosis

<5 16 (33.3)

≥5 31 (64.6)

Unknown 1 (2.1)

Current Anti-Diabetic Treatment

None 1 (2.1)

OHAs 35 (74.5)

Insulin 8 (17)

Insulin + OHAs 3 (6.4)

HbA1c %†* 6.2±1.4 (4.7–12.6)

Normal 74 (42.3)

Pre-diabetic 29 (52.6)

Diabetic 9 (5.1)

Notes: †HbA1c levels for cases with no history of diabetes mellitus (n=175). *Mean

± SD (range).

Abbreviations: HbA1c, glycosylated hemoglobin A1c; OHAs, oral hypoglycemic

agents [Metformin, sulphonylureas, and/or pioglitazone].

Table 3 Clinicopathologic Characteristics of Breast Cancer

Patients (N=189)

Characteristic n (%)

Period with Breast Cancer, years

< 1 116 (61.4)

1–5 61 (32.3)

≥ 5 10 (5.3)

Unknown 2 (1.1)

Site of the Disease

Right 86 (45.5)

Left 98 (51.9)

Bilateral 5 (2.6)

Tumor Size

T1 28 (14.8)

T2 92 (48.7)

T3 22 (11.6)

T4 3 (1.6)

Missing 44 (23.3)

Lymph Nodes Status

Positive 90 (47.6)

Negative 51 (27.0)

Missing 48 (25.4)

Stage at Diagnosis

I 10 (5.3)

II 72 (38.1)

III 58 (30.7)

IV 21 (11.1)

Missing 27 (14.3)

Grade

I 7 (3.7)

II 81 (42.9)

III 94 (49.7)

Missing 7 (3.7)

Pathologic Type

IDC 151 (79.9)

ILC 9 (4.8)

Other 29 (15.3)

ER Status

Positive 141 (74.6)

Negative 41 (21.7)

Missing 7 (3.7)

PR Status

Positive 125 (66.1)

Negative 57 (30.2)

Missing 7 (3.7)

HER2 Status

Positive 74 (39.2)

Negative 90 (47.6)

(Continued)
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was significantly associated with stage (p=0.044) and

grade (p=0.016) of carcinoma in premenopausal cases.

Among prediabetic breast cancer patients, a greater pro-

portion of cases presented with advanced stage and higher

grade of the disease compared to patients with normal

HbA1c status (Table 5). Among postmenopausal patients,

HbA1c was significantly associated with molecular sub-

type of breast cancer (p=0.039). However, HbA1c lacked

significant associations with tumor stage and grade

in postmenopausal cases. Other associations between

HbA1c and tumor characteristics based on menopausal

status are shown in Table 5.

Discussion
American Diabetes Association (ADA) had adopted the

use of Glycosylated Hemoglobin A1c (HbA1c) measure-

ments as a diagnostic test for diabetes.24 HbA1c is

a marker for chronic glycemic exposure which identifies

average levels of blood glucose over a duration of 2 to 3

months.24,26 Measurements of HbA1c levels retain multi-

ple advantages compared to fasting plasma glucose

determination.27 These advantages include the feasibility

and convenience of the analysis since fasting is not

required along with reduced sensitivity to acute changes

in dietary habits or lifestyle factors.24,26 In addition,

HbA1c levels are not affected by diurnal variations in

blood glucose levels and are less sensitive to acute glyce-

mic fluctuations which may result from certain drug treat-

ments that cancer patients could be receiving and known

to adversely affect fasting glucose levels.27 Findings from

our study revealed that most breast cancer patients in this

series were prediabetic with no previous diagnosis of

diabetes. This is of particular interest as earlier studies

showed that many diabetes cases may remain undiagnosed

until a diagnosis of breast cancer is made.28 In agreement

to this finding, Erickson et al indicated that among breast

cancer patients who were screened for HbA1c and had

levels of ≥7.0%, less than half reported diabetes.8 These

findings are alarming taking into consideration the nega-

tive impact of hyperglycemia on presentation and prog-

nosis of breast cancer patients. Prediabetes is associated

with high risk of developing diabetes.29 Earlier evidence

indicated that microvascular and macrovascular changes

commonly associated with diabetes actually begin during

prediabetic stage.29 Prediabetes is associated with

increased risk of various types of tumors including breast,

gastric, colorectal, pancreatic, liver, and endometrial

cancers.30,31 In addition, breast cancer patients who were

prediabetic are more vulnerable for early detection of

breast cancer as the risk of the disease is increased during

prediabetes phase.16,32

In Jordan, breast cancer is the most commonly diag-

nosed carcinoma among women.33,34 In addition, the pre-

valence of diabetes is high and increasing in the Jordanian

community.35 This is due, in part, to a rise in the number

of individuals with metabolic syndrome and obesity; since

these conditions are related.36 It is estimated that 38.8% of

Jordanian women aged between 15 and 49 years are

Table 3 (Continued).

Characteristic n (%)

Missing 25 (13.2)

Lymphovascular Invasion

Identified 78 (41.3)

Not identified 67 (35.4)

Missing 44 (23.3)

Molecular Subtype

Luminal A 76 (40.2)

Luminal B 53 (28.0)

HER2-positive 21 (11.1)

Basal-like 14 (7.4)

Missing 25 (13.2)

Breast Cancer Treatment

None 16 (8.5)

Surgery 151 (79.9)

Radiation 70 (37.0)

Neoadjuvant chemotherapy 45 (23.8)

Adjuvant chemotherapy 108 (57.1)

Note: Other histologic subtypes included were ductal carcinoma in situ (DCIS) and

mixed invasive ductal and lobular carcinoma.

Abbreviations: ER, estrogen receptor; HER2, human epidermal growth factor

receptor 2; IDC, invasive ductal carcinoma; ILC, invasive lobular carcinoma; PR,

progesterone receptor.

Table 4 Correlation Analysis of HbA1c Levels with Selected

Anthropometric and Clinicopathologic Characteristics of Breast

Cancer Patients (N=223) (Continuous Variables)

Anthropometric and Clinicopathologic

Characteristics

HbA1c, %

r p value

Age, years 0.267 <0.001*

Waist, cm 0.180 0.008*

Waist-Hip ratio 0.278 <0.001*

BMI, kg/m2 0.088 0.194

Tumor size, cm 0.079 0.347

Number of involved lymph nodes 0.020 0.815

Notes: r, Pearson’s correlation coefficient. *Statistical significance at p<0.05.

Abbreviations: BMI, body mass index; HbA1c, glycosylated hemoglobin A1c.
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obese.34 In our study, 80.7% of breast cancer patients were

overweight or obese based on BMI. In addition, majority

of patients in this study had waist circumference and

waist-hip ratio measurements supportive of visceral/cen-

tral obesity.18 Visceral obesity is a substantial risk factor

for insulin resistance, diabetes, and metabolic syndrome.

Recent evidence also indicated that visceral obesity is

associated with increased risk of multiple types of solid

tumors and reduced overall treatment outcomes in cancer

patients.37,38 Our findings revealed that HbA1c levels were

positively correlated with age and measures of central

obesity among breast cancer patients, but not BMI.

HbA1c levels are increased among older patients and

those who have greater waist circumference and waist-

hip ratio. These findings are consistent with multiple

other studies.8,39,40 Among patients with solid cancers,

prediabetic patients were found to be older in age and

had a higher BMI compared to non-diabetic patients.41 It

is well-known that obesity affects survival and mortality of

breast cancer patients.42,43 Obesity is associated with

advanced clinicopathologic presentation of breast cancer

and higher rates of disease recurrence and reduced overall

survival.39,44,45 The impact of obesity on risk for breast

cancer has been shown to be affected by menopausal status

in which obese postmenopausal women showed consistent

increase of breast cancer risk compared to premenopausal

patients.46,47 The relationship between premenopausal

obesity and breast cancer risk remains inconclusive.

While some studies report that premenopausal obesity

could be protective and is inversely related to breast

cancer risk,48–50 others report no association between obe-

sity and breast cancer among premenopausal women.51
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Figure 1 HbA1c levels in relation to anthropometric measurements and menopausal status of breast cancer patients. Average blood levels of HbA1c were compared

according to (A) age, (B) waist circumference, (C) waist-hip ratio, (D) BMI, and (E) menopausal status of breast cancer patients. *Statistically significant at p<0.05.

Abbreviations: BMI, body mass index; HbA1c, glycosylated hemoglobin A1c.
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Nevertheless, obesity has been associated with poor

prognosis in both premenopausal and postmenopausal

breast cancer patients.52 Our data indicated a significant

association between HbA1c and menopausal status.

Postmenopausal women presented with higher mean levels

of HbA1c compared to premenopausal patients. This could

be explained by the fact that postmenopausal women are

older in age and tend to be more obese than younger

premenopausal patients.53

The impact of HbA1c on breast cancer presentation and

clinicopathologic characteristics is inconsistent. In this study,

HbA1c status lacked significant associations with tumor

clinicopathologic characteristics among the entire cohort of

breast cancer patients (data not shown). However, when

patients were stratified based on menopausal status, HbA1c

levels were significantly associated with tumor stage and

grade in premenopausal patients and associated with mole-

cular subtype among postmenopausal cases. Several studies

demonstrated a lack of association between HbA1c levels

and presentation of breast cancer patients.39,54,55 Bronsveld

et al revealed a lack of association between HbA1c levels

and tumor clinicopathologic characteristics including mole-

cular subtypes among diabetic postmenopausal breast cancer

patients compared to the non-diabetic.54 Similarly, Karlin

et al reported no significant differences in breast cancer

grade, stage, and receptor positivity between diabetic and

non-diabetic patients.55 Alternatively, multiple studies in

literature showed correlations between glycemic status and

breast cancer characteristics.8,14,56–58 In agreement to our

findings, Erickson et al indicated that patients with HbA1c

Table 5 Association Between HbA1c with Clinicopathologic Characteristics in Breast Cancer Patients Based on Menopausal Status

(N=189)

Characteristic Premenopausal (n=61) Postmenopausal (n=128)

HbA1c Status HbA1c Status

Normal

(n=25)

Prediabetic

(n=31)

Diabetic

(n=5)

p value Normal

(n=35)

Prediabetic

(n=54)

Diabetic

(n=39)

p value

Stage 0.044* 0.473

Early stage (I/II) 13 (44.8%) 13 (44.8%) 3 (10.3%) 16 (30.2%) 19 (35.8%) 18 (34.0%)

Advanced stage (III/IV) 5 (22.7%) 17 (77.3%) 0 (0.0%) 14 (24.6%) 27 (47.4%) 16 (28.1%)

Grade 0.016* 0.952

I and II 12 (44.4%) 10 (37.0%) 5 (18.5%) 17 (27.9%) 26 (42.6%) 18 (29.5%)

III 13 (38.2%) 21 (61.8%) 0 (0.0%) 17 (28.3%) 24 (40.0%) 19 (31.7%)

ER status 0.428 0.632

Positive 19 (42.2%) 21 (46.7%) 5 (11.1%) 25 (26.0%) 41 (42.7%) 30 (31.3%)

Negative 6 (42.9%) 8 (57.1%) 0 (0.0%) 8 (29.6%) 10 (37.0%) 9 (33.3%)

PR status 0.338 0.271

Positive 18 (42.9%) 19 (45.2%) 5 (11.9%) 22 (26.5%) 37 (44.6%) 24 (28.9%)

Negative 7 (41.2%) 10 (58.8%) 0 (0.0%) 12 (30.0%) 13 (32.5%) 15 (37.5%)

HER2 status 0.056 0.120

Positive 7 (25.9%) 17 (63.0%) 3 (11.1%) 13 (22.0%) 27 (45.8%) 19 (32.2%)

Negative 18 (58.1%) 11 (35.5%) 2 (6.5%) 19 (40.4%) 17 (36.2%) 11 (23.4%)

LVI 0.726 0.595

Identified 10 (38.5%) 15 (57.7%) 1 (3.8%) 17 (32.7%) 22 (42.3%) 13 (25.0%)

Not identified 10 (41.7%) 12 (50.0%) 2 (8.3%) 10 (23.3%) 17 (39.5%) 16 (37.2%)

Molecular subtype 0.201 0.039*

Luminal A 15 (57.7%) 9 (34.6%) 2 (7.7%) 13 (26.0%) 24 (48.0%) 13 (26.0%)

Luminal B 4 (22.2%) 11 (61.1%) 3 (16.7%) 12 (34.3%) 14 (40.0%) 9 (25.7%)

HER2-positive 3 (33.3%) 6 (66.7%) 0 (0.0%) 7 (58.3%) 3 (25.0%) 2 (16.7%)

Basal-like 3 (60.0%) 2 (40.0%) 0 (0.0%) 0 (0.0%) 3 (33.3%) 6 (66.7%)

Notes: Data is presented as n (%). *Statistical significance at p<0.05.

Abbreviations: BMI, body mass index; ER, estrogen receptor; HbA1c, glycosylated hemoglobin A1c; HER2, human epidermal growth factor receptor 2; LVI, lymphovas-

cular invasion; PR; progesterone receptor.
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≥6.5% are more likely to be obese and present with more

advanced breast cancer at diagnosis.8 Liao et al found sig-

nificant differences in tumor stage and lymph node

metastasis after adjustment for age between diabetic and

non-diabetic breast cancer patients.58 In addition, data from

meta-analysis reported that diabetic patients presenting with

breast cancer had advanced stage, larger tumor size, and

negative status of hormone receptors.56

The main limitation to this study was the inability to

retrieve all pathology reports of enrolled patients which

resulted in missed clinicopathologic data for some patients.

This could have hindered potential significant correlations

and/or associations to be revealed. The main strengths of our

study included its homogenous patient population and its

diagnostic data that were generated by practitioners and

protocols applied in a single medical institution. In addition,

anthropometric data were measured by a single-trained per-

son and were not self-reported by patients.

Conclusions
To the best of our knowledge, this is the first study to

describe the association between HbA1c levels with anthro-

pometric measurements and clinicopathologic characteris-

tics among Jordanian breast cancer patients. Findings from

this study showed that a considerable proportion of breast

cancer patients in this series were prediabetic. Glycemic

status was clearly associated with measures of visceral obe-

sity in breast cancer patients. Postmenopausal patients have

higher levels of HbA1c compared to premenopausal cases.

HbA1c was significantly associated with clinicopathologic

characteristics of breast cancer in premenopausal and post-

menopausal cases. Collectively, findings from this study call

for appropriate assessment for glycemic status in breast

cancer patients up on disease presentation, particularly

emphasizing the need to control hyperglycemia and identify

vulnerable groups of cancer patients who might benefit from

interventions to improve glycemic control.
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