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ARTICLE INFO ABSTRACT

Keywords: Purpose: The impact of dietary counseling on body composition in early breast cancer patients (EBC) treated with
Body composition aromatase inhibitors (Als) is uncertain. The aim of this study was to assess the effects of a diet counseling
Fat mass

program on weight, BMI, total and regional body composition in patients treated with Als.

]S“::lonlfisa Methods: This observational study involved 194 EBC patients, of which 97 attended a 6-month personalized
ObesiltJy counseling program, based on Mediterranean diet principles (cohort A) and 97 did not (cohort B). Dual-energy X-
Diet ray absorptiometry (DXA) scan was used to measure the total and regional fat and lean body mass, before

Physical exercise (baseline) and after at least 18 months of Al-therapy.

Results: Weight and BMI increased significantly, on the average, in cohort B, but not in cohort A. In the cohorts A
and B, fat mass increased by 10 % and 7.7 % respectively, while lean mass decreased by 3.3 % and 2.6 % from
before to after Al therapy, without statistically significant differences between them using the Mann-Whitney
test. The changes in body composition were greater in premenopausal than in postmenopausal women at can-
cer diagnosis. The proportion of patients with sarcopenia, obesity and sarcopenic obesity increased from before
to after Al therapy, similarly in both cohorts.

Conclusions: Patients treated with Als reported an increase in fat mass and a decrease in lean mass, and conse-
quently an increase in sarcopenia and obesity, regardless of the participation in a dietary counseling program. A
combined dietary counseling and physical exercise program may be necessary for preventing these unfavourable
changes in these patients.

1. Introduction physical activity are the main causes, with hormone therapy and
chemotherapy as favoring factors [1-4]. The increase in body fat,

More than a half of patients with early breast cancer (EBC) experi- particularly visceral fat, is associated with an increased risk of chronic
ence significant weight gain, particularly in body fat, after receiving diseases such as type 2 diabetes and cardiovascular diseases [5-7].
antineoplastic treatment [1]. Unhealthy dietary habits and lack of Moreover, several EBC women experience a loss of lean body mass after
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therapy, which can lead to sarcopenia and sarcopenic obesity [8,9].
Sarcopenia and sarcopenic obesity are an emerging public health
problem in the elderly worldwide, due to substantial adverse effects on
mental and physical health, and on all-cause mortality [10,11]. Sarco-
penic EBC patients are more prone to experiencing drug-induced side
effects, are more at risk of disease relapse or progression, and have a
decreased survival rate than women who are not sarcopenic [8,9,12].
Sarcopenic obesity has been considered a possible side-effect of breast
cancer treatment [13,14], although the few studies on the effects of the
hormonal derangement induced by recent aromatase inhibitor (AI) on
body composition reported inconsistent results [15-17]. Most studies on
weight gain in EBC patients assessed body weight as the outcome, which
however has low sensitivity for detecting both obesity and sarcopenia,
and cannot differentiate between fat mass and lean mass, since a con-
current increase in fat mass and decrease in lean mass produces sub-
stantial changes in body composition without variation in body weight
[13,18,19]. Dual-energy X-ray absorptiometry (DXA), bioelectrical
impedance analyses or computed tomography are the recommended
tools for the assessment of total and regional body composition at pre-
sent [11,18-20]. Lifestyle is still considered the keystone for preventing
obesity and sarcopenia, and several randomized controlled trials (RCTs)
showed that, in EBC patients, dietary and physical activity interventions
can be effective in reducing weight, body mass index (BMI) and waist
circumference in overweight or obese women, and in preventing weight
gain in normal weight women [21,22]. However, RCTs yielded less
consistent results as regards the effects of interventions on body
composition, particularly fat mass and fat distribution, and muscle mass
[21], and few data are available on the impact of routinely applied, real
world, lifestyle interventions on body composition in EBC patients after
adjuvant hormone therapy. In the present study we aimed to assess the
changes over time of body weight, BMI, fat body mass and lean body
mass, in the whole body and in different body districts, in EBC patients
given hormone therapy with Als, according to women’s participation in
a dietary counseling program.

2. Patients and methods
2.1. Study design

This is an observational, single-centre cohort study, conducted at the
Medical Oncology Unit and Breast Unit of Azienda Socio Sanitaria Ter-
ritoriale (ASST) Spedali Civili of Brescia (Italy), from 2018 to 2020. This
is a secondary analysis of a prospective study (internal protocol No
3270, registered in August 2014) that involved additional retrospective
collection of data and followed the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) reporting guideline
[23].

Each EBC patient was offered to participate in a dietary counseling
program, provided by a trained dietitian, before starting Al therapy. The
patients who attended at least 6 months of the dietary counseling were
considered candidate for the present study, and assigned to cohort A if
eligible, whereas patients who did not participate in the program were
candidate for the cohort B.

Patients of the two cohorts were paired individually in a 1:1 ratio,
using the propensity score method.

2.2. Participants

Patients who had histologically confirmed EBC (stage I-III) and
completed surgery, chemotherapy, and received at least 18 months of Al
therapy were eligible. It was necessary for the patients to have two DXA
scans, one before starting Al therapy and the other after completing at
least 18 months of Al therapy. Patients who had poor performance status
(ECOG >2), metastatic disease, or had previously received treatment for
other tumors were excluded from the study.
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2.3. Dietary counseling program

Each patient assigned to cohort A had monthly meetings with a
trained dietician, where they received a meal plan with daily energy
intake and macronutrient composition tailored to their dietary habits
and nutritional status. The dietary advice considered each patient’s
illness and reported symptoms, including constipation, nausea, mete-
orism, and fatigue. The principles of the Mediterranean diet were fol-
lowed, focussed on reduced consumption of simple sugars, sweets, meat
and poultry, salt, milk and dairy products, and ultra-processed foods,
and on increased consumption of vegetables and fruits, nuts, whole
grains, legumes and water. The dietician emphasized the patient’s
commitment to meal planning by reviewing the patient’s seven-day food
diary each session. Moreover, the dietician encouraged each patient to
increase their physical activity at any time.

Patients assigned to cohort B, who did not participate in the dietary
education program were only given general advice on healthy eating
habits.

Both dietary counseling for cohort A and general advice for cohort B
were based on the World Cancer Research Fund/American Institute for
Cancer Research (WCRF/AICR) guideline recommendations [24-26]
and on the Italian Dietary Guidelines on recommended levels of energy
and nutrients intake [27,28].

2.4. Demographics, lifestyle and diet assessment

The age at EBC diagnosis was recorded. Working activity was cate-
gorized as employed or unemployed and tobacco use as previous/cur-
rent smoker vs. never smoked.

Physical activity was evaluated using the International Physical Ac-
tivity Questionnaire (IPAQ) [29], which assesses specific types of ac-
tivity, i.e. walking, moderate-intensity and vigorous-intensity activities
and calculates the Metabolic Equivalent of Tasks (METs). A total score
was calculated adding the scores of walking and moderate and vigorous
activities, and subjects were classified into 3 categories: low (<600
METs), moderate (600-2,999 METs), and high (>3,000 METs) physical
activity.

Assessment of anthropometric parameters was done following stan-
dardized procedures, with subjects only wearing light clothes and
without shoes. Height was measured using a wall-mounted stadiometer.
Weight was measured using a calibrated digital scale. BMI was calcu-
lated by dividing body weight (kilograms) by height squared (meters).

2.5. Body composition assessment

The body composition was assessed with body dual-energy x-ray
absorptiometry using Hologic QDR-4500W instrumentation (DXA;
Hologic Corporation, Waltham, Massachusetts, software version 9.03)
[30]. DXA scan was performed in all patients of the two cohorts before
(baseline) and after at least 18 months of Al-therapy. The DXA analysis
was used to calculate:

1) total fat mass, expressed in kg and in percentage, and total lean mass,
in kg, in the whole body and in the body districts: right and left arms,
right and left legs, trunk, and head;

2) the following ratios: trunk to appendicular fat; total fat mass (kg) to
square of height (meters) (fat mass index, FMI); total lean mass (kg)
to square of height (meters) (lean mass index, LMI); the sum of arms
and legs lean mass (kg) to square of height (meters) (appendicular
lean mass index, ALMI).

Sarcopenic obesity was defined as the co-existence of excess
adiposity and low muscle mass according to the criteria proposed by the
European Society for Clinical Nutrition and Metabolism (ESPEN) [20]
and the European Association for the Study of Obesity (EASO) [20] and
by the European Working Group on Sarcopenia in Older People 2



R. Pedersini et al.

(EWGSOP2) [31]. In agreement with previous studies based on DXA
measurements [20,31], the following cut-off points for obesity, sarco-
penia, and sarcopenic obesity were established: total fat mass percent-
age >40.8 % and ALMI <5.5 kg/m?.

3. Statistical analyses

Categorical variables were expressed as frequencies and percentages,
and means with their 95 % confidence intervals (95 % CI) or medians
and inter quartile ranges for continuous variables, according to their
distribution. To obtain a similar set of participants in both cohort A and
B, a propensity scores matching procedure was calculated using a lo-
gistic regression model based on age, BMI, pT and pN at the baseline as
covariates. According to this procedure, the candidate subjects of the
two groups were matched through the algorithm of nearest neighbor
matching without substitution, matching each patient receiving the di-
etary counseling (cohort A) with a patient not receiving the dietary
counseling (cohort B), to minimize the absolute distance in terms of
propensity score, with a maximum acceptable threshold of 0.01 [32].
The comparisons of weight, BMI, and body composition parameters
between the two cohorts were performed using the nonparametric
Mann-Whitney U test, due to non-normal, skewed, distribution of the
continuous variables. For the same variables, the differences between
before and after Al therapy were tested with the Wilcoxon signed-rank
test for paired data, for each cohort. The effects of the dietary coun-
seling program on the before-after Al therapy changes in body param-
eters were evaluated with the difference-in-differences approach, using
the non-parametric Mann-Whitney U test for the comparison of the
before-after Al therapy differences between the two cohorts. Further-
more, the analysis of covariance (ANACOVA) was used to evaluate the
association of each body parameter value after Al therapy with the
cohort type (independent variable), with each parameter value at
baseline and age at diagnosis as covariates.

The comparisons of proportions between the two cohorts were per-
formed using the chi square and the exact test, whereas the intra-cohort
comparisons of the proportion of women with sarcopenia, obesity and
sarcopenic obesity from before to after Al therapy were done using the
McNemar exact test for paired data, for each cohort. Logistic regression
models were also fitted to assess the association of sarcopenia, obesity
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and sarcopenic obesity after Al therapy with demographic, clinical and
body composition parameters before Al therapy (baseline). Separate
analyses by menopausal status were also done to assess the possible
impact of treatment-induced menopause on body composition changes
from before to after Al therapy. All the statistical tests were two-sided
with a type I error of 5 %. We did all the analyses with SPSS (IBM
Corp. Released 2015. IBM SPSS Statistics for Windows, Version 23.0.
Armonk, NY: IBM Corp.) and Stata Statistical Software: Release 18.
(College Station, TX: StataCorp LLC. 2023).

4. Results

Three-hundred and ninety-four women treated with Als and fol-
lowed at the Breast Unit of the ASST-Spedali Civili of Brescia from 2018
to 2020 were selected as candidate (Fig. 1): 159 received the dietary
counseling (cohort A) and 235 did not (cohort B). In the cohort A, 14
patients were excluded because attended the dietary counseling pro-
gram for less than 6 months Additionally, 22 patients in cohort A and 18
in cohort B were excluded due to refusal or ineligibility (poor compli-
ance or incomplete questionnaires provided), and 26 and 58 patients in
cohorts A and B, respectively, because of the propensity score procedure.
Finally, 97 patients in the cohort A and 97 in the cohort B were included
in the study.

4.1. Patients’ characteristics

Table 1 details the characteristics of the 194 patients who partici-
pated in the study. The two cohorts were similar regarding age, weight,
BMI, working activity and smoking habits, and for the following tumor
characteristics: pT and pN stage, histological type, Her-2 amplification,
and expression of estrogen and progesterone receptors. Patients in
cohort A displayed a greater proportion of grade 3, high proliferative
tumors, and therefore received adjuvant chemotherapy more frequently
than cohort B. Most women were postmenopausal when received BC
treatment in both groups, without significant differences between them.
Among premenopausal patients, 20 of 33 (60.6 %) and 20 of 22 (90.9 %)
received ovarian suppression in cohorts A and B, respectively. The
majority of women practiced low physical activity, more in the cohort B
than cohort A (76.3 % and 54.6 %, respectively).

Assessed for eligibility
(performed at least 2 DEXA)

4
Cohort A (N=159)

Pts excluded (N=14):
Dietary education < 6 months

-«

Completed
questionnaires,
cohort A (N=145)

Pts excluded (N=22):
1-Declined (N=5)
2-Poor compliance (living away
from or hospital (N=5) {
3- Incomplete data (N=12)

A

4

Eligible

Ccohort A (=123)

Pts excluded (N=26): «—
Propensity score
v
Enrolled
Ccohort A (=97)

N=394 j

Cohort B (N =235)

A\ 4
Completed
questionnaires,
Cohort B (N=115)

Pts excluded (N=18):
> 1-Declined (N=4)
J 2-Poor compliance (living away
4 from or hospital (N=2)
Eligible 3- Incomplete data (N=12)
Cohort B (=97)
Pts excluded (N=58):
Propensity score
Enrolled
Cohort B (=97)

Fig. 1. Consort diagram.
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Table 1
Characteristics of the patients in a dietary counseling group (cohort A) and in a
control group (cohort B) before starting aromatase inhibitors (AI) therapy
(before).

Characteristic Cohort A (n = 97) Cohort B (n = 97) P*
n (%) n (%)
Age (years), median (range) 59 (33-80) 63 (40-83) 0.14

Menopausal status

Pre-menopause 33 (35.1 %) 22 (23.7 %) 0.09
Post-menopause 61 (64.9 %) 71 (76.3 %)
Weight (kg), median (IQR) 65 (57-73) 63 (57-72) 0.52

BMI (kg/m?), median, IQR
Working activity

24.6 (21.5-28.7) 24.2 (21.5-26.7) 0.58

unemployed 33 (34.1 %) 43 (44.4 %) 0.14
employed 64 (65.9 %) 54 (55.6 %)

Physical activity”
Low 53 (54.6 %) 74 (76.3 %) 0.002
Moderate 39 (40.2 %) 23 (23.7 %)
High 5 (5.1 %) 0

Smoking habits®
No 76 (81.7 %) 68 (77.3 %) 0.45
Yes 17 (17.5 %) 20 (20.6 %)

pT¢
1 53 (54.6 %) 60 (61.9 %) 0.39
>2 42 (45.4 %) 37 (38.1 %)

pN*
0 40 (42.1 %) 52 (53.6 %) 0.11
>1 55 (57.8 %) 45 (46.4 %)

Histological type

No Special Type (NST) 75 (77.3 %) 68 (70.1 %) 0.25

Other 22 (22.7 %) 29 (29.9 %)
Grading®
GloG2 29 (29.9 %) 58 (59.7 %) <0.001
G3 68 (70.1 %) 39 (40.3 %)
HER 2
Negative 70 (72.2 %) 78 (80.4 %) 0.18
Positive 27 (27.8 %) 19 (19.6 %)
Chemotherapy
No 20 (20.6 %) 62 (63.9 %) <0.001
Yes 77 (79.4 %) 35 (36.1 %)
Duration of therapy 25.5(7.2) 28.5(9.4) 0.016
(months), mean (SD)
ER (%), median (IQR) 100 (93-100) 100 (95-100) 0.97
PgR (%), median (IQR) 80 (25-95) 62 (15-95) 0.47
Ki67 (%), median (IQR) 26 (15-36.5) 18 (12.5-27) 0.0001

Cohort A: participants in a dietary counseling program; Cohort B: receiving only
general advice on healthy diet guidelines. pT: pathological tumor stage; pN:
pathological nodal status; IQR: interquartile range; G1: well-differentiated
tumour; G2 moderately differentiated tumour; G3: undifferentiated tumour;
HER2: Human epidermal growth factor receptor; ER: estrogen receptor; PgR:
progesterone receptor.

# Mann-Whitney and chi-square test for unpaired data for continuous and
categorical variables, respectively.

b Physical activity: low: <600, moderate: 600-2999, and high: >3000 MET-
min/week.

¢ Data for 93 and 88 patients in cohort A and B, respectively.

4 Data for 95 patients in cohort A.

¢ Data for 93 and 95 patients in cohort A and B, respectively.

The cohort A patients participated at all the monthly meetings and
the counseling sessions.

The mean duration of Al treatment was 25.5 (SD 7.2) months and
28.5 (SD 9.4) months, in cohorts A and B, respectively (p = 0.016).
Postmenopausal patients received letrozole, while premenopausal pa-
tients received exemestane and ovarian function suppression.

4.2. Changes in weight, BMI and body composition parameters

Table 2 shows the changes in anthropometric parameters and body
composition parameters before and after Als treatment in cohort A and
B. Body weight and BMI remained stable during treatment in cohort A
and showed a slight, statistically significant, increase in cohort B (+1.9
%, 95 % CI 0.8-3.1). The lean mass decreased significantly in both
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cohorts (—3.3 % and —2.6 % in cohorts A and B, respectively), as well as
LMI and ALMI (—3.3 % for both measures in cohort A —2.6 % and —1.1
%, respectively, in cohort B). On the opposite, the fat mass increased, in
absolute values (4+10.1 % and +7.7 % in cohorts A and B, respectively)
and in percentages of body weight (+9.0 % and +5.5 %, respectively).
Accordingly, FMI and trunk/appendicular fat ratio increased in cohort A
(+10.6 %% and +8.1 %, respectively) and B (+7.4 % for both indices).
The difference-in-differences analysis showed no statistically significant
differences in the before-after changes between the two cohorts for each
parameter, using ANACOVA with the baseline measure of each param-
eter and age as covariates. Only the baseline value of each body
parameter and age at diagnosis were predictive of the percent change in
lean and fat mass from before to after Al therapy by ANACOVA. Percent
change in fat mass decreased by increasing age (Suppl. Fig. 1) and by
increasing baseline fat mass (Suppl. Fig. 2); and percent change in ALMI
decreased by increasing baseline lean mass (Suppl. Fig. 3) and was not
related with age, fitting quadratic regression models. Similar inverse
relationships with baseline values were found for the other body
composition indices.

4.3. Changes in weight, BMI and body composition parameters according
to menopausal status at EBC diagnosis

The mean age of premenopausal and postmenopausal women at EBC
diagnosis was 50.7 (SD 0.9) and 65.9 (SD 0.7) years, respectively (p <
0.0001), without statistically significant differences between the two
cohorts by menopausal status. Among premenopausal women, 67.3 %
received chemotherapy (72.7 % and 59.1 % in cohorts A and B,
respectively, p = 0.3), whereas among postmenopausal women 52.3 %
received chemotherapy (82.0 % and 26.8 % in cohorts A and B,
respectively, p < 0.001).

The before-after mean changes in body parameters in women who
were in premenopausal or postmenopausal at EBC diagnosis are shown
in Suppl. Table 1. Body weight and BMI increased more in premeno-
pausal (+1.7 %, p = 0.3, and +2.7 %, p = 0.02, in cohort A and B,
respectively) than in postmenopausal women (+0.1 % and +1.7 % in
cohort A and B). Lean mass decreased more in premenopausal (—4.2 %
and —3.3 % in cohort A and B) than in postmenopausal women (—2.8 %
and —2.6 %% in cohort A and B). Similar trends were observed for LMI
and ALMI. Fat mass increased more in premenopausal (+15.4 % and
+9.2 % in cohort A and B), than in postmenopausal women (+6.9 % and
+7.4 % in cohort A and B). Similar trends were found for fat mass %, FMI
and trunk/appendicular fat ratio. However, ANACOVA models
including baseline values of each parameter and age at diagnosis showed
that the before-after changes in body composition parameters were not
associated with postmenopausal status and cohort type (p > 0.1 for each
parameter).

4.4. Changes in body composition parameters of different body districts

The changes in body composition parameters of different districts
(trunk, upper and lower limbs, head) from before to after AI therapy in
the two cohorts are shown in Table 3. The lean mass decreased in all
body districts, more in cohort A than B for left arm (—5.2 % and —1.0 %,
respectively; p = 0.004), left leg (—3.1 % and —0.3 %; p = 0.027) and
right leg (—2.8 % and —0.5 %; p = 0.17). Fat mass increased from before
to after Al therapy in all districts (arms, legs, trunk), without statistically
significant differences between the cohorts.

4.5. Changes in the prevalence of sarcopenia, obesity, and sarcopenic
obesity

The percentage of women with sarcopenia, obesity, and sarcopenic
obesity before and after Al therapy in each cohort is shown in Table 4.
The proportion of women with sarcopenia increased slightly, more in
cohort A (from 15.5 % to 28.9 %) than in cohort B (from 23.7 % to 26.8
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Table 2
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Body weight, body mass index (BMI), and lean and fat mass before and after at least 18 months of aromatase inhibitors (AI) therapy in a dietary counseling (cohort A)
and in a control cohort (cohort B).

Parameter Cohort A Cohort B p?
Mean (95 % CI) % change from before to after Mean (95 % CI) Mean (CI 95 %) % change from before to after Mean (95 % CI)

Weight (kg)
Before Al therapy 66.40 (63.94-68.86) +0.8 65.27 (62.80-67.74) +1.9 0.242
After Al therapy 66.76 (64.28-69.24) (-0.7 to 2.3) 66.37 (63.94-68.80) (0.8-3.1)

p° 0.645 < 0.001

BMI (kg/m?)
Before Al therapy 25.14 (24.18-26.09) +0.8 24.85 (23.92-25.77) +1.9 0.242
After Al therapy 25.25 (24.31-26.18) (-0.7 to 2.3) 25.26 (24.36-26.16) (0.8-3.1)

P’ 0.788 0.272 0.001

Lean mass (kg)
Before Al therapy 40.49 (39.45-41.52) -3.3 39.39 (38.43-40.35) —-2.6 0.478
After Al therapy 39.06 (38.04-40.07) (-4.8 to —1.8) 38.33 (37.34-39.32) (-3.8to —1.4)

p’ < 0.001 < 0.001

LMI (kg/m?)
Before Al therapy 15.29 (14.90; 15.68) -3.3 14.95 (14.60; 15.30) —-2.6 0.223
After Al therapy 14.71 (14.33; 15.09) (-4.8 to —1.8) 14.59 (14.22; 14.97) (-3.8to —1.4)

P’ < 0.001 0.001

ALMI (kg/m?)
Before Al therapy 6.44 (6.03-6.85) -3.3 6.02 (5.86; 6.18) -1.1 0.114
After Al therapy 6.09 (5.90; 6.27) (-5.4to —1.2) 5.96 (5.77; 6.14) (-2.9 t0 0.8)

P’ <0.001 0.320

Fat mass (kg)
Before Al therapy 24.54 (22.87-26.22) 10.1 23.90 (22.26-25.54) 7.7 0.302
After Al therapy 26.50 (24.79-28.22) (6.6-13.7) 25.44 (2379-27.09) (4.8-10.7)

p° < 0.001 < 0.001

Fat mass %
Before Al therapy 35.8 % (34.4-37.1) 9.0 35.8 % (34.4-37.1) 5.5 0.06
After Al therapy 38.4 % (37.1-39.7) (6.3-11.6) 37.8 % (36.4-39.1) (3.3-7.8)

p’ < 0.0001 < 0.0001

FMI (kg/m?)
Before Al therapy 9.25 (8.60; 9.89) 10.6 9.11 (8.46; 9.77) 7.4 0.165
After Al therapy 10.01 (9.37; 10.66) (7.1-14.1) 9.66 (9.01; 10.30) (4.4-10.4)

P’ < 0.001 < 0.001

Trunk/Appendicular fat ratio
Before Al therapy 0.92 (0.87-0.97) 8.1 0.95 (0.90; 1) 7.4 0.687
After Al therapy 0.99 (0.93-1.04) (5.5-10.7) 1.02 (0.96; 1) (4.8-10.0)

P’ < 0.0001 < 0.0001

CI: Confidence interval; BMI: body mass index; ht: height in meters; ALMI: appendicular lean mass index; FMI: fat mass index.
# Mann-Whitney U test for the comparison of the before-after differences between the two cohorts.

b Wilcoxon signed-rank test for the before-after comparison for each cohort.

%), without statistically significant difference between the two cohorts
before and after Al-therapy. The proportion of obesity increased simi-
larly in both cohorts (from 23.7 % to 37.1 % and from 23.7 % to 34.0 %
in cohort A and B, respectively). As a consequence, the proportion of
sarcopenic obesity was small at baseline, but increased more than two
times from before to after therapy in both cohorts (from 2.0 % to 7.2 %,
and from 3.0 % to 8.3 %, in cohorts A and B, respectively).

Overall, 15 of 194 women (7.7 %) had sarcopenic obesity after Al
therapy, with a substantial increase with increasing age, from none in
women aged <50 years to 17.4 % in those aged 70 years and over at
diagnosis (Fig. 2).

Women who already had sarcopenia, obesity, and sarcopenic obesity
before AI therapy were more likely to experience these conditions after
Al therapy. More than 80 % of women who were sarcopenic or obese
before Al therapy were still sarcopenic or obese after Al therapy, in both
cohorts (Suppl. Table 2). Sarcopenic obesity after Als was more preva-
lent among women with this condition prior to Al therapy in cohort B,
while there were no women with this condition in cohort A.

The associations between sarcopenia, obesity, and sarcopenic
obesity after AI therapy as dependent variables and age and body
composition indices at baseline as independent variables were assessed
using multiple logistic regression analysis (Suppl. Table 3). Sarcopenia
was inversely associated with baseline ALMI (OR = 0.034; 95 % CI
0.012-0.10), obesity was positively associated with baseline FBM% (OR
= 1.48; 1.32-1.65), and sarcopenic obesity was associated with baseline
ALMI (OR = 0.16; 95 % CI 0.06-0.46), FBM% (OR = 1.21; 95 % CI

1.06-1.37) and age (OR = 1.09; 95 % CI 1.02-1.18). No associations
were found between the cohort type (A vs B) and clinical variables and
sarcopenia, obesity or sarcopenic obesity, when also taking account of
baseline values, by logistic regression analysis.

5. Discussion

The main findings of this study are that there was a decrease in lean
mass and a rise in fat mass, despite no significant body weight changes,
from before to after at least 18 months of Al treatment in both EBC
patients who attended, and in those who did not attend, a dietary
counseling program. Accordingly, sarcopenia, obesity and sarcopenic
obesity increased from before to after Al therapy in both groups. Pre-
menopausal women experienced larger body composition changes than
postmenopausal women at diagnosis; although menopausal status had
no statistically significant impact on changes in body composition pa-
rameters before and after Al therapy when taking account of before
therapy (baseline) values. The presence of sarcopenia, obesity and sar-
copenic obesity at baseline was highly predictive of the presence of the
same condition after Al therapy.

The changes in body composition observed in this study are in line
with the increase in fat mass (+7.2 %) and decrease in lean mass (—3.1
%) observed after 18 months of Al treatment in a recently published
series of 428 EBC patients who attended our department in 2014-2022
[17]. Some, though not all, observational studies reported similar
changes in body composition in EBC survivors, from before to after
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Table 3
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Lean and fat mass of the regional districts, before and after at least 18 months of aromatase inhibitors (AI) therapy, in a dietary counseling (cohort A) and in a control

cohort (cohort B).

Parameter Cohort A

Cohort B p?

Mean (95 % CI)

% change from before Mean (95 % CI)

Mean (CI 95 %) % change from before Mean (95 % CI)

Trunk lean mass (kg)

Before Al therapy 20.71 (20.18-21.24) —-3.4

After Al therapy 20.07 (19.44-20.50) (-5.1 to —1.6)
p° < 0.001
Left arm lean mass (kg)

Before Al therapy 1.91 (1.84-1.97) —5.2

After Al therapy 1.80 (1.74-1.87) (-7.1 to —3.3)
p’ < 0.001
Right arm lean mass (kg)

Before Al therapy 1.99 (1.92-2.06) 0.1

After Al therapy 1.97 (1.90-2.04) (-2.6 to 2.8)
p’ 0.474
Left leg lean mass (kg)

Before Al therapy 6.31 (6.11-6.51) -3.1

After Al therapy 6.11 (5.91-6.32) (-5.0to —1.2)
p’ <0.001
Right leg lean mass (kg)

Before Al therapy 6.78 (5.91-7.66) -2.8

After Al therapy 6.23 (6.03-6.43) (-5.4 to —0.2)
p’ 0.010
Head lean mass (kg)

Before Al therapy 3.04 (2.96-3.12) —6.1

After Al therapy 2.86 (2.80-2.92) (-8.2 to —4.0)
P < 0.001
Trunk fat mass (kg)

Before Al therapy 11.49 (10.51-12.47) 15.7

After Al therapy 12.69 (11.70-13.67) (10.8-20.6)
p’ < 0.001
Left arm fat mass (kg)

Before Al therapy 1.54 (1.42-1.66) 11.7

After Al therapy 1.65 (1.53-1.78) (0.9-16.4)
p’ < 0.001
Right arm fat mass (kg)

Before Al therapy 1.55 (1.4-1.68) 7.6

After Al therapy 1.62 (1.50-1.75) (3.6-11.6)
p’ 0.010
Left leg fat mass (kg)

Before Al therapy 4.38 (4.10-4.66) 8.2

After Al therapy 4.69 (4.38-5.00) (4.8-11.6)
p’ < 0.001
Right leg fat mass (kg)

Before Al therapy 4.66 (4.36-4.95) 5.5

After Al therapy 4.88 (4.56-5.20) (2.6-8.3)
p’ 0.002
Head fat mass (kg)

Before Al therapy 0.90 (0.88-0.93) 2.3

After Al therapy 0.92 (0.90-0.94) (-0.2 to 4.8)

p° 0.092

20.43 (19.89-20.97) -3.1 0.779
19.78 (19.25-20.31) (-4.5t0 —1.7)

< 0.001

1.84 (1.78-1.90) -1.0 0.004
1.83 (1.77-1.88) (-3.1t01.2)

0.061

1.97 (1.91-2.02) —0.04 0.796
1.96 (1.90-2.02) (-2.7 t0 2.0)

0.686

5.96 (5.77-6.16) -0.3 0.027
5.94 (5.75-6.14) (-1.9t0 1.3)

0.320

6.07 (5.88-6.26) -0.5 0.176
6.03 (5.83-6.22) (-2.5t0 1.6)

0.550

3.02 (2.96-3.09) —6.3 0.862
2.82 (2.77-2.86) (-8.1 to —4.5)

< 0.001

11.36 (10.33-12.40) 12.0 0.250
12.45 (11.48-13.43) (8.0-16.0)

< 0.001

1.46 (1.34-1.58) 6.4 0.124
1.52 (1.40-1.63) (1.6-11.2)

0.184

1.48 (1.36-1.60) 4.5 0.314
1.49 (1.39-1.59) (0.1-9.0)

0.445

4.28 (4.00-4.57) 4.6 0.113
4.44 (4.14-4.74) (1.6-7.6)

0.012

4.45. (4.16-4.75) 4.8 0.787
4.60 (4.29-4.90) (1.1-8.6)

0.009

0.89 (090-0.91) 0.3 0.254
0.90 (0.87-0.90) (-2.0t0 2.7)

0.327

CI: Confidence interval.

# Mann-Whitney U test for the comparison of the before-after differences between the two cohorts.

b Wilcoxon signed-rank test for the before-after comparison for each cohort.

chemotherapy and hormone therapy, with wide differences between
them [13,14,16,33]. The prevalence of sarcopenia after Al therapy
(27.9 % in both cohorts combined) was in agreement with 33 % of BC
patients with sarcopenia in two recent meta-analyses [9,12]. However, a
high degree of heterogeneity was found in the prevalence of sarcopenia
among the studies, with a range of 12 %-73 %, due to significant dif-
ferences in demographics and clinical characteristics, time (before,
during or after therapy), method of assessment, and cut-off for diagnosis
[9,12].

The reason for changes in body composition in women with EBC who
undergo adjuvant therapy is still questioned. On the one hand, the rapid
transition to menopause in premenopausal BC patients with adjuvant
therapy leads to an increase in body fat and decrease in lean mass,
similarly to what naturally occurs in early premenopausal healthy
women [13]. Indeed, we found larger body composition changes in
premenopausal than postmenopausal BC women in both cohorts during

the study period. When considering the two cohorts together, we found
larger changes in lean mass (—3.9 %), and fat mass (+12.9 %) in pre-
menopausal EBC patients who underwent Al treatment, than the annual
changes observed in lean mass (—0.2 %) and fat mass (+2.7 %) in
healthy White women during the menopause transition in a USA
community-based cohort study [34]. On the other hand, the body
composition changes in postmenopausal BC patients may partly reflect
the natural increases in fat mass and decreases in lean mass in healthy
aging [13]. The body composition mean values of EBC patients aged 50
years and over of the two cohorts together at baseline were similar to the
mean or median values reported in cross-sectional studies performed in
healthy Caucasian women of the same age, in the Italian and other
Western populations (Suppl. Table 4) [35-40]. However, the changes
observed in EBC patients aged 50 years and over from before to after Al
therapy, in about 2 years, were relevant (—2.7 % in LMI, +7.6 % in FMI
and +6.1 % in FM%) and much bigger than the differences observed
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Table 4

Sarcopenia, obesity and sarcopenic obesity according to DXA assessment of body
composition before and after at least 18 months of aromatase inhibitors (AI)
therapy, in a dietary counseling (cohort A) and in a control cohort (cohort B).

Parameter Cohort A Cohort B
N (%) % increase from N (%) % increase from
before to after Al before to after Al
therapy therapy
Sarcopenia
Before AL 15 86.7 % 23 13.0 %
therapy (15.5) (23.7)
After Al 28 26
therapy (28.9) (26.8)
P* 0.004 0.55
Obesity
Before Al 23 56.5 % 23 43.5 %
therapy (23.7) (23.7)
After Al 36 33
therapy (37.1) (34.0)
p* 0.007 0.02
Sarcopenic obesity
Before Al 2 (2.0) 250 % 3(3.0) 167 %
therapy
After Al 7(7.2) 8(8.3)
therapy
p* 0.18 0.13

CI: Confidence interval.
@ McNemar exact test for the comparison of the before-after proportions for
each cohort.
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Fig. 2. Percentage of women with sarcopenic obesity after therapy with aro-
matase inhibitors according to age.

between each 10-year age category and the subsequent one in most
studies on the general population. Therefore, EBC women undergoing Al
therapy seem to have an accelerated aging process of their body
composition compared to healthy women of the same age. Indeed a
prospective study revealed that EBC patients in the first year after
chemotherapy gained weight more rapidly than women from the same
risk cohort [41] who were cancer-free, age- and
menopausal-status-matched. However, a recent RCT testing Al treat-
ment vs placebo in postmenopausal women at increased risk of devel-
oping BC found no association between AI treatment and body
composition changes at 9-18 months [42]. Anyway, there are no studies
on body composition changes in BC patients undergoing adjuvant
treatment that included also “control” women without BC, and therefore
no definite conclusion on this point can be done at present [13]. Our
dietary counseling program consists in regular, personalized, advice
provided by an expert dietician, based on the principles of the Medi-
terranean diet, according to the guidelines of the Italian Society of

The Breast 78 (2024) 103794

Human Nutrition for the general population [27,28], and of interna-
tional Agencies and Scientific Associations for cancer survivors [24,43].
Adherence to Mediterranean diet was associated with reduced all-cause
mortality in cancer patients in various studies, and this diet is recom-
mended for cancer survivors [24,44,45]. However, our dietary coun-
seling program had no effects on body composition changes in EBC
patients from before to after Al therapy. These results suggest that the
goal of contrasting the unhealthy body composition changes in BC pa-
tients may be difficult to achieve. Indeed, among behavioral in-
terventions on women treated for BC cancer, about half showed positive
effect on preventing or reducing obesity but very few showed positive
effects on contrasting sarcopenia and sarcopenic obesity [13]. The rea-
sons for the unsatisfactory results of our dietary counseling program are
unclear, since we found that women who participated in the program
modified their dietary habits accordingly, and that the program pre-
vented weight gain and favoured weight loss in overweight and obese
women, from before to after chemotherapy [46]. The risk of gaining
weight was higher in women who received hormone treatment and
declined with increasing adherence to the Mediterranean diet [46-48].
Our counseling program included only general recommendations to
practice physical activity and did not provide supervised exercise
training directly. The proportion of women who claimed to practice
moderate physical activity was approximately twice in the intervention
than in the control group. However, most EBC patients said to practice
null or low physical activity also in the intervention group, similarly to
findings from another Italian study on women with BC [47]. Various
RCTs have shown that intervention programs based on dietary advice
alone can be effective to reduce weight, BMI, waist circumference and
body fat mass, but they also result in lean mass decrease, though smaller
than that observed in body fat mass [13,22]. A recent review of RCTs on
combined dietary and exercise interventions on body composition
showed a reduction of both fat body mass (—2 kg) but also of lean body
mass, although of lower size (—0.4 kg) [49]. A combination of caloric
restriction plus structured aerobic and resistance exercise training
reduced fat mass and attenuated the loss of lean mass in cancer patients
[49-51]. The most effective interventions to improve body composition
in BC women seem to be resistance training for preserving and
improving lean mass, and caloric restriction in combination with resis-
tance and aerobic exercise to reduce fat mass in BC patients [51]. The
largest effects on lean body mass were observed when resistance training
was included as part of the exercise intervention, both during and after
adjuvant treatment [52]. Resistance training may also improve muscle
strength, fatigue, pain, and overall quality of life in BC patients [53]. The
use of DXA as a method to analyse the whole and regional body
composition, the inclusion of a control group using proximity score for
matching and the blinded evaluation of patients’ DXA by radiologists are
the major strengths of this study. Its main weaknesses are the observa-
tional, retrospective design, and the absence of one arm with a physical
activity program.

In conclusion, our study shows that dietetic counseling alone may be
not effective to contrast the unhealthy body composition changes in BC
patients receiving Al therapy, and this implies the need to implement
also a supervised physical exercise, including resistance exercise
training, in these women.
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