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Purpose: Overall survival in breast cancer patients receiving a delayed deep inferior epigastric perforator
(DIEP) flap breast reconstruction is better than in those without delayed breast reconstruction. This study
aimed at determining the impact of socioeconomic status (SES) and comorbidity on these observations.
Materials and methods: This matched cohort study included all consecutive women undergoing a
delayed DIEP flap reconstruction at Karolinska University Hospital, Sweden, between 1999 and 2013.
Controls had not received any delayed breast reconstruction and were relapse-free after a corresponding
follow-up interval. Matching was by year of and age at mastectomy, tumour stage and lymph node status.
Charlson Comorbidity Index (CCI) and socioeconomic data were obtained from national registers. As-
sociations with breast cancer-specific (BCSS) and overall survival (OS) were investigated by Kaplan-Meier
survival estimates and Cox proportional hazard regression analysis.
Results: Women in the DIEP group (N ¼ 254) more often continued education after primary school
(88.6% versus 82.6%, P ¼ 0.026), belonged to the high-income group (76.0% versus 63.1%, P < 0.001), were
in a partnership (57.1% versus 55.7%, P ¼ 0.024) and healthier (median CCI 1.00 (range 0e13) versus 2.00
(range 0e16), P ¼ 0.021) than the control group (N ¼ 729). After adjustment for tumour and treatment
factors, SES and comorbidity, OS remained significantly better for the DIEP group than the control group
(HR 2.27, 95% CI 1.44e3.55).
Conclusion: Women with a delayed DIEP flap reconstruction are a subgroup of higher socioeconomic
status and better health. Higher survival estimates for the DIEP group persisted after adjusting for those
differences, suggesting the presence of further unmeasured covariates.
© 2021 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Surgery is an essential part of breast cancer treatment with
curative intent and can be performed either as breast-conserving
Medicine and Surgery, Kar-
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surgery or mastectomy. In case of mastectomy, breast reconstruc-
tion can be offered either as an immediate or a delayed procedure.
For the latter, the deep inferior epigastric perforator (DIEP) flap,
consisting of adipose tissue and skin from the abdomen that is
transposed to the mastectomy site as a free microsurgical trans-
plant, is commonly performed [1,2]. While some reports observed a
worse survival for patients undergoing large reconstructive pro-
cedures, assumedly releasing growth factors that may reactivate
dormant tumour cells, our group found a significantly better overall
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survival in DIEP patients than in matched controls without any
delayed breast reconstruction [3]. The current analysis aimed to
identify underlying differences between the groups that could
explain these observations.

Socioeconomic status (SES) is a complex concept covering fea-
tures such as income, level of education, occupation, family status,
and housing. A lower SES is linked to worse breast cancer-specific
survival [4e6], partly explained by the diagnosis being made at a
later stage, lower figures of attendance inmammography screening
[4e7] and decreased rates of chemotherapy [4,5,8,9]. Life style
factors associated with cancer risk and lower survival, such as
obesity and smoking, are more common in socioeconomically
deprived groups, as is comorbidity [10]. Comorbidity is a mediator
of overall death but also decreases cancer-specific survival by
modulating adjuvant treatments strategies that in turn impact on
survival [11e14]. In addition, significant comorbidities pose a clear
contraindication for breast reconstruction.

In a systematic review, patients with indicators of lower SES
were less likely to undergo any type of breast reconstruction [15].
While such observations may be due to income disparities in some
countries [16], they have also been confirmed countries with na-
tional health services such as Canada and Denmark [15]. In Sweden,
despite featuring a tax-funded public health service, immediate
reconstruction rates are significantly affected by SES [17]. Thus far, a
corresponding analysis regarding delayed breast reconstruction has
not been performed.

2. Materials and methods

2.1. Data collection

This is a secondary analysis of the 1:3 matched cohort study
previously published by Adam et al. [3]. The DIEP group, consisting
of all women with a previous therapeutic mastectomy who un-
derwent delayed DIEP flap reconstruction at the Department of
Reconstructive Plastic Surgery, Karolinska University Hospital,
Stockholm, Sweden, between January 1999 and December 2013,
was identified from the microvascular registry at Karolinska Uni-
versity Hospital. No immediate DIEP flap reconstructions were
included. All data were verified by individual review of medical
charts. The control group, consisting of women with a therapeutic
mastectomy but no delayed breast reconstruction, was matched
with regard to year of and age at mastectomy, tumour stage and
lymph node status as matching criteria. Each patient in the control
group was assigned a reference date corresponding to the date of
the DIEP reconstruction in the corresponding DIEP case. This was
done in order to make the groups even more comparable as the
progression along the cancer pathway was then made more similar
in both groups. All included patients were recurrence free and free
of any other disseminated malignancy between the date of mas-
tectomy and the date of DIEP reconstruction or the corresponding
reference date. Only women undergoing secondary DIEP re-
constructions were included in the study group in order to achieve
a highly homogeneous study group for comparisonwith the control
group. We specifically chose the DIEP flap reconstruction since it is
an autologous reconstruction method increasing in popularity and
is one of the reconstructive strategies associated with large tissue
trauma.

Data extracted from the Swedish National Breast Cancer Regis-
ter included tumour stage, axillary lymph node status, oestrogen
receptor (ER) status, progesterone receptor (PR) status, human
epidermal growth factor receptor 2 (HER2) amplification status
(registered from 2005 onwards) and Nottingham Histological
Grade (NHG). Information on BMI, smoking, oncological treatment,
recurrences, and date and cause of death were retrieved through
384
medical chart review.
Of note, implant-based immediate breast reconstruction (IB-

IBR) was not an exclusion criterion in the primary study since it
does not affect survival [18]. IB-IBR cases were consequently also
included in the current analysis. Sensitivity analyses were carried
out in order to analyse the impact of IB-IBR on overall survival (OS)
and breast cancer-specific survival (BCSS), respectively. The study
was approved by the regional Ethical Review Board at Karolinska
Institutet, Stockholm, in October 2014 (2014/1555e31). Since only
existing data sources were used, no study-specific consent form
was required.

2.2. Comorbidity

All Swedish citizens are given a unique 10-digit personal iden-
tification number at birth, which enables linkage to national reg-
isters. Data on comorbidity were obtained from the National
Inpatient Register (IPR) that holds data on any diagnosis a patient is
given at hospital discharge. Up to 30 International Statistical Clas-
sification of Diseases-10th Revision (ICD-10) codes were obtained
per patient.

Subsequently, three-digit ICD-10 codes were used to calculate
the Charlson Comorbidity Index (CCI), a tool to measure severity of
comorbid disease [19,20]. The CCI provides an overall score for
comorbidity weighted by level of severity in 19 selected conditions
(age, myocardial infarction, congestive heart failure (CHF), periph-
eral vascular disease (PVD), cerebrovascular accidents, dementia,
chronic obstructive pulmonary disease (COPD), connective tissue
disease, peptic ulcer disease, mild/severe liver disease,
uncomplicated/end-organ damage diabetes mellitus, hemiplegia,
moderate to severe chronic kidney disease (CKD), solid tumour,
leukemia, lymphoma and HIV). Scores per condition range from 1
to 6. The breast cancer diagnosis itself was not included in the
calculation of the CCI score.

2.3. Socioeconomic status

Disposable income per individual and household, family status
(i.e., living in a partnership or in a single household), highest level
of education, occupation, and country of birth were obtained from
the Swedish Total Population Registry (TPR), the Register on In-
come and Taxes (IoT), the Longitudinal Integration Database for
Health Insurance and Labour Market Studies (LISA), the Swedish
Register of Education, and the Swedish Occupational Register, all
maintained by Statistics Sweden. Income was adjusted to the
Swedish Consumer Price Index (CPI) and calculated for the year
prior to delayed DIEP reconstruction or reference date, and then
stratified into three levels (i.e. high, intermediate, low) by dividing
it into equal percentages. The highest level of education was clas-
sified according to the Swedish educational system as primary
school, secondary school, post-secondary school �3 years, or post-
secondary school >3 years. Likewise, data on occupation were
categorized into the four categories clerk/civil servant, entrepre-
neur, labourer or unemployed/retired. Data regarding the latter
category were delivered such that no distinction between retired
women and unemployed individuals was possible.

2.4. Statistical analysis

Categorical variables are reported as numbers and percentages,
and continuous variables as mean (standard deviation) or median
(range). The normality of distribution of all continuous variables
was tested using the ShapiroeWilks test, and the Mann-Whitney U
test was accordingly used for group comparisons. Pearson's c2 test
and Fisher's exact test were used to analyse the distribution of
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categorical variables.
Five-year survival proportions were calculated by Kaplan-Meier

(KM) estimates including the Log rank test to compare the cohorts.
BCSS was calculated from the date of DIEP reconstruction or the
reference date until the date of death from breast cancer (Timescale
1). OS was calculated from the date of DIEP reconstruction or the
reference date until death from any cause (Timescale 2). In the
absence of events, patients were censored at the date of last
medical chart review for OS, and at the date of last clinical follow-
up for BCSS.

Uni- and multivariable Cox proportional hazards regression
analyses were carried out to assess associations of comorbidity
(categorized through the CCI Score), socioeconomic factors
(disposable income per household, family status, highest level of
education and occupation) and clinical information (year of and age
at mastectomy, tumour stage, lymph node status, hormone recep-
tor status (HR), radio- and chemotherapy) with OS and BCSS. Thus,
no time-by-covariate interactions were included in the model.
Results are presented as hazard ratios (HR) with their 95% confi-
dence intervals (CI). Age at delayed DIEP reconstruction or refer-
ence datewas not included as a separate factor since it is integrated
in the overall CCI score.

For all models, covariate interactions were investigated based on
clinical relevance (tumour characteristics) and on SES-by-
comorbidity factors. Interaction terms were included to test for
effect modification and to estimate the effect of exposure in each
stratum of the modifier after investigating the main effects. Sta-
tistically significant interaction terms were tested in the multivar-
iable models through the Wald test. The goodness of fit of the
model was based on the Akaike information criterion (AIC) and the
maximum likelihood, and tested by the log likelihood test.

All reported P-values are two-tailed, and a P-value of <0.05 was
considered significant. Statistical analyses were performed using
SPSS® version 25 (IBM, Armonk, New York, USA) and Stata version
16 (StataCorp, Lakeway Drive, Texas, USA). The established data-
base is registered and managed in accordance with the European
General Data Protection Regulation (GDPR) (see Table 1).

3. Results

Overall, 250 womenwith 254 delayed DIEP flap reconstructions
constituted the DIEP group and 729 women the matched control
group. For clinical background data, see the previously published
supplementary Table 1 [3]. As shown in Table 2 the DIEP group
represent a population with a higher SES, as demonstrated by a
lower proportion of individuals with primary school as the highest
level of education or with a low income. In addition, the DIEP group
appeared to be healthier than the matched control group with a
significantly lower prevalence of congestive heart failure, diabetes
and COPD, and lower overall CCI scores.

IB-IBR was significantly more common in the control than the
DIEP group (149 cases (20.4%) versus 21 cases (8.3%), P < 0.001).
Women with an IB-IBR in general had higher education levels
(postsecondary>3 years, 69 cases (40.6%) versus 153 cases (26.8%),
P ¼ 0.001), worked more often as clerks/civil servants (104 cases
(62.3%) versus 205 cases (35.3%), P < 0.001), and had more often a
high disposable household income (79 cases (46.5%) versus 162
cases (28.1%), P < 0.001) than women with neither IB-IBR nor
delayed DIEP. Patients with an IB-IBR were also significantly
healthier (CCI group 0e6: 153 cases (90.0%) versus 390 cases
(67.2%), P < 0.001). Excluding all IB-IBR cases from the comparison
of the DIEP and the control group regarding socioeconomic vari-
ables and comorbidity did however not change the above pre-
sented group differences.

A higher proportion of smokers (71 cases (17.5%) vs 11 (4.5%),
385
P < 0.001) was seen in the control group. Both groups had a median
BMI of 26 (range 20e35 in the DIEP group vs 19e41 in the control
group, P ¼ 0.055). Since BMI and smoking were only available in
319 (39.8%) and 651 (66.2%) women, respectively, these covariates
were not included in further analyses.

3.1. Survival analyses

The proportional hazards assumption was checked using sta-
tistical testing and graphical diagnostics based on the global test of
Schoenfeld's residuals without any evidence of time-varying haz-
ard ratios (P¼ 0.0816). After a median follow-up time of 89 months
for the DIEP group and 75months for the control group (P¼ 0.053),
37 deaths of any cause had occurred in the DIEP group (14.6%) and
188 (25.8%) in the control group (P < 0.001). Unadjusted 5-year OS
was 91.6% for the DIEP group and 84.7% for the control group (Log
rank P < 0.001). The higher crude risk of death of any cause (HR 2.08
95% CI 1.40e3.09) in the control group persisted after adjustment
for tumour and treatment characteristics, socioeconomic factors
and comorbidity (HR 1.88, 95% CI 1.24e2.86). Independent risk
factors were younger age at mastectomy, being retired or unem-
ployed, and having a CCI score �7 (Table 3). Adjusted survival an-
alyses were also performed excluding all women with IB-IBR but
rendered the same results (Table 3).

Thirty-three patients (13.0%) in the DIEP and 132 (18.1%) in the
control group had died of breast cancer (P ¼ 0.060). Unadjusted
Kaplan-Meier estimates showed a 5-year BCSS of 92.0% and 87.9%,
respectively (P ¼ 0.032). The higher crude risk of breast cancer
death (HR 1.62, 95% CI 1.07e2.46) in the control group did, how-
ever, not persist in adjusted analyses (Table 4). Only when
excluding all women with an IB-IBR from multivariable analysis,
BCSS was significantly better in the DIEP group (HR 1.79, 95% CI
1.09e2.92). Independent risk factors of breast cancer death were
younger age at mastectomy, working as a labourer or having no
current employment, and a CCI score �7 (Table 4).

4. Discussion

In this matched cohort study, womenwith a delayed DIEP breast
reconstruction had a significantly higher socioeconomic status
(SES) and were significantly healthier than women without any
delayed breast reconstruction. Furthermore, the control group had
a higher crude risk of overall as well as breast cancer-specific death,
which persisted after adjustment for treatment, tumour charac-
teristics, socioeconomic factors, and comorbidity.

The majority of studies reporting dissimilarities in SES and co-
morbidity between women with and without a breast reconstruc-
tion focus on the immediate reconstructive setting [17,21e26], and
cover both countries with private insurance systems, and thus
reimbursement issues as an additional aspect of reconstructive
procedures [23,24,26], and countries with public health care
[17,27,28]. In Western Australia, England and Denmark, studies
using area codes or level of education as proxies for social depri-
vation found that increased deprivation was significantly associ-
ated with lower rates of breast reconstruction [23,29,30]. A
Swedish study showed that foreign-born women were more often
diagnosed with stage II and III tumours than Swedish-born women
[31]. Women with an IB-IBR included in the present study were a
similarly privileged population. Such selection mechanisms are
undesirable, since the psychosocial benefits of breast reconstruc-
tion are not limited to specific subgroups of SES, race or ethnicity
[32].

Disparities in SES, however, do not only affect reconstruction
rates but also breast cancer stage [33e35] and survival, even in the
relatively homogenous Swedish society enjoying a tax-funded



Table 1
Descriptive socioeconomic data comparing the DIEP and control groups.

DIEP group (n ¼ 254) Control group (n ¼ 729) P-value

Family status Partner/married 145 (57.1) 406 (55.7) 0.024*
Single 107 (42.1) 311 (42.7)
Missing 2 (0.8) 12 (1.6)
Own birth country 0.243
Sweden 187 (73.6) 574 (78.7)
Europe, not Sweden 38 (15.0) 89 (12.2)
Outside of Europe 29 (11.4) 66 (9.1)
Missing 0 (0) 0 (0)
Highest level of education 0.026
Primary school 29 (11.4) 118 (16.2)
Secondary school 110 (43.3) 273 (37.5)
Postsecondary school, < 3 years 52 (20.5) 111 (15.2)
Postsecondary school, � 3 years 63 (24.8) 218 (29.9)
Missing 0 (0) 9 (1.2)
Occupation 0.086
Clerk/civil servant 136 (53.5) 334 (45.8)
Entrepreneur 6 (2.4) 27 (3.7)
Labourer 47 (18.5) 119 (16.3)
Unemployed/retired 55 (21.7) 204 (28.0)
Missing 10 (3.9) 45 (6.2)
Income per person <0.001
Low 61 (24.0) 266 (36.5)
Middle 112 (44.1) 215 (29.5)
High 81 (31.9) 245 (33.6)
Missing 0 (0) 3 (0.4)
Income per household 0.287
Low 75 (29.5) 252 (34.6)
Middle 87 (34.3) 240 (32.9)
High 92 (36.2) 234 (32.1)
Missing 0 (0) 3 (0.4)

Values in parentheses are percentages. For comparison of the two groups, the Chi-Square or Fisher's exact test was employed.
*Fisher's exact test.

Table 2
Descriptive data on comorbidity in the DIEP and control groups.

DIEP group (n = 254) Control group (n = 729) P-value

Acute myocardial infarction 0.502*
Yes 6 (2.4) 22 (3.0)
No 247 (97.2) 663 (91.0)
Missing 1 (0.4) 44 (6.0)
Congestive heart failure 0.030
Yes 5 (2.0) 36 (4.9)
No 248 (97.6) 649 (89.0)
Missing 1 (0.4) 44 (6.0)
Peripheral vascular disease 0.432
Yes 3 (1.2) 16 (2.2)
No 250 (98.4) 669 (91.8)
Missing 1 (0.4) 44 (6.0)
Cerebrovascular accident 0.448
Yes 7 (2.8) 26 (3.6)
No 246 (96.8) 659 (90.4)
Missing 1 (0.4) 44 (6.0)
Dementia 0.332
Yes 0 (0) 5 (0.7)
No 253 (99.6) 680 (93.3)
Missing 1 (0.4) 44 (6.0)
Pulmonary disease 0.003
Yes 5 (2.0) 46 (6.3)
No 248 (97.6) 639 (87.7)
Missing 1 (0.4) 44 (6.0)
Connective tissue disorde 1.000*
Yes 2 (0.8) 6 (0.8)
No 251 (98.8) 679 (93.2)
Missing 1 (0.4) 44 (6.0)
Peptic ulcer 1.000*
Yes 1 (0.4) 5 (0.7)
No 252 (99.2) 680 (93.3)
Missing 1 (0.4) 44 (6.0)
Liver disease 1.000*
Yes 0 (0) 1 (0.2)
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Table 2 (continued )

DIEP group (n = 254) Control group (n = 729) P-value

No 253 (99.6) 684 (93.8)
Missing 1 (0.4) 44 (6.0)
Severe liver disease 1.000*
Yes 1 (0.4) 3 (0.4)
No 252 (99.2) 682 (93.6)
Missing 1 (0.4) 44 (6.0)
Diabetes 0.029
Yes 6 (2.4) 40 (5.5)
No 247 (97.2) 645 (88.5)
Missing 1 (0.4) 44 (6.0)
Diabetes complications 0.770*
Yes 3 (1.2) 11 (1.5)
No 250 (98.8) 674 (92.5)
Missing 1 (0.4) 44 (6.0)
Paraplegia 1.000*
Yes 2 (0.8) 5 (0.7)
No 251 (98.8) 680 (93.3)
Missing 1 (0.4) 44 (6.0)
Kidney disease 1.000
Yes 4 (1.6) 10 (1.4)
No 249 (98.0) 675 (92.6)
Missing 0.541
Solid tumoura 1 (0.4) 44 (6.0)
Yes 19 (7.5) 60 (8.2)
No 234 (92.1) 625 (85.8)
Missing Metastatic cancer b 1 (0.4) 44 (6.0) 0.147
Yes 68 (26.8) 221 (31.7)
No 186 (73.2) 477 (68.3)
Missing 0 (0) 44 (6.0)
Lymphoma 0.123*
Yes 1 (0.4) 8 (1.1)
No 252 (99.2) 677 (92.9)
Missing 1 (0.4) 44 (6.0)
Leukemia 0.690*
Yes 1 (0.4) 7 (1.0)
No 252 (99.2) 678 (93.0)
Missing 1 (0.4) 44 (6.0)
HIV e

Yes 0 (0) 0 (0)
No 253 (99.6) 685 (94.0)
Missing CCI Score3 1 (0.4) 44 (6.0) 0.070
CCI 0-6 203 (79.9) 526 (72.2)
CCI 7e8 40 (15.7) 102 (14.0)
CCI�9 10 (3.9) 57 (7.8)
Missing 1 (0.4) 44 (6.0)
Median CCI Score 1 (range 0e13) 2 (range 0e16) 0.021

*Fisher's exact test.
Percentages may not sum to 100.0 due to rounding.

a Breast cancer not included as solid tumour as all cases share the same diagnosis.
b Metastatic cancer was observed in 289 cases, and was unrelated to breast cancer in 65 cases.
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health care system and free access to education [4,35,36]. A recent
meta-analysis confirmed this on an international level, showing an
association between higher SES, income and education and better
breast cancer-specific survival [37]. In addition, comorbidity is
more prevalent in socioeconomically weaker populations [10].

Comorbidity, i.e., the presence of additional conditions concur-
rent with the breast cancer diagnosis, is an important factor
affecting both the selection for breast reconstruction
[23,25,26,28,38e41] and survival [14]. Women with an IB-IBR have
even fewer comorbid conditions relative to those who receive
delayed reconstruction or none at all [42], which is in line with the
presented findings. Hernandez et al. on the other hand, found
higher comorbidity scores in women opting for implant recon-
struction than those undergoing autologous reconstruction, prob-
ably because implant reconstruction poses less surgical stress on
the patient than autologous options [24].

Comorbidity not only affects survival but also chemotherapy use
and completion rates, likely due to an impaired ability to tolerate
systemic treatment [11]. In a previous report from the present
387
cohort [3], a significantly lower proportion of women in the control
group received adjuvant chemotherapy which is probably associ-
ated with the higher CCI scores in this group. Therefore, adjuvant
chemotherapy was adjusted for in the present survival analyses.
Some clinical factors associated with chemotherapy indications,
such as HER2 status, tumour histological grade, and proliferation,
could not be included in adjusted analyses due to high proportions
of missing data, and thus, chemotherapy may have served as a
surrogate marker for more aggressive disease.

The complexity of the analysis lies in that both lower socio-
economic status and significant co-morbidities are confounding
factors for tumour stage at breast cancer diagnosis as well as for
treatment, thus acting as competing causes of death. These factors
will affect overall survival but also breast cancer-specific survival by
modulating adjuvant treatments such as chemotherapy and
radiotherapy. The persistence of a survival difference between the
DIEP flap and control group after adjustments suggests either the
presence of hitherto unmeasured confounders or a cumulative ef-
fect of multiple covariates that may interact in complex and



Table 3
Uni- and multivariable Cox regression analyses with death of any cause as the endpoint, including only cases with non-missing information in all covariates in both models.

Total Including IBR cases Excluding IBR cases

Number
of cases

Number
of deaths

Univariable analysis Multivariable analysis Number of cases Number of deaths Multivariable analysis

827 173 Hazard ratio (95%CI) P-value Hazard ratio (95%CI) P-value 683 160 Hazard ratio (95%CI) P-value

Cohort
DIEP group 219 30 1.00 (reference) 1.00 (reference) 201 26 1.00 (reference)
Control group 608 143 2.08 (1.40e3.09) <0.001 1.88 (1.24e2.86) 0.003 482 134 2.27 (1.44e3.55) <0.001
Age at mastectomy
<40 200 38 0.94 (0.63e1.39) 0.757 1.77 (1.13e2.77) 0.013 142 33 1.74 (1.08e2.79) 0.022
41e50 328 61 0.84 (0.60e1.19) 0.327 1.26 (0.86e1.86) 0.241 260 54 1.22 (0.81e1.83) 0.337
>50 299 74 1.00 (reference) 1.00 (reference) 281 73 1.00 (reference)
Year of mastectomy
1980e1999 176 75 1.00 (reference) 1.00 (reference) 169 74 1.00 (reference)
2000e2005 299 68 0.72 (0.51e1.02) 0.060 0.92 (0.63e1.35) 0.662 253 59 0.88 (0.59e1.31) 0.532
2006e2012 352 30 0.65 (0.41e1.03) 0.063 1.07 (0.65e1.76) 0.778 261 27 1.17 (0.70e1.96) 0.547
Invasive tumour size
T1 199 36 1.00 (reference) 1.00 (reference) 162 35 1.00 (reference)
T2 443 89 1.20 (0.81e1.76) 0.365 1.02 (0.67e1.57) 0.914 358 81 0.96 (0.62e1.49) 0.851
T3 185 48 1.78 (1.16e2.75) 0.009 1.36 (0.83e2.21) 0.224 163 44 1.19 (0.71e1.99) 0.501
Hormone receptor status
Negative 162 31 1.00 (reference) 1.00 (reference) 141 29 1.00 (reference)
Positive 665 142 1.26 (0.85e1.86) 0.245 1.16 (0.76e1.78) 0.480 542 131 1.18 (0.76e1.82) 0.471
Lymph node status
Negative 344 50 1.00 (reference) 1.00 (reference) 259 46 1.00 (reference)
Positive 483 123 1.65 (1.19e2.29) 0.003 1.29 (0.87e1.91) 0.208 424 114 1.26 (0.84e1.89) 0.270
Radiotherapy
Yes 583 123 1.00 (reference) 1.00 (reference) 499 117 1.00 (reference)
No 244 50 0.81 (0.58e1.21) 0.200 0.80 (0.54e1.20) 0.286 184 43 0.73 (0.48e1.12) 0.150
Chemotherapy
Yes 667 136 1.00 (reference) 1.00 (reference) 550 123 1.00 (reference)
No 160 37 0.84 (0.58e1.23) 0.372 0.78 (0.50e1.21) 0.260 133 37 0.89 (0.57e1.40) 0.625
Highest level of education
Primary school 119 30 1.58 (0.97e2.58) 0.065 0.90 (0.53e1.54) 0.705 108 30 0.88 (0.52e1.51) 0.648
Secondary school 318 72 1.51 (1.06e2.26) 0.047 1.02 (0.65e1.59) 0.947 269 66 0.92 (0.57e1.47) 0.718
Postsecondary school,<3 years 143 36 1.80 (1.13e2.87) 0.013 1.45 (0.89e2.37) 0.134 120 31 1.29 (0.77e2.16) 0.341
Postsecondary school, >3 years 247 35 1.00 (reference) 1.00 (reference) 186 33 1.00 (reference)
Occupation
Clerk 420 71 1.00 (reference) 1.00 (reference) 328 62 1.00 (reference)
Entrepreneur 30 4 0.83 (0.30e2.28) 0.718 0.70 (0.25e1.96) 0.499 26 4 0.80 (0.29e2.25) 0.674
Labourer 149 29 1.23 (0.80e1.90) 0.346 1.54 (0.95e2.49) 0.078 116 28 1.92 (1.17e3.17) 0.010
retired/unemployed 228 69 2.28 (1.63e3.20) <0.001 2.05 (1.38e3.04) <0.001 213 66 2.11 (1.40e3.18) <0.001
Family status
Partnership 469 88 1.00 (reference) 1.00 (reference) 377 80 1.00 (reference)
Single 358 85 1.40 (1.04e1.89) 0.029 1.13 (0.72e1.78) 0.585 306 80 1.10 (0.69e1.76) 0.686
Income per household
Low 256 69 1.00 (reference) 1.00 (reference) 228 66 1.00 (reference)
Middl 276 65 0.86 (0.61e1.21) 0.380 0.85 (0.54e1.35) 0.488 231 59 0.80 (0.50e1.28) 0.355
High 295 39 0.57 (0.38e0.84) 0.005 1.04 (0.57e1.92) 0.894 224 35 1.07 (0.57e2.02) 0.827
CCI score
CCI 0-6 657 66 1.00 (reference) 1.00 (reference) 514 58 1.00 (reference)
CCI 7-8 131 66 4.85 (3.44e6.83) <0.001 4.96 (3.39e7.27) <0.001 119 63 4.74 (3.20e7.10) <0.001
CCI � 9 53 41 7.95 (5.38e11.74) <0.001 8.67 (5.59e13.47) <0.001 50 39 7.86 (5.02e12.31) <0.001

IBR: immediate breast reconstruction.
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Table 4
Uni- and multivariable Cox regression analyses with breast cancer death as the endpoint, including only cases with non-missing information in all covariates in both models.

Including IBR cases Excluding IBR cases

Number of
cases

Number of breast
cancer deaths

Univariable
analysis

Multivariable analysis Number of
cases

Number of breast
cancer deaths

Multivariable analysis

827 136 Hazard ratio
(95% CI)

P-
value

Hazard ratio P-value 683 124 Hazard ratio
(95% CI)

P-
value

Cohort
DIEP group 219 28 1.00

(reference)
1.00
(reference)

201 24 1.00
(reference)

Control group 608 108 1.62 (1.07
e2.46)

0.023 1.51 (0.96
e2.38)

0.076 482 100 1.79 (1.09
e2.92)

0.020

Age at mastectomy
<40 200 35 1.39 (0.90

e2.16)
0.142 3.11 (1.85

e5.21)
<0.001 142 30 2.83 (1.64

e4.88)
<0.001

41e50 328 54 1.22 (0.83
e1.81)

0.315 1.95 (1.23
e3.08)

0.005 260 47 1.78 (1.09
e2.89)

0.020

>50 299 47 1.00
(reference)

1.00
(reference)

281 47 1.00
(reference)

Year of mastectomy
1980e1999 176 59 1.00

(reference)
1.00
(reference)

169 58 1.00
(reference)

2000e2005 299 53 0.67 (0.45
e0.98)

0.040 1.10 (0.71
e1.10)

0.678 253 45 0.98 (0.62
e1.56)

0.932

2006e2012 352 24 0.59 (0.36
e0.99)

0.044 1.20 (0.69
e2.08)

0.521 261 21 1.30 (0.73
e2.32)

0.381

Invasive tumour size
T1 199 27 1.00

(reference)
1.00
(reference)

162 26 1.00
(reference)

T2 443 68 1.24 (0.79
e1.93)

0.350 0.92 (0.56
e1.53)

0.758 358 61 0.84 (0.49
e1.42)

0.506

T3 185 41 2.05 (1.26
e3.34)

0.004 1.37 (0.78
e2.41)

0.271 163 37 1.19 (0.66
e2.17)

0.565

Hormone receptor status
Negative 162 23 1.00

(reference)
1.00
(reference)

141 22 1.00
(reference)

Positive 665 113 1.33 (0.85
e2.08)

0.214 1.17 (0.72
e1.91)

0.522 542 102 1.08 (0.65
e1.78)

0.768

Lymph node status
Negative 344 35 1.00

(reference)
1.00
(reference)

259 31 1.00
(reference)

Positive 483 101 1.94 (1.32
e2.85)

0.001 1.22 (0.77
e1.91)

0.396 424 93 1.24 (0.77
e2.00)

0.375

Radiotherapy
Yes 244 34 1.00

(reference)
1.00
(reference)

499 96 1.00
(reference)

No 583 102 0.66 (0.44
e0.97)

0.035 0.79 (0.50
e1.25)

0.308 184 28 0.68 (0.41
e1.12)

0.129

Chemotherapy
Yes 160 22 1.00

(reference)
550 102 1.00

(reference)
No 667 114 0.60 (0.37

e0.95)
0.030 0.56 (0.33

e0.96)
0.035 133 22 0.63 (0.36

e1.09)
0.097

Highest level of education
Primary school 119 19 1.12 (0.63

e1.99)
0.694 0.66 (0.35

e1.24)
0.196 108 19 0.62 (0.33

e1.17)
0.143

Secondary school 318 59 1.43 (0.92
e2.22)

0.11 0.83 (0.51
e1.38)

0.477 269 53 0.72 (0.42
e1.22)

0.223

Postsecondary
school,< 3

143 28 1.58 (0.94
e2.64)

0.084 1.32 (0.77
e2.28)

0.315 120 24 1.16 (0.65
e2.07)

0.614

Years
Postsecondary

school, > 3
247 30 1.00

(reference)
1.00
(reference)

186 28 1.00
(reference)

Years
Occupation
Clerk 420 56 1.00

(reference)
1.00
(reference)

328 47 1.00
(reference)

Entrepreneur 30 4 1.06 (0.38
e2.92)

0.915 0.92 (0.32
e2.61)

0.871 26 4 1.13 (0.40
e3.25)

0.817

Labourer 149 26 1.41 (0.89
e2.25)

0.147 1.76 (1.04
e2.98)

0.036 116 25 2.33 (1.33
e4.08)

0.003

Retired/
unemployed

228 50 1.96 (1.33
e2.88)

0.001 2.13 (1.35
e3.35)

0.001 213 48 2.26 (1.40
e3.65)

0.001

Family status
Partnership 469 75 377 67

(continued on next page)
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Table 4 (continued )

Including IBR cases Excluding IBR cases

Number of
cases

Number of breast
cancer deaths

Univariable
analysis

Multivariable analysis Number of
cases

Number of breast
cancer deaths

Multivariable analysis

827 136 Hazard ratio
(95% CI)

P-
value

Hazard ratio P-value 683 124 Hazard ratio
(95% CI)

P-
value

1.00
(reference)

1.00
(reference)

1.00
(reference)

Single 358 61 1.13 (0.81
e1.59)

0.480 0.95 (0.57
e1.58)

0.846 306 57 0.92 (0.54
e1.55)

0.745

Income per household
Low 256 47 1.00

(reference)
1.00
(reference)

228 45 1.00
(reference)

Middle 276 55 1.10 (0.75
e1.62)

0.633 0.93 (0.55
e1.57)

0.772 231 49 0.84 (0.49
e1.44)

0.521

High 295 34 0.74 (0.47
e1.15)

0.180 1.10 (0.55
e2.18)

0.786 224 30 1.07 (0.52
e2.19)

0.850

CCI score
CCI 0-6 644 41 1.00

(reference)
1.00
(reference)

514 34 1.00
(reference)

CCI 7-8 130 61 7.39 (4.97
e10.99)

<0.001 9.41 (5.99
e14.79)

<0.001 119 58 9.05 (5.63- <0.001

CCI � 9 53 34 10.07 (6.39
e15.87)

<0.001 15.29 (9.11
e25.67)

<0.001 50 32 14.04 (8.19- <0.001

IBR: immediate breast reconstruction.
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synergistic ways.
A major strength of this study is the high coverage and validity

of nationwide population-based registers [43] along with detailed
individual clinical data obtained frommedical charts leading to low
missingness. All breast cancer patients in Sweden are treated
within a tax-funded health care system, minimizing economical
and reimbursement implications as a confounder to SES. All
women included in this study were operated in Stockholm, thereby
reducing any regional variations in treatment, selection criteria, or
preoperative patient information. As a limitation, two important
selection criteria that are associated with both SES and comorbid-
ity, i.e. smoking and body mass index (BMI), could not be entered
into analyses since data were too incomplete. In Sweden, active
smoking is a contraindication for DIEP flap reconstruction since it is
significantly associated with impaired wound healing, infection
and postoperative complications such as flap loss, hematoma or fat
necrosis [44e46]. Also a high BMI is a contraindication for DIEP flap
reconstruction, since patients with a BMI >30 kg/m2 are more likely
to experience surgical as well as medical postoperative complica-
tions [47e49]. Swedish recommendations state that patients un-
dergoing DIEP should have a BMI <30 kg/m2, quit smoking at least
four weeks before surgery and be free of cancer relapse [2]. It is thus
likely that women in the DIEP group would have lower rates of
smoking and a lower BMI than those in the control group, affecting
the presented results. Of note, both BMI and smoking are also
associated with lower SES and significantly affect survival, and
would therefore have been highly relevant factors to adjust for in
survival analyses. Other unmeasured conditions not included in the
CCI score that influence survival estimates and represent selection
criteria for a DIEP flap reconstruction are psychiatric disorders,
alcohol and drug abuse, immunosuppressive therapy, bleeding
disorders and previous major abdominal surgery, thereby leading
to limited accuracy of the measurement in regards to comorbidity.
Data on SES were obtained from national registries and could be
considered as reliable since for instance, data on income derive
from electronic tax reports. Data on education are reported by
schools and universities through achieved and registered exami-
nations and certifications.

A further selection bias may lie in the fact that access to
microvascular breast reconstruction in Sweden was limited in the
390
years 1999e2013, and mainly women who had been treated with
radiotherapy were then offered DIEP flap reconstruction.While this
selection bias could have resulted in higher tumour stages and a
higher proportion of node positivity among women in the DIEP
group, this was not the case after the initial matching procedure.
5. Conclusions

Patients undergoing delayed DIEP flap reconstruction represent
a subset of women with a higher SES and generally better health
than those undergoing mastectomy with no delayed reconstruc-
tion. The previously reported higher survival proportions for
women in the DIEP group persisted after adjustments for relevant
clinical factors, SES and comorbidity, suggesting that further, un-
measured factors or the cumulative effect of multiple covariates
that may interact in a complex and synergistic ways that may
ifluence survival in this setting.
Declaration of competing interest

None.
Acknowledgements

The authors gratefully appreciate the use of data from then
Swedish National Breast Cancer Register, from Statistics Sweden
and the National Board of Health and Welfare. J.d.B is supported by
grants from the Swedish Cancer Society and Stockholm County
Council together with the Karolinska Institute (ALF grant). This
study was also supported by the Percy Falk Foundation.
Supplementary table 1 was previously published in BJS 2018;105(11):
1435e1445: Risk of recurrence and death in patients with breast
cancer after delayed deep inferior epigastric perforator flap recon-
struction DOI: 10.1002/bjs.10866).
Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.breast.2021.07.001.

https://doi.org/10.1016/j.breast.2021.07.001


H. Coud�e Adam, A.C. Docherty Skogh, Å. Edsander Nord et al. The Breast 59 (2021) 383e392
Role of the funding source

This study was supported by the Percy Falk Foundation. J.d.B is
supported by grants from the Swedish Cancer Society and Stock-
holm County Council together with the Karolinska Institutet (ALF
grant). Funding sources had no impact on study design, collection,
analysis and interpretation of data, in the writing of the report or in
the decision to submit the article for publication.
References

[1] Allen RJ, Treece P. Deep inferior epigastric perforator flap for breast recon-
struction. Ann Plast Surg 1994;32(1):32e8.

[2] Elander A, Lundberg J, Karlsson P, Ringberg A, Frisell J, Hatschek T,
K€allstr€om A, Moa G, T€ornqvist H. Indikation f€or br€ostrekonstruktion med
kroppsegen v€avnad med fri lambå. Samarbetsprojektet Nationella medicinska
indikationer (Rapport 2011:03). 2011.

[3] Adam H, Skogh ACD, Nord AE, Schultz I, Gahm J, Hall P, Frisell J, Halle M, de
Boniface J. Risk of recurrence and death in patients with breast cancer after
delayed deep inferior epigastric perforator flap reconstruction. Br J Surg
2018;105(11):1435e45. https://doi.org/10.1002/bjs.10866.

[4] Lagerlund M, Bellocco R, Karlsson P, Tejler G, Lambe M. Socio-economic fac-
tors and breast cancer survival - a population-based cohort study (Sweden).
Cancer Causes Control 2005;16(4):419e30. https://doi.org/10.1007/s10552-
004-6255-7.

[5] Lundqvist A, Andersson E, Ahlberg I, Nilbert M, Gerdtham U. Socioeconomic
inequalities in breast cancer incidence and mortality in Europe-a systematic
review and meta-analysis. Eur J Publ Health 2016;26(5):804e13. https://
doi.org/10.1093/eurpub/ckw070.

[6] Vona-Davis L, Rose DP. The influence of socioeconomic disparities on breast
cancer tumor biology and prognosis: a review. J Wom Health 2009;18(6):
883e93. https://doi.org/10.1089/jwh.2008.1127.

[7] Agarwal S, Ying J, Boucher KM, Agarwal JP. The association between socio-
economic factors and breast cancer-specific survival varies by race. PLoS One
2017;12(12):10. https://doi.org/10.1371/journal.pone.0187018.

[8] Lyle G, Hendrie GA, Hendrie D. Understanding the effects of socioeconomic
status along the breast cancer continuum in Australian women: a systematic
review of evidence. Int J Equity Health 2017;16(1):182. https://doi.org/
10.1186/s12939-017-0676-x.

[9] Dreyer MS, Nattinger AB, McGinley EL, Pezzin LE. Socioeconomic status and
breast cancer treatment. Breast Canc Res Treat 2018;167(1):1e8. https://
doi.org/10.1007/s10549-017-4490-3.

[10] Barnett K, Mercer SW, Norbury M, Watt G, Wyke S, Guthrie B. Epidemiology of
multimorbidity and implications for health care, research, and medical edu-
cation: a cross-sectional study. Lancet 2012;380(9836):37e43. https://
doi.org/10.1016/s0140-6736(12)60240-2.

[11] Lee L, Cheung WY, Atkinson E, Krzyzanowska MK. Impact of comorbidity on
chemotherapy use and outcomes in solid tumors: a systematic review. J Clin
Oncol 2011;29(1):106e17. https://doi.org/10.1200/jco.2010.31.3049.

[12] Sarfati D, Koczwara B, Jackson C. The impact of comorbidity on cancer and its
treatment. CA-Cancer J Clin 2016;66(4):338e50. https://doi.org/10.3322/
caac.21342.

[13] Rodrigues G, Sanatani M. Age and comorbidity considerations related to
radiotherapy and chemotherapy administration. Semin Radiat Oncol
2012;22(4):277e83. https://doi.org/10.1016/j.semradonc.2012.05.004.

[14] Land LH, Dalton SO, Jensen MB, Ewertz M. Impact of comorbidity on mortality:
a cohort study of 62,591 Danish women diagnosed with early breast cancer,
1990-2008. Breast Canc Res Treat 2012;131(3):1013e20. https://doi.org/
10.1007/s10549-011-1819-1.

[15] Retrouvey H, Solaja O, Gagliardi AR, Webster F, Zhong T. Barriers of access to
breast reconstruction: a systematic review. Plast Reconstr Surg 2019;143(3):
465Ee76E. https://doi.org/10.1097/prs.0000000000005313.

[16] Polacek G, Ramos MC, Ferrer RL. Breast cancer disparities and decision-
making among US women. Patient Educ Counsel 2007;65(2):158e65.
https://doi.org/10.1016/j.pec.2006.06.003.

[17] Frisell A, Lagergren J, Halle M, de Boniface J. Influence of socioeconomic status
on immediate breast reconstruction rate, patient information and involve-
ment in surgical decision-making. BJS Open 2020;4(2):232e40. https://
doi.org/10.1002/bjs5.50260.

[18] Eriksen C, Frisell J, Wickman M, Lidbrink E, Krawiec K, Sandelin K. Immediate
reconstruction with implants in women with invasive breast cancer does not
affect oncological safety in a matched cohort study. Breast Canc Res Treat
2011;127(2):439e46. https://doi.org/10.1007/s10549-011-1437-y.

[19] Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of classifying
prognostic comorbidity in longitudinal studies: development and validation.
J Chron Dis 1987;40(5):373e83.

[20] Sundararajan V, Henderson T, Perry C, Muggivan A, Quan H, Ghali WA. New
ICD-10 version of the Charlson comorbidity index predicted in-hospital
mortality. J Clin Epidemiol 2004;57(12):1288e94. https://doi.org/10.1016/
j.jclinepi.2004.03.012.

[21] Toyserkani NM, Jorgensen MG, Tabatabaeifar S, Damsgaard T, Sorensen JA.
391
Autologous versus implant-based breast reconstruction: a systematic review
and meta-analysis of Breast-Q patient-reported outcomes. J Plast Reconstr
Aesthetic Surg 2020;73(2):278e85. https://doi.org/10.1016/
j.bjps.2019.09.040.

[22] Schumacher JR, Taylor LJ, Tucholka JL, Poore S, Eggen A, Steiman J, Wilke LG,
Greenberg CC, Neuman HB. Socioeconomic factors associated with post-
mastectomy immediate reconstruction in a contemporary cohort of breast
cancer survivors. Ann Surg Oncol 2017;24(10):3017e23. https://doi.org/
10.1245/s10434-017-5933-0.

[23] Hall SE, Holman CDJ. Inequalities in breast cancer reconstructive surgery ac-
cording to social and locational status in Western Australia. Eur J Surg Oncol
2003;29(6):519e25. https://doi.org/10.1016/s0748-7983(03)00079-9.

[24] Hernandez-Boussard T, Zeidler K, Barzin A, Lee G, Curtin C. Breast recon-
struction national trends and healthcare implications. Breast J 2013;19(5):
463e9. https://doi.org/10.1111/tbj.12148.

[25] Alderman AK, McMahon L, Wilkins EG. The national utilization of immediate
and early delayed breast reconstruction and the effect of sociodemographic
factors. Plast Reconstr Surg 2003;111(2):695e703. https://doi.org/10.1097/
01.Prs.0000041438.50018.02.

[26] Morrow M, Li Y, Alderman AK, Jagsi R, Hamilton AS, Graff JJ, Hawley ST,
Katz SJ. Access to breast reconstruction after mastectomy and patient per-
spectives on reconstruction decision making. JAMA Surg 2014;149(10):
1015e21. https://doi.org/10.1001/jamasurg.2014.548.

[27] Zhong T, Hu J, Bagher S, Vo A, O'Neill AC, Butler K, Novak CB, Hofer SO,
Metcalfe KA. A comparison of psychological response, body image, sexuality,
and quality of life between immediate and delayed autologous tissue breast
reconstruction: a prospective long-term outcome study. Plast Reconstr Surg
2016;138(4):772e80. https://doi.org/10.1097/prs.0000000000002536.

[28] Bodilsen A, Christensen S, Christiansen P, Damsgaard TE, Zachariae R,
Jensen AB. Socio-demographic, clinical, and health-related factors associated
with breast reconstruction - a nationwide cohort study. Breast 2015;24(5):
560e7. https://doi.org/10.1016/j.breast.2015.05.001.

[29] Platt J, Baxter N, Zhong T. Breast reconstruction after mastectomy for breast
cancer. CMAJ (Can Med Assoc J) 2011;183(18):2109e16. https://doi.org/
10.1503/cmaj.110513.

[30] Hvilsom GB, Holmich LR, Frederiksen K, Steding-Jessen M, Friis S, Dalton SO.
Socioeconomic position and breast reconstruction in Danish women. Acta
Oncol 2011;50(2):265e73. https://doi.org/10.3109/0284186x.2010.529823.

[31] Abdoli G, Bottai M, Sandelin K, Moradi T. Breast cancer diagnosis and mor-
tality by tumor stage and migration background in a nationwide cohort study
in Sweden. Breast 2017;31:57e65. https://doi.org/10.1016/
j.breast.2016.10.004.

[32] Berlin NL, Momoh AO, Qi J, Hamill JB, Kim HM, Pusic AL, Wilkins EG. Racial and
ethnic variations in one-year clinical and patient-reported outcomes
following breast reconstruction. Am J Surg 2017;214(2):312e7. https://
doi.org/10.1016/j.amjsurg.2017.02.009.

[33] Gapstur SM, Dupuis J, Gann P, Collila S, Winchester DP. Hormone receptor
status of breast tumors in black, Hispanic, and non-Hispanic white women -
an analysis of 13,239 cases. Cancer 1996;77(8):1465e71. https://doi.org/
10.1002/(sici)1097-0142(19960415)77:8<1465::Aid-cncr7>3.3.Co;2-5.

[34] Malmgren JA, Calip GS, Atwood MK, Mayer M, Kaplan HG. Metastatic breast
cancer survival improvement restricted by regional disparity: surveillance,
Epidemiology, and End Results and institutional analysis: 1990 to 2011.
Cancer 2020;126(2):390e9. https://doi.org/10.1002/cncr.32531.

[35] Rutqvist LE, Bern A, Grp S. Socioeconomic gradients in clinical stage at pre-
sentation and survival among breast cancer patients in the Stockholm area
1977-1997. Int J Canc 2006;119(6):1433e9. https://doi.org/10.1002/ijc.21949.

[36] Eaker S, Halmina M, Bellocco R, Bergkvist L, Ahlgren J, Holmberg L, Lambe M,
Uppsala Orebro Breast Canc G. Social differences in breast cancer survival in
relation to patient management within a National Health Care System
(Sweden). Int J Canc 2009;124(1):180e7. https://doi.org/10.1002/ijc.23875.

[37] Taheri M, Tavakol M, Akbari ME, Almasi-Hashiani A, Abbasi M. Relationship of
socio economic status, income, and education with the survival rate of breast
cancer: a meta-analysis. Iran J Public Health 2019;48(8):1428e38.

[38] Hershman DL, Richards CA, Kalinsky K, Wilde ET, Lu YS, Ascherman JA,
Neugut AI, Wright JD. Influence of health insurance, hospital factors and
physician volume on receipt of immediate post-mastectomy reconstruction in
women with invasive and non-invasive breast cancer. Breast Canc Res Treat
2012;136(2):535e45. https://doi.org/10.1007/s10549-012-2273-4.

[39] Jeevan R, Mennie JC, Mohanna PN, O'Donoghue JM, Rainsbury RM,
Cromwell DA. National trends and regional variation in immediate breast
reconstruction rates. Br J Surg 2016;103(9):1147e56. https://doi.org/10.1002/
bjs.10161.

[40] Christian CK, Niland J, Edge SB, Ottesen RA, Hughes ME, Theriault R, Wilson J,
Hergrueter CA, Weeks JC. A multi-institutional analysis of the socioeconomic
determinants of breast reconstruction: a study of the national comprehensive
cancer network. Ann Surg 2006;243(2):241e9. https://doi.org/10.1097/
01.sla.0000197738.63512.23.

[41] Wexelman B, Schwartz JA, Lee D, Estabrook A, Ma AMT. Socioeconomic and
geographic differences in immediate reconstruction after mastectomy in the
United States. Breast J 2014;20(4):339e46. https://doi.org/10.1111/tbj.12274.

[42] Offodile 2nd AC, Wenger J, Guo L. Relationship between comorbid conditions
and utilization patterns of immediate breast reconstruction subtypes post-
mastectomy. Breast J 2016;22(3):310e5. https://doi.org/10.1111/tbj.12574.

[43] Lofgren L, Eloranta S, Krawiec K, Asterkvist A, Lonnqvist C, Sandelin K, Natl

http://refhub.elsevier.com/S0960-9776(21)00409-4/sref1
http://refhub.elsevier.com/S0960-9776(21)00409-4/sref1
http://refhub.elsevier.com/S0960-9776(21)00409-4/sref1
http://refhub.elsevier.com/S0960-9776(21)00409-4/sref2
http://refhub.elsevier.com/S0960-9776(21)00409-4/sref2
http://refhub.elsevier.com/S0960-9776(21)00409-4/sref2
http://refhub.elsevier.com/S0960-9776(21)00409-4/sref2
http://refhub.elsevier.com/S0960-9776(21)00409-4/sref2
http://refhub.elsevier.com/S0960-9776(21)00409-4/sref2
http://refhub.elsevier.com/S0960-9776(21)00409-4/sref2
http://refhub.elsevier.com/S0960-9776(21)00409-4/sref2
http://refhub.elsevier.com/S0960-9776(21)00409-4/sref2
http://refhub.elsevier.com/S0960-9776(21)00409-4/sref2
https://doi.org/10.1002/bjs.10866
https://doi.org/10.1007/s10552-004-6255-7
https://doi.org/10.1007/s10552-004-6255-7
https://doi.org/10.1093/eurpub/ckw070
https://doi.org/10.1093/eurpub/ckw070
https://doi.org/10.1089/jwh.2008.1127
https://doi.org/10.1371/journal.pone.0187018
https://doi.org/10.1186/s12939-017-0676-x
https://doi.org/10.1186/s12939-017-0676-x
https://doi.org/10.1007/s10549-017-4490-3
https://doi.org/10.1007/s10549-017-4490-3
https://doi.org/10.1016/s0140-6736(12)60240-2
https://doi.org/10.1016/s0140-6736(12)60240-2
https://doi.org/10.1200/jco.2010.31.3049
https://doi.org/10.3322/caac.21342
https://doi.org/10.3322/caac.21342
https://doi.org/10.1016/j.semradonc.2012.05.004
https://doi.org/10.1007/s10549-011-1819-1
https://doi.org/10.1007/s10549-011-1819-1
https://doi.org/10.1097/prs.0000000000005313
https://doi.org/10.1016/j.pec.2006.06.003
https://doi.org/10.1002/bjs5.50260
https://doi.org/10.1002/bjs5.50260
https://doi.org/10.1007/s10549-011-1437-y
http://refhub.elsevier.com/S0960-9776(21)00409-4/sref19
http://refhub.elsevier.com/S0960-9776(21)00409-4/sref19
http://refhub.elsevier.com/S0960-9776(21)00409-4/sref19
http://refhub.elsevier.com/S0960-9776(21)00409-4/sref19
https://doi.org/10.1016/j.jclinepi.2004.03.012
https://doi.org/10.1016/j.jclinepi.2004.03.012
https://doi.org/10.1016/j.bjps.2019.09.040
https://doi.org/10.1016/j.bjps.2019.09.040
https://doi.org/10.1245/s10434-017-5933-0
https://doi.org/10.1245/s10434-017-5933-0
https://doi.org/10.1016/s0748-7983(03)00079-9
https://doi.org/10.1111/tbj.12148
https://doi.org/10.1097/01.Prs.0000041438.50018.02
https://doi.org/10.1097/01.Prs.0000041438.50018.02
https://doi.org/10.1001/jamasurg.2014.548
https://doi.org/10.1097/prs.0000000000002536
https://doi.org/10.1016/j.breast.2015.05.001
https://doi.org/10.1503/cmaj.110513
https://doi.org/10.1503/cmaj.110513
https://doi.org/10.3109/0284186x.2010.529823
https://doi.org/10.1016/j.breast.2016.10.004
https://doi.org/10.1016/j.breast.2016.10.004
https://doi.org/10.1016/j.amjsurg.2017.02.009
https://doi.org/10.1016/j.amjsurg.2017.02.009
https://doi.org/10.1002/(sici)1097-0142(19960415)77:8<1465::Aid-cncr7>3.3.Co;2-5
https://doi.org/10.1002/(sici)1097-0142(19960415)77:8<1465::Aid-cncr7>3.3.Co;2-5
https://doi.org/10.1002/cncr.32531
https://doi.org/10.1002/ijc.21949
https://doi.org/10.1002/ijc.23875
http://refhub.elsevier.com/S0960-9776(21)00409-4/sref37
http://refhub.elsevier.com/S0960-9776(21)00409-4/sref37
http://refhub.elsevier.com/S0960-9776(21)00409-4/sref37
http://refhub.elsevier.com/S0960-9776(21)00409-4/sref37
https://doi.org/10.1007/s10549-012-2273-4
https://doi.org/10.1002/bjs.10161
https://doi.org/10.1002/bjs.10161
https://doi.org/10.1097/01.sla.0000197738.63512.23
https://doi.org/10.1097/01.sla.0000197738.63512.23
https://doi.org/10.1111/tbj.12274
https://doi.org/10.1111/tbj.12574


H. Coud�e Adam, A.C. Docherty Skogh, Å. Edsander Nord et al. The Breast 59 (2021) 383e392
Register Breast C. Validation of data quality in the Swedish national register
for breast cancer. BMC Publ Health 2019;19:11. https://doi.org/10.1186/
s12889-019-6846-6.

[44] Sorensen LT, Horby J, Friis E, Pilsgaard B, Jorgensen T. Smoking as a risk factor
for wound healing and infection in breast cancer surgery. Eur J Surg Oncol
2002;28(8):815e20. https://doi.org/10.1053/ejso.2002.1308.

[45] Chang DW, Reece GP, Wang BG, Robb GL, Miller MJ, Evans GRD, Langstein HN,
Kroll SS. Effect of smoking on complications in patients undergoing free TRAM
flap breast reconstruction. Plast Reconstr Surg 2000;105(7):2374e80. https://
doi.org/10.1097/00006534-200006000-00010.

[46] Hwang K, Son JS, Ryu WK. Smoking and flap survival. Plast Surg 2018;26(4):
392
280e5. https://doi.org/10.1177/2292550317749509.
[47] Panayi AC, Agha RA, Sieber BA, Orgill DP. Impact of obesity on outcomes in

breast reconstruction: a systematic review and meta-analysis. J Reconstr
Microsurg 2018;34(5):363e75. https://doi.org/10.1055/s-0038-1627449.

[48] O'Neill AC, Sebastiampillai S, Zhong T, Hofer SOP. Increasing body mass index
increases complications but not failure rates in microvascular breast recon-
struction: a retrospective cohort study. J Plast Reconstr Aesthetic Surg
2019;72(9):1518e24. https://doi.org/10.1016/j.bjps.2019.05.013.

[49] Spitz JA, Bradford PS, Aguilar F, Turin SY, Ellis MF. How big is too big: pushing
the obesity limits in microsurgical breast reconstruction. Ann Plast Surg
2018;80(2):137e40. https://doi.org/10.1097/sap.0000000000001284.

https://doi.org/10.1186/s12889-019-6846-6
https://doi.org/10.1186/s12889-019-6846-6
https://doi.org/10.1053/ejso.2002.1308
https://doi.org/10.1097/00006534-200006000-00010
https://doi.org/10.1097/00006534-200006000-00010
https://doi.org/10.1177/2292550317749509
https://doi.org/10.1055/s-0038-1627449
https://doi.org/10.1016/j.bjps.2019.05.013
https://doi.org/10.1097/sap.0000000000001284

	Survival in breast cancer patients with a delayed DIEP flap breast reconstruction after adjustment for socioeconomic status ...
	1. Introduction
	2. Materials and methods
	2.1. Data collection
	2.2. Comorbidity
	2.3. Socioeconomic status
	2.4. Statistical analysis

	3. Results
	3.1. Survival analyses

	4. Discussion
	5. Conclusions
	Declaration of competing interest
	Acknowledgements
	Appendix A. Supplementary data
	Role of the funding source
	References


