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A B S T R A C T

Objective: This study aimed to investigate symptoms and symptom clusters in breast cancer survivors (BCS) with
and without type 2 diabetes across three crucial periods during the cancer trajectory (0-6 months, 12-18 months,
and 24-30 months) post-initial chemotherapy.
Methods: Eight common symptoms in both BCS and individuals with diabetes were identified through natural
language processing of electronic health records from January 2007 to December 2018. Exploratory factor
analysis was employed to discern symptom clusters, evaluating their stability, consistency, and clinical relevance.
Results: Among the 4601 BCS in the study, 20% (n ¼ 905) had a diabetes diagnosis. Gastrointestinal symptoms
and fatigue were prevalent in both groups. While BCS in both groups exhibited an equal number of clusters, the
composition of these clusters differed. Symptom clusters varied over time between BCS with and without dia-
betes. BCS with diabetes demonstrated less stability (repeated clusters) and consistency (same individual symp-
toms comprising clusters) than their counterparts without diabetes. This suggests that BCS with diabetes may
experience distinct symptom clusters at pivotal points in the cancer treatment trajectory.
Conclusions: Healthcare providers must be attentive to BCS with diabetes throughout the cancer trajectory,
considering intensified and/or unique profiles of symptoms and symptom clusters. Interdisciplinary cancer sur-
vivorship models are essential for effective diabetes management in BCS. Implementing a comprehensive diabetes
management program throughout the cancer trajectory could alleviate symptoms and symptom clusters, ulti-
mately enhancing health outcomes and potentially reducing healthcare resource utilization.
Introduction Independently, BCS and people with diabetes experience similar
Advances in prevention, screening, and treatment for breast cancer
have improved overall survivor rates for breast cancer survivors (BCSs).
As cancer survival rates increase, the potential for living with other co-
morbid conditions also increases.1,2 Approximately 78% of BCS have at
least one comorbid condition.2 Type 2 diabetes is a common comorbid
condition among BCS.2 In our previous studies, we found that up to 16%
of BCS also had a diagnosis of diabetes.3 As BCS live longer, under-
standing the influence of comorbid conditions is of foremost importance
for those living with the conditions and for the healthcare team providing
care to these survivors.
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symptoms, including gastrointestinal issues, fatigue, peripheral neurop-
athy, anxiety, depression, sleep disturbance, and decrements in physical
function and cognition.4–9 These symptoms rarely occur in isolation, as
they are often interrelated and likely to co-occur, known as symptom
clusters.10 These interrelated symptoms can influence and/or intensify
other symptoms.11 Among cancer patients, symptom clusters have been
associated with poorer health outcomes and quality of life.12–17 Despite
the increased number of studies investigating symptom clusters in cancer
survivors, studies examining the influence of comorbid conditions, such
as diabetes and breast cancer, on symptom clusters are lacking. Breast
cancer and diabetes each initiate inflammatory responses that generate
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physiologic processes such as oxidative stress and the overexpression of
proinflammatory cytokines which may contribute to the onset of symp-
toms/symptom clusters.8,18,19 Therefore, it is plausible that the presence
of comorbid diabetes may potentiate the symptoms/symptom clusters of
BCS. As the projections for diabetes worldwide are predicted to increase
to 783 million people by 2045,20 it is imperative that healthcare pro-
viders understand the role of diabetes on the symptoms/symptom clus-
ters among BCS over time.

To our knowledge, no longitudinal studies have examined symptoms/
symptom clusters in BCS with diabetes from initiation of chemotherapy
through cessation of treatment into early survivorship. Therefore, the
purpose of this study was to utilize data from the electronic health record
(EHR) to examine individual symptoms and symptom clusters in BCS
with diabetes compared to BCS without diabetes at three key periods
over the cancer trajectory from initial chemotherapy into early survi-
vorship. Specific aims were to (1) determine the prevalence of individual
symptoms, (2) identify the individual symptoms that makeup symptom
clusters, and (3) compare symptom clusters between BCS with/without
diabetes at three key periods. Understanding and characterizing symp-
toms/symptom clusters specific to BCS with diabetes are crucial to guide
clinical practice. Findings from this study will offer pertinent information
to healthcare teams providing care for BCS with diabetes.

Methods

Study design, setting, and sample

This retrospective cohort study used EHRs from a large statewide
health repository from the Regenstrief Institute that included clinical
health data from 5 health systems in central Indiana.21 Eligibility criteria
included women at baseline who (1) had a non-metastatic diagnosis of
breast cancer (stage I–III) per statewide cancer registry data and Inter-
national Classification of Diseases (ICD) codes; (2) received chemo-
therapy either alone or in combination with other adjuvant therapy
(surgery and/or radiation); (3) had a breast cancer diagnosis with and
without diabetes (type 2) (prior to cancer diagnosis) per ICD codes and
medication lists for anti-diabetes medications; (4) were adults age � 21
years, although breast cancer risk increases with age, younger BCS were
included as symptom profiles may differ by age;7,22 (5) had clinical notes
in the EHRs. Exclusion criteria were (1) other diagnoses of cancer, except
basal or squamous skin cancer; (2) metastatic breast cancer; (3) receiving
subsequent chemotherapy after the initial chemotherapy for their cancer
diagnosis. Data from January 2007 through December 2018 were
extracted from the EHRs. A total of 4601 BCS were identified through the
statewide cancer registry and ICD codes. The university's Institutional
Review Board approved this study.

Symptom data

Seven common symptoms (gastrointestinal, fatigue, peripheral neu-
ropathy, anxiety, depression, sleep, and cognitive function) were selected
a priori as identified by other researchers in BCS and people with dia-
betes.7,23,24 Symptom data were identified and extracted from the clinical
notes in the EHR. A set of commonly used symptomphrases for each of the
seven symptoms was used as seed symptom expressions. For example,
“anorexia”, “poor appetite”, “not hungry”, “no or decreased appetite”,
“constipation”, “bloating”, “diarrhea”, “cramping”, “nausea”, “vomiting”,
“difficulty swallowing” are seed symptoms for GI. Then, a natural lan-
guage processing model was developed to identify synonyms of the seed
symptoms written in the clinical notes. The natural language processing
model25 first uses Unified Medical Language System MetaMap26 to
extract phrases, then the natural language processing model utilized a
semantic clustering step to identify the synonyms from the extracted
phrases. After applying the natural language processing model, we
identified additional symptom phrases relevant to those seed symptoms
to capture various symptom expressions written in the clinical notes.25
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For example, identified synonym expressions for gastrointestinal issues
included bloating symptoms, bloated feeling, gas bloating, constipating,
diarrhea, reduced appetite, decreased appetite, nausea/vomiting, morn-
ing vomiting, recurrent vomiting, intermittent vomiting, constipated,
intractable vomiting, diarrhea vomiting, nauseated, persistent vomiting,
nausea, emesis, nausea sickness, nauseous, and so on. See Appendix 1 for
more information on the natural language processing model. After
applying the NLP model on symptom extraction, we randomly selected
1693 sentences from the clinical notes with symptoms for validation. Two
annotators labeled the data. The Cohen's kappa value was calculated to
measure inter-rater reliability. The Cohen's kappa value between the two
annotators is 0.89. Conflicts were resolved using a consensus vote from a
third annotator. The NLP model gained an acceptable performance of F1
0.82 on this sampled dataset. Since there is a large number of clinical
notes, the processing time for all clinical notes is around 96 h (using a PC
with 8 GB memory and 1.6 GHz Intel Core Processor) including applying
Unified Medical Language System for the initial phrase extraction. For
this study, because of the large number of individual descriptive terms for
gastrointestinal symptoms in the clinical notes of the EHR, symptoms
were combined into the gastrointestinal symptom category and included
the four most common symptoms (nausea, vomiting, diarrhea, and con-
stipation) among BCS and people with diabetes based on previous
literature.24,27

Data collection

Demographic (age, body mass index, gender, and race) and medical
(comorbidities and cancer stage) characteristics were extracted from the
EHRs. A modified Charlson Comorbidity Index (excluding diabetes and
breast cancer) was used to account for comorbidities.

Symptom data were collected at three key periods in the cancer
treatment trajectory post-initial chemotherapy: 0–6 months (T1), 12–18
months (T2), and 24–30 months (T3). These periods were chosen
because symptom clusters are typically related to treatment and/or dis-
ease and may vary over time. Symptoms and symptom clusters are more
acute in the days following initial chemotherapy treatments,28,29 with
symptoms typically decreasing over time. However, symptom clusters
may wax and wane over time and, in many cases, linger for years
post-treatment.30 Therefore, it is important to examine the symptoms and
symptom clusters at key periods across the cancer trajectory to get an
accurate reflection of the experience.

Three periods over the cancer trajectory were chosen as they repre-
sent distinct phases of the cancer care continuum. The three key periods
were (1) Time 1 (T1; 0–6 months) represents when chemotherapy is
initiated and at which time acute symptoms are first noticed (i.e., the
post-initial chemotherapy period); (2) Time 2 (T2; 12–18 months) rep-
resents when the treatment regimens are continuing and/or ending and
BCS begin experiencing the cumulative effects of treatment on symptom
clusters (i.e., the completion and immediate post-treatment period); (3)
Time 3 (T3; 24–30 months) represents early survivorship, when BCS may
experience lingering symptoms well-beyond treatment cessation (i.e.,
post-treatment and early survivorship period).

Symptom occurrence was noted at each time frame in the absence of
standard symptom severity measures in the EHR. If patients had multiple
notes in a time period, the number of occurrences of each symptom was
calculated as the number of encounter notes that have the symptom
mentioned. It is worth noting that if the same symptom is mentioned
multiple times in the same note, it only counts once for that encounter
note. It was not required for a patient to have symptoms in all three time
periods to be included in the study. That means a patient might have
symptoms in one or two time periods.

Data analysis

Symptom data were available for 1034 BCS with diabetes and 4523
BCS without diabetes. To control for potential confounders, we employed



Table 1
Breast cancer survivor cohort characteristics (N ¼ 2068).

Variable With diabetes Without diabetes P value

(n ¼ 1034) (n ¼ 1034)

Age (years), mean (SD) 59.55 (10.68) 60.16 (11.59) 0.219
BMI (kg/m2), mean (SD) 33.89 (8.25) 31.23 (17.71) 0.005
CCI, mean (SD) 1.79 (2.80) 1.59 (2.68) 0.103
Race
Black 178 (17.2%) 154 (14.9%) 0.313
White 849 (82.1%) 876 (84.7%)
Other 6 (0.6%) 4 (0.4%)
Unknown 1 (0.1%) 0 (0.0%)

Stage
I 315 (30.5%) 328 (31.7%) 0.712
II 509 (49.2%) 509 (49.2%)
III 210 (20.3%) 197 (19.1%)

BMI, body mass index; CCI, Charlson Comorbidity Index.
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propensity score matching (PSM) to formmatched subgroups of BCS with
and without diabetes.31 PSM was conducted using R package “MatchIt”
with nearest-neighbor 1-to-1 matching.32 Propensity scores were derived
from a logistic regression model with age, Charlson Comorbidity Index,
race, and stage as covariates. Through PSM, 1034 BCS without diabetes
were chosen to match the group of BCS with diabetes. Baseline de-
mographic characteristics and clinical outcomes of matched subjects
were summarized using mean and standard deviation for continuous
variables and frequency and percent for categorical variables. Differences
were compared between BCS with and without diabetes using ANOVA
and Chi-square tests. A value of P < 0.05 was deemed significant. To
investigate symptom cluster structures among the BCS with and without
diabetes at each time point (T1, T2, and T3), we applied exploratory
factor analysis for the frequency of symptoms that occurred using the R
package “psych”. The minimum residual solutions were calculated based
on unweighted least squares with the Promax oblique rotation. This
approach was chosen based on the hypotheses that symptoms cluster
together possibly sharing underlying mechanisms.33,34 The exploratory
factor analysis included six symptoms (gastrointestinal, fatigue, periph-
eral neuropathy, anxiety, depression, and sleep). Due to the low number
of cognitive symptoms reported in the dataset (< 0.1%), they were not
included in the analysis. Cronbach's alpha was used to evaluate the in-
ternal consistency reliability of each cluster, deeming values above 0.6 as
acceptable.35 The results of exploratory factor analysis for one through
three factors were examined for each period. Several criteria guided the
determination of factor numbers, recognizing the absence of a gold
standard. These criteria included parallel analysis, very simple structure,
minimum average partial criterion, and Bayesian information crite-
rion.36,37 In cases where these criteria did not concur, we selected the
factor solution that led to the most favorable factor structure, the best
clinical interpretation and aligned with previous symptom cluster
studies. Additional criteria used to select the factor numbers included a
minimum of two or more symptoms per factor, with factor loadings �
0.3,38 as well as similarity of symptom clusters as identified in the
literature other non-diabetes BCS populations. Symptom clusters were
categorized by symptoms with the highest to lowest factor loadings.38,39

Symptom clusters were observed for stability (whether the same cluster
appeared over time) and consistency (if the specific symptoms within the
cluster remained over time).40–42 Cross-loading of factors (a symptom
that occurs in more than one cluster during the same period) was
accepted as it may inform future exploration of mechanistic linkages
across symptom clusters.38,42 All statistical analyses were conducted with
R v4.1.2.

Results

Cohort characteristics

Table 1 provides the demographic and medical characteristics of BCS
in the study cohort (n ¼ 1034 for each cohort). Most of the sample was
white and had stage II breast cancer. Statistically significant differences
were noted between BCS with and without diabetes, specifically, BCS
with diabetes had higher body mass index.

Symptom prevalence

Table 2 displays the prevalence of individual symptoms by diabetes
status at each period. Across all three periods, the most prevalent
symptoms in BCS with and without diabetes were gastrointestinal, fa-
tigue, peripheral neuropathy, and anxiety.

Symptom clusters

Time 1 (T1): 0–6 months
Table 3 presents the symptom clusters within the post-initial

chemotherapy period (T1) among BCS with and without diabetes.
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Cronbach's alpha for the clusters in both the with and without diabetes
groups ranged from 0.651 to 0.845. At T1, we found two primary
symptom clusters for BCS with diabetes and two symptom clusters for
BCS without diabetes. In the BCS with diabetes, cluster 1 (highest to
lowest factor loadings) includes fatigue-gastrointestinal-peripheral neurop-
athy symptoms. Cluster 2 consists of anxiety-depression symptoms. For BCS
without diabetes, cluster 1 includes fatigue-peripheral neuropathy-gastro-
intestinal symptoms. Cluster 2 consists of anxiety-depression-sleep symp-
toms. In this time period, BCS with and without diabetes had the same
number of symptoms clusters (n¼ 2). However, the number of individual
symptoms reported between the groups was different (5 vs. 6) with the
BCS without diabetes reporting more.

Time 2 (T2): 12–18 months
Table 4 shows the symptom clusters during the completion of

treatment and immediate post-treatment period (T2) by diabetes status.
Cronbach's alpha for the clusters in the with and without diabetes
groups ranged from 0.723 to 0.854. At T2, two symptom clusters were
identified for BCS with diabetes and one symptom clusters among BCS
without diabetes during this period. Among BCS with diabetes, Cluster 1
(highest to lowest factor loadings) includes anxiety-depression-sleep-
gastrointestinal symptoms. Cluster 2 consists of fatigue-peripheral neurop-
athy-gastrointestinal symptoms. For BCS without diabetes, Cluster 1
consists of fatigue-peripheral neuropathy-anxiety-gastrointestinal symptoms.
Cluster 2 consists of anxiety-depression-sleep symptoms. During this time
period, BCS with diabetes had more symptom clusters (2 vs. 1) and
more individual symptoms (7 vs. 4) that made up the clusters than BCS
without diabetes.

Time 3 (T3): 24–30 months
Table 5 displays symptom clusters by diabetes status at T3 (post-

treatment and early survivorship period). Cronbach's alpha for the clus-
ters in the with and without diabetes groups ranged from 0.671 to 0.840.
At T3, only one symptom cluster was identified in BCS with diabetes and
two symptom clusters in BCS without diabetes. In BCS with diabetes,
Cluster 1 includes (highest to lowest factor loadings) fatigue-gastrointes-
tinal-peripheral neuropathy-anxiety symptoms. In BCS without diabetes,
cluster 1 is a symptom cluster that consisted of fatigue-gastrointestinal-
peripheral neuropathy symptoms. Cluster 2 is a symptom cluster of anxiety-
depression-sleep symptoms. In this time period (T3), BCS with diabetes
had fewer symptom clusters (1 vs. 2) and less individual symptoms (4 vs.
6) than BCS without diabetes.

Based on the exploratory factor analysis results over the three pe-
riods, we identified two symptom clusters at T1 for both groups, and
differing numbers of symptom clusters at T2 and T3 between BCS with
and without diabetes. The number and composition of symptom
loadings within the clusters varied some between BCS with and
without diabetes.



Table 2
Prevalence of individual symptoms by diabetes status at each period.

Symptom With diabetes Without diabetes

T1 (n ¼ 905) T2 (n ¼ 683) T3 (n ¼ 526) T1 (n ¼ 852) T2 (n ¼ 643) T3 (n ¼ 538)

GI 590 (65.2%) 288 (42.2%) 223 (42.4%) 455 (53.4%) 233 (36.2%) 206 (38.3%)
Fatigue 523 (57.8%) 251 (36.7%) 169 (32.1%) 439 (51.5%) 181 (28.1%) 134 (24.9%)
PN 296 (32.7%) 140 (20.5%) 104 (19.8%) 189 (22.2%) 102 (15.9%) 69 (12.8%)
Anxiety 299 (33.0%) 159 (23.3%) 102 (19.4%) 216 (25.4%) 103 (16.0%) 88 (16.4%)
Depression 268 (29.6%) 156 (22.8%) 119 (22.6%) 177 (20.8%) 93 (14.5%) 90 (16.7%)
Sleep 115 (12.7%) 52 (7.6%) 32 (6.1%) 75 (8.8%) 26 (4.0%) 24 (4.5%)

GI, gastrointestinal; PN, peripheral neuropathy.
Time 1: 0–6 months post-initial chemotherapy.
Time 2: 12–18 months post-initial chemotherapy.
Time 3: 24–30 months post-initial chemotherapy.
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Discussion

This study used clinical data from EHRs to comprehensively examine
the symptoms and symptom clusters of BCS with and without diabetes
over three key periods in the cancer trajectory. Using this large dataset,
we identified 19% of BCS with a diagnosis of diabetes, which exceeds our
previous findings3 and is well above the national estimates of 11% in the
general population.43 These findings also support that of other cancer
researchers, who have found diabetes to be a common comorbid condi-
tion among BCS.18,44

Individual symptom prevalence

In each period, we noted that gastrointestinal symptoms followed by
fatigue were the most prevalently documented individual symptoms in
BCS with and without diabetes. Gastrointestinal symptoms are common
in people with diabetes and may be related to glycemic control and/or
complications associated with gastric motility dysfunction,45,46 which
could, in turn, contribute to fatigue. Among all BCS, researchers have
noted that fatigue is the most common symptom reported during active
cancer treatment, extending well beyond treatment cessation.7,47–49 Fa-
tigue is also a highly prevalent symptom among women with diabetes,50

and its cooccurrence with breast cancer presence has been shown to
notably increase the risk for fatigue.7 It is plausible that gastrointestinal
symptoms (nausea, vomiting, diarrhea, and constipation) and decre-
ments in nutritional status associated with diabetes, cancer treatments,
and/or the cancer diagnosis may also contribute to fatigue in BCS. Thus,
careful attention by providers regarding gastrointestinal symptoms
which can impact the nutritional status of BCS over the treatment tra-
jectory is warranted.

We noted that one symptom cross-loaded (or was present in more
than one cluster in a single period) in BCS with diabetes. Gastrointestinal
symptoms, cross-loaded at T2, and was present in both the anxiety-
depression-sleep-gastrointestinal and the fatigue-peripheral neuropathy-
Table 3
Symptom clusters by diabetes status at 0–6 months post-initial chemotherapy
(Time 1).

Time 1 With diabetes (n ¼ 905) Without diabetes (n ¼ 852)

Symptom Cluster 1a Cluster 2a Cluster 1a

GI 0.861 – 0.715 –

Fatigue 0.874 – 0.859 –

PN 0.648 – 0.724 –

Anxiety – 1.117 – 0.735
Depression – 0.337 – 0.689
Sleep – – – 0.314
Cronbach's ⍺ 0.845 0.651 0.814 0.644

GI, gastrointestinal; PN, peripheral neuropathy.
a Symptom clusters characterized by highest loading factor.
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gastrointestinal clusters. The presence of cross-loadings in the clusters may
indicate that these symptoms are pervasive and interconnected with the
overall symptom burden and suggest that better management of these
symptoms may attenuate other symptoms. Although cross-loading has
been identified as important for exploring linkages between symp-
toms,33,42 studies of symptom clusters have failed to discuss this in their
findings or examine potential mechanistic linkages. More research is
warranted to explore possible biological linkages between the symptoms
in symptom clusters that cross-load as this may assist in identifying BCS
at-risk for higher symptom/symptoms cluster profiles.

Importantly, we found BCS with diabetes experienced the majority of
symptoms at T1 and T2 (n ¼ 7) and fewest symptoms at T3 (n ¼ 4).
Suggesting that individual symptoms in BCS with diabetes may be
exacerbated during the active treatment period when acute symptoms
are prominent and into early cessation of treatment when cumulative
effects of treatment are noted. These findings differ from our previous
study that found BCS with diabetes reported more symptoms than BCS
without diabetes 3–8 years post-treatment.7 However, that study did not
look at key time periods in the cancer trajectory which may have
contributed to the disparate findings. Future prospective studies should
examine the symptoms and symptom cluster experience of BCS with and
without diabetes throughout the cancer trajectory to confirm these
findings and facilitate the development of specific time-tailored strate-
gies to better manage symptoms.
Symptom clusters

Based on the EHR data retrieval, we noted important findings
regarding symptom clusters of BCS with and without diabetes. First, we
noted that overall, the symptom clusters of BCS with and without dia-
betes in this study were similar to those found in previous literature with
BCS.46 Second, we found BCS with and without diabetes typically had
two symptom clusters except for T3 when BCS with diabetes had one
symptom cluster; and at T1 when BCS without diabetes had one symptom
cluster. The higher number of symptom clusters at T1 and T2 compared
Table 4
Symptom clusters by diabetes status at 12–18 months post-initial chemotherapy
(Time 2).

Time 2 With diabetes (n ¼ 683) Without diabetes (n ¼ 643)

Symptom Cluster 1a Cluster 2a Cluster 1a Cluster 2a

GI 0.325 0.428 0.657 –

Fatigue – 0.915 0.922 –

PN – 0.593 0.814 –

Anxiety 1.109 – 0.741 –

Depression 0.395 – – –

Sleep 0.370 – – –

Cronbach's ⍺ 0.723 0.735 0.854 –

GI, gastrointestinal; PN, peripheral neuropathy.
a Symptom clusters characterized by highest loading factor.



Table 5
Symptom clusters by diabetes status at 24–30 months post-initial chemotherapy
(Time 3).

Time 3 With diabetes (n ¼ 526) Without diabetes (n ¼ 538)

Symptom Cluster 1a Cluster 2a Cluster 1a Cluster 2a

GI 0.843 – 0.753 –

Fatigue 0.962 – 1.023 –

PN 0.581 – 0.637 –

Anxiety 0.573 – – 0.920
Depression – – 0.537
Sleep – – 0.500
Cronbach's ⍺ 0.818 – 0.840 0.671

GI, gastrointestinal; PN, peripheral neuropathy.
a Symptom clusters characterized by highest loading factor.
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to T3 among BCSwith diabetes, may be indicative of the profound impact
cancer treatment has on the development of co-occurring symptoms
(symptom clusters) earlier in the treatment trajectory. Lastly, we noticed
differences in the stability (clusters repeated over time) of the types of
symptom clusters at each period and over the trajectory for BCS with
diabetes compared to BCS without diabetes. Among BCS with diabetes,
we found one stable (clusters repeated over time) symptom cluster and
consistency (symptoms within the cluster remained over time) in the
fatigue, peripheral neuropathy and gastrointestinal symptoms at T1 and
T2. While the three symptoms were the same at T1 and T2, the factor
loadings differed within the cluster. Specifically, fatigue was the highest
loading factor at both times, but gastrointestinal and peripheral neu-
ropathy loaded differently. At T3, the symptom of anxiety also loaded on
the cluster. For BCS without diabetes, two stable and consistent symptom
clusters were found at T1 and T3. Specifically, fatigue, peripheral neu-
ropathy, and gastrointestinal symptoms were noted. While the three
symptoms were the same at T1 and T3, the factor loadings differed within
the cluster. The second symptom cluster included anxiety, depression,
and sleep symptoms for which the factor loadings remained the consis-
tent at T1 and T3. Other researchers have noted the dynamic charac-
teristics of symptom clusters over time in BCS.15,51,52 The stability and
consistency in the types of symptom clusters found in our study may be a
result of the small number of symptoms in the analysis or may have been
influenced by the complex contribution of diabetes to the symptom
clusters experienced by BCS. Our findings suggest that BCS with diabetes
may experience unique symptoms within the symptom clusters over the
cancer trajectory. More research with a larger number of symptoms is
needed to ascertain the influence of diabetes on the symptom clusters of
BCS with diabetes.

Our findings on the types of symptom clusters differ somewhat from
those found in a recent systematic review of symptom cluster studies
(n¼ 32) amongBCS.51 In their review, the researchers noted that themost
reported symptom clusters in BCS included a fatigue/sleep disturbance
cluster, a psychological (depression-anxiety) cluster, and a gastroi
ntestinal (nausea, lack of appetite, diarrhea) cluster. However, the studies
in that review did not compare symptom clusters between BCS with and
without diabetes.51 Thus, our findings suggest that the type of symptom
clusters may vary over time for BCS with and without diabetes, under-
scoring the need for more research in this area.

In two studies that examined symptom clusters of people with dia-
betes without cancer, the researchers identified symptom clusters that
included fatigue, peripheral neuropathy, gastrointestinal, and cognitive
symptoms, along with other symptoms commonly associated with dia-
betes such as polyuria, polydipsia, dry skin, and sexual dysfunction
among others.9,24 Combined findings from these studies indicate that
BCS with diabetes may experience unique symptom clusters and greater
symptom burden than BCS without diabetes. Understanding the types of
symptom clusters over time and the differences between BCS with and
without comorbid diabetes is crucial to guide clinical practice. Overall,
there is a paucity of research examining the role of diabetes in symptom
5

clusters of BCS. In an exploratory study, researchers examined subgroups
of heterogeneous cancer survivors with diabetes (n ¼ 43) during
chemotherapy administration for severity and patterns of preselected
symptoms (pain, fatigue, change in appetite, nausea, and vomiting).53

The researchers found two distinct subgroups based on severity. In sub-
group 1, people with cancer with diabetes experienced mild symptoms
(no pain, mild fatigue, change in appetite, and nausea) at baseline, which
remained mild over the study period. In subgroup 2, people with cancer
with diabetes experienced mild symptom severity progressing to mod-
erate symptom severity, with marked increases in fatigue, nausea,
numbness, and tingling.53 However, the study did not examine symptom
clusters and included a small sample size, of which only twelve (29%)
were BCS, limiting generalizability. The study also included people with
type 1 diabetes, which is a distinctly different disease that may have
influenced their findings.53 Lastly, the study was conducted over an
8-week period and captured the most acute symptoms but did not ac-
count for symptoms that may occur over time and into survivorship.53

Symptom clusters can also be influenced by cancer treatment across
the cancer trajectory. In a study of BCS (n ¼ 77) over a 24-month
period,54 researchers noted that, compared to later time points, most of
the variability in symptom clusters occurred within the first 6 months
post-initiation of chemotherapy. These authors purport that symptom
clusters are more intense during active treatment and abate over time.54

Similarly, in our study, we found that BCS with diabetes had more
symptoms and symptom clusters at T1 and T2 (n ¼ 2), whereas
BCS without diabetes had more symptoms and symptom clusters at
T1 and T3.

The findings from this study suggest that BCS may experience sig-
nificant symptom clusters during chemotherapy, immediately post-
treatment, and well into survivorship. Prospective studies examining
the symptom clusters of BCS with diabetes over time are warranted, as
they may facilitate the development of interventions to mitigate symp-
toms and symptom clusters over key time periods in the cancer
trajectory.

Having breast cancer and diabetes concurrently and managing both
diagnoses over the long-term may contribute to symptom clusters.
Among heterogeneous cancer patients with diabetes, researchers have
found that cancer and its treatment had a negative effect on diabetes self-
management activities.5,53,55 It is conceivable that difficulty with dia-
betes self-management activities may perpetuate and/or exacerbate the
symptoms and symptom clusters experienced by BCS during key periods
of the cancer trajectory. Specifically, perturbations in glycemic control
from chemotherapy regimens and/or other diabetic complications may
intensify inflammatory responses8,18 which may influence symptom
clusters. More research is warranted to explore glycemic control and
inflammatory responses as potential etiologies of the symptom clusters
among BCS with diabetes.

In summary, our study examined the symptom clusters of BCS with
diabetes, which, to our knowledge, has not been previously reported. We
found that the number and type of individual symptoms and symptom
clusters differed among of BCS with diabetes compared to BCS without
diabetes over the three time periods. These findings suggest that BCS
with diabetes may experience additional and/or unique symptom clus-
ters at key periods in the cancer treatment trajectory. Prospective
research studies are needed to confirm these findings.

Strengths and limitations

Our study had several strengths. First, using EHRs to examine
symptoms and symptom clusters in a large cohort of BCS is innovative,
and, to our knowledge, EHRs have not been widely utilized to identify
symptoms/symptom clusters in a large longitudinal sample of BCS.
Second, utilizing EHRs may have minimized the burden on BCS as well as
mitigated the costs associated with conducting a longitudinal study of
this size. The use of propensity scoring to match samples of BCS with and
without diabetes is a strength of our study. We used one-to-one matching
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to select a subgroup of BCS without diabetes that had similar propensity
scores as BCS with diabetes to estimate the impact of diabetes on the
symptom/symptom clusters, which reduced the potential influence from
of confounding variables increasing the rigor of our analysis and inter-
pretation. Lastly, this study provided a foundation for developing pro-
spective studies that can use standardized measures of symptoms and
symptom clusters in BCS with diabetes at key times during the cancer
trajectory.

Our study also had several limitations. The descriptive, retrospective
study design precluded the ability to establish causality. Although we
used ICD codes and medication lists to identify BCS with diabetes, some
BCS may have been prediabetic or undiagnosed and not captured in our
dataset. Estimates suggest that 352 million people live with prediabetes,
and 240 million live with undiagnosed diabetes worldwide.20 Therefore,
it is imperative that identifying diabetes in addition to initial and
ongoing screening for diabetes, be a standard of care throughout breast
cancer treatment and well into survivorship. Our study was limited by
the number of pre-selected symptoms, future studies should examine
symptom clusters using a larger number of symptoms. In this study, we
did not account for laboratory blood glucose measures of diabetes con-
trol, the effects of different types and dosing of chemotherapy regimens,
other types of cancer treatment, and/or disease progression. Prospective
studies should include these variables as they may influence the type and
number of symptom clusters. Lastly, the symptom data used in this study
were extracted from the clinical notes as occurrence of symptoms due to
the lack of availability of standardized symptom severity measurement
tools in the EHR clinical notes. Although EHR data may not capture all
symptoms or the severity of symptoms, it most likely captures the most
salient and problematic symptoms experienced and reported in real time
by BCS to their providers. The types and dynamic nature of the symp-
toms and symptom clusters identified in this study elucidate the
importance of assessing BCS with diabetes throughout the cancer tra-
jectory. Despite these limitations, the findings from this study have
implications for clinical practice and future research. Larger prospective
research studies are needed to determine if BCS with diabetes experi-
ence distinct and/or a greater number of symptoms and/or symptom
clusters over the treatment trajectory as well as the role of lifestyle and
social factors on them.

Conclusions

Given that BCS are living longer, and the prevalence of diabetes is
estimated to increase exponentially by 2045, healthcare providers will
continue to be challenged with managing diabetes in BCS. Therefore, it is
imperative that healthcare providers recognize and continually assess
BCS with diabetes across the cancer trajectory for intensified and/or
unique profiles of symptoms and symptom clusters. Interdisciplinary
cancer survivorship models are needed to facilitate the management of
diabetes in BCS. Implementation of a comprehensive diabetes manage-
ment program over the cancer trajectory could mitigate symptoms and
symptom clusters, ultimately improving health outcomes and potentially
reducing the utilization of healthcare resources.
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