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Abstract

Although diabetes mellitus (DM) is one of the risk factors associated with increased breast cancer (BC) mortality, the effects
of glycaemic control on the prognosis of BC have not been thoroughly evaluated. This retrospective study aimed to evaluate
the relationship between glycaemic control and BC prognosis and to determine an optimal target of glycaemic control for
BC patients with diabetes. We included 2812 stage 0—3 BC women, of whom 145 were diabetic and were 2667 non-diabetic.
In those with diabetes, a mean haemoglobin A1C (HbA1C) <7% (n="77) was defined as well-controlled diabetes, while a
mean HbA1C >9% (n=16) was defined as poorly controlled diabetes. All of the BC populations were followed from the
date on which BC was diagnosed until 31 December 2015. Cox regression analysis was performed to estimate the adjusted
hazards for all-cause mortality and BC-specific mortality. After controlling for the baseline and BC-related confounders, the
adjusted hazard ratio (HR) for all-cause mortality and the HR for BC-specific mortality were 3.65 (95% confidence interval
[95% CI] 1.13-11.82) and 8.37 (95% CI 1.90-36.91), respectively, for poorly controlled diabetic women and non-DM women.
However, for the diabetic women with good glycaemic control, the HRs of all-cause mortality and BC-specific mortality
were not significantly different (HR 0.91, 95% CI1 0.42-1.01; HR 0.77, 95% CI 0.18-3.32, respectively) from those for both
mortalities in non-DM patients. For moderate controlled diabetic women, the HRs for all-cause mortality and BC-specific
mortality were 1.95 (95% CI1 0.89—4.27) and 3.55 (95% CI 1.369-9.30), respectively. This pilot and retrospective cohort study
reveals a relationship between glycaemic control and BC prognosis in diabetic women. In addition, well-controlled HbA1C,
with maintained mean HbA1C values under 7%, may be associated with a better progression outcome of BC.
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of comorbidity on BC prognosis cannot be ignored.
Diabetes mellitus (DM) represents an increasing global
public health concern [5-7]. As a result, DM and BC are
fairly prevalent chronic diseases among women, and approx-
imately 16% of BC patients suffer from type 2 DM [8]. The
effect of DM on the prognosis of BC patients has been
extensively investigated in recent years [9-14], with find-
ings showing that DM is an independent risk factor for BC.

Center for Geriatrics and Gerontology, Taichung Veterans
General Hospital, Taichung, Taiwan, ROC

College of Medicine, National Defense Medical Center,
Taipei, Taiwan, ROC

Institute of Medical Technology, National Chung Hsing
University, Taichung, Taiwan, ROC

College of Medicine, National Yang Ming University, Taipei,

Taiwan, ROC i
] atwan As a stable measurement of glycaemic control, haemo-
gqllege (;{foPélarmacy, China Medical University, Taichung, globin A1C (HbA1C) has been used to show that good
‘aiwan,

@ Springer


http://orcid.org/0000-0001-5103-5965
http://crossmark.crossref.org/dialog/?doi=10.1007/s10238-018-0497-2&domain=pdf

384

Clinical and Experimental Medicine (2018) 18:383-390

glycaemic control can reduce the risk of long-term micro-
vascular complications in patients with type 2 DM [15, 16].

To date, few studies have examined the relationship
between HbA1C levels and BC prognosis [17-19]. It is also
not known how the impact of glycaemic control, reflected
by the levels of HbAlc, could affect the prognosis of BC.

In this retrospective cohort study, we analysed the follow-
up data of diabetic women with BC and adjusted prognos-
tic factors that might affect the long-term survival of BC
patients [20]. We also attempted to identify the ideal gly-
caemic level for better BC outcomes.

Methods
Data source

We obtained delinked data from the electronic medical
record database of Taichung Veterans General Hospital
(TCVGH), a medical centre in central Taiwan, and com-
bined them with data from the Cancer Registry database.
We included body mass index (BMI), medical diagnoses for
the Charlson comorbidity index (CCI) calculation, drug pre-
scriptions, and laboratory data during the follow-up period.
The age at initial diagnosis of primary BC, lifestyle habits
(including cigarette and alcohol use), BC pathology stage at
diagnosis classified according to the American Joint Com-
mittee on Cancer (AJCC) stage and tumour—node—metastasis
(TNM) staging system [21, 22], hormone status (triple-neg-
ative BC or not), and subsequent surgery/radiation/chemo/
hormone/bone marrow transplant therapy/target therapy
were recorded.

All of the HbAIC values that were measured were
recorded. To account for individual changes in the HbA1C
value over time, we used the post-index mean HbA1C values
instead of baseline HbA1C values to express the glycae-
mic control, which was calculated as the mean of all of the
observations recorded between the index date (first diag-
nosed with BC) and the outcome event (death) or censoring
point (the last recorded database observation).

Patient population

The eligible patients included females > 20 years of age with
newly diagnosed stage 0-3 BC between 2004 and 2014. The
definition of DM was based on any of the 3 following condi-
tions: (1) inpatients: at least 1 diagnosis of DM or a prescrip-
tion for anti-diabetic medications; (2) ambulatory care: at
least 2 diagnoses of DM or at least 1 diagnosis of DM with
a prescription for anti-diabetic medications; or (3) a mean
HbA1C >6.5% or random blood sugar greater than 200 mg/
dL before the BC diagnosis. Patients were excluded if their
follow-up time was < 3 months, if they had a non-analytic
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case in the TCVGH Cancer Registry database, or if they
were in the DM group and were without HbA1C data.
Because almost half of the DM participants were lost to
follow-up for the HbA1C test in our hospital, those DM
patients included were compared with participants who had
DM and were without HbA1C data to ensure the similarity
between these two groups. The follow-up began on the date
of the first cancer diagnosis and ended on the date of death
or on the date of the end of follow-up. The patients were fol-
lowed until 31 December 2015. The study was approved by
the Institutional Review Board at Taichung Veterans General
Hospital in Taichung, Taiwan. Figure 1 shows the flow chart
of the patient selection methods.

Outcomes

The primary outcomes were all-cause mortality and BC-
specific mortality. All-cause mortality was defined as death
from any cause among women with BC, whereas BC-spe-
cific mortality was defined as death attributed to BC among
women with BC. Breast cancer-specific mortality was the
cause of death classified by International Classification of
Diseases, Ninth Revision (ICD-9) codes, which is death due
to primary malignant BC. Patients who were still alive were
censored from analysis at the date of the last follow-up.

Statistical analysis

The data are expressed as the mean =+ SD, as the median
and interquartile range (IQR) for continuous variables, or
as counts and proportions for categorical variables. The
Kruskal-Wallis test, Mann—Whitney test, Chi-square test,
and Fisher’s exact test were used for continuous and cat-
egorical variables to compare the characteristics between
the BC patients with mean HbA1C values of <7, 7-9, and
>9% and those without DM or to compare the differences
between the DM groups of patients with and without HbA1C
values. The analyses for both the continuous and categorical
variable HbA1C indicators were performed using univari-
ate and multivariate Cox regression models to calculate the
hazard ratios (HRs) and 95% confidence intervals (CIs) for
all-cause mortality and BC-specific mortality. In all of the
multivariate models, the analysis was adjusted for potential
confounders, which are listed in Table 1. Statistical signifi-
cance was defined as a p value <0.05. All of the analyses
were performed using SPSS 22.0 (IBM, New York, USA).

Results

Our study cohorts included 2812 patients with BC who were
either non-DM patients (n=2667) or DM patients who had a
post-index HbA1C (n=145) measurement taken during the
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Fig. 1 A flow chart of the
patient inclusion methods
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study period. The characteristics of the study population are
summarized in Table 1. Compared to women without DM,
patients with DM who had HbA1C monitoring tended to be
older, obese (BMI > 30), and with stage 3 BC.

Of the patients with pre-existing diabetes (n=283), 138
(49%) did not have HbA1C levels and were thus excluded
from this study. The rest of the patients (n=145) had a series
of HbA1C levels recorded during follow-up and were eligi-
ble for the HbA1C analysis (Fig. 1). As shown in Table 2,
the participants (with HbA1C data) in this study were not
significantly different from those without HbA1C data,
except for that the participants had lower CCI scores.

Compared to those of BC patients without DM, the
adjusted HRs for continuous HbA1C (per one-unit increase)
of all-cause mortality and BC-specific mortality were 1.56
(95% CI 1.11-2.20) and 3.07 (95% CI 1.45-6.48), respec-
tively (Table 3).

The adjusted HRs for the mortality rates with categori-
cal HbA1C levels are shown in Table 4. In adjusted model
2, the risk of all-cause mortality in women with an HbA1C
value < 7% was not statistically significant compared to
that in the non-diabetes group. However, a mean HbA1C
>9% in BC women was associated with a 3.65-fold (95%
CI 1.13-11.82) higher risk of all-cause mortality. For
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Table 1 The baseline and

L Non-DM DM group with mean HbA1C values p value
breast cancer characteristics of group (n=145)
281'2 early-stage breast cancer (n=2667)
patients by HbA1C status <7% (n=77) 7-9% (n=52) >9% (n=16)
Age at diagnosis 51.7+11.0  63.1+11.5 60.1+£9.5 62.1+9.3 <0.01%*
Charlson comorbidity index 1.3+1.0 1.6+1.6 12+1.1 1.6+1.1 0.257
Follow-up year 34+19 35+21 34+1.8 29+1.7 0.487
BMI <0.01%*
<25 1757 (68.2%) 37 (50.0%) 25 (49.0%) 4(25.0%)
25-30 643 (24.9%) 25 (33.8%) 17 (33.3%) 9 (56.3%)
>30 178 (6.9%) 12 (16.2%) 9 (17.6%) 3 (18.8%)
Smoking status 0.668
Never 2526 (98.9%) 76 (100.0%) 50 (100.0%) 15 (100.0%)
Ever 28 (1.1%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
Alcohol use 0.894
Non-drinker 2539 (99.6%) 76 (100.0%) 50 (100.0%) 15 (100.0%)
Past drinker 11 (0.4%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
BC stage 0.005%%*
Stage 0 319 (12.0%) 9 (11.7%) 8 (15.4%) 1(6.3%)
Stage 1 916 (34.3%) 22 (28.6%) 12 (23.1%) 3 (18.8%)
Stage 2 1003 (37.6%) 22 (28.6%) 18 (34.6%) 6 (37.5%)
Stage 3 429 (16.1%) 24 (31.2%) 14 (26.9%) 6 (37.5%)
Triple-negative breast cancer 0.922
No 2438 (91.4%) 69 (89.6%) 47 (90.4%) 15 (93.8%)
Yes 229 (8.6%) 8 (10.4%) 5(9.6%) 1(6.3%)
Surgery 0.166
No 26 (1.0%) 1(1.3%) 0 (0.0%) 1(6.3%)
Yes 2641 (99.0%) 76 (98.7%) 52 (100.0%) 15 (93.8%)
Radiation 0.756
No 1375 (51.6%) 41 (53.2%) 29 (55.8%) 10 (62.5%)
Yes 1292 (48.4%) 36 (46.8%) 23 (44.2%) 6 (37.5%)
Chemotherapy 0.254
No 1052 (39.4%) 39 (50.6%) 20 (38.5%) 7 (43.8%)
Yes 1615 (60.6%) 38 (49.4%) 32 (61.5%) 9
Hormone therapy 0.134
No 900 (33.7%) 18 (23.4%) 17 (32.7%) 8 (50.0%)
Yes 1767 (66.3%) 59 (76.6%) 35 (67.3%) 8 (50.0%)
Bone marrow transplant therapy 0.991
No 2665 (99.9%) 77 (100.0%) 52 (100.0%) 16 (100.0%)
Yes 2 (0.1%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
Target therapy 0.426
No 2344 (87.9%) 69 (89.6%) 45 (86.5%) 12 (75.0%)
Yes 323 (12.1%) 8 (10.4%) 7 (13.5%) 4 (25.0%)

The data are presented as the mean = standard deviation or as the number (%)

Kruskal-Wallis test. Chi-square test or Fisher’s exact test

p<0.05; **p<0.01

those BC women in the suboptimal glycaemic control
group (HbAlc between 7 and 9%), only the BC-specific
mortality showed a statistically significant difference in
comparison with the non-DM group after controlling for
confounders.
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Discussion

Despite a significant number of studies showing that DM
patients show a BC prognosis with a worse outcome [10,
14], the novel findings from the present study demonstrate
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Table 2 The baseline

o ~ i With mean HbA1C data ~ Without mean HbA1C data p value
Charagterlstlcs of patients with (n=145) (n=138)
and without mean HbA1C data
in the DM group n (%) n %
Age at diagnosis 61.9+10.6 59.8+13.0 0.296
Charlson comorbidity index 1.5+14 1.7+£0.9 0.010%*
Follow-up time 34+20 31+19 0.272
BMI group 0.539
<25 66 (46.8%) 70 (52.6%)
25-30 51 (36.2%) 40 (30.1%)
>30 24 (17.0%) 23 (17.3%)
Smoking status 0.487
Never 141 (100.0%) 133 (99.3%)
Ever 0 (0.0%) 1(0.7%)
Alcohol use 0.487
Non-drinker 141 (100.0%) 133 (99.3%)
Past drinker 0 (0.0%) 1(0.7%)
BC stage 0.341
Stage 0 18 (12.4%) 10 (7.2%)
Stage 1 37 (25.5%) 34 (24.6%)
Stage 2 46 (31.7%) 55 (39.9%)
Stage 3 44 (30.3%) 39 (28.3%)
Triple-negative breast cancer 0.598
No 131 (90.3%) 121 (87.7%)
Yes 14 (9.7%) 17 (12.3%)
Surgery 1.000
No 2 (1.4%) 1(0.7%)
Yes 143 (98.6%) 137 (99.3%)
Radiation 0.699
No 80 (55.2%) 72 (52.2%)
Yes 65 (44.8%) 66 (47.8%)
Chemo therapy 0.379
No 66 (45.5%) 71 (51.4%)
Yes 79 (54.5%) 67 (48.6%)
Hormone therapy 0.239
No 43 (29.7%) 51 (37.0%)
Yes 102 (70.3%) 87 (63.0%)
Target therapy 0.429
No 126 (86.9%) 125 (90.6%)
Yes 19 (13.1%) 13 (9.4%)

The data are presented as the mean + standard deviation or as the number (%)

Mann-Whitney test. Chi-square test or Fisher’s exact test

*p<0.05; **p<0.01

that glycaemic control, as reflected by the HbAlc levels,
also influences the prognosis in diabetic women with BC.
In clinical practice, patients with concurrent diabetes and
cancer are very common. Thus, the current study evaluated
the association between glycaemic control and mortality
in BC patients. To our knowledge, this is the first study to
investigate the relationship of glycaemic control and BC by
setting a cut-off point of the HbA1C level in stage 0-3 breast

cancer patients. Poorly controlled diabetes (a mean HbA1C
>9%) was associated with an increased risk of all-cause and
BC-specific mortalities among women with BC. These asso-
ciations persisted after adjusting for potential confounders,
including BC stages. However, when patients presented with
a mean HbA1C under 7% (defined as well-controlled dia-
betes), the survivals of the participants with DM and those
without DM appeared to show no significant difference.
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Table 3 The HRs of all-cause mortality and BC-specific mortality in those with continuous measurements of HbA1C levels in the BC with DM
group compared to those without DM

Breast cancer with DM Total N N (%) death Median HbAIC  Unadjusted HR* (95% CI) p value
(IQR: 25-75%)

Adjusted HR® (95% CI) p value

19 (13.1)
10 (7.4)

6.92 (6.40-7.98)
6.93 (6.40-7.98)

1.17 (0.90-1.52)
1.21 (0.89-1.65)

0.242
0.214

1.56 (1.11-2.20)
3.07 (1.45-6.48)

0.011%*
0.003%*x*

All-cause mortality 145
BC-specific mortality 136

Cox regression. *p <0.05, **p <0.01
*The hazard rate identified an increased risk per 1% increase in the HbA1C value

®Adjusted for age at diagnosis, BMI, comorbidity, alcohol intake and smoking state, cancer stage, cancer treatment (including surgery, radiation,
chemotherapy, hormone therapy, bone marrow transplant therapy, and target therapy), and tumour markers

Table 4 The effect of glycaemic control on all-cause mortality and BC-specific mortality in women with early-stage breast cancer

All-cause mortality Model without adjustment Model only adjusting for age Model 1* (n=2637) Model 2° (n=2637)

(n=2812) (n=2812)
HR 95% CI pvalue HR 95% CI pvalue HR 95%CI pvalue HR 95% CI p value
HbA1C mean value after BC
Non-DM Ref. Ref. Ref. Ref.
<7% 1.88 (0.92-3.84) 0.081 1.44 (0.70-2.98) 0.321 1.27 (0.58-2.78) 0.546 091 (0.42-2.01) 0.825
7-9% 3.05 (1.49-6.21) 0.002** 242 (1.18-4.97) 0.016* 2.45 (1.13-5.30) 0.023* 1.95 (0.89-4.27) 0.093
>9% 440 (1.40-13.83) 0.011* 3.06 (0.96-9.74) 0.059  3.63 (1.12-11.70) 0.031* 3.65 (1.13-11.82) 0.031*

BC-specific mor-  Model without adjustment

Model only adjusting for age

Model 1* (n=2562)

Model 2° (n=2562)

tality (n=2723) (n=2723)

HR 95% CI pvalue HR 95%CI pvalue HR 95%CI pvalue HR 95%CI p value
HbA1C mean value after BC
Non-DM Ref. Ref. Ref. Ref.
<7% 1.71 (0.54-5.45) 0.364 1.72 (0.53-5.58) 0.367 1.04 (0.25-4.38) 0960  0.77 (0.18-3.32) 0.730
7-9% 4.52 (1.82-11.25) 0.001** 4.54 (1.80-11.49) 0.001** 5.04 (1.98-12.82) 0.001** 3.55 (1.36-9.30) 0.010%**

>9%

6.92 (1.69-28.31) 0.007** 6.97 (1.65-29.39) 0.008%**

8.91 (2.04-39.02) 0.004** 8.37 (1.90-36.91) 0.005%**

Cox regression. *p<0.05, “p<0.01

*Model 1: adjusted for age at diagnosis, BMI, comorbidity, alcohol intake, and smoking state

®Model 2: further adjusted for cancer stage, cancer treatment (including surgery, radiation, chemotherapy, hormone therapy, bone marrow trans-

plant therapy, and target therapy), and tumour markers

In patients with suboptimal glycaemic control (a mean
HbA1C between 7 and 9%), model 2 showed no statistical
significance in all-cause mortality compared to the non-
DM group. However, the risk of BC-specific mortality was
increased. It suggested that DM patients with BC should
maintain good glycaemic control in order to reduce the
risk of BC-related mortality. To our knowledge, no other
study has yet revealed this association. Nevertheless, the
poor glycaemic control group did show a poor prognosis
in both all-cause and BC-specific mortalities. Although
the causal relationship cannot be established by the current
findings, we strongly suggest that those patients with DM,
after being diagnosed with BC, should be periodically
measured for HbA1C values and that the mean HbAIC
value should be kept below 7%.

@ Springer

Among the limited number of studies evaluating the
effect of HbA1C glycaemic control on cancer outcomes,
the Women’s Healthy Eating and Living (WHEL) study
was the first to indicate the association between the
HbA1C level and BC prognosis in DM patients. In this
study, the HbA1C level and BC prognosis were obtained
using a health status questionnaire [17]. The risk of all-
cause mortality was twice as high in women with an
HbA1C >7.0% than in women who had a lower HbA1C
level (HbA1C <6.5%) but was not significantly different
from those with an HbA1C between 6.5 and 6.9% after
adjusting for confounders, which demonstrated that good
glycaemic control might lead to a better BC prognosis. In
the WHEL study, the HbA1C values were not followed
up throughout the whole study period; instead, these data
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were only collected once at the beginning of the study,
which did not reflect the level of glycaemic control during
course of disease. In contrast, our study used a longitudi-
nal dataset of HbA1C values from diabetes patients, which
reflects the real-world situation in the clinical setting.
Thus, these longitudinal HbAlc values make our study
results more reliable. We also used a mean HbA1C <7%
as a criterion for good glycaemic control, since this target
has been shown to reduce micro-vascular complications
and macro-vascular disease. [23, 24] Moreover, this cut-off
point could be directly applied in clinical practice.

Another cohort study used the glycaemic control status
to generate two groups of patients (HbAIC <6.5% and
HbA1C >6.5%) and examined the associations between
the HbA1C value and mortality in women with BC. The
results showed that the higher HbA1C group had a higher
but not significantly different mortality rate (HR =2.6) than
the lower HbA1C group [18]. However, due to the limitation
of the study database, adjusting for prognostic factors and
an analysis of cancer-specific survival data was not able to
be performed. In addition, how these authors dichotomously
classified the patients into low-HbA1C and high-HbA1C
groups was not specified.

To further evaluate the associations between the HbA1C
and mortality, our study showed that when participants had
a 1 unit increase in the HbA1C level, the risks for all-cause
and BC-specific mortalities were significantly increased.
However, a retrospective cohort study that used a single
HbA1C measurement as a continuous variable at the time
of diagnosis indicated that there was no association between
the HbA1C level and all-cause mortality in BC patients
of all stages [19]. Since cancer patients of all stages were
included in this study, it is possible that the low survival rate
in stage 4 BC patients may have compromised the effect of
glycaemic control.

Data with missing values are common when using a
restricted database and in long-term observational studies.
It could be expected that those excluded patients without
HbA1C values might compromise our study results. How-
ever, we observed no significant differences in the baseline
and BC characteristics of both groups, except for the par-
ticipants with HbA1C data who had a lower CCI score. In
addition, we controlled for several confounders in the mul-
tivariate analysis, so we believe that these bias effects were
minimized.

The mechanisms of the association between DM and
increased tumour growth are not fully understood. Recent
studies have suggested that hyperglycaemia can influence
cancer prognosis by affecting cancer cell pathways, includ-
ing cancer cell proliferation, apoptosis inhibition, migration,
and invasion [25, 26]. Thus, it is reasonable to speculate that
more intensive glycaemic control may benefit the prognosis
of patients with BC and DM.

Several limitations of our study should be addressed.
First, the cancer registry database is not immediately
updated. Thus, the final date of the last contact will be
underestimated. Second, we were not able to access
patients’ medical records if they were seeking medical care
for DM outside of our hospital. Therefore, the DM diagno-
sis could also be underestimated. However, the pattern of
pre-DM in the BC population was similar to that of other
studies, [27] and the stage of BC was also similar to that
in the national data. [3] Thus, this limitation may not have
had a significant effect on the results. Finally, the effects
of anti-diabetic medications were not able to be studied
due to the relatively small sample size of the DM group.
Metformin therapy plays a protective role in BC progno-
sis, [28, 29] and the use of insulin glargine may lead to a
higher risk of developing BC [30, 31]. Adherence to oral
hypoglycaemic drugs is also known to influence glycae-
mic control after BC diagnosis [32]. Thus, the impact of
anti-diabetic medications and adherence on the prognosis
of BC cannot be ignored and need to be explored further.

Conclusion

Our pilot study focused on developing an available and
reliable HbA1C target for health providers and patients to
assess the effectiveness of management plans of glycaemic
control. Our data suggest that patients who have DM and
stage 0-3 BC should maintain a mean HbA1C value under
7%. Future large research studies are needed to verify the
effect of our glycaemic control target and to adjust for
other possible confounders in DM patients, such as anti-
diabetic agents.
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