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Abstract 

Purpose  Examine the association between obesity and clinical outcomes in early breast cancer and assess if patient, 
tumor, and treatment characteristics modify such associations in Malmö Diet and Cancer Study patients (MDCS).

Methods  The MDCS enrolled 17,035 Swedish women from 1991 to 1996. At enrollment, participants’ body mass 
index (BMI), waist circumference and body fat percentage measures were collected. We identified all female MDCS 
participants with invasive breast cancer from 1991 to 2014. Follow-up began at breast cancer diagnosis and ended 
at breast cancer recurrence (BCR), death, emigration, or June 8, 2020. The World Health Organization guidelines were 
used to classify BMI, waist circumference, and body fat percentage into three categories of healthy weight, over‑
weight, and obesity. We fit Cox regression models to compute adjusted hazard ratios (HRs) with 95% confidence inter‑
vals (CI) of BCR according to body composition. To evaluate effect measure modification, we stratified Cox models by 
patient, tumor, and treatment characteristics.

Results  In total, 263 BCRs were diagnosed over 12,816 person-years among 1099 breast cancer patients with a 
median follow-up of 11.1 years. Obesity according to BMI (HR = 1.44 [95%CI 1.00–2.07]), waist circumference (HR = 1.31 
[95%CI 0.98–1.77]), and body fat percentage (HR = 1.41 [95%CI 1.02–1.98]) was associated with increased risk of BCR 
compared with healthy weight. Obesity was stronger associated with BCR in patients with low socioeconomic posi‑
tion (HR = 2.55 [95%CI 1.08–6.02]), larger tumors > 20 mm (HR = 2.68 [95%CI 1.42–5.06]), estrogen-receptor-negative 
breast cancer (HR = 3.13 [95%CI 1.09–8.97]), and with adjuvant chemotherapy treatment (HR = 2.06 [95%CI 1.08–4.31]).

Conclusion  Higher pre-diagnostic BMI, waist circumference, and body fat percentage was associated with 
increased risk of BCR. The association between obesity and BCR appears dependent on patient, tumor, and treatment 
characteristics.
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Introduction
Since the 1980s, advances in breast cancer detection 
and treatment have resulted in an increasing number 
of patients surviving breast cancer [1, 2]. Concurrently 
there has been an increase in obesity prevalence [3] 
with globally 110,000 breast cancer cases attributable 
to excess body weight in 2012 [4]. This has motivated 
researchers to investigate preventive public health 
interventions [5] and initiate trials with weight-loss 
interventions [6] to reduce the risk and improve the 
outcome of breast cancer. Yet, limited research has 
been carried out to identify characteristics of breast 
cancer patients that have negative health effects of their 
obesity. Obesity may be associated with poor breast 
cancer prognosis due to insufficient treatment [7]. For 
example, chemotherapy is dosed based on body sur-
face area and the drug dosage determination guide-
lines include a praxis called dose-capping, meaning 
that a reduced, sub-optimal, chemotherapy dose may 
be prescribed to patients with obesity to minimize tox-
icities [7, 8]. Patients with greater body size can also be 
affected by underdosing due to underestimated body 
surface area [9]. Further, treatment with aromatase 
inhibitors may be less effective in breast cancer patients 
with obesity due to their inherently higher levels of aro-
matase [10, 11]. Obesity may also be associated with 
poor breast cancer prognosis due to metabolic changes. 
In individuals with obesity, white adipocytes are likely 
to become hypertrophic and hyperplastic, resulting in 
physiologic changes such as elevated FFAs and triglyc-
erides, increased blood glucose, and insulin resistance. 
Further, obesity-associated adipose tissue produces 
more pro-inflammatory cytokines, such as tumor 
necrosis factor alpha, interleukin-6, interleukin-1, and 
adipokines. Through these mechanisms the presence 
of excess adipocytes and the obesity-induced change in 
adipose tissue may promote the early stages of metas-
tasis [12–14]. To identify breast cancer patients with 
obesity at higher risk of disease recurrence and death, 
it is important to investigate whether patient, tumor 
and treatment characteristics can predict patient sub-
populations in need of improved surveillance and/or 
treatment.

Body mass index (BMI) is still the standard tool for 
measuring and defining obesity [15]. Yet, BMI is con-
troversial and its specificity questioned. Several other 
anthropometric measures have been suggested as more 
precise in determining obesity [15] and may be rele-
vant to use systematically when assessing breast cancer 
patients for treatment.

The purpose of this study was to examine the associa-
tion between pre-diagnostic anthropometric measures 
and breast cancer outcomes in the Malmö Diet and 

Cancer Study (MDCS). Further, the study aimed to assess 
patient, tumor and treatment characteristics associated 
with prognosis in breast cancer patients with obesity.

Patients and methods
We conducted a prospective cohort study nested in the 
MDCS cohort.

Data sources
The MDCS is a prospective cohort study that enrolled 
17,035 women in Malmö, Sweden from 1991 to 1996. 
The primary objective of the MDCS was to investigate 
associations between dietary patterns and cancer risk. 
The MDCS enrolled 42.6% of the eligible population 
born between 1923 and 1950 [16]. The MDCS is updated 
annually with information on incident cancer cases and 
vital status through record linkage to the Swedish Cancer 
Registry, the Southern Swedish Regional Tumor Registry, 
and the Swedish Cause of Death Registry. All Swedish 
residents have a unique civil registration number in the 
National Population Register, allowing for 100% accurate 
data linking.

Study population
Between 1991 and 2014, 1240 female MDCS participants 
were diagnosed with invasive breast cancer (Fig. 1). Par-
ticipants with a breast cancer diagnosis before enroll-
ment in MDCS were excluded as prevalent cases. We 
also excluded participants with carcinoma in  situ, bilat-
eral breast cancer or de novo metastatic disease. The final 
study population in the survival analyses included 1099 
female breast cancer patients.

Anthropometric measures
Trained research nurses collected anthropometric meas-
ures including, height, weight, waist circumference, and 
body fat percentage upon enrollment in the MDCS [16, 
17]. Hence, the anthropometric data used in this study 
was collected at study baseline prior to the diagnosis of 
breast cancer. We used the World Health Organization’s 
definition of BMI in kg/m2, waist circumference in cen-
timeters and body fat percentage to group the patients 
according to body composition [18]. Patients with a BMI 
of 18.5–24.9 kg/m2, a waist circumference below 81 cm, 
or a body fat percentage of 24% or lower were consid-
ered to have healthy weight. Patients with a BMI of 25.0–
29.9 kg/m2, a waist circumference between 81 and 85 cm, 
or a body fat percentage exceeding 24% but below 32%, 
were considered to have overweight. Patients with a BMI 
of more than 30.0 kg/m2, a waist circumference of more 
than 85  cm, or a body fat percentage of 32% or more 
were considered to have obesity [18]. In the multivariable 
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models, these variables were included as categorical vari-
ables with healthy weight as the reference group.

A body shape index (ABSI) has been suggested to 
predict mortality risk more precisely than alternative 
anthropometric measures. Therefore, we calculated ABSI 
according to the suggested formula by Krakauer and 
Krakauer [19]:

In multivariable analyses, ABSI was divided into 
cohort-specific tertiles and the first tertile was used as 
the reference group.

BMI was used to determine body composition for 
descriptive purposes of patient characteristics in Table 1 
and sensitivity analyses.

Socioeconomic position
Consistent with the Swedish socioeconomic classifica-
tion [20], we categorized socioeconomic position (SEP) 
for descriptive purposes as low if patients had unskilled 
manual labor with < 2  years of post-high school educa-
tion, low-middle if skilled manual labor with > 2  years 
of post-high school education, high-middle if assistant 
non-manual labor with < 3 years of post-high school edu-
cation, and high if non-manual labor with ≥ 3  years of 
post-high school education. In multivariable models, SEP 
was dichotomized into low SEP vs high SEP. The low SEP 
group included patients categorized as low or low-middle 
and the high SEP group included patients categorized as 
high-middle and high.

Waist Circumference

BMI2∕3 ∗ height1∕2

Definitions of analytic variables
Age was described as the median age at breast cancer 
diagnosis. In the multivariable models, age was included 
as a continuous variable defined at the time of breast can-
cer diagnosis.

We defined three categories of tumor size in millim-
eters (mm): less than 10 mm, 10–20 mm, and more than 
20 mm. Tumor size was modeled as a categorical variable 
[21]. In sensitivity analyses, tumor size was modeled as 
a dichotomous variable (≤ 20 mm/ > 20 mm). The histo-
logical grade of breast cancer was assessed and described 
according to the Nottingham Histological Grade [22] 
and categorized as grade I, grade II, and grade III; this 
was modeled as a categorical variable. Menopausal sta-
tus at diagnosis (premenopausal/postmenopausal), 
estrogen-receptor (ER) status (positive/negative), lymph 
node status (positive [present metastatic lymph nodes]/
negative [no metastatic lymph nodes]), surgery (breast 
cancer conserving surgery/mastectomy), along with the 
intended adjuvant treatment with radiation (yes/no), 
chemotherapy (yes/no), and endocrine therapy (yes/no) 
were all treated as dichotomous variables.

Outcome
The primary endpoint was breast cancer recurrence 
(BCR), defined as the time from breast cancer diagno-
sis until the earliest occurrence of invasive loco-regional 
recurrence or distant metastases. Trained medical doc-
tors retrieved data on recurrence from medical charts of 
all patients diagnosed with breast cancer in the MDCS. 
The secondary endpoint was mortality, defined as the 

Fig. 1  Flowchart of the study population. *MDCS = Malmö Diet and Cancer Study
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Table 1  Patient, tumor, and treatment characteristics according to body mass index in 1099 patients with incident invasive breast 
cancer in the Malmö Diet and Cancer Study

a IQR Interquartile range

Total Healthy weight Overweight Obesity
N = 1099 N = 556 N = 384 N = 159

Age at diagnosis, median (IQR) 66.3 (61.2–72.8) 64.9 (59.9–70.5) 68.8 (62.8–73.9) 69.2 (63.3–76.2)

Menopausal status at diagnosis
  Premenopausal 65 (6.4%) 40 (7.7%) 19 (5.5%) 6 (4.0%)

  Postmenopausal 951 (93.6%) 478 (92.3%) 329 (94.5%) 144 (96.0%)

Histological grade according to Nottingham score
  Grade I, 3–5 p 269 (26.6%) 160 (31.2%) 76 (21.7%) 33 (22.4%)

  Grade II, 6–7 p 478 (47.3%) 239 (46.6%) 162 (46.3%) 77 (52.4%)

  Grade III, 8–9 p 263 (26.0%) 114 (22.2%) 112 (32.0%) 37 (25.2%)

Tumor size, mm
   < 10 178 (17.0%) 102 (19.0%) 57 (15.8%) 19 (12.7%)

  10–20 568 (54.3%) 296 (55.1%) 196 (54.4%) 76 (50.7%)

   > 20 301 (28.7%) 139 (25.9%) 107 (29.7%) 55 (36.7%)

Nodal status
  Negative 675 (68.3%) 366 (71.6%) 218 (64.9%) 91 (64.1%)

  Positive 314 (31.7%) 145 (28.4%) 118 (35.1%) 51 (35.9%)

Histological type
  Invasive ductal cancer 714 (69.8%) 353 (68.1%) 256 (71.3%) 105 (71.9%)

  Invasive lobular cancer 201 (19.6%) 110 (21.2%) 63 (17.5%) 28 (19.2%)

  Other 108 (10.6%) 55 (10.6%) 40 (11.1%) 13 (8.9%)

Estrogen receptor status
  Negative 97 (10.1%) 48 (9.9%) 36 (10.8%) 13 (9.3%)

  Positive 860 (89.9%) 436 (90.1%) 297 (89.2%) 127 (90.7%)

Surgical procedure
  Mastectomy 427 (42.1%) 225 (43.1%) 138 (39.9%) 64 (43.8%)

  Breast conserving surgery 587 (57.9%) 297 (56.9%) 208 (60.1%) 82 (56.2%)

Endocrine therapy, planned adjuvant
  No 453 (42.7%) 247 (45.8%) 142 (38.4%) 64 (42.1%)

  Yes 608 (57.3%) 292 (54.2%) 228 (61.6%) 88 (57.9%)

Chemotherapy, planned adjuvant
  No 844 (84.0%) 412 (82.7%) 305 (84.3%) 127 (87.6%)

  Yes 161 (16.0%) 86 (17.3%) 57 (15.7%) 18 (12.4%)

Radiotherapy, planned adjuvant
  No 397 (39.4%) 199 (40.0%) 139 (38.2%) 59 (40.7%)

  Yes 610 (60.6%) 299 (60.0%) 225 (61.8%) 86 (59.3%)

Socioeconomic position
  Low 302 (28.3%) 101 (18.8%) 132 (35.2%) 69 (44.8%)

  Low middle 64 (6.0%) 28 (5.2%) 19 (5.1%) 17 (11.0%)

  High middle 346 (32.4%) 193 (35.9%) 119 (31.7%) 34 (22.1%)

  High 355 (33.3%) 216 (40.1%) 105 (28.0%) 34 (22.1%)

Do you smoke?
  Yes, I smoke regularly 270 (24.6%) 165 (29.7%) 76 (19.8%) 29 (18.2%)

  Yes, I smoke occasionally 35 (3.2%) 21 (3.8%) 10 (2.6%) 4 (2.5%)

  No, I have stopped smoking 333 (30.3%) 161 (29.0%) 122 (31.8%) 50 (31.4%)

  No, I have never smoked 461 (41.9%) 209 (37.6%) 176 (45.8%) 76 (47.8%)
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time from breast cancer diagnosis until death from any 
cause. Data on mortality was retrieved from the Swedish 
Cause of Death Registry.

Follow‑up and statistical analysis
Follow-up for BCR and mortality began at breast can-
cer diagnosis and continued until the first event of BCR, 
death, emigration or end of follow-up on June 8, 2020. 
Patients with these events were censored.

We used Cox regression models to compute crude and 
adjusted hazard ratios (HRs) with 95% confidence inter-
vals (95%CI) for BCR and mortality. Only patients with 
complete data on all regressed variables were included 
in the analyses. The adjusted model included the fol-
lowing co-variables: age at diagnosis (continuous), node 
status (dichotomous), ER status (dichotomous), histologi-
cal grade (categorical), tumor size (categorical), type of 
surgery (dichotomous), adjuvant radiotherapy (dichoto-
mous), adjuvant chemotherapy (dichotomous), and adju-
vant endocrine therapy (dichotomous). Complete case 
data were available for 941 patients, which were included 
in the adjusted models.

We performed a series of pre-planned sensitivity 
analyses using Cox regression models adjusted for the 
previously stated covariates excluding the stratification 
variable of interest to investigate the association between 
obesity and breast cancer prognosis. The reference 
group used for the stratified analyses was within strata, 
i.e., we compared healthy weight versus obesity among 
patients with low SEP. First, we examined differences in 
patient characteristics among healthy weight and breast 
cancer patients with obesity according to BMI in terms 
of BCR. Second, we investigated the prognostic value 
of tumor characteristics according to BMI in relation to 
BCR. Third, to examine any possible differences in treat-
ment patterns according to BMI, we conducted analyses 
of BCR and BMI stratified by treatment with adjuvant 
chemotherapy, radiotherapy, endocrine therapy, and type 
of primary surgery. Finally, to assess whether the expo-
sure of obesity combined with certain patient, tumor and 
treatment characteristics was greater than the individual 
effects alone, we conducted pre-planned interaction tests 
between obesity and the stratified factors that displayed a 
negative effect on the outcome. We used logistic regres-
sion models adjusted for the previously stated co-vari-
ates, dichotomous exposure to obesity, and the variable 
of interest, we estimated the relative excess risk due to 
interaction [23].

Results
Among 1099 eligible patients, 263 BCRs were diagnosed 
over 12,816 person-years with a median follow-up of 
11.1 years (interquartile range [IQR] was 6.6–16.2). The 

median time from collection of anthropometric measures 
until breast cancer diagnosis was 10.8  years (IQR 6.0–
15.4). The cohort consisted of 556 patients with healthy 
weight, 384 patients with overweight and 159 patients 
with obesity. In the cohort, median BMI was 24.9  kg/
m2 (IQR 22.8–27.7), median waist circumference was 
77 cm (IQR 71–84), and the median body fat percentage 
was 31% (IQR 28–34). The median age at breast cancer 
diagnosis was 66.3  years (IQR 61.2–72.8). Patients with 
obesity were generally older than patients with healthy 
weight (Table 1).

Patients with overweight or obesity according to BMI 
were more often diagnosed with a higher histological 
grade, had larger tumors and positive nodal status at 
diagnosis compared with patients with healthy weight 
(Table 1). Invasive lobular breast cancer was more com-
mon among patients with healthy weight. Endocrine 
therapy, radiotherapy, and mastectomy were less fre-
quently assigned to patients with overweight than to 
patients with healthy weight or obesity. However, chem-
otherapy was more frequently assigned to patients with 
overweight or obesity than to patients with healthy 
weight. Patients with obesity had lower SEP than patients 
with healthy weight, while patients with healthy weight 
were more likely to smoke than patients with overweight 
or obesity.

In multivariable analyses, having obesity accord-
ing to BMI was associated with an increased rate of 
BCR (HRadj = 1.56 [95%CI 1.00–2.46) and mortality 
(HRadj = 1.51 [95%CI 1.05–2.18) in comparison to hav-
ing healthy weight (Table  2). Having obesity according 
to waist circumference was also associated with a higher 
risk of BCR (HRadj = 1.46 [95%CI 1.00–2.13]) and mortal-
ity (HRadj = 1.45 [95%CI 1.07–1.96]). Patients with obesity 
according to body fat percentage were at higher risk of 
BCR (HRadj = 1.41 [95%CI 1.02–1.98]), whereas the pre-
cision of the mortality estimate was lower (HRadj = 1.30 
[95%CI 0.74–2.27]). Having a high ABSI was not associ-
ated with increased risk of BCR (Tertile 3, HRadj = 0.97 
[95%CI 0.68–1.39]), but increased risk of mortality (Ter-
tile 3, HRadj = 1.24 [95%CI 0.91–1.71]) (Supplemental 
Table S1).

In Fig.  2, the association between body composition 
(BMI) and BCR is depicted according to patient char-
acteristics. Having obesity was associated with BCR in 
postmenopausal women (HRadj = 1.49 [95%CI 0.98–
2.40]). Patients with obesity had an increased risk of BCR 
if they had low SEP (HRadj = 2.55 [95%CI 1.08–6.02]) or 
if they were non-smokers (HRadj = 1.66 [95%CI 1.01–
2.73]). No association between having obesity and BCR 
was observed among patients with high SEP (HRadj = 1.47 
[95%CI 0.58–3.75]) or smokers (HRadj = 1.12 [95%CI 
0.43–2.92]).
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Figure 3 illustrates the relationship between body com-
position (BMI) and BCR based on tumor characteristics. 
Certain tumor characteristics were linked to the rate of 
recurrence, with histological grade III being associated 
with an increased risk of BCR in breast cancer patients 
with obesity (HRadj = 2.08 [95%CI 0.99–4.39]). No associ-
ation between obesity and BCR was observed for patients 
with histological grade I (HRadj = 1.89 [95%CI 0.49–7.31]) 
or histological grade II (HRadj = 1.61 [95%CI 0.81–3.19]). 
In comparison to patients with healthy weight, patients 
with obesity who had tumors larger than 20  mm at 
breast cancer diagnosis were at increased risk of BCR 
(HRadj = 2.68 [95%CI 1.42–5.06]). However, patients 
with obesity and tumors of 20  mm or less were not at 
increased risk of BCR (HRadj = 0.91 [95%CI 0.45–1.85]). 
Patients with obesity who were diagnosed with ductal 
breast cancer had increased risk of BCR (HRadj = 1.53 
[95%CI 1.00–2.34]), while no association was observed 
among patients diagnosed with lobular breast cancer 
(HRadj = 0.72 [95%CI 0.31–1.68]). Patients with obesity 
and ER-negative disease had an increased risk of BCR 
(HRadj = 3.13 [95%CI 1.09–8.97]) compared with patients 
with healthy weight. Similarly, patients with obesity and 
ER-positive disease had increased risk of BCR compared 

with patients with healthy weight (HRadj = 1.38 [95%CI 
0.98–2.02]).

Breast cancer patients with obesity who were assigned 
to adjuvant chemotherapy had a higher risk of BCR com-
pared with breast cancer patients with a healthy weight 
(HRadj = 2.06 [95%CI 1.08–4.31]). Patients not assigned 
to chemotherapy were not at a higher risk of BCR 
(HRadj = 1.31 [95%CI 0.79–2.17]) (Fig. 4).

Discussion
This study showed an association between obesity and 
inferior breast cancer outcomes. We identified sev-
eral characteristics that indicate a worse prognosis 
among patients with obesity. Low SEP was associated 
with a poor breast cancer prognosis among breast can-
cer patients with obesity compared with patients with 
healthy weight. Tumor characteristics, such as histologi-
cal grade III, a tumor larger than 20 mm, ductal histology, 
or ER-negative tumors were associated with poorer prog-
nosis in breast cancer patients with obesity compared 
with patients with healthy weight. Finally, patients with 
obesity who were assigned to treatment with chemother-
apy had a poorer prognosis compared with patients with 
healthy weight who were assigned chemotherapy.

Table 2  Survival estimates of recurrence and mortality according to body mass index, waist circumference, and body fat percentage 
in 1099 patients with incident invasive breast cancer in the Malmö Diet and Cancer Study

a Age, histological grade, tumor size, nodal status, estrogen-receptor status, surgery, planned adjuvant radio-, chemo-, and endocrine therapy
b HR Hazard ratio, CI Confidence interval

Endpoint Body composition No. of patients Events Unadjusted HR (95%CI) Adjusted HRa (95%CI)

Body mass index
  Recurrence Healthy weight 556 129 (ref ) (ref )

Overweight 384 92 1.17 (0.89–1.54) 1.23 (0.86–1.76)

Obesity 159 42 1.39 (0.98–1.99) 1.56 (1.00–2.46)

  Mortality Healthy weight 556 166 (ref ) (ref )

Overweight 384 160 1.57 (1.26–1.96) 1.18 (0.88–1.59)

Obesity 159 72 1.73 (1.31–2.29) 1.51 (1.05–2.18)

  Waist circumference
  Recurrence Healthy weight 723 166 (ref ) (ref )

Overweight 119 33 1.34 (0.92–1.95) 1.18 (0.73–1.90)

Obesity 223 59 1.35 (1.01–1.83) 1.46 (1.00–2.13)

  Mortality Healthy weight 723 229 (ref ) (ref )

Overweight 119 45 1.26 (0.92–1.74) 1.03 (0.67–1.58)

Obesity 223 113 1.71 (1.36–2.15) 1.45 (1.07–1.96)

Body fat percentage
  Recurrence Healthy weight 109 31 (ref ) (ref )

Overweight 476 101 0.96 (0.58–1.59) 0.99 (0.53–1.85)

Obesity 514 131 1.25 (0.76–2.04) 1.41 (1.02–1.98)

  Mortality Healthy weight 109 31 (ref ) (ref )

Overweight 476 151 1.39 (0.86–2.24) 1.25 (0.71–2.20)

Obesity 514 216 1.97 (1.23–3.14) 1.30 (0.74–2.27)
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BMI has been criticized as a tool for determining obe-
sity since it does not differentiate between fat tissue and 
other body tissues, such as muscle tissue [24, 25]. Given 
ethnic and geographical variation in the relationship 
between fat tissue and other body tissues globally [26], it 
has been suggested that anthropometric measures other 
than BMI should be used to better predict obesity and its 
impact on disease [15, 27, 28]. Waist circumference more 
specifically indicate central obesity compared with BMI 
[29] and central obesity has been suggested a better pre-
dictor of inferior breast cancer outcome than peripheral 
obesity [30]. Body fat percentage is another anthropo-
metric measure that has been suggested to have disease 
prognostic value [31]. However, in comparison to BMI 
and waist circumference, which can be collected using a 
standard weight and measurement, evaluating body fat 
percentage is more complex and requires a bioelectri-
cal impedance analyzer. Few studies have investigated 
the relationship between body fat percentage and breast 
cancer outcomes [32]. ABSI has recently been suggested 
to better predict obesity-related mortality than BMI 
[33], but few studies have investigated its relationship 
to breast cancer prognosis. Our findings confirm previ-
ously reported mortality predictions [33]. Nevertheless, 
when adjusting for breast cancer prognostic factors or 
predicting BCR, ABSI added no value. In this study, all 

anthropometric measures served as prognostic tools for 
breast cancer outcome; as the measures were compara-
bly associated with breast cancer outcome. However, no 
comparative statistical tests were used to assess the prog-
nostic difference of the anthropometric measures.

Previous investigations studying the impact of low SEP 
on breast cancer outcome suggested that low SEP was 
associated with higher mortality [34], but not BCR indi-
cating potential under-detection of BCR among patients 
with low SEP [35]. In this study, the association between 
obesity and poor prognosis was predominantly present 
among breast cancer patients with low SEP regardless 
of whether studying recurrence or mortality, while no 
association between obesity and poor prognosis was evi-
dent among patients with high SEP. Reasons underlying 
these findings are not clear, but may be partly explained 
by differences in access to healthcare and adherence 
to treatment and follow-up [36]. Low SEP is associated 
with a poorer diet, physical inactivity [37, 38], and higher 
comorbidity, which may contribute to a worse prognosis 
[39]. Yet, other explanations as to why obesity might be a 
mediator for social inequality in breast cancer outcomes 
may exist.

The observation that non-smoking patients with obe-
sity have a poorer prognosis than smoking patients with 
obesity is likely to be due to misclassification and residual 

Fig. 2  The relationship between patient characteristics and recurrence rates in breast cancer patients with healthy weight vs obesity defined by 
BMI. Forest plot shows adjusted HR (95% CI) of breast cancer recurrence for patients with obesity (BMI ≥ 30.0) compared with patients with healthy 
weight (BMI 18.5–24.9), according to stratified patient characteristics. *BCR = breast cancer recurrence. **The stratified analyses were adjusted for 
the following co-variables excluding the stratified variable of interest: age, histological grade, tumor size, nodal status, estrogen-receptor status, 
surgery, planned adjuvant radio-, chemo-, and endocrine therapy. ***The relative excess risk due to interaction with 95% CI for socioeconomic 
position was 0.94 (0.11–1.76) indicating a super-additive interaction effect, suggesting that the response to multimodal exposure are greater than 
the sum of the independent responses to low socioeconomic position or obesity alone
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Fig. 3  The relationship between tumor characteristics and recurrence rates in breast cancer patients with healthy weight vs with obesity defined 
by BMI. Forest plot shows adjusted HR (95% CI) of breast cancer recurrence for patients with obesity (BMI ≥ 30.0) compared with patients with 
healthy weight (BMI 18.5–24.9), according to stratified tumor characteristics. *BCR = breast cancer recurrence; ER = estrogen receptor. ** The 
stratified analyses were adjusted for the following co-variables excluding the stratified variable of interest: age, histological grade, tumor size, nodal 
status, estrogen-receptor status, surgery, planned adjuvant radio-, chemo-, and endocrine therapy. *** The relative excess risk due to interaction 
(RERI) with 95% CI for tumor size > 20 mm was 1.78 (− 0.16–3.72)”. The relative excess risk due to interaction with 95% CI for ER-negative disease was 
0.79 (− 0.84–2.46). In this case, the RERI value is 1.78 and 0.79, which are greater than zero, indicating the presence of positive interaction between 
the risk factors (tumor size > 20 mm or ER-negative disease and obesity) on the outcome. However, the 95% CI for RERI includes zero. This suggests 
some uncertainty, and the possibility that there is actually no interaction between the two risk factors cannot be ruled out. A larger sample size may 
be needed

Fig. 4  The relationship between treatment characteristics and recurrence rates in breast cancer patients with healthy weight vs obesity defined by 
BMI. Forest plot shows adjusted HR (95% CI) of breast cancer recurrence for patients with obesity (BMI ≥ 30.0) compared with patients with healthy 
weight (BMI 18.5–24.9), according to stratified treatment characteristics. *BCR = breast cancer recurrence. ** The stratified analyses were adjusted 
for the following co-variables excluding the stratified variable of interest: age, histological grade, tumor size, nodal status, estrogen-receptor status, 
surgery, planned adjuvant radio-, chemo-, and endocrine therapy. ***The relative excess risk due to interaction with 95% CI for chemotherapy in 
patients with obesity was 1.21 (0.95–3.37) indicating a super-additive interaction effect, suggesting that the response to these exposures combined 
is greater than the sum of the independent responses to chemotherapy and obesity alone
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confounding in the association and indicates presence of 
the obesity paradox when stratifying analyses for smok-
ing status [40].

The observed association between having obesity and 
increased risk of BCR in breast cancer patients with ER-
positive disease agrees with previous research [41] and 
was recently highlighted by the International Association 
for Research on Cancer [42]. While previous research has 
established that obesity is associated with poorer out-
comes in ER-positive breast cancer, our study suggests 
that this association may be even stronger in estrogen-
independent breast cancer, and add novel insights to the 
relationship between breast cancer subtypes, obesity, and 
clinical outcomes. Recent research supports our findings 
and suggests that obesity is also a prognostic factor in 
hormone-independent breast cancer [43, 44].

The observed increased risk of BCR and mortality among 
women with obesity assigned chemotherapy treatment 
reflects previous studies [45, 46]. Despite existing literature 
supporting the safety of weight-based doses of chemother-
apy regardless of weight-status [8] dose-capping in patients 
with obesity can occur [47, 48]. No data on chemotherapy 
dosing was available in this study. Therefore, we were una-
ble to determine if patients with obesity received the opti-
mal dose of chemotherapy. Dose-capping might thereby 
have contributed to our findings [7]. It is important to 
highlight this potentially suboptimal treatment with chem-
otherapy and to call on future studies to ensure optimal 
healthcare regardless of body composition [49].

We observed no difference in the risk of BCR in 
patients with obesity who were treated with endocrine 
therapy versus those who were not. We were unable to 
stratify by the type of endocrine therapy. As a result, 
those treated with tamoxifen may conceal any possible 
association between poor prognosis and obesity in breast 
cancer patients treated with aromatase inhibitors.

Our study has limitations. The patients’ anthropomet-
ric measures were obtained upon cohort-enrollment, not 
at breast cancer diagnosis. As anthropometric measures 
like BMI can fluctuate over time, our study results may 
be prone to misclassification bias [50]. Conclusions on 
intervention strategies for breast cancer survivors cannot 
be developed based on findings of this study as data on 
anthropometric measures were collected prior to breast 
cancer diagnosis. Intervention strategies to improve breast 
cancer prognosis are generally assigned to the time of 
diagnosis or during the post-diagnostic adjuvant treatment 
plan [51]. Similarly, information on SEP was retrieved 
upon enrollment in the MDCS, and may be misclassified. 
However, this is unlikely as participants in the MDCS were 
at least 40  years old at inclusion, and the yearly rate of 
workplace change for Swedish women over 40 is 5% [52]. 
Some studies have linked dietary [53] and physical activity 

[54] habits to the prognosis of breast cancer. We do not 
account for these possible confounders in our models, 
which should be considered when interpreting the results 
of this study. Further, our study is limited by small sam-
ple size and the findings; therefore, need to be validated 
in larger cohorts. Finally, the adjustment for co-variates in 
multivariable models attenuated the associations between 
some anthropometric measures and outcomes; therefore, 
our study might be prone to residual confounding.

With an ongoing obesity epidemic worldwide, having 
overweight or obesity will become more common than 
having healthy weight [55], it is therefore pertinent to 
identify populations of breast cancer patients with over-
weight or obesity who have a poor prognosis. Such infor-
mation could be used to optimize treatment for all breast 
cancer patients, regardless of body composition. This 
study has highlighted several patient populations with 
obesity who may have a higher treatment demand than 
others when diagnosed with breast cancer. Yet, the asso-
ciations observed in this study needs to be confirmed in 
larger cohorts with more up-to-date data.

Conclusion
Obesity defined by high pre-diagnostic levels of BMI, 
waist circumference and body fat percentage were associ-
ated with an increased risk of recurrence and mortality 
among breast cancer patients. In this study, breast cancer 
patients with obesity and low SEP, a large breast tumor, 
breast cancer of high histological grade, ER-negative 
breast cancer, and/or patients intended to be treated with 
chemotherapy were at higher risk of BCR and mortality 
compared to similar patients with healthy weight. The 
identification of these vulnerable patient groups among 
breast cancer patients with obesity may help guide 
researchers to patient populations in need of improved 
screening and/or treatment interventions.
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