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Introduction

Breast cancer is the neoplasm with the highest incidence 
among women in the world, without considering non-melanoma 
skin tumors. It is the leading cause of death from malignant 
neoplasms in females in both developing and developed countries. 
However, recent treatment regimens have shown advances in 
reducing recurrence and mortality [1]. Approximately 67% of 
women with breast cancer are hormone receptor (HR) positive. 
Because of this, adjuvant endocrinotherapy is frequently 
used and can be performed with a selective estrogen receptor 
modulator (SERM) or an aromatase inhibitor (AI). The ATAC 
study (Arimidex, Tamoxifen, Alone or in Combination) [2] and the 
MA.27 study showed that AI treatment in postmenopausal women  
has superior efficacy and greater tolerability than tamoxifen [3].

Estrogen plays a central role in maintaining bone mineral 
density (BMD) in women, and in postmenopausal women, low  
estradiol levels are associated with increased bone turnover, 
reduced bone mineral density and increased risk of fracture. 

Although estrogen receptors are predominantly in osteoblasts, 
the main role of this hormone is in bone resorption. The binding 
of estrogens or their analogues to osteoblast receptors inhibits 
the release of osteoclast-stimulating factors and increases the 
activity of their inhibiting factors, which is essential for bone 
maintenance [4,5]. 

The mean reduction in BMD in postmenopausal white 
women was 2.5% per year at the lumbar spine and 1.8% per 
year at the femoral neck, with no appreciable change before 
this period. Black women have lower percentage losses: 2.2% 
per year in the spine, 1.4% in the femoral neck: Japanese and 
Chinese women had greater losses in the femoral neck: 2.1% 
and 2.2% per year, respectively [5,6]. As tamoxifen has partial 
estrogen agonist activity, there is bone protection, especially in 
trabecular bones such as the lumbar spine, unlike what occurs 
with the use of AI [6].

Studies show that declines in BMD are related to the 
menstrual transition, that is, rapid bone mass loss is identified 
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within 3 years of menopause. However, density begins to decline 
about 1 year before this period and continues to decline in 
early postmenopausal women, with a slight reduction in the 
rate of loss around 2 years later. For this reason, researchers 
refer to this period as transmenopause (perimenopause and 
early menopause), and it is better defined based on the date of 
completion of the menstrual period due to the great variability 
among women in the duration of these periods and in menstrual 
bleeding patterns [4]. 

BMD varies between individuals due to a complex mechanism 
that depends on several factors, such as body weight, frequency 
of physical activity, amount of calcium in the diet, smoking, 
amount of circulating vitamin D, alcohol consumption, and long-
term use of corticosteroids. The classic action of vitamin D is 
the regulation of calcium and phosphorus metabolism through 
the control of intestinal absorption and renal reabsorption 
processes, maintaining them in plasma concentrations sufficient 
to ensure adequate mineralization and bone growth in children 
and adolescents and the overall bone health at all stages of life 
[7-9].

Obesity has been discussed as an important protective factor 
for bone mineral density, especially in post-menopause. These 
women have a higher level of circulating estrogen precisely 
because it is synthesized on a larger scale in peripheral tissues, 
mainly in abdominal fat, due to the action of aromatase. Studies 
show that patients with low weight (less than 58 kg) have a higher 
risk of osteoporosis and fractures [10]. Due to the prevalence of 
breast cancer in postmenopausal women and the relevance of 
AI in adjuvant treatment, it is essential to discuss their possible 
effects on bone mass loss and determine which patients are 
at greater risk of developing osteoporosis. Interpreting these 
findings, a more effective preventive treatment can be performed 
in accordance with world guidelines. Therefore, the objective 
of this study was to verify whether vitamin D supplementation 
in postmenopausal women who use aromatase inhibitors for 
breast cancer treatment modifies the progression to osteopenia 
and osteoporosis.

Methods

This is a prospective, comparative, cohort study carried 
out in the mastology sector of the Hospital do Servidor Público 
Estadual Francisco Morato de Oliveira (HSPE-FMO), having been 
previously approved by the ethics and research committee via 
Plataforma Brasil (CAAE 47317215.6. 0000.5463). After the 
informed consent of the participants, 275 women with hormone 
receptor positive (RH+) and hormone receptor negative (RH-
) breast cancer were selected, excluding women who had 
osteoporosis prior to the intervention, loss of follow-up in the 
proposed Treatment and incomplete data.

The women were divided into 4 groups of 60 participants, 
being; G1 (RH+) with insufficient vitamin D, G2 (RH+) with 
sufficient vitamin D in treatment with aromatase inhibitors 
(AI), which of choice was anastrozole; G3 (RH-) with insufficient 

vitamin D and G4 (RH-) with sufficient vitamin D as control 
groups. During the study period, all study participants performed 
bone densitometry annually at the HSPE imaging service on the 
same dual-ray emission absorptiometry (DXA) device, Lunar 
Prodigy Advance GE Healthcare, and we used three occasions for 
analysis: before start treatment, one year and five years after the 
start of treatment.

The software used for analysis was enCORE 2007, being 
evaluated, mineral density of the lumbar spine (L1-L4), 
femoral neck and total femur. The mean standard deviation 
for young adults (T-score) of all before and after the start of AI 
was analyzed and thus divided into 3 groups according to the 
World Health Organization (WHO): osteoporosis, patients with 
lower values to -2.5, osteopenia when the T index was between 
-1 and -2.5 and values greater than -1, considered normal. To 
assess bone density loss, a calculation was performed (previous 
bone mineral density subtracted from the current one and 
the difference divided by the previous bone mineral density 
and multiplied by one hundred), values lower than -2% were 
considered significant.

Blood tests to measure serum calcium, ionic calcium, vitamin 
D and parathyroid hormone (PTH) were performed in the HSPE 
laboratory. Calcium was analyzed by the colorimetric method 
with a reference value (RV) between 8.8-10.6 mg/dL. Ionic 
calcium was measured by ion selective electrode (VR 1.17-1.43 
mmol/L).

PTH was measured by chemiluminescence (VR 4 - 
58 g/mL) and 25-hydroxyvitamin D, also determined by 
chemiluminescence, results lower than 30 ng/mL were 
considered insufficient. All patients with insufficient vitamin D 
were treated with 7000 IU daily (loading dose) for eight weeks 
followed by 1000 IU daily maintenance every 6 months.

All patients, in all visits, were instructed on a balanced diet, 
adequate exposure to the sun and encouragement of physical 
activity [11]. Information was also collected on current age, 
menopausal status, immunohistochemical type, serum vitamin 
D value (measured by the plasma value of 25-hydroxyvitamin 
D), body mass index (BMI), ethnicity the patient considered 
herself to be, bone mineral density and T-score before starting 
treatments, six months and 5 years later in lumbar spine (L1-
L4), femoral neck and femur, calculation of bone mineral density 
loss or gain at six months and five years. For data analysis, we 
used the Statistical Package for the Social Sciences (SPSS) 17.0 
for Windows, where, initially, the KS Test was carried out, to 
verify the normality of the sample, later carried out the Kruskal-
Wallis and Mann-Whitney test for Density and T -Score; and the 
Chi-Square Test for the Classification of Bone Mass, considering 
the significance level used for the tests was 5%.

Results

A total of 276 women were followed up, two (5.5%) being 
excluded for suspending medication due to pain, 20 (55.5%) for 
not having BMD within the time required for the study, seven 
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(19.5%) for not having all relevant data for comparison, six 
(17%) for presenting osteoporosis before the investigation and 
one (2.5%) for progressing to death, leaving 240 divided into 
4 groups with 60 in each. When compared in terms of age and 

body mass index (BMI) there were no statistically significant 
differences, demonstrating the homogeneity of the sample 
(p≥0.05) (Table 1).

Table 1: Characterization of women evaluated.

G1
N=60

G2
N=60

G3
N=60

G4
N=60

Age/BMI

(A±SD)

Age (years) 66±12 66±8.1 66±12.4 66±10,4

BMI (Kg/m2) 28.8±6.1 29.3±4.8 29.3±3.4 29.7±4.1

BMI classification

N (%)

Eutrophy (18.5-24.9) 16 (26%) 11 (18%) 22 (36%) 28 (46%)

Overweight (25.0-
29.9) 26 (43%) 26 (43%) 14 (23%) 19 (32%)

Obesity (>30) 18 (31%) 23 (39%) 24 (41%) 13 (22%)

Ethnicity

N (%)

Black 24 (40%) 8 (13%) 20 (33%) 17 (28%)

Brown 9 (15%) 15 (25%) 9 (16%) 13 (22%)

White 27 (45%) 37 (62%) 31 (51%) 27 (46%)

Yellow 0 (0%) 0 (0%) 0 (0%) 2 (4%)

Lab tests

(A±SD)

Vitamin D 20±6.0 31±1.2 22.1±4.1 31±1.4

Ionized calcium 1.7±2.3 1.2±0.0 1.2±0.1 1.2±0.0

Calcium 9.4±0.4 9.1±0.15 9.3±0.4 9.2±0.3

PTH 38±33.2 23.3±6.0 37.2±33.3 25.9±9.7

Immuno Subtypes

N (%)

Luminal A 46 (77%) 48 (80%) 0 (0%) 0 (0%)

Luminal B 12 (20%) 8 (13%) 0 (0%) 0 (0%)

Luminal B HER-2 2 (3%) 4 (7%) 0 (0%) 0 (0%)

HER-2 0 (0%) 0 (0%) 4 (7%) 9 (15%)

TNBC 0 (0%) 0 (0%) 56 (93%) 51 (85%)

G1: aromatase inhibitors’ group with insufficient vitamin D; G2: aromatase inhibitors’ group with sufficient vitamin D; G3: control group with 
insufficient vitamin D; G4: control group with sufficient vitamin D; A: Average; SD: Standart deviation; N: number; PTH: parathyroid hormone.

For the distribution of the bone mass classification, we 
observed that there is a relationship, that is, a difference 
between the groups at all times, respectively (p=0.007, 0.001 
and 0.006). In the evolution to osteoporosis in 1 year, we 
observed a rate of 12% in G1, 4% in G2, 5% in G3 and 0% in 
G4, that is, G1 presented a statistically significant difference 
when compared to G4 (p= 0.006). After 5 years there was no 

significant difference between the groups. When analyzing the 
evolution to osteopenia in 5 years, we observed a rate of 55% in 
G1, 42% in G2, 73% in G3 and 50% in G4, that is, G3 presented a 
statistically significant difference when compared to G1, G2 and 
G4 respectively (p=0.036, <0.001 and 0.009), being the one that 
changed the most over the years (Table 2).

Table 2: Distribution of Bone Mass Classification (Chi-Square test).

G1

N=60

G2

N=60

G3

N=60

G4

N=60

Total

   N=240

P

value

N (%) N (%) N (%) N (%) N (%)

Before
Normal 49 (82%) 35 (58%) 40 (67%) 49 (82%) 173 (72%)

0,007*
Osteopenia 11 (18%) 25 (42%) 20 (33%) 11 (18%) 67 (28%)

1Year

Normal 42 (70%) 29 (48%) 27 (45%) 30 (50%) 128 (53%)

0,001*Osteopenia 11 (18%) 29 (48%) 30 (50%) 30 (50%) 100 (42%)

Osteoporosis 7 (12%)* 2 (4%) 3 (5%) 0 (0%) 12 (5%)

5Years

Normal 24 (40%) 33 (55%) 13 (22%) 30 (50%) 100 (42%)

0,006*Osteopenia 33 (55%) 25 (42%) 44 (73%)* 30 (50%) 132 (55%)

Osteoporosis 3 (5%) 2 (3%) 3 (5%) 0 (0%) 8 (3%)

G1: aromatase inhibitors’ group with insufficient vitamin D; G2: aromatase inhibitors’ group with sufficient vitamin D; G3: control group with 
insufficient vitamin D; G4: control group with sufficient vitamin D; N: number.
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In the T-Score evaluation, considering the column after 1 
year, we found an average of -0.40 in G1, -0.82 in G2, -0.66 in 
G3 and -0.46 in G4 (p=0.04). When evaluated between groups, 
G2 showed a statistically significant difference compared to G1 
(p=0.015) and G4 (p=0.017). When evaluated after 5 years, we 
found in the column an average of -0.56 in G1, -0.84 in G2, -1.02 
in G3 and -0.54 in G4 (p=0.04), when evaluated between the 
groups, G3 showed a statistically significant difference compared 
to G1 (p=0.02) and G4 (p=0.003). In relation to the femur after 

5 years, we found an average of -0.48 in G1, -0.47 in G2, -1.12 in 
G3, -0.62 in G4 (p=0.001), when evaluated between the groups 
G3 showed a statistically significant difference compared to G1 
(p=0.002), G2 (p=0.002) and G4 (p<0.001). In the femoral neck 
at 5 years, we found an average of -0.91 in G1, -0.88 in G2, -1.31 
in G3 and -0.65 in G4 (p=0.005), when evaluated between the 
groups G3 showed a statistically significant difference compared 
to G1 (p=0.004), G2 (p=0.007) and G4 (p<0.001) (Table 3).

Table 3: Comparison between groups considering the T-Score (Kruskal-Wallis and Mann-Whitney tests).

A M SD Q1 Q3 N CI P value

Spine

Before

G1 -0.11 -0.20 1.22 -0.60 0.52 60 0.31

0.07
G2 -0.49 -0.60 0.97 -1.22 0.30 60 0.24

G3 -0.44 -0.60 1.23 -0.80 <0.001 60 0.31

G4 -0.34 -0.40 0.71 -0.80 0.30 60 0.18

1Year

G1 -0.40 -0.50 1.38 -1.00 0.22 60 0.35

0.04
G2 -0.82* -0.70 1.00 -1.30 -0.60 60 0.25

G3 -0.66 -1.00 1.25 -1.30 -0.35 60 0.31

G4 -0.46 -0.50 0.78 -1.10 0.13 60 0.19

5Years

G1 -0.56 -0.65 1.34 -1.10 -0.30 60 0.34

0.04
G2 -0.84 -0.60 1.07 -1.47 -0.60 60 0.27

G3 -1.02* -1.10 1.33 -2.20 -0.57 60 0.33

G4 -0.54 -0.60 0.86 -1.20 0.03 60 0.21

Femur

Before

G1 0.16 0.10 1.19 -0.70 1.15 60 0.30

0.59
G2 -0.09 -0.10 1.41 -1.50 1.30 60 0.35

G3 0.11 0.30 1.21 -0.30 1.30 60 0.30

G4 -0.35 -0.35 0.86 -0.82 0.22 60 0.22

1Year

G1 -0.13 -0.10 1.15 -0.90 0.62 60 0.29

0.53
G2 -0.31 -0.65 1.18 -1.30 1.10 60 0.29

G3 -0.29 -0.30 1.13 -1.00 0.60 60 0.28

G4 -0.53 -0.60 0.75 -1.10 -0.10 60 0.19

5Years

G1 -0.48 -0.50 1.16 -1.00 0.15 60 0.29

0.001
G2 -0.47 -1.00 1.26 -1.52 1.10 60 0.32

G3 -1.12* -1.80 1.23 -2.10 -0.60 60 0.31

G4 -0.62 -0.80 0.85 -1.20 -0.07 60 0.21

Femoral 
neck Before

G1 -0.48 -0.50 0.97 -1.05 0.10 60 0.24 0.55

G2 -0.69 -0.20 0.81 -1.42 -0.20 60 0.20

Femoral 
neck

Before
G3 -0.59 -0.50 0.85 -1.20 -0.15 60 0.21

0.55
G4 -0.38 -0.35 0.72 -1.00 0.12 60 0.18

1Year

G1 -0.67 -0.70 0.91 -1.30 <0.001 60 0.23

0.4
G2 -0.86 -0.70 0.99 -1.60 -0.47 60 0.25

G3 -0.74 -1.00 0.92 -1.50 <0.001 60 0.23

G4 -0.57 -0.60 0.80 -1.10 -0.10 60 0.20

5Years

G1 -0.91 -1.10 0.85 -1.30 -0.40 60 0.21

0.005
G2 -0.88 -0.70 0.96 -1.60 -0.47 60 0.24

G3 -1.31* -1.40 0.89 -2.00 -1.00 60 0.22

G4 -0.65 -0.70 0.82 -1.12 -0.20 60 0.20

G1: aromatase inhibitors’ group with insufficient vitamin D; G2: aromatase inhibitors’ group with sufficient vitamin D; G3: control group with 
insufficient vitamin D; G4: control group with sufficient vitamin D; A: Average; M: Median; SD: Standart deviation; Q1: First quartile; Q3: Third 
quartile; N: number; CI: Confidence interval.
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Considering the evaluation of density in the column over a 
period of 1 year, we observed an average of 1.14 in G1, 0.99 in 
G2, 1.10 in G3 and 0.91 in G4 (p<0.001), confirming the existence 
of differences between the groups. When analyzing between 
the groups, we found a statistically significant difference in G4 
comparing to G1 (p<0.001), G2 (p<0.002) and G3 (p<0.001). 
After 5 years, we found a mean of 1.10 in G1, 0.97 in G2, 1.05 in 
G3 and 0.86 in G4 (p=0.001). Likewise, when analyzing between 

the groups, we found a statistically significant difference in G4 
comparing to G1 (p<0.001), G2 (p<0.001) and G3 (p<0.001).

In the femur in the time of 5 years, we observed a mean 
of 0.98 in G1, 0.91 in G2, 0.90 in G3 and 0.83 in G4 (p=0.03), 
confirming that there is a difference between the 4 groups. When 
analyzed between groups, we observed statistically significant 
differences in G4 in relation to G1 (p<0.001), G2 (p=0.032) and 
G3 (p=0.009).

Table 4: Comparison of groups for Density (Kruskal-Wallis and Mann-Whitney tests).

A M SD Q1 Q3 N CI P value

Spine

Before

G1 1.14 1.13 0.16 1.1 1.22 60 0.04

0.22
G2 1.08 1.1 0.17 0.95 1.22 60 0.04

G3 1.11 1.1 0.16 1.08 1.18 60 0.04

G4 0.99 1.01 0.12 0.89 1.1 60 0.03

1Year

G1 1.14 1.11 0.17 1.06 1.25 60 0.04

<0.001
G2 0.99 1.04 0.19 0.94 1.1 60 0.04

G3 1.1 1.07 0.15 1.02 1.12 60 0.03

G4 0.91* 0.95 0.16 0.84 1.03 60 0.04

5Years

G1 1.1 1.1 0.16 1.01 1.14 60 0.04

0.001
G2 0.97 1 0.19 0.91 1.1 60 0.04

G3 1.05 1 0.21 0.96 1.1 60 0.05

G4 0.86* 0.89 0.14 0.81 0.98 60 0.03

Femur

Before

G1 1.03 1.01 0.17 0.92 1.15 60 0.04

0.63
G2 0.99 1.01 0.18 0.8 1.17 60 0.04

G3 1.03 1.04 0.16 0.97 1.17 60 0.04

G4 0.98 0.99 0.12 0.91 1.09 60 0.03

1Year

G1 1.01 1.01 0.16 0.9 1.1 60 0.04

0.1
G2 0.94 0.94 0.19 0.82 1.14 60 0.04

G3 0.95 0.97 0.15 0.87 1.04 60 0.03

G4 0.9 0.93 0.12 0.85 0.99 60 0.03

Femur 5Years

G1 0.98 0.97 0.15 0.88 1.1 60 0.04

0.03
G2 0.91 0.9 0.2 0.76 1.14 60 0.05

G3 0.9 0.92 0.16 0.79 0.94 60 0.04

G4 0.83* 0.87 0.11 0.76 0.92 60 0.02

Femoral 
neck

Before

G1 0.96 0.93 0.13 0.88 1.03 60 0.03

0.37
G2 0.92 0.96 0.1 0.81 1.01 60 0.02

G3 0.95 0.96 0.11 0.87 1.02 60 0.03

G4 0.98 0.98 0.12 0.9 1.09 60 0.03

1Year

G1 0.95 0.94 0.13 0.87 1.03 60 0.03

0.068
G2 0.9 0.91 0.13 0.77 0.95 60 0.03

G3 0.91 0.87 0.15 0.82 1.03 60 0.03

G4 0.84 0.87 0.2 0.77 0.96 60 0.05

5Years

G1 0.93* 0.94 0.12 0.85 1.01 60 0.03

0.006
G2 0.85 0.92 0.12 0.71 0.94 60 0.03

G3 0.85 0.88 0.14 0.75 0.98 60 0.03

G4 0.83 0.83 0.09 0.77 0.9 60 0,02

G1: aromatase inhibitors’ group with insufficient vitamin D; G2: aromatase inhibitors’ group with sufficient vitamin D; G3: control group with 
insufficient vitamin D; G4: control group with sufficient vitamin D; A: Average; M: Median; SD: Standart deviation; Q1: First quartile; Q3: Third 
quartile; N: number; CI: Confidence interval.
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Finally, in the femoral neck over 5 years, where we had an 
average of 0.93 in G1, 0.85 in G2, 0.85 in G3 and 0.83 in G4 (p= 
0.006), we confirmed that there is a difference between the 4 
groups. And when analyzed between groups, we observed 
a statistically significant difference in G1 compared to G2 
(p=0.003), G3 (p=0.013) and G4 (p<0.001) (Table 4).

Considering bone mass loss when comparing 1 year with 
5 years, we observed that all groups presented statistically 

significant differences between themselves (spine p<0.001; 
femur p=0.012; femoral neck p=0.046), that is, the loss of mass 
bone was significant in all groups, being in the spine respectively 
G1 (-3.2), G2 (-2.2), G3 (-4.3) and G4 (-5.2); in the femur, G1 (-3.2), 
G2 (-2.2), G3 (-5.0) and G4 (-7.0) and in the femoral neck G1 
(-1.6), G2 (-4.0), G3 (-5.8) and G4 (-1.4). It is worth mentioning 
that the greatest loss was found in the column, where G1 showed 
an 8-fold increase in loss after 5 years (-0.4% to -3.6%) and G3 
showed a 43-fold increase (from -0, 1% to -4.4%) (Table 5).

Table 5: Comparison between groups for loss (Kruskal-Wallis and Mann-Whitney tests).

A M SD Q1 Q3 N CI
P

value

Spine

1Year

G1 -0.4% 0.0% 5.2% -1.9% 0.0% 60 1.3%

<0.001

G2 -7.9% -9.0% 9.6% -9.9% -3.5% 60 2.4%

G3 -0.1% -2.2% 17.2% -9.1% 2.9% 60 4.4%

G4 -8.3% -6.0% 7.1% -10.7% -4.6% 60 1.8%

5Years

G1 -3.6% -2.3% 6.6% -7.3% 0.0% 60 1.7%

G2 -10.1% -9.3% 10.4% -17.3% -5.0% 60 2.6%

G3 -4.4% -10.3% 23.1% -17.4% 0.6% 60 5.9%

G4 -13.5% -11.4% 5.7% -18.1% -9.5% 60 1.4%

Femur

1Year

G1 -1.2% 0.0% 3.7% -3.0% 0.0% 60 0.9%

0.012

G2 -4.2% -2.8% 16.4% -17.5% -0.6% 60 4.1%

G3 -5.0% -3.7% 19.0% -13.0% 0.5% 60 4.8%

G4 -8.3% -6.0% 7.7% -11.0% -6.0% 60 2.0%

5Years

G1 -4.4% -3.5% 5.8% -7.0% -0.9% 60 1.5%

G2 -6.4% -2.8% 19.0% -19.7% -0.6% 60 4.8%

G3 -10.0% -9.4% 19.1% -25.3% -1.6% 60 4.8%

G4 -15.3% -15.4% 5.3% -19.9% -10.7% 60 1.3%

Femoral 
neck 1Year

G1 -1.3% -1.1% 4.2% -3.2% 0.0% 60 1.1%
0.046

G2 -2.3% -5.9% 14.5% -6.6% -0.9% 60 3.7%

Femoral 
neck

1Year
G3 -3.6% -6.2% 16.8% -11.8% 8.6% 60 4.3%

0.046

G4 -13.4% -6.0% 20.4% -10.0% -5.0% 60 5.2%

5Years

G1 -2.9% -2.1% 7.0% -8.5% 0.0% 60 1.8%

G2 -6.3% -6.6% 12.5% -12.6% 0.0% 60 3.2%

G3 -9.4% -5.7% 17.1% -20.3% 2.3% 60 4.3%

G4 -14.8% -14.9% 6.1% -18.7% -12.6% 60 1.5%

G1: aromatase inhibitors’ group with insufficient vitamin D; G2: aromatase inhibitors’ group with sufficient vitamin D; G3: control group with 
insufficient vitamin D; G4: control group with sufficient vitamin D; A: Average; M: Median; SD: Standart deviation; Q1: First quartile; Q3: Third 
quartile; N: number; CI: Confidence interval.

Discussion

Vitamin D has a fundamental and well-established role 
in the regulation of calcium and phosphate homeostasis. 
Demonstrating an increasingly important role not only in the 
normal metabolism of bones, but also in the proper function 
of other tissues and systems. It can play protective factors 
in the development of chronic, autoimmune, oncological, 
cardiovascular and infectious diseases, and its monitoring in the 
aging process of women is extremely important [12]. 

Low circulating estradiol levels in postmenopausal women 

are associated with increased bone turnover, low bone mineral 
density (BMD) and increased risk of fractures [6], the bone loss 
rate being an important factor of morbidity and mortality in this 
age group [8-10]. Endocrine therapy with aromatase inhibitors 
(AI) despite being the gold standard in the treatment of breast 
cancer in postmenopausal women with hormone receptor 
positive, raises the discussion regarding its impact on bone 
mass. This discussion has become relevant, as it is known that 
the use of AI in non-osteoporotic women negatively affects bone 
mineral density, and this long-term use may cause disorders in 
bone quality, thus increasing the chances of fractures [13]. 
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The literature discusses whether AI are in fact the villains for 
the development of osteoporosis in these women in long-term 
treatment. Failure to adequately monitor protective factors such 
as; vitamin D in adequate amounts, balanced diets and incentives 
for the practice of physical activities throughout the treatment 
are reasons for discussion according to Hong et al. [13], early 
monitoring of these variables before the use of AI and during the 
course of treatment is of paramount importance in preventing 
these conditions. It was observed in this research that women, 
regardless of the type of treatment obtained, who had sufficient 
vitamin D, had significantly less progression to osteoporosis 
and osteopenia, compared to groups with insufficient vitamin 
D. Furthermore, the present study found an initial prevalence 
of osteopenia of 28%, which is lower than reported in the 
literature. Our patients from both treatments presented after 5 
years, 55% of osteopenia and 8% of osteoporosis, corroborating 
the data in the literature.

A cross-sectional study carried out in São Paulo, with 
4,332 postmenopausal women, found the prevalence of 
osteoporosis in 33% and of osteoporotic fractures in 11.5% 
[14]. Another study that evaluated 1871 aged over 50 years 
showed prevalence’s of osteoporosis and osteopenia of 13.7 and 
48.8%, respectively [9]. Considering the treatments of choice 
for this research, the AI groups (12%) showed development of 
osteoporosis at higher rates than the control group (5%) after 1 
year. However, when we evaluated the evolution to osteopenia, 
the control group showed a significant change in 73% of the 
women evaluated after 5 years of treatment, presenting these 
changes in the groups with insufficient vitamin D. AI seem to 
be related to the further development of osteoporosis, but only 
when vitamin D is insufficient. The evolution to osteopenia was 
observed as something inevitable, occurring in both groups, 
being even greater in the control group with insufficient vitamin 
D. It is known that in the menopausal period this situation 
is characterized as normal; bone mass loss in women with a 
history of early menopause is 2% per year and when we add 
endocrine therapy, this loss can reach up to 2.6% per year in 
women [15]. The evolution to osteoporosis and the loss of 
bone mineral density is not normal and must be prevented in 
those treatments where these risk factors exist, thus avoiding 
pathological fractures in this population [16]. 

Considering the evaluation of bone mass density in the spine, 
femur and femoral neck, the loss was greater in the control group 
with insufficient vitamin D after 5 years; the control group with 
sufficient vitamin D also showed significant losses after 5 years 
in the spine and femur. It is important to discuss the issue of 
changes that may occur in the lives of these patients over the 
years [12], since those who had enough Vitamin D were not 
supplemented at the beginning of treatment, being only oriented 
about a balanced diet, adequate exposure to the sun and physical 
activities. We also emphasize the condition that participants 
who had sufficient Vitamin D at the beginning may become 
insufficient during the treatment, requiring closer monitoring to 

the point of mitigating these failures [4], identifying risk factors 
as quickly as possible.

The AI group that received vitamin D replacement at the 
beginning because it was insufficient, may have presented a 
protective factor for the evaluation of density over the years, as 
we can even notice an increase in this variable in the femoral 
neck after 5 years (0.93), compared to the other groups. The 
question remains whether there is a more attentive view for 
patients using AI, since this loss of bone mass is already widely 
discussed scientifically. Charlson et al. [17] report in their 
study that 24% of women who started AI therapies without any 
bone mass assessment in the age groups from 67 to 70 years 
old, increasing this rate to 40% over 86 years old, making it a 
worrying fact. in this research.

It is worth mentioning that considering the normal values of 
annual bone mass loss (1.5% per year), the control group with 
sufficient vitamin D presented, after 5 years, losses above the 
desired values for all regions (-13.5%= column, -15.3%=femur, 
-14.8%=femoral neck). Thus, we identified that the participants 
who had sufficient vitamin D developed less progression to 
osteopenia and osteoporosis over the years of treatment, but 
when we evaluated the loss, the groups that needed Vitamin D 
replacement at the beginning of the interventions developed 
smaller losses over the course of 5 years.

In the present study, it was possible to observe a statistically 
significant loss in BMD in the femur after 5 years considering 
Group IA with insufficient Vitamin D and after 6 months in the 
Control Group with sufficient Vitamin D, in the Spine after 1 
year and 5 years in the Control Group with Vitamin D enough. 
Corroborating our findings, the ATAC2 study, performed only to 
assess BMD during the 5 years of follow-up, showed significant 
loss only in the spine, hip and trabecular bones, as these are 
more influenced by the absence of estrogen than the others. It is 
also important to note that no woman with normal densitometry 
became osteoporotic.

In addition, the ATAC2 study carried out with 9366 women 
showed that, at 68 months of follow-up, the incidence of fracture 
was higher in the AI group compared to the tamoxifen group, 
which we did not find in our research, no osteoporotic patient had 
a fracture at follow-up of 5 years comparing the therapies used. 
It is important to emphasize the need for regular monitoring of 
BMD and the implementation of strategies to prevent this loss, 
such as the association of physical activity during the period in 
treatment with AI, for protection in women who mainly have 
other risk factors such as smoking, age and use concomitant 
corticosteroids [6,18]. 

Large clinical trials on breast cancer show association with 
increased risk of fractures with use of third-generation AI such as 
anastrozole [2,6], letrozole [17,19] and examestano [17]. In the 
present study, we could see the deleterious effects of AI on BMD 
after 6 months, and especially after 5 years. This is most likely 
due to the fact that bone loss is more pronounced in the first 2 
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years of medication use [19-21]. A study carried out in São Paulo 
in 2015 [9] proves that there is an inverse correlation between 
BMI and the risk of osteopenia and osteoporosis, that is, the 
literature demonstrates that low body weight (less than 58kg) is 
associated with an increased risk of osteoporosis and fractures 
[12]. In our study, we could see that 67.9% of the patients were 
classified between overweight and obesity. We did not find any 
with low weight, thus presenting a low rate of osteoporosis and 
the absence of fracture in this period evaluated, in agreement 
with what is reported in the literature that weight especially 
reduces this risk [4-6].

Conclusion

Bone loss in postmenopausal women at 5-year follow-
up may be related to aromatase inhibitor use. Vitamin D 
supplementation, regardless of the type of treatment in breast 
cancer, seems to have a protective factor in the progression to 
osteoporosis.
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