
Background: Risk factors associated with persistent pain after breast cancer treatment are 
needed to develop prevention and treatment strategies to improve the quality of life for patients 
with breast cancer. 

Objectives: To identify factors associated with persistent pain in women undergoing breast 
cancer treatments. 

Study Design: Retrospective study. 

Setting: Regional hospital in the Netherlands.

Methods: The primary outcome was pain associated with surgery at more than 6 months 
postoperatively and patients were stratified based on the associated visual analog” scale score 
they reported: reporting no pain as “no pain,” pain 1 – 29 mm as “mild pain,” and pain 30 – 100 
mm as “moderate/severe pain.” Secondary outcomes were function, symptom, and total quality of 
life scores. Predefined risk factors analyzed for association with outcomes included: age, smoking 
status, diabetes, body mass index (BMI), disease stage, surgery type, axillary lymph node dissection, 
reoperation, chemotherapy, radiotherapy, and hormone therapy.

Results: Of the 718 patients who were approached, 492 were included (follow-up 2.5 ± 1.8 
years). Thirty-five percent of patients developed persistent pain (n = 122 “mild pain,” n = 53 
“moderate/severe pain’”). Age, BMI, surgery type, axillary lymph node dissection, disease stage, 
reoperation, chemotherapy, and radiotherapy were identified as potential risk factors in univariate 
ordinal regression analyses (P < 0.10). Age (P < 0.01) and BMI (P = 0.04) remained independently 
predictive in the multivariate model. BMI and age were associated with odds ratios (ORs) of 1.04 
(95% confidence intervals (CI): 1.00 – 1.08) and 0.97 (95% CI: 0.95 – 0.99), respectively per point 
and year increase. BMI was associated with a higher symptom score (r = 0.14, P < 0.01), a lower 
level of function (r = -0.11, P = 0.01), and lower total quality of life scores (r = -0.13, P < 0.01).  

Limitations: The retrospective nature of this study makes it prone to response and misclassification 
bias. 

Conclusion: BMI and age may be risk factors for persistent postoperative pain after breast cancer 
treatment. 

Key words: Persistent postsurgical pain, breast cancer treatment, BMI, age, chronic postoperative 
pain, breast cancer surgery
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(16). Written informed consent was obtained from all 
participants. 

Primary Clinical Outcome
The clinical outcome was persistent pain at long-

term follow up.  Patients were asked to fill out a ques-
tionnaire at least 6 months postoperatively and were 
asked if they have persistent pain due to their surgery. 
Additionally, they rated their current pain intensity 
on a 100 mm visual analog scale (VAS). Patients were 
stratified into 3 categories: patients reporting no pain 
related to surgery were classified as “no pain,” patients 
reporting pain related to surgery were classified into 
categories based on their reported VAS score: 1 – 29 
mm was considered “mild pain” and 30 – 100 mm was 
considered “moderate/severe pain.” These cut-off 
scores are regularly applied in pain research (17) and 
recent studies on persistent pain after breast cancer 
surgery followed a similar approach (10,14). 

Secondary Outcomes
Secondary outcomes included various quality of 

life scores obtained from the European Organization 
for Research and Treatment of Cancer quality of life 
questionnaire (EORTC-30) (18). We calculated function, 
symptom, and total quality of life scores as previously 
described (19). Additionally, patients were asked if they 
had developed lymphedema as a result of treatment. 

Risk Factors Associated with Outcomes 
We investigated demographic and treatment fac-

tors that have previously been reported to potentially 
influence persistent pain after treatment for breast can-
cer (11). Our predefined risk factors were age, smoking 
status (smoking vs. no smoking), diabetes (diabetes vs. 
no diabetes), body mass index (BMI), histopathological 
disease stage, surgery type (mastectomy vs. lumpecto-
my), axillary lymph node dissection (axillary lymph node 
dissection vs. no axillary lymph node dissection), reop-
eration (reoperation vs. no reoperation), chemotherapy 
(chemotherapy vs. no chemotherapy), radiotherapy (ra-
diotherapy vs. no radiotherapy), and hormone therapy 
(hormone therapy vs. no hormone therapy).

Data Retrieval 
Patient characteristics, medical history, performed 

intervention, and pathology reports were collected ret-
rospectively from medical records. Height and weight 
for BMI calculation were extracted from the preopera-
tive visit. 

Persistent pain after treatment of breast cancer 
is a significant clinical problem due to its effect 
on quality of life (1) and its general resistance 

to treatment (2). The incidence of persistent pain after 
treatment of breast cancer has been well documented 
in the past and has been reported to be around 20% 
– 30% (3,4). Recent advancements in the protocols for 
breast cancer management, including chemotherapy 
protocols, radiation therapy cycles, and surgical 
approaches to lymph node dissection, lumpectomy, and 
mastectomy seem to have lowered the incidence and 
severity of persistent pain after breast cancer treatment 
(5-9). However, moderate to severe persistent pain still 
affects ~15% of women (10).   

There are likely multiple pathogenic mechanisms 
underlying persistent pain after breast cancer treat-
ment. Among patient-related risk factors are age (11), 
genetic polymorphisms (12), and psychological factors 
such as anxiety and depression (13). Among treatment-
related risk factors more extensive surgery in the axilla, 
radiation therapy, and chemotherapy have all been 
suggested as important risk factors (11,14). Recently, 
obesity and low-grade inflammation have also been 
identified as potential risk factors for persistent pain 
(14,15).

More data on the multiple demographic and treat-
ment factors likely associated with persistent pain after 
breast cancer treatment are needed to develop preven-
tion and treatment strategies to improve the quality 
of life for patients with breast cancer. In this large ret-
rospective cohort study, we examined the prevalence 
and factors associated with persistent pain after breast 
cancer surgery and adjuvant treatments. 

Methods

Study Population
We identified patients that were treated for uni-

lateral non-metastasized breast cancer from a registry 
of surgical procedures. All patients were treated at a 
regional hospital in the Netherlands (Reiner de Graaf 
Gasthuis, Delft) between September 2005 and Septem-
ber 2008. Inclusion criteria were age 18 years or older 
and surgery either by lumpectomy or mastectomy for 
suspected breast carcinoma. Patients with a preop-
eratively known pain disorder were excluded. This 
study was conducted according to the guidelines of 
the Central Committee on Research Involving Human 
Subjects in the Netherlands (approval nr. 09 – 057) and 
the principles outlined in the declaration of Helsinki 
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Data Analysis
Demographics and clini-

cal data for patients within 
our predefined subgroups of 
“no pain,” “mild pain,” and 
“moderate/severe pain” are 
presented as mean ± standard 
deviation, or as median and 
interquartile range (IQR) when 
not normally distributed. As-
sociation of risk factors with 
study outcomes followed a 
2-step procedure: First, all risk 
factors (see above) were ana-
lyzed using univariate ordinal 
logistic regression. Results from 
these analyses are presented as 
odds ratios (ORs) with 95% con-
fidence intervals (CI) as well as 
the corresponding P-value. Sec-
ond, risk factors associated with 
study outcome in univariate 
models (P < 0.10) were included 
in a multivariable ordinal logis-
tic regression model. Additional 
analyses were performed on 
the risk factors that remained 
independently predictive in the 
multivariate analysis to assess 
the distribution of the other 
risk factors among them. Logis-
tic probability plots were gen-
erated for the independent sig-
nificant predictors to aid in the 
interpretation of the results. 
These plots are helpful to de-
termine the risk associated with 
a specific clinical value of a risk 
factor, because they display the 
related risk (and CI) throughout 
the range of possible values for 
the factor. 

Function, symptom, and to-
tal quality of life scores showed 
non-normally distributed re-
siduals, therefore the Wilcoxon 
rank-sum test and Spearman’s 
correlation were used to per-
form univariate analysis of as-
sociation between risk factors 

and secondary outcomes. The software package JMP, version 12 (SAS Institute 
Inc, Cary, NC, USA) was used for the statistical analyses. A statistical expert was 
consulted regarding the analyses. 

A subsequent study, in the patient population that developed mild or mod-
erate/severe pain, is currently under revision at another journal that focuses 
on pain medicine. That study investigated whether a neuropathic component 
of persistent postsurgical pain can be reliably detected using questionnaires. 

Results

Seven hundred and eighteen eligible women were sent questionnaires 
and asked to participate. Four hundred and ninety-two patients completed 
the questionnaires (~69% response rate). Table 1 shows the characteristics of 
participating patients as well as the characteristics of all the screened patients 
(no significant differences). The mean duration of follow-up was 927 ± 682 
days (median 850 ± IQR 789).

Primary Clinical Outcome
Out of 492, 317 patients (64%) reported no persistent pain associated with 

surgery and they were classified as having “no pain.” One hundred twenty-
two (25%) patients developed mild persistent pain and 53 (11%) developed 
moderate/severe persistent pain. The average clinical pain scores in the mild 
and moderate/severe groups were 14 ± 8 and 45 ± 13 mm VAS, respectively, at 
long-term follow-up (> 6 months). 

Table 1. Patient characteristics. 

Studied Patients 
(n = 492)

All Screened Patients 
(n = 718)

Age (years ± SD) 61 ± 12 63 ± 13

Smoking, n (%) 68 (14)

Diabetes, n (%) 47 (9)

BMI (kg/m2) 26 ± 5 

Mastectomy (instead of lumpectomy), n (%) 230 (46) 337 (47)

Axillary lymph node dissection, n (%) 186 (37) 263 (37)

Reoperation, n (%) 195 (39) 272 (38)

Chemotherapy, n (%) 229 (46) 300 (42)

Radiotherapy, n (%) 323 (65) 466 (65)

Hormone therapy, n (%) 264 (53) 371 (52)

Disease stage, n (%)

     0 44 (9) 61 (9)

     IA 171 (36) 245 (35)

     IB 16 (3) 20 (3)

     IIA 118 (25) 188 (26)

     IIB 71 (15) 92 (13)

     IIIA 41 (9) 56 (8)

     IIIB 10 (2) 19 (3)

     IIIC 9 (2) 20 (3)

Students T-test and chi-squared testing were employed to compare studied patients to all screened 
patients, characteristics were comparable between groups (P > 0.05). BMI: body mass index.
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Risk Factors for Primary Outcome 
Preliminary univariate analyses identified 8 risk 

factors potentially associated with development of per-
sistent postoperative pain. These were age (P < 0.01), 
BMI (P = 0.06), surgery type (P = 0.07), axillary lymph 
node dissection (P < 0.01), reoperation (P = 0.01), che-
motherapy (P < 0.01), radiotherapy (P = 0.03), and histo-
pathological disease stage (P = 0.02) – Table 2. None of 
the other predefined risk factors were associated with 
development of persistent post-operative pain (all P 
> 0.10). Chemotherapy treatments consisted of adria-
mycine and cyclofosfamide (n = 106), adriamycine and 
cyclofosfamide followed by a taxane (n = 52), a taxane, 
adriamycine, and cyclofosfamide together (n = 45), or 
another regimen (n = 18). The type of chemotherapy 
was not associated with persistent pain (chi-squared 
test, P > 0.05). 

Multivariable analysis showed that age (P < 0.01) 
and BMI (P = 0.04) were independently and significantly 

associated with the development of persistent pain. 
The corresponding ORs and 95% CI for all risk factors in 
the multivariate model are reported in Table 3. 

We also assessed the distribution of other risk fac-
tors throughout the range of BMI and age values (Table 
4 – 7). BMI was stratified into groups < 25 kg/m2 (nor-
mal), 25 – 30 kg/m2 (overweight), and > 30 kg/m2 (obese) 
(20). Age was categorized as ≤ 50 or > 50 (14). We found 
that overweight and obese patients had more diabetes 
than patients with a normal BMI (P < 0.01) and that 
overweight patients were slightly older than patients 
with a normal BMI (P = 0.03) (Table 4). When we com-
pared younger (≤ 50) patients to older (> 50) patients, 
we found that younger patients presented with higher 
grade tumors, as evidenced by higher rates of IIB and 
IIIA tumors (Table 7). Consistently, younger women un-
derwent more extensive treatments with higher rates 
of mastectomy (P < 0.01), axillary lymph node dissection 
(P = 0.01), reoperation (P = 0.02), chemotherapy (P < 

Table 2. Univariate analysis of  putative risk factors associated with persistent post-operative pain.

Risk factor
Moderate/severe 
persistent pain 

(n = 53)

Mild persistent 
pain 

(n = 122)

Pain free 
(n=317)

OR (95% CI) P-value

Age (years ± SD) 57.8 ± 1.6 57.9 ± 9.7 62.7 ± 12.6  0.97 (0.95 – 0.98) < 0.01

Smoking (smoking vs. no smoking),  n (%) 9 (17) 14 (11) 43 (14) 1.02 (0.60 – 1.74) 0.93

Diabetes (diabetes vs. no diabetes), n (%) 8 (15) 8 (7) 29 (9) 1.12 (0.60 – 2.07) 0.72

BMI (kg/m2) 27.3 ± 6.7 25.8 ± 4.6 25.6 ± 4.1 1.04 (1.00 – 1.08) 0.06

Surgery type (mastectomy vs. lumpectomy), n (%) 23 (43) 47 (39) 155 (49) 0.71 (0.49 – 1.03) 0.07

Axillary lymph node dissection (axillary dissection vs. 
no dissection), n (%) 26 (49) 56 (46) 102 (32) 1.82 (1.26 – 2.65) < 0.01

Reoperation (reoperation vs. no reoperation), n (%) 27 (52) 54 (44) 111 (35) 1.63 (1.13 – 2.35) 0.01

Chemotherapy (chemotherapy vs. no chemotherapy), 
n (%) 33 (62) 66 (54) 127 (41) 1.93 (1.34 – 2.79) < 0.01

Radiotherapy (radiotherapy vs. no radiotherapy), n (%) 37 (71) 89 (73) 194 (62) 1.57 (1.06 – 2.34) 0.03

Hormone therapy (hormone therapy vs. no hormone 
therapy), n (%) 27 (51) 71 (58) 163 (52)  0.88 (0.61 – 1.27) 0.50

Histopathological stage 1.13 (1.02 – 1.25) 0.02

    0 30 8 6

    IA 120 37 14

    IB 10 4 2

    IIA 77 33 8

    IIB 32 27 12

    IIIA 28 7 6

    IIIB 4 1 2

    IIIC 4 3 2

The ORs are based on changes of one year for age, 1 kg/m2 for BMI, and one for histopathological stage.
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0.01), hormone therapy (P < 0.01), and a lower 
rate of radiotherapy (P < 0.01) (Table 6).     

The probability plots for persistent postop-
erative pain based on age and BMI within the 
different BMI and age strata are shown in Figs. 
1 and 2. 

Secondary Clinical Outcomes 
As in the primary analysis, a higher BMI 

was associated with a higher symptom score (r 
= 0.14, P < 0.01), lower functioning score (r = 
-0.11, P = 0.01), and lower total score (r = -0.13, 
P < 0.01 – Table 8). Other risk factors associated 
with poorer quality of life scores were diabetes, 
axillary lymph node dissection, histopathologi-
cal disease stage, and chemotherapy. None of 
the other predefined risk factors were associ-
ated with quality of life scores (all P > 0.10).  
Because of the non-normal distribution of the 
quality of life residual scores, we were unable to 
assess the identified risk factors in a multivariate 
model. 

One-hundred and eleven patients (22%) 
reported to suffer from lymphedema. Seventy-
six (68%) of these patients underwent axillary 
lymph node dissection. Significantly higher 
rates of lymphedema were observed in patients 
that underwent axillary lymph node dissection 
vs. patients that did not have an axillary lymph 
node dissection (41% vs. 11%, Chi-squared test 
P < 0.01).  

Table 3. Multivariate analysis of  risk factors associated 
with persistent postoperative pain. 

Risk factor
Multivariate analysis

OR (95% CI) P-value

Age 0.97 (0.95 – 0.99) < 0.01

BMI 1.04 (1.00 – 1.08) 0.04

Stage 1.07 (0.90 – 1.23) 0.45

Axillary lymph node 
dissection 1.22 (0.74 – 2.01) 0.44

Reoperation 1.30 (0.86 – 1.96) 0.22

Chemotherapy 1.23 (0.71 – 2.14) 0.46

Surgery type 0.72 (0.41 – 1.25) 0.25

Radiotherapy 1.22 (0.68 – 2.19) 0.50

The ORs are based on changes of one year for age, 1 kg/m2 for 
BMI, and one for stage. Multivariate analysis included param-
eters potentially associated with development of persistent post-
operative pain in univariate analysis.

Table 4. Risk factors among different BMI strata.  

Risk factor
BMI < 25
(n=252)

BMI 25 - 30
(n=155)

BMI > 30 
(n=76)

P-value

BMI (kg/m2), mean 
± SD 22.6 ±  1.7 27.2 ± 1.3 34.3 ± 3.9 N/A

Smoking, n (%) 33 (13) 25 (16) 6 (8) 0.21

Diabetes, n (%) 7 (3) 17 (11)a 18 (24)a,b < 0.01

Age (years), mean 
± SD 60.0 ± 12.5 62.8 ± 11.3a 61.5 ± 11.4 0.03

Mastectomy, n (%) 119 (47) 66 (43) 33 (43) 0.68

Axillary lymph 
node dissection, 
n (%)

101 (40) 48 (32) 30 (40) 0.20

Reoperation, n (%) 105 (42) 58 (38) 27 (36) 0.54

Chemotherapy, 
n (%) 115 (46) 67 (44) 39 (53) 0.44

Radiotherapy, 
n (%) 155 (62) 107 (70) 49 (65) 0.21

Hormone therapy, 
n (%) 130 (52) 85 (56) 39 (52) 0.73

Comparison by Pearson Chi Squared tests and One-Way ANOVA with Tukey’s 
HSD.
aDifferent vs. < 25.0, bDifferent vs. BMI 25 – 30
BMI = body mass index

Discussion

This retrospective cohort study revealed that ~36% of 
patients suffered from varying degrees of pain 6 months after 
breast cancer treatment. We identified age and BMI as inde-
pendent risk factors for persistent postoperative pain develop-
ment. A 1 kg/m2 increase in BMI was associated with an OR of 
1.04 (95% CI: 1.00 – 1.08). A one year increase in age was asso-
ciated with an OR of 0.97 (95% CI: 0.95 – 0.99). The secondary 

Table 5. Histopathological disease stage among different BMI strata.  

Risk 
factor

BMI 18.5 - 25
(n = 248)

BMI 25 - 30
(n = 151)

BMI >30 
(n = 73)

P-value

Stage (overall) 0.48

0 26 (10) 13 (9) 3 (4) N/A

IA 86 (35) 63 (42) 25 (34) N/A

IB 11 (4) 3 (2) 2 (3) N/A

IIA 57 (23) 40 (26) 20 (27) N/A

IIB 41 (17) 15 (10) 13 (18) N/A

IIIA 22 (9) 9 (6) 7 (10) N/A

IIIB 2 (1) 3 (2) 2 (3) N/A

IIIC 2 (1) 4 (3) 1 (1) N/A

IV 1 (0) 1 (1) 0 (0) N/A

Comparison by Pearson’s Chi-Squared test. BMI = body mass index
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findings were consistent with the primary findings: a 
higher BMI was associated with a lower function score, 
higher symptom score, and a lower total quality of life 
score. Additionally, a significant percentage of patients 
were found to be suffering from lymphedema follow-
ing breast cancer treatment. 

Age
Younger age is commonly referred to as a predic-

tive factor in persistent pain after breast cancer surgery. 
Consistent with our study, younger age has been shown 
to be associated with development of persistent pain 
after breast cancer treatment as well as higher pain 
intensity (11). It is unclear whether this is caused by a 
physiological difference in pain perception, by a differ-
ence in subjective expression, or a difference in daily 
physical activities (21) compared to older patients. 

Table 6. Risk factors between younger and older patients.  

Risk factor
Age ≤ 50 
(n = 100)

Age > 50 
(n = 392)

P-value

Age (years), mean ± SD 45.2 ± 4.8 65.1 ± 9.7 N/A

Smoking, n (%) 12 (12) 56 (14) 0.58

Diabetes, n (%) 5 (5.0) 41 (10.4) 0.09

BMI (kg/m2), mean ± SD 25.6 ± 5.2 26.0 ± 4.5 0.42

Mastectomy, n (%) 59 (59) 170 (43) < 0.01

Axillary lymph node 
dissection, n (%) 48 (48) 138 (35) 0.01

Reoperation, n (%) 50 (50) 145 (37) 0.02

Chemotherapy, n (%) 82 (81) 147 (37) < 0.01

Radiotherapy, n (%) 54 (53) 269 (68) < 0.01

Hormone therapy, n (%) 66 (65) 197 (50) < 0.01

Comparison by unpaired T-test or Pearson’s Chi-Squared test. BMI = 
body mass index.

Table 7. Histopathological disease stage between different age 
groups.   

Risk factor
Age ≤ 50
(n = 98)

Age > 50 
(n = 389)

P-value

Stage (overall) < 0.01

0 4 (4) 40 (10) 0.09

IA 27 (28) 146 (38) 0.08

IB 1 (1) 16 (4) 0.24

IIA 27 (28) 93 (24) 0.54

IIB 22 (22) 51 (13) 0.03

IIIA 14 (14) 27 (7) 0.03

IIIB 0 (0) 7 (2) 0.39

IIIC 1 (1) 8 (2) 0.79

IV 2 (2) 1 (0) 0.20
Comparison by Pearson’s Chi-Squared test.

 BMI
In concordance with our results, 2 other large 

studies recently identified BMI as a potential risk fac-
tor for persistent pain. Meretoja et al (14) conducted 
a prospective cohort study analyzing 860 women who 
underwent treatment for breast cancer and, using a 
univariate analysis, found BMI to be potentially associ-
ated with persistent pain at 12 months after surgery. 
However, in a multivariate ordinal logistic regression 
similar to our model, BMI did not predict persistent 
pain. Similarly, Miaskowski et al (15) analyzed 398 pa-
tients with persistent pain at 6 months.  Pain was classi-
fied as mild, moderate, or severe. Patients with severe 
pain had a higher BMI in comparison to the patients 
that were mildly affected. However, one must consider 
that their analysis was purely univariate.

In an earlier retrospective cohort study of 196 
women undergoing breast cancer surgery by Fecho et 
al (22) acute pain, pain at one month, and at 6 – 12 
months postoperatively was assessed. In a univariate 
analysis, clinically obese (BMI > 30) patients were iden-
tified as having higher levels of mean pain during the 
first postoperative month and a trend was described to-
ward higher mean pain levels at 6 – 12 months postop-
eratively. Smith et al (23) also performed a retrospective 
cohort study in 511 women undergoing breast cancer 
surgery and assessed persistent postsurgical pain, which 
was defined as any pain persisting beyond 3 months 
postoperatively. Their univariate analysis showed a 
trend towards increased persistent postsurgical pain in 
women with higher BMI, and found women with per-
sistent pain to be significantly heavier and taller. 

Our study is the first to report a relationship in a 
multivariate adjusted model between higher BMI and 
persistent pain following breast cancer treatment. It is 
important to note however, that the increased risk per 
1 kg/m2 is relatively modest (~4%), in agreement with 
the risk reported by Meretoja et al (14).  

A possible explanation for the relationship be-
tween BMI and persistent postsurgical pain may be that 
in patients with a high BMI axillary clearance is more 
challenging because of a greater amount of fatty tis-
sue. Theoretically, this could affect the handling of the 
intercostobrachial nerve and thereby be subject to a 
potentially higher risk of pain and sensory disturbances 
(24). Additionally, wound infection following breast 
cancer surgery has been shown to be associated with a 
higher BMI (25). Another explanation for the relation-
ship of BMI to persistent postsurgical pain may be that 
obesity is linked to persistent postsurgical pain through 
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Table 8. Univariate analysis of  risk factors and quality of  life.   

Function score Symptom score Total score

Risk factor
Median 
± IQR

Median 
± IQR

P-value
Median 
± IQR

Median 
± IQR

P-value
Median 
± IQR

Median 
± IQR

P-value

Age N/A N/A 0.48 N/A N/A 0.52 N/A N/A 0.74

Smoking vs. no smoking 88 ± 18 89 ± 20 0.80 10 ± 20 10 ± 18 0.48 86 ± 22 88 ± 19 0.73

Diabetes vs. no diabetes 80 ± 22 89 ± 22 < 0.01 18 ± 23 9 ± 18 < 0.01 80 ± 20 89 ± 19 < 0.01

BMI N/A N/A < 0.01 N/A N/A < 0.01 N/A N/A < 0.01

Lumpectomy vs. mastectomy 89 ± 22 87 ± 22 0.23 10 ± 20 10 ± 18 0.41 89 ± 20 88 ± 20 0.65

Axillary lymph node dissection vs. 
no lymph node dissection 84 ± 22 90 ± 20 < 0.01 14 ± 18 8 ± 18 < 0.01 84 ± 21 90 ± 17 < 0.01

Reoperation vs. no reoperation 87 ± 22 89 ± 22 0.20 10 ± 18 10 ± 18 0.66 88 ± 21 89 ± 18 0.39

Chemotherapy vs. no chemotherapy 87 ± 21 91± 22 < 0.01 13 ± 18 8 ± 18 < 0.01 86 ± 19 90 ± 19 < 0.01

Radiotherapy vs. no radiotherapy 89 ± 22 89 ± 19 0.83 10 ± 20 8 ± 18 0.25 89 ± 21 88 ± 17 0.63

Hormone therapy vs. no hormone 
therapy 87 ± 20 89 ± 24 0.10 10 ± 18 8 ± 18 0.25 88 ± 19 90 ± 21 0.16

Histopathological disease stage N/A N/A < 0.01 N/A N/A < 0.01 N/A N/A < 0.01

As function, symptom, and total quality of life scores showed non-normal distribution, the Wilcoxon rank-sum test and Spearman’s correlation 
were used to perform univariate analysis of association between risk factors and secondary outcome. BMI = body mass index.  

Fig. 1. Probability of  being in the different ordinal persistent 
postoperative pain categories at > 6 months postoperatively 
based on BMI ± 95% confidence interval. The relationship 
between BMI and probabilities of  being in the different ordinal 
pain categories is shown for different age strata. 

Fig. 2. Probability of  being in the different ordinal persistent 
postoperative pain categories at > 6 months postoperatively 
based on age ± 95% confidence interval. The relationship 
between age and probabilities of  being in the different ordinal 
pain categories is shown for different BMI strata. 
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low-grade inflammation and sensitized central pain 
modulation by the release of pro-inflammatory and 
insulin resistance-inducing substances from visceral 
adipose tissue. Observational studies have showed 
that obese people exhibited decreased pain threshold 
to electrical stimuli (26) as well as mechanical stimuli 
(27). In fibromyalgia, BMI is significantly related to the 
number of positive tender points (painful tender points 
upon palpation) as well as pain rating of the tender 
points (28). Experimental studies with endotoxemia, 
in which a small dose of lipopolysaccharide is injected 
into volunteers, demonstrated a possible role of inflam-
mation in pain sensitization. In one study, intravenous 
lipopolysaccharide injected in healthy participants 
induced reduced pain thresholds after 3 hours and 
these reductions were associated with peak increases 
in serum pro-inflammatory cytokine levels (29). Simi-
larly, another study in healthy participants found that 
intravenous lipopolysaccharide reduced visceral pain 
thresholds (measured by rectal distension) 2 hours post 
injection and that these reductions were correlated 
with IL-6 increases in blood (30). 

Pathways accounting for a pain-BMI association 
may also be bidirectional. For example, pain may lead 
to decreased physical activity, depression, and subse-
quent obesity. Additionally, persistent pain may lead to 
stress and cortisol secretion that contributes to truncal 
obesity (31). Conversely, the metabolic derangements of 
obesity may predispose pain as outlined above. Obesity 
may also lead to psychological morbidity (32), which is 
an important risk factor for persistent pain after breast 
cancer surgery (13). These underlying relationships 
should be addressed in future longitudinal studies. 

Other Risk Factors
In addition to age and BMI, the univariate analyses 

identified surgery type, radiotherapy, axillary lymph 
node dissection, chemotherapy, reoperation, and his-
topathological disease stage as potential risk factors 
for persistent pain. This is consistent with previous 
studies. Lumpectomy has been shown to be associated 
with persistent postsurgical pain (33) and  this rela-
tionship seems to be influenced by the combination 
of radiotherapy (34), which is the standard of care if 
breast conserving surgery is performed. Radiotherapy 
may cause persistent postsurgical pain through neu-
ropathy and neuropathic pain (35). Axillary lymph 
node dissection has been found to be associated with 
persistent postsurgical pain in some studies (3,36), and 
this relationship may be mediated by nerve damage 

to the intercostobrachial nerve in the axilla (24). Axil-
lary lymph node dissection is also often combined with 
chemotherapy, and chemotherapy is associated with 
persistent postsurgical pain through neurotoxicity 
(37), which is a side effect of many chemotherapeutic 
agents used in the treatment of breast cancer such 
as taxanes, platinum agents, and vinca alkaloids (38). 
Reoperation has been shown to be related to persis-
tent postsurgical pain (39), which is likely an effect 
of the added risk of each individual surgery, but re-
operation is often also combined with chemotherapy 
which may further increase the risk of persistent pain 
development. Histopathological disease stage may be 
related to persistent postsurgical pain (14) through its 
relationship with several of the aforementioned fac-
tors, because locally more advanced disease warrants 
more extensive treatments with more tissue damage 
and a greater need for adjuvant treatments. When we 
stratified patients into age groups ≤ 50 and > 50 in 
our study, we found that younger women had higher 
grade tumors, which is consistent with literature (40). 
As a result of this difference in disease stage younger 
women underwent more extensive treatments, as in-
dicated by higher rates of mastectomy, axillary lymph 
node dissection, reoperation, and chemotherapy. We 
hypothesize that this distribution of disease stage, as 
well as the aforementioned interrelations between 
different treatment modalities, may have led to 
non-significant relationships of certain risk factors 
with persistent pain development in the multivariate 
model.   

The remaining risk factors that we assessed (i.e., 
smoking, diabetes, and hormone therapy) did not show 
a potential association with persistent pain in the uni-
variate analyses. We included these factors based on 
circumstantial evidence that they could be related to 
persistent pain development after breast cancer treat-
ment. Smoking was included because it is a known risk 
factor for chronic pain development outside the surgical 
context (41) and chronic exposure to cigarette smoke 
may change pain perception in smokers compared with 
nonsmokers (42). Diabetes can cause neuropathic pain 
and has been shown to be associated with persistent 
postsurgical pain after hip and knee replacement (43). 
Hormone therapy consists of selective estrogen recep-
tor modulators or aromatase inhibitors and these drugs 
are both known to induce musculoskeletal pain (44), 
which is not directly related to persistent postsurgical 
pain, but could have contributed to overall generalized 
pain. 
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Quality of Life
Consistent with our primary analysis, we found 

BMI to be associated with poorer quality of life scores 
after breast cancer treatment. We also found diabetes, 
axillary lymph node dissection, chemotherapy, and dis-
ease stage to be associated with poorer quality of life 
scores. Axillary lymph node dissection, chemotherapy, 
and disease stage have previously been reported to 
be associated with poorer quality of life after breast 
cancer treatment (36,45). Outside the surgical context, 
higher BMI (46) and diabetes (47) have been shown to 
negatively impact quality of life.  

Lymphedema
In the literature lymphedema has been reported 

to affect between 4% and 49% of patients treated for 
breast cancer (11). Lymphedema is dependent on sev-
eral pre-, intra-, and post-operative factors such as age, 
BMI, type of surgery, and adjuvant therapy. We found 
~22% of patients suffer from lymphedema, which is 
consistent with the literature, although there are dif-
ferent ways of measuring this complication.

Clinical Implications
It is widely recognized that younger age is associ-

ated with a higher risk of developing persistent post-
surgical pain. Although this fact may be used in preop-
erative risk assessments and postoperative preventative 
treatment plans, age itself is obviously not amenable 
to treatment. BMI however, may constitute a possible 
treatment target but the potential benefits of weight 
loss as a strategy for reducing or preventing persistent 
postsurgical pain have to be demonstrated. At present, 
there is limited research assessing the effects of weight 
loss and exercise programs on generalized pain in obe-
sity. One investigation used a physical therapy program 
prior to entering a weight management program and 
assessed mean body pain (48). The weight manage-
ment protocol included daily caloric restriction to 1,200 
– 1,800 kcal/day and multimodal exercise 3 times per 
week. Patients receiving the intervention reported a 
reduction in mean body pain of 56%. Outside the pain 
specific literature, alternate day caloric restriction has 
been shown to cause clinical improvement and reduce 
systemic markers of inflammation and oxidative stress 
in obese asthmatic patients (49), which may also benefit 
sensitized central pain processing. Additional research 
should examine the effect of dietary and physical ther-
apy programs on persistent postoperative pain condi-
tions. This information could help clinicians determine 

the best strategy to manage or prevent pain in obese 
patients. In our specific population, female breast can-
cer patients undergoing cancer treatment, recommen-
dations to restrict calories must take into consideration 
whether weight loss is possible during treatments such 
as chemotherapy. Moreover, breast cancer surgery can 
obviously not be postponed to allow for preoperative 
weight loss. 

Interestingly, obesity is associated with poorer 
breast cancer survival, and this relationship between 
BMI and survival is observed both in preoperative studies 
and postoperative studies (> 12 months) (50). Fasting is 
currently being assessed as a method to ameliorate side 
effects of chemotherapy (51) and to improve response 
to chemotherapy (52) and radiotherapy (53). In this con-
text, there has been a call for randomized clinical trials 
to test interventions for weight loss and maintenance on 
survival in women with breast cancer (50).  

Methodological Considerations
Our study has some limitations that should be con-

sidered when interpreting the results. First, this was a 
retrospective study, and as such it is vulnerable to several 
types of bias. Misclassification bias may be of particular 
concern because the association between surgery and 
pain was based on patient reports. Secondly, we strati-
fied patients into different ordinal categories according 
to their reported VAS scores and found the distribution 
skewed towards lower VAS scores. It is thus important 
to realize that most patients affected by the problem 
of persistent pain following breast cancer treatment re-
port relatively mild pain scores and the moderate pain/
severe pain group constitutes a smaller percentage of 
the total population of patients after breast cancer 
treatment who report persistent pain.    

Conclusions

Younger age and higher BMI may be risk factors for 
persistent postoperative pain after breast cancer treat-
ment. Higher BMI may also be associated with lower 
quality of life following breast cancer treatment. Taken 
together, BMI may be a target for preventative strate-
gies in the context of persistent postsurgical pain.
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