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ABSTRACT

This systematic review and meta-analysis aimed to investigate the effect of dietary-based lifestyle modification interventions (“diet,” or
“diet + exercise,” or “diet + exercise + behavioral” intervention) on the measures of anthropometric and dietary intake parameters in women with
breas cancer (BC). Databases were searched until June 2021. Inclusion criteria were randomized controlled trials that enrolled only women with BC.
Studies that used exercise or behavioral interventions alone were not included. Mean ± SD changes were extracted for each outcome, and pooled
using a random-effects model; 7315 studies were identified. Fifty-one studies (n = 7743) were included. The median ± SD duration of treatment
was 24 ± 16.65 wk. Dietary-based interventions significantly reduced body weight [45 studies (n = 7239), weighted mean difference (WMD) (95%
CI): −2.6 (−3.2, −2.1) kg], BMI [31 studies (n = 5384); WMD (95% CI): −1.0 (−1.3, −0.7) kg/m2], lean body mass [15 studies (n = 1194); WMD (95% CI):
−0.6(−0.7, −0.4) kg], fat mass [11 studies (n = 913); WMD (95% CI): –2.6 (−3.3, −1.8) kg], fat percentage [17 studies (n = 897); WMD (95% CI): −1.5
(−1.9, −1.3)%], hip circumference [9 studies (n = 489); WMD (95% CI): −2.43 (−3.34, −1.54) cm], and waist circumference [7 studies (n = 309); WMD
(95% CI): 0.02 (−0.03, −0.005) cm]. Significant reductions in energy intakes [20 studies (n = 4608), WMD (95% CI): −162 (−220, 104) kcal/d] and fat
intakes [7 studies (n = 4316), WMD (95% CI): −7.5 (−7.8, −7.2)% of energy/d], and an increase in fiber intakes [11 studies (n = 4241), WMD (95%
CI): 2.4 (0.7, 4.1) g/d] were observed. No significant changes were seen in protein, carbohydrate, and fruit and vegetable intakes. Subgroup analyses
showed that changes in anthropometric and dietary intake indices were significant in studies that enrolled patients with both obesity and normal
weight, studies that used diet therapy in combination with exercise and behavioral therapy, and studies that started the intervention during the
treatment period. Overall, a multimodal dietary-based lifestyle intervention had significant effects on anthropometric and dietary intake parameters
in women with BC, specifically when started as early as the diagnosis. This meta-analysis was registered at PROSPERO as CRD42021291488. Adv
Nutr 2022;13:1974–1988.

Statement of Significance: The summary analysis of 51 eligible randomized controlled trials indicated that a multimodal, diet-based
intervention with a median intervention duration of 24 wk resulted in a significant decrease in weight, BMI, waist circumference, hip
circumference, body fat percentage, and lean body mass in women with breast cancer, regardless of their baseline BMI values, specifically
when started as early as the diagnosis. In addition, daily caloric and fat intake were significantly reduced, while dietary fiber intake increased
significantly.
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Introduction
Breast cancer (BC) is the most commonly diagnosed cancer
among women. The 5-y relative survival rate of BC is
89.7% and improving (1). A series of recent surveys found
that women with BC gain weight during and after cancer
therapy (2). In fact, an increased body weight, an unhealthy
dietary intake, and physical inactivity are reported in women
with BC who are either normal weight or overweight and
obese (3), which can increase both the expected duration
of treatment and the risk of BC recurrence (3). The dietary
intake status of patients with BC is a critical factor for
maintaining an appropriate nutritional status and a healthy
body weight both during and after cancer treatment (4, 5).
For these reasons, lifestyle modification intervention in this
population is important in order to achieve ideal body weight
and a balanced dietary intake status, all of which will improve
the overall survival rate (6). Changes in dietary intake
characteristics, as well as physical activity and behavioral
status, are all part of a comprehensive lifestyle modification
approach, especially for noncommunicable diseases (7, 8).
In fact, the improvements in dietary and physical activity
parameters in women with BC may be more easily achieved
with behavioral counseling support, which enhances the
likelihood of long-term successful adoption of these habits
(9).

Several studies have found beneficial effects of different
dietary-based lifestyle modification approaches, including
dietary interventions alone (10, 11), or in combination with
either exercise (12, 13) or exercise and behavioral therapy
during or after the treatment period in women with BC
(14, 15). In fact, studies have investigated the impact of
different lifestyle modification strategies, such as restricting
dietary energy intake (16, 17), changing eating behaviors
(9, 18), and increasing energy expenditure through physical
activity among women with BC (19, 20), and have found both
significant and nonsignificant findings.

A recent meta-analysis of 5 randomized controlled trials
(RCTs), including 722 participants, reported that a dietary
intervention alone or in combination with physical activity
led to a significant reduction in weight, waist circumference
(WC), and body fat mass in patients with colorectal cancer
and BC (21). Another meta-analysis of 9 RCTs (with
462 participants) assessed the effects of different dietary
management, including nutritional education and low-fat
or low-calorie diets on anthropometric indices in women
with BC and reported that dietary management strategies
significantly reduced BMI and hip circumference (HC) but
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had no effect on weight and other anthropometric indices
(22).

Given the lack of consensus on the role of dietary-
based lifestyle modification strategies in maintaining optimal
weight, body composition, and dietary intake status in
women with BC, it is critical to identify the most appropriate
and acceptable diet-based lifestyle modification strategy for
this population. The goal of our systematic review and meta-
analysis of RCTs is to synthesize the literature on the effects
of various dietary-based lifestyle modification strategies,
such as dietary intervention alone or in combination with
physical activity, or physical activity and behavioral therapy
as a comprehensive lifestyle modification intervention, on
anthropometric and body composition indices, as well as
dietary intake parameters, in women with BC either during
or after the treatment period. The present study will suggest
the appropriate strategy to recommend and for which group
of women with BC regarding their treatment status, BMI,
and other baseline characteristics in order to assist both
women with BC and health care providers in achieving a
comprehensive guide in survivorship care.

Methods
This systematic review and meta-analysis was previously reg-
istered at the International Prospective Register of Systematic
Reviews (PROSPERO; registered on 15 November 2021 with
the registration number CRD42021291488) (23). It was also
conducted in accordance with the format of the Cochrane
Handbook for Systematic Reviews of Intervention following
the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines (24).

Data sources and search strategy
According to the PICO (Population, Intervention, Compari-
son, and Outcomes) tool for performing search strategies in
systematic reviews and meta-analysis endorsed by Cochrane
Collaborations (24), the related components consisted of
“women” with BC, dietary-based lifestyle modification ap-
proaches as the “Intervention,” any type of control group
as the “Comparator,” and anthropometric parameters and
dietary intake indices as the “Outcomes” of measure. How-
ever, the related keywords for the present systematic review
and meta-analysis consisted of only 2 separate components,
including the associated keywords for women with BC (the
population type) and the keywords for dietary-based lifestyle
modification (the intervention type), which were concate-
nated separately, with the Boolean operator “OR,” and
“AND” for the combination between them. The keywords
were selected based on the Medical Subject Headings (MeSH)
database and other related non-MeSH terms. In addition, we
conducted gray literature searches and a manual search of
conference abstracts, theses, and clinical trial registries.

MEDLINE via PubMed, Scopus, ISI Web of Science,
Cochrane, the Central Register of Controlled Trials (CEN-
TRAL), and Embase were searched until June 2021. Sup-
plemental Table 1 contains all of the details on the precise
keywords and the search strategy.
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Eligibility criteria
Inclusion criteria consisted of RCTs involving women with
BC who were 18 y or older and had been diagnosed with the
condition (either during or after cancer therapy) and which
met the following:

1. Assessed the effect of dietary-based lifestyle modification
approaches, including “dietary intervention,” “dietary and
physical activity intervention,” “dietary and behavioral
therapy,” or “dietary intervention with physical activity
and behavioral therapy.”

2. Reported changes in any of the anthropometric indices
including weight, BMI, WC, HC, waist-to-hip ratio
(WHR), lean body mass, fat mass, and fat percentage or
dietary intake parameters, including daily levels of energy,
carbohydrate, protein, fat, fiber, and fruit and vegetable
intakes.

Exclusion criteria were as follows: animal or in vitro
studies; retrospective, pretest–post-test, prospective cohort,
and cross-sectional investigations; studies that did not
assess either anthropometric or dietary intake parameters
as primary or secondary outcomes; studies without full
texts; articles that reported the same results of a previous
publication; studies that did not report changes in any of
the related outcomes; and studies without control groups.
Furthermore, studies that included individuals with different
forms of cancer or used interventions other than dietary-
based lifestyle modification techniques were omitted (i.e.,
drug therapies, any kind of nutritional supplements, or
specific diets, such as ketogenic or fasting diets).

No language restriction was considered. The titles and
abstracts of the articles according to the eligibility criteria
were screened by 3 main reviewers (MRL, SV, and MZ).
Following the initial screening, the data were compared in
a group discussion, and the final agreement was reached
by consensus after the fourth reviewer (ER) resolved any
disagreements about the eligibility of specific studies. The
relevant articles were then retrieved for further screening.
EndNote software was used to automatically eliminate
duplicates (version 8.9, Thomson Reuters).

Outcomes and prioritization
Primary outcomes included mean changes in 1) body weight,
2) BMI, and 3) total energy intakes from the baseline mea-
sures, and secondary outcomes consisted of mean changes in
1) WC, 2) HC, 3) WHR, 4) lean mass, 5) fat mass, and 6) body
fat percentage, as well as changes in 7) dietary carbohydrate,
8) protein, 9) total fat, 10) fiber, and 11) fruit and vegetable
intakes compared with baseline levels.

Data extraction
Two review authors (MRL and SV) independently extracted
the data from eligible studies. Except for the baseline
information, the following data from every eligible article
were collected: study design and setting; details of the
intervention including the type of dietary-based lifestyle
modification; as well as the study duration, outcomes of

the measure, stage type of the disease, baseline BMI and
the menopausal status of participants, and the status of
treatment (i.e., participants were in the treatment period or
had completed the treatment process).

The mean ± SD changes in the outcomes were used for
the final meta-analysis. If SD was not provided, the SE was
calculated from the available data and then converted to
SDs, according to the formula reported in the Cochrane
Handbook of Systematic Reviews (24) and the estimation
methods obtained by Wan et al. (25). The investigators
resolved any uncertainty and disagreement through group
discussions with the fourth reviewer (ER). If essential
information was missing from the published report, we
contacted the study authors to obtain it. If we did not receive
a response after 3 mo, we excluded that article.

Risk of bias in individual studies
The risk of bias for all included studies was independently
evaluated by 1 reviewer (MRL) using the revised Cochrane
risk-of-bias tool for randomized trials (RoB2) (26), which
consists of 5 main domains, including bias arising from
the randomization process, bias due to deviations from the
intended interventions, bias due to missing outcome data,
bias in the outcome measures, and bias related to the selection
of reported results. Final judgments and overall risk of bias
were defined as “low” or “high” risk of bias, or expressed as
“some concerns.”

Quality of evidence
We also carried out the Grading of Recommendations
Assessment, Development, and Evaluation (GRADE) ap-
proach to evaluate the overall quality of evidence according
to the following domains: risk of bias, publication bias,
imprecision of results, heterogeneity, and indirectness of
evidence. Eventually, the quality of evidence was classified as
“high,” “moderate,” “low,” or “very low” (27, 28).

Statistical analysis
When the optimal information size of every continuous
outcome was calculated to be less than 400 participants in
at least 1 of the 3 types of dietary-based interventions, the
overall analyses for each outcome were performed using a
combination of the 3 core elements of dietary-based lifestyle
modification strategies (29).

The weighted mean difference (WMD) and its corre-
sponding SE were extracted or calculated based on the mean
differences between the intervention and control groups in
each publication, and finally, they were pooled using the
DerSimonian and Laird random-effects model, which takes
the between-study variations into account. Between-studies
heterogeneity was evaluated using Cochran’s Q test and the I2

test. An I2 may represent moderate heterogeneity (if ranging
from 30% to 50%), serious heterogeneity (if ranging from
50% to 75%), and very serious heterogeneity (if ranging from
75% to 100%) (30). Subgroup analyses were performed for
those outcomes with more than 5 intervention comparisons.
The following subgroup analyses were conducted to explain
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heterogeneity: the intervention duration (10–24 wk or
>24 wk), the type of dietary-based lifestyle modification
approaches (including dietary intervention alone, dietary
and physical activity intervention, or dietary intervention
with exercise and behavioral therapy), the composition of
diet (low-calorie diet, nutrition education, or low-fat diet),
the current status of the BC management (including the stage
type of BC, and the status of surgery and chemotherapy
or radiotherapy), the overall status of cancer treatment
(i.e., participants were within the treatment period or had
completed the treatment process), the type of control group,
which was either a wait-list control or a control group
without any specific intervention, and the baseline BMI
categories of participants (participants with normal weight
or overweight or obesity). Finally, the summary effect and the
corresponding heterogeneity for each subgroup analysis were
reported.

We assessed the presence of publication bias using visual
inspection of funnel plots, and the degree of asymmetry was
evaluated via Begg’s adjusted rank correlation and Egger’s
tests (31). In the presence of publication bias, Duval and
Tweedie’s trim-and-fill method was used to correct funnel
plot asymmetry (32). Sensitivity analyses were performed
by excluding 1 study or a group of studies at a time to
ensure the selected value did not influence the overall results.
All statistical analyses were performed using Stata (version
14.2; StataCorp). Two-sided P values <0.05 were considered
significant.

Results
Flow of studies
Figure 1 shows the selection of studies. Our literature search
identified 7315 records. We removed 2575 duplicates, and
after reviewing the titles and abstracts of the remaining
articles, 344 records were subsequently selected for full-text
screening. Of these articles, 253 studies were excluded due to
irrelevant outcomes of measures or methodologies.

Of the remaining 91 articles, 40 other studies were
excluded for the following reasons: 9 studies did not use
the randomization process (Supplemental References 1–9),
5 articles included other types of cancer in addition to BC
(Supplemental References 10–14), 9 studies did not have
any control groups (Supplemental References 15–23), and
3 articles were pre-post studies (Supplemental References
24–26). In addition, 6 articles examined anthropometric
and dietary intake parameters but did not publish final
measurements, and none of the authors responded to our
request for the final data (Supplemental References 27–
32). The full text of 1 article was not available even after
contacting the associated authors via e-mail (Supplemental
Reference 33). Furthermore, some studies reported similar
results, which were published previously and were excluded
from the present study (Supplemental References 34–40).

Finally, 51 eligible articles were included in the present
systematic review and meta-analysis (4, 5, 9–20, 33–69).
The characteristics of the included studies are listed in

Supplemental Table 2. Excluded articles are also reported in
Supplemental Table 3.

Risk of bias and quality of evidence
According to the revised RoB2 (Supplemental Table 4), only
10 studies were classified as “low” risk of bias (12, 13, 17,
18, 35, 57, 58, 60, 63, 66), 30 articles were assessed as “some
concerns” (4, 5, 9, 11, 14, 16, 20, 33, 34, 36, 40–42, 44–
49, 52–54, 56, 61, 62, 64, 65, 67–69), and 11 studies were
judged to be at “high” risk of bias (10, 15, 19, 37–39, 43,
50, 51, 55, 59). Sufficient details on allocation concealment
and randomization were not reported for 30 studies. Based
on “the risk of bias due to deviations from the intended
interventions,” 23 records represented a “low” risk of bias,
and only 1 article reported a “high” risk of bias. One study
was judged to be of “some concern” for “missing outcome
data.” Moreover, 2 articles showed a “high” risk of bias and
6 studies tended to have “some concerns” after assessing the
risk of bias based on the “measurement of the outcome.” In
the assessment of the risk of bias based on “selection of the
reported result,” 7 studies had a “some concerns” risk of bias,
and 1 study had a “high” risk of bias (Supplemental Table 4).
The summary of the risk of bias of included studies is shown
in Figure 2. The GRADE quality of evidence was “low” for
body weight and body fat percentage, as well as the intake
of energy, dietary protein, fat, carbohydrates, and fruit and
vegetables. “Moderate” quality of evidence was observed for
BMI, WC, WHR, body fat mass, and dietary fiber intake,
whereas only HC was found to have a “high” quality of
evidence (Supplemental Table 5).

Study characteristics
Supplemental Table 2 provides details on the characteristics
of the included studies. Two studies had a crossover design
(50, 53). The participants’ mean age ranged between 53 and
67 y old. Eleven studies were performed among patients with
BC who were in their treatment process (10, 13, 19, 20, 38, 48,
54–57, 65). The remaining 40 studies included women with
BC who completed the active treatment process, of which
3 studies were performed among women with lymphedema
(17, 44, 45). The duration of the intervention varied from
5 to 100 wk. Twenty-eight studies assessed the effects of
a low-calorie diet (4, 5, 9, 14–18, 20, 38, 44, 45, 47–54,
58, 62–64, 66–68). Eleven articles examined the effects of
a low-fat diet (19, 33–36, 39, 42, 43, 46, 60, 65), and 12
studies investigated the effect of nutrition education (10,
11, 40, 41, 55–57, 59, 61, 69). Overall, 17 articles evaluated
the effects of dietary intervention alone (10, 11, 13, 17, 33–
46), 19 articles evaluated both dietary and physical activity
interventions (12, 13, 16, 19, 20, 47–60), and 15 studies
assessed the simultaneous effects of dietary intervention
with physical activity and behavioral therapy (4, 5, 9, 14,
15, 61–69). Thirty-four studies included women with BC
with overweight and obesity, while the remaining 17 articles
further included participants with normal weight. None of
the included studies only enrolled participants with normal
weight.
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FIGURE 1 Flow of the study.

Meta-analysis
Except for “body weight,” the optimal information size
(OIS) was calculated to be less than 400 participants for at
least 1 of the 3 types of dietary-based lifestyle modification
approaches for every outcome (Supplemental Table 6). The
data from the split analyses based on the 3 core elements
of dietary-based interventions are included in Supplemental
Table 7. The heterogeneities between the included studies
for “body weight” were shown to be high in each of the
3 split analyses; as a result, a combined analysis was also
performed for body weight to find out the overall sources of
heterogeneities based on the main objectives of the present
investigation.

Anthropometric factors
Body weight.
Among the included studies, 45 RCTs, including 7239
participants, evaluated the relation between dietary-based
lifestyle modification interventions and body weight among
women with BC. The WMDs in body-weight changes
between the intervention and the control groups of studies
are shown in Figure 3. Dietary-based lifestyle modification
approaches significantly reduced weight in women with
BC, while the between-study heterogeneity was reported to
be high (WMD: −2.6; 95% CI: −3.2, −2.1 kg; P < 0.001;
I2 = 92.5%; P-heterogeneity < 0.001) (Figure 3, Supplemen-
tal Table 7).
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FIGURE 2 Summary of risk of bias of the included studies.

According to the subgroup analyses, body weight was re-
duced significantly in studies that included postmenopausal
women with BC [10 studies (5, 14, 33–35, 47, 52, 57, 59, 64),
n = 3228; WMD: −2.6; 95% CI: −3.0, −2.3 kg; P < 0.001;
I2 = 16.0%; P-heterogeneity = 0.30]. Similar changes were
found in studies that considered women who were before the
surgery [7 studies (19, 20, 48, 54–56, 65), n = 499; WMD:
−0.5; 95% CI: –1.0, –0.02 kg; P = 0.041; I2 = 0.0%; P-
heterogeneity = 0.96] or chemotherapy and radiotherapy
process [10 studies (13, 19, 20, 48, 54–57, 65), n = 772;
WMD: −0.5; 95% CI: −1.0, –0.05 kg; P = 0.031; I2 = 0.0%;
P-heterogeneity = 0.97]. The subgroup analyses revealed
a significant reduction in weight following dietary-based
lifestyle modification approaches over control in studies that
enrolled patients with BC who were in the middle of the
cancer treatment period [10 studies (10, 13, 19, 48, 54–
57, 65), n = 772, WMD: −0.5; 95% CI: −1.0, –0.05 kg;
P = 0.031; I2 = 0.0%; P-heterogeneity = 0.97], as well as
studies that included patients either with normal weight or
overweight and obesity [14 studies (10, 11, 20, 34–36, 46, 48,
55–57, 59, 61, 65), n = 2974; WMD: −1.6; 95% CI: −2.3,
–0.8 kg; P < 0.001; I2 = 24.1%; P-heterogeneity = 0.19],
although this significant finding was not seen in studies that
exclusively included participants with overweight and obesity
(Supplemental Figure 1). In addition, the stage of BC was
reported as another source of heterogeneity (Supplemental
Table 8).

BMI.
Thirty-one studies, with 5384 participants, evaluated the
effects of diet-based lifestyle modification interventions
on BMI in women with BC and showed a significant
reduction in BMI (in kg/m2; WMD: −1.0; 95% CI: −1.3,
–0.7; P < 0.001; I2 = 69.3%; P-heterogeneity < 0.001)
(Figure 4, Supplemental Table 7). We repeated the overall
analysis, excluding the article by Ghavami et al. (51), and the

results were still significant (30 studies, n = 5304, WMD:
−0.9; 95% CI: −1.1, –0.7; P < 0.001; I2 = 60.3%; P-
heterogeneity < 0.001). Subgroup analyses showed similar
changes in BMI in studies that enrolled postmenopausal
women with BC [6 RCTs (33, 35, 39, 57, 59, 64), n = 2227;
WMD: −1.1; 95% CI: −1.4, –0.8; P < 0.001; I2 = 0.0%;
P-heterogeneity = 0.9]. Similar findings were observed in
investigations that included either patients who were within
the treatment period (8 RCTs, n = 558; WMD: −1.2; 95% CI:
−1.7, –0.7; P < 0.001; I2 = 0.0%; P-heterogeneity = 0.9) or
participants with normal weight or overweight and obesity
(12 studies, n = 2588; WMD: −0.7; 95% CI: −0.8, –0.6;
P < 0.001; I2 = 0.0%; P-heterogeneity = 0.8). Moreover,
BMI was considerably decreased when a low-fat diet was
used as the dietary intervention (9 studies, n = 3568; WMD:
−0.9; 95% CI: −1.2, –0.7; P < 0.001; I2 = 0.0%; P-
heterogeneity = 0.5), and when a combination of dietary
intervention, physical activity, and behavioral therapy was
used (6 studies, n = 260; WMD: −1.9; 95% CI: −2.4, –1.3;
P < 0.001; I2 = 0.0%; P-heterogeneity = 0.9) (Supplemental
Figure 2). Other sources of heterogeneity were identified to
be the status of surgery and chemotherapy and the stage of
BC (Supplemental Table 9).

Waist circumference.
Meta-analysis of 22 studies (1654 participants) showed that
the WC of women with BC was significantly reduced after the
dietary-based lifestyle modification interventions compared
with the control group, although a large between-study
heterogeneity was noted (WMD: −3.8; 95% CI: −4.6, –
3.0 cm; P < 0.001; I2 = 87.2%; P-heterogeneity < 0.001)
(Supplemental Figure 3, Supplemental Table 7). Subgroup
analyses showed that WC was considerably decreased when
the intervention was administered for less than 24 wk (6 stud-
ies, n = 256; WMD: −2.9; 95% CI: −5.1, –0.7 cm; P = 0.009;
I2 = 0.0%; P-heterogeneity = 0.7). Similar WC changes were
observed in studies that included postmenopausal women
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FIGURE 3 Forest plot of randomized controlled trial studies showing weighted mean differences in “weight” change (in kg) between
dietary-based lifestyle modification intervention and control groups for all eligible studies. Analysis was conducted using a random-effects
model. Squares depict the weight assigned to the corresponding study; the diamond represents the summary effect. ES, effect size.

(3 studies, n = 110; WMD: −3.3; 95% CI: −4.3, –2.4 cm;
P < 0.001; I2 = 0.0%; P-heterogeneity = 0.7) or considered
a low-fat diet as the type of diet intervention (4 studies,
n = 134; WMD: −3.2; 95% CI: −4.2, –2.3 cm; P < 0.001;
I2 = 0.0%; P-heterogeneity = 0.9) (Supplemental Figure 4).
Other sources of heterogeneity were reported to be the status

of chemotherapy and surgery, as well as the status of cancer
treatment (patients who were within the treatment period
compared with those who had completed the treatment
process) and the baseline BMI of participants (studies that
enrolled participants with both normal and high categories
of BMI) (Supplemental Table 10).
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FIGURE 4 Forest plot of randomized controlled trial studies showing weighted mean differences in BMI (in kg/m2) between
dietary-based lifestyle modification intervention and control groups for all eligible studies. Analysis was conducted using a random-effects
model. Squares depict the weight assigned to the corresponding study; the diamond represents the summary effect. ES, effect size.

Lean body mass.
Fifteen studies with a total sample size of 1194 evaluated the
effect of dietary-based lifestyle modification approaches on
lean body mass among women with BC and reported a signif-
icant reduction in lean body mass after dietary-based lifestyle
modifications (15 studies, n = 1194; WMD: −0.6; 95% CI:
−0.7, –0.4 kg; P < 0.001; I2 = 36.6%; P-heterogeneity = 0.07)
(Supplemental Figure 5, Supplemental Table 7). However,
we conducted a subgroup analysis and found that there was
a meaningful change in the lean body mass in studies that
included patients who were within their treatment process
(7 studies, n = 652; WMD: −0.4; 95% CI: −0.5, –0.3 kg;

P < 0.001; I2 = 0.0%; P-heterogeneity = 0.9), as well as
studies that considered participants with all categories of BMI
(6 studies, n = 305; WMD: −0.4; 95% CI: −0.5, –0.3 kg;
P < 0.001; I2 = 0.0%; P-heterogeneity = 0.9) (Supplemental
Figure 6, Supplemental Table 11).

Fat mass.
Overall, 11 studies including a total sample size of 913
participants showed that dietary-based lifestyle modification
interventions significantly reduced fat mass among women
with BC (WMD: −2.6; 95% CI: −3.3, –1.8 kg; P < 0.001;
I2 = 38.3%; P-heterogeneity = 0.09) (Supplemental Figure
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7, Supplemental Table 7). Despite a low between-study
heterogeneity, we conducted subgroup analyses and observed
that there was a significant decrease in body fat mass in
studies that used a combination of dietary intervention
and physical activity therapy (5 studies, n = 168; WMD:
−1.6; 95% CI: −2.3, –0.8 kg; P < 0.001; I2 = 0.0%; P-
heterogeneity = 0.6), as well as studies that did not limit the
included participants to those with overweight and obesity
(5 studies, n = 252; WMD: −2.7; 95% CI: −5.3, –0.2 kg;
P = 0.03; I2 = 0.0%; P-heterogeneity = 0.9) (Supplemental
Figure 8, Supplemental Table 12).

Fat percentage.
The meta-analysis of 17 studies that included 897 par-
ticipants with BC showed a significant reduction in fat
percentage after the dietary-based lifestyle modification
approaches with a very low between-study heterogene-
ity (WMD: −1.6%; 95% CI: −1.8%, –1.3%; P < 0.001;
I2 = 24.2%; P-heterogeneity = 0.2) (Supplemental Figure 9,
Supplemental Table 7).

Hip circumference.
Combining 9 effect sizes from 9 studies including 489 partici-
pants demonstrated that dietary-based lifestyle modification
reduced HC significantly (WMD: −2.43; 95% CI: −3.34, –
1.54 cm; P < 0.001; I2 = 84.8%; P-heterogeneity < 0.001)
(Supplemental Figure 10, Supplemental Table 7). According
to the subgroup analysis, a significant reduction in HC
was observed in studies that considered a combination of
dietary and physical activity interventions (WMD: −1.04;
95% CI: −1.87, –0.21 cm; P = 0.014; I2 = 0.0%; P-
heterogeneity = 0.96) (Supplemental Figure 11). Other
sources of heterogeneity were found to be the composition
of intervention based on the type of diet, the duration
of the intervention, and the baseline BMI of participants
(Supplemental Table 13).

Waist-to-hip ratio.
Seven RCTs examined the effect of dietary-based lifestyle
modification approaches on WHR (309 participants), and
the overall analysis showed a significant reduction in
WHR (WMD: −0.02; 95% CI: −0.03, –0.005; P = 0.003;
I2 = 60.4%; P-heterogeneity = 0.02) (Supplemental Figure
12, Supplemental Table 7). The major sources of hetero-
geneity were found to be the duration of the intervention
and the low-fat diet as the type of diet (Supplemental
Table 14).

Dietary intake parameters
Energy intake.
Twenty studies with 4608 participants assessed the effects of
dietary-based lifestyle modification interventions on energy
intake levels in populations with BC, and the pooled analysis
showed a significant related reduction (WMD: –161.8; 95%
CI: –219.8, –103.7 kcal/d; P < 0.001; I2=88.5%; P-
heterogeneity < 0.001) (Figure 5, Supplemental Table 7).

According to the subgroup analyses, a similar significant
reduction was observed in daily energy intake in studies
that used a low-fat diet (7 studies, n = 3938; WMD: –
72.9; 95% CI: –100.3, –45.4 kcal/d; P < 0.001; I2=0.0%;
P-heterogeneity = 0.6) (Supplemental Figure 13). Other
important sources of the heterogeneity were found to be the
type of dietary-based lifestyle modification (the combined
intervention of diet, physical activity, and behavioral ther-
apy), the status of treatment (participants who were within
the cancer treatment period), and the type of menopausal
status (Supplemental Table 15).

Dietary fat intake.
Pooled analysis of 18 studies including 4458 participants
showed that dietary-based lifestyle modification interven-
tions significantly reduced the percentage of the energy
consumed as fat per day in populations with BC, although
the heterogeneity was shown to be high (WMD: –6.0%;
95% CI: –7.2%, –4.9% of energy/d; P < 0.001; I2=85%; P-
heterogeneity < 0.001) (Supplemental Figure 14, Supple-
mental Table 7). The overall analysis was conducted again
excluding the article by Holm et al. (36), and the final
results still remained significant (17 RCTs, n = 4289; WMD:
–7.5%; 95% CI: –7.8%, −7.2% of energy/d; P < 0.001;
I2= 85.6%; P-heterogeneity < 0.001). As shown in Sup-
plemental Table 16, dietary fat intake was considerably
reduced in studies that included patients before the surgical
or chemotherapy and radiotherapy treatment process (3
studies, n = 118; WMD: –5.9%; 95% CI: –8.4%, −3.6% of
energy/d; P < 0.001; I2= 0.0%; P-heterogeneity = 0.7). In
addition, the dietary fat intake was significantly decreased
in investigations that used a combination of 3 approaches of
diet-based lifestyle modification (3 RCTs, n = 172; WMD:
–3.6%; 95% CI: –5.8%, –1.5% of energy/d; P < 0.001;
I2=0.0%; P-heterogeneity = 0.9). Similar reductions in daily
fat intake were observed in studies that had an intervention
duration of less than 24 wk (4 studies, n = 196; WMD:
–3.1%; 95% CI: –5.3%, −1.0% of energy/d; P = 0.004;
I2=0.9%; P-heterogeneity = 0.4) (Supplemental Figure 15,
Supplemental Table 16).

Considering the types of dietary fat, 7 studies (n = 2779
participants) reported changes in SFA intakes (11, 19, 34–
36, 46, 62). The overall meta-analysis showed a signif-
icant reduction in SFA intakes following the diet-based
interventions, although a high between-study heterogeneity
was observed (WMD: –2.32%; 95% CI: –2.98%, –1.65% of
energy/d; P < 0.001; I2= 92.0%; P-heterogeneity < 0.001)
(Supplemental Figure 16A, Supplemental Table 7). Based
on the subgroup analyses, the reduction in SFA intake
was significant in studies that used a combination of diet
and exercise interventions (n = 137; WMD: –1.39%; 95%
CI: –2.44%, –0.35% of energy/d; P = 0.09; I2= 0.0%; P-
heterogeneity = 0.34) (Supplemental Table 17). Only 4
studies reported the changes in dietary intakes of PUFAs
and MUFAs (11, 34–36, 46) (Supplemental Table 7), and
the overall meta-analyses revealed a significant decrease in
the intakes of both PUFAs (n = 2594; WMD: –1.47%; 95%
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FIGURE 5 Forest plot of randomized controlled trial studies showing weighted mean differences in daily energy intake (in kcal/d)
between dietary-based lifestyle modification intervention and control groups for all eligible studies. Analysis was conducted using a
random-effects model. Squares depict the weight assigned to the corresponding study; the diamond represents the summary effect. ES,
effect size.

CI: –1.95%, –0.99% of energy/d; P < 0.001; I2= 65.5%;
P-heterogeneity = 0.34) (Supplemental Figure 16B) and
MUFAs (n = 2594; WMD: –3.13%; 95% CI: –5.22%, –1.02%
of energy/d; P = 0.004; I2= 99.3%; P-heterogeneity < 0.001)
(Supplemental Figure 16C).

Dietary fiber intake.
The meta-analysis of 11 studies, with 4241 participants,
revealed that women with BC who received dietary-based
lifestyle modification interventions consumed more dietary
fiber per day (WMD: 2.4; 95% CI: 0.7, 4.1 g/d; P = 0.005;
I2= 97.2%; P-heterogeneity < 0.001) (Supplemental Figure
17A, Supplemental Table 7). Subgroup analyses showed that
dietary fiber intake was significantly increased in studies
that included postmenopausal women with BC (3 studies,
n = 2408; WMD: 1.7; 95% CI: 1.2, 2.3 g/d; P < 0.001;
I2= 0.0%; P-heterogeneity = 0.9) as well as studies that

did not limit the participants based on BMI (5 RCTs,
n = 2625; WMD: 1.7; 95% CI: 1.2, 2.3 g/d; P < 0.001;
I2= 0.0%; P-heterogeneity = 0.9) (Supplemental Figure 18,
Supplemental Table 18).

Dietary protein intake.
As shown in Supplemental Figure 17B and Supplementary
Table 7, the meta-analysis of 12 studies (with 2095
participants) reported that diet-based lifestyle modification
approaches had no significant effects on the measures of
dietary protein intakes, and the heterogeneity between
studies was shown to be high (WMD: 1.6; 95% CI: −0.6,
3.9 g/d; P = 0.1; I2= 96.6%; P-heterogeneity < 0.001)
(Supplemental Figure 17B). The stage of BC was
found to be the source of heterogeneity (Supplemental
Table 19).
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Dietary carbohydrate intake.
Pooled analysis of 10 studies, including 2033 participants,
showed no meaningful changes in dietary carbohydrate in-
takes after the interventions. The heterogeneity was observed
to be high (WMD: 3.9; 95% CI: −12.7, 20.5 g/d; P = 0.6; I2=
99.6%; P-heterogeneity < 0.001) (Supplemental Figure 17C,
Supplemental Table 7). As shown in Supplemental Table 20,
the sources of heterogeneity were reported to be the stage of
BC, menopausal status, duration of the intervention, and the
baseline BMI categories of participants.

Dietary fruit and vegetable intake.
Six studies (299 participants) assessed the effects of dietary-
based lifestyle modification interventions on the measures
of fruit and vegetable intakes and no significant related
changes were observed (WMD: 1.0; 95% CI: −0.02, 2.1
servings/d; P = 0.05; I2= 71.1%; P-heterogeneity = 0.004)
(Supplemental Figure 17D, Supplemental Table 7). Sources
of heterogeneity were found to be the type of dietary-based
lifestyle modification and the baseline BMI categories of
participants (Supplemental Table 21).

Outcomes not included in the meta-analysis
Two studies reported the effect of a low-calorie diet on
the changes in skinfold thickness among survivors of BC
with lymphedema (44, 45). One study assessed the effect
of dietary-based lifestyle modification on the trunk and leg
muscle mass, trunk and leg fat mass, as well as the muscle
mass to fat mass ratio, and reported a significant reduction
in trunk fat (22). Demark-Wahnefried et al. (19) showed a
significant decrease in gynoid body fat percentage following
a combination of diet and exercise intervention. Thomson et
al. (46) reported no significant changes in dietary cholesterol
intake after a low-fat diet intervention.

Sensitivity analysis and publication bias
An influence analysis was performed for every outcome, and
the results showed that the omission of any individual study
made no difference to the final result. Begg’s and Egger’s
tests suggested publication bias for the effects of diet-based
interventions on BMI (Begg’s P value = 0.02, Egger’s P
value = 0.01) and energy intakes (Begg’s P value = 0.048,
Egger’s P value = 0.02). However, the trim-and-fill method
did not identify any missed “pseudostudies” for either
analysis.

Discussion
In this review, we assessed the effects of dietary-based
lifestyle modification strategies, including diet intervention,
diet and physical activity intervention, or a combination
of diet, physical activity, and behavioral intervention, on
anthropometric indices and dietary intake parameters in
women with BC. The summary analysis of 51 eligible
RCTs, including 7743 participants, indicated that diet-based
interventions with a median intervention duration of 24 wk
resulted in a significant decrease in weight, BMI, WC, HC,
body fat percentage, and lean body mass in the intervention

group compared with the control group. In addition, daily
caloric and fat intakes were significantly reduced, while
dietary fiber intake increased significantly. However, all of
the changes were so minor that they were almost imper-
ceptible. No meaningful alterations were observed in dietary
protein, carbohydrate, and fruit and vegetable intakes. The
majority of findings from the subgroup analyses showed
favorable changes in the anthropometric and dietary intake
parameters in studies that used a combination of “diet and
exercise” or “diet, exercise, and behavioral therapy.” Similar
results were observed in studies involving patients with
normal weight, overweight, and obesity, as well as studies
involving participants in the middle of the cancer treatment
period.

Although the therapeutic significance of optimal weight
loss and reduced cancer recurrence risk is yet unknown, ev-
idence suggests that even moderate weight loss is associated
with improved overall quality of life (70). Shang et al. (71)
found that a BMI decrease of 0.5 or more was associated
with a more than 2-fold increase in overall and BC-specific
survival, regardless of the patients’ baseline BMI levels. They
found that this effect was even stronger than the increase in
BMI and its link to a lower survival rate.

The considerable decrease in both WC and HC following
dietary-based lifestyle modification interventions may be
primarily due to total weight loss. According to research,
losing weight results in a decrease in both WC and HC (72).
However, the decrease in WC (–3.8 cm) was higher than
the decrease in HC according to our data (–2.4 cm). WC
represents harmful visceral fat and assesses subcutaneous
and visceral adipose tissue, whereas HC represents healthy
gluteal adipose tissue (73). A meta-analysis of 50 cohort
studies with over 2 million individuals indicated that each
10-cm increase in WC was associated with an 11% increase
in the risk of all-cause death, which was confirmed when the
analysis was controlled for BMI (74).

The total weight loss is also accompanied by a decrease
in both fat mass and lean body mass (72). That is why we
observed a reduction in body fat mass and fat percentage
as well as lean body mass following dietary-based lifestyle
modification interventions. However, when compared with
the decrease in body fat mass and fat percentage, the decrease
in lean body mass was substantially smaller. According
to research, patients with cancer who lost more than
5% of their weight, or 4 kg of lean body mass, were
diagnosed with cancer cachexia, or sarcopenia (75). Because
the current meta-analysis found only a 0.6-kg decrease in
lean body mass after dietary-based lifestyle modification
interventions, this decrease would not be associated with
a poor prognosis among women with BC. Furthermore,
despite the minor decrease in energy intake, a nonsignificant
increase in dietary protein intake was observed in the
final analysis, which could further explain the approximate
preservation of lean body mass following dietary-based
interventions.

In this study, there was a small but significant increase
in dietary fiber intake. This finding would be of clinical
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significance since a previous meta-analysis of observational
studies suggested that increasing fiber intake to more than
10 g/d would lower the incidence of BC (76). This important
systematic review and meta-analysis showed that a diet-
based intervention resulted in small but significant changes
in anthropometric and dietary intake parameters, implying
that patients are more inclined to adhere to moderate
diets. This could convince more clinicians to recommend
oncology nutrition if they realize that dietary and lifestyle
modifications can be achieved with changes that are not so
drastic.

Evidence suggests that, after a diagnosis of BC, women
face a number of obstacles to maintaining a healthy body
and diet, including anxiety, sadness, an elevated BMI, and
so on (60). That is why following a healthy diet and regular
physical activity as capacity dictates is critical for recently
diagnosed women during the treatment period (77), and
incorporating behavioral therapy into lifestyle modification
is a novel approach that can assist women with BC to set
goals and overcome barriers to having a healthier body (69).
Our findings also suggest that a comprehensive diet-based
lifestyle intervention would be better started as early as the
cancer diagnosis and for all women with BC, regardless of
their body weight. In fact, subgroup analyses showed more
considerable changes in the majority of anthropometric and
dietary intake parameters in studies that enrolled patients
with both normal weight and overweight or obesity, as well
as in studies that started the diet-based intervention during
cancer treatment. In addition, the stated changes were also
significant in investigations that included postmenopausal
women. As a result, these guidelines should give special
attention to premenopausal women with BC, who may be
more emotionally affected by the cancer diagnosis and have
poorer adherence to lifestyle changes (78).

Our findings also showed that the dietary-based interven-
tions had considerable effects when they included a low-fat
diet. A low-fat diet may lower intestinal dysbiosis and the
related adverse impact on weight and metabolic variables
(79). A meta-analysis of observational studies found that
limiting fat consumption to less than 20% of total calories
reduces the risk of breast cancer by 13.4% (80).

The present meta-analysis has several strengths. We used
numerous databases and had no language restrictions to
include all eligible RCTs. We did not limit the participants’
baseline BMI or treatment status to increase the general-
izability of our findings to all women with a diagnosis of
BC and to determine the optimal strategy to recommend.
We conducted numerous subgroup analyses to identify the
possible sources of heterogeneity. We also used both the
updated RoB2 and the GRADE system to provide a clear
assessment of the quality of the included studies. Finally, the
systematic review part of the present study is thorough. Many
studies that did not have a few eligibility criteria are listed in
Supplemental Table 3.

The limitations of the present study should be considered.
Twenty-four studies out of 51 included articles had “some
concerns” risk of bias and an additional 17 were at “high

risk of bias.” In many of the included studies, anthropometric
indices were the secondary outcomes. Furthermore, the final
analyses did not account for the effects of confounding
factors, such as alcohol intake, smoking, or age, and the
methods used to measure these parameters were not taken
into account in the final analyses. In addition, despite
contacting the authors, we were unable to obtain the full text
of 1 eligible study. It is unclear, however, whether receiving
the relevant data would have had a major impact on our
findings.

It is strongly suggested that future studies include a follow-
up duration of 2–3 y after the treatment period to see if the
dietary-based lifestyle interventions were constant over the
follow-up time. Evaluating the adherence to the intervention
is essential since it greatly affects patients’ quality of life
and survivorship. Furthermore, prospective RCTs should
assess the baseline psychological status of women with BC
before the study’s initiation and throughout the follow-
up period. Anxiety, depression, and fatigue are among the
psychological barriers that affect adherence to the lifestyle
interventions of women with BC, especially premenopausal
women who are more affected by the emotional effects of
cancer diagnosis. Future studies should use more reliable
and validated methods, such as computed tomography scans,
to evaluate if the changes in lean body mass are clinically
meaningful. Direct evaluation of muscle and adiposity will
help treatment plans and interventions optimize survival
outcomes (81). Considering individual groups of diet-
based interventions in future studies would also give a
clear understanding of the conclusion that a comprehensive
multimodal dietary-based lifestyle intervention had the most
significant effect on anthropometric and dietary intake
parameters in women with BC. According to the present
meta-analysis, the majority of studies were conducted in
American and European populations. As a result, additional
research in Asian and African populations is required to ac-
count for country-specific differences and to update present
findings.

In conclusion, our findings suggest that a comprehensive
dietary-based intervention, which included a combination of
diet and exercise or diet, exercise, and behavioral therapy,
would have the most positive effects on anthropometric and
dietary intake parameters in women with BC, especially
when started as soon as the cancer was diagnosed. However,
more research is needed to investigate the effect of multi-
modal dietary-based lifestyle modification interventions on
BC recurrence.
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