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P
ancreatic resection plays a crucial role 

in treating individuals with diseases of 

the pancreas, including chronic pan-

creatitis, pancreatic tumors (e.g., intra-

ductal papillary mucinous neoplasm, 

pancreatic neuroendocrine tumor), and pancreatic 

malignancies (Heidt, Burant, & Simeone, 2007; Tillou 

et al., 2017). Pancreatic cancer is one of the most fatal 

malignant tumors worldwide (Ilic & Ilic, 2016). The 

onset of pancreatic cancer occurs in older adults aged 

an average of 65 years, and its five-year survival rate 

is much lower when compared to benign conditions, 

such as chronic pancreatitis (Raimondi, Lowenfels, 

Morselli-Labate, Maisonneuve, & Pezzilli, 2010). Pan-

creatic surgery is one of the only curative treatments 

for pancreatic malignancies (Zhang et al., 2016). 

Pancreaticoduodenectomy (PD), also known as the 

Whipple procedure, is the most common and tradi-

tional surgical method used in treating pancreatic 

cancer (Cid-Arregui & Juarez, 2015); however, pancre-

atic anastomosis–related complications and pancre-

atic cancer recurrence after PD decrease individuals’ 

quality of life and survival (Zhang et al., 2016). With 

the improvement in surgical techniques, individuals 

with diseases of the pancreas are provided with the 

option of a total pancreatectomy (TP) to assist in the 

complete resection of the malignancy or the region 

with a higher risk of malignancy to improve survival 

(Andrén-Sandberg, Ansorge, & Yadav, 2016).

Despite the promising advantages of TP, postop-

erative exocrine and endocrine insufficiency remains 

a downside of the procedure (Casadei et al., 2010). 

However, with the progress of medical and surgical 

care, individuals after TP receive better care for endo-

crine and exocrine insufficiency (Andrén-Sandberg 

et al., 2016; Jamil et al., 2012; Keim, Klar, Poll, & 
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Schoenberg, 2009). In addition, with improvements 

in diagnostic technology, more individuals with dif-

fuse pancreatic disease are diagnosed; therefore, 

increased performance of TP occurs (Farrell, 2015; 

Stark, Donahue, Reber, & Hines, 2016). However, 

TP remains a difficult decision for individuals and 

healthcare providers because pancreatogenic diabetes 

causes major concerns as one of the side effects of TP 

(Maeda & Hanazaki, 2011).

Pancreatogenic diabetes is defined as a type of 

diabetes associated with benign and malignant dis-

ease of the exocrine pancreas (e.g., pancreatitis, 

pancreatic neoplasms, pancreatic resection) (Cui & 

Andersen, 2011). In individuals who underwent PD 

for chronic pancreatitis or pancreatic cancer, the inci-

dence of postoperative diabetes was 15% to 40% and 

39%, respectively, whereas for individuals who had 

TP, the incidence of postoperative diabetes was 100% 

because of the resulting apancreatic status (Maeda & 

Hanazaki, 2011). Epelboym et al. (2014) mentioned 

that there was no statistically significant difference 

in the diabetic impact of TP and PD, and Casadei et 

al. (2016) concluded that individuals who underwent 

TP contracted diabetes, which was harder to control. 

Barbier et al. (2013) reported that 54% of individuals 

who had TP were readmitted to the hospital because 

of diabetes-associated issues and that diabetes has a 

significant negative impact on an individuals’ quality 

of life.

Fatigue is a persistent, multidimensional symptom 

affecting physical, mental, and emotional domains 

(Ryan et al., 2007; Scott, Lasch, Barsevick, & Piault-

Louis, 2011) and disrupting daily life and emotional 

well-being (National Comprehensive Cancer Network 

[NCCN], 2018). It is one of the most prevalent symp-

toms in individuals after pancreatic surgery for 

malignancy (Heerkens et al., 2016) and chronic pan-

creatitis (Rückert et al., 2011), as well as in the diabetes 

population (Fritschi & Quinn, 2010). Two studies 

(Epelboym et al., 2014; Müller et al., 2007) compared 

fatigue as a secondary outcome in individuals who 

underwent pancreatic resection mostly for pancreatic 

cancer (65% to 92% of the study population). Using 

the symptom subscale of the European Organisation 

for the Research and Treatment of Cancer Quality-of-

Life Questionnaire–Core 30 (EORTC QLQ-C30), the 

results showed no statistically significant difference 

in fatigue in the two groups (Epelboym et al., 2014; 

Müller et al., 2007). However, both studies measured 

fatigue from a one-dimensional perspective, and 

other fatigue characteristics (e.g., duration, interfer-

ence) were not included. An in-depth evaluation of 

fatigue is needed to further understand the impact 

of fatigue in individuals with pancreatogenic diabetes 

after TP and PD.

Quality of life is defined as an individual’s sub-

jective overall satisfaction with life, including their 

physical, psychological, and social well-being (Yao, 

2002). Three studies in the published literature have 

proposed that individuals who undergo TP have com-

parable quality of life to those with partial pancreatic 

resections (Casadei et al., 2016; Epelboym et al., 2014; 

Müller et al., 2007). Among the three studies, one did 

not use methods to address possible confounders, 

despite the presence of a significant imbalance of 

benign diagnoses between the two groups (Casadei 

et al., 2016), and two used frequency matching 

(Epelboym et al., 2014; Müller et al., 2007) in which 

only the overall frequency of a certain confounder 

was made equal between the groups (de Graaf, Jager, 

Zoccali, & Dekker, 2011). To accurately account for 

potential confounders, reduce bias, and reach a more 

accountable comparison result, an adequate matching 

method in which matching is done on the individual 

level, such as with propensity score matching, should 

be used (Austin, 2011; Trutschel, Palm, Holle, & 

Simon, 2017). A propensity score–matched analysis 

in the comparison study of fatigue characteristics and 

quality of life between patients after TP and patients 

after PD will help to reduce selection bias and improve 

the internal validity of study outcomes (Stuart, 2010). 

With the rise of the TP technique in treatment of 

pancreatic neoplasms (Andrén-Sandberg et al., 2016), it 

is important to decrease the knowledge gap regarding 

these individuals’ fatigue and quality of life for health-

care providers to be able to deliver optimal care. In 

addition, the multiple burdens of diabetes and fatigue 

could have a negative impact on the quality of life in 

individuals who had pancreatic resection for exocrine 

pancreatic diseases, particularly in those who had 

a more extended procedure, such as TP. Therefore, 

because of limitations in the comparison methodology 

of the existing literature on the fatigue and quality of life 

of people after TP and PD, and the lack of knowledge 

regarding in-depth fatigue characteristics of individuals 

with pancreatogenic diabetes after TP and PD, the pur-

pose of this study was to describe and compare fatigue 

characteristics and quality of life in patients with pan-

creatogenic diabetes after TP and PD.

Methods

Design and Sample

A comparative cross-sectional approach was used. 

To accurately account for potential confounders, 
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propensity score matching was applied (Austin, 2011). 

The data were collected via purposive sampling in an 

outpatient pancreatic surgical department. This study 

was approved by the institutional review board at the 

National Taiwan University Hospital in Taipei and 

was registered at ClinicalTrials.gov (identification 

number: NCT02985502). Eligibility criteria were the 

following:

 ɐ Having undergone TP or PD

 ɐ Being diagnosed with diabetes (before or after 

surgery)

 ɐ Being aged 20 years old or older

 ɐ Having no cognitive impairment

 ɐ Being able to communicate in Chinese

 ɐ Having agreed to participate in the study and 

signed the informed consent

Individuals who were undergoing active treat-

ment for cancer other than pancreatic cancer were 

excluded. Screening of the individuals’ medical 

records for cognitive impairment–associated disease 

(e.g., dementia) was done to exclude those with cog-

nitive impairment. Because the indication for total 

and partial pancreatectomy included not only cancer 

but also noncancer diagnoses in the current clinical 

setting, the authors included individuals with cancer 

and noncancer diagnoses to conform to clinical real-

ity and the study aim.

A power analysis using G*Power, version 3.0, was 

conducted to determine the sample size needed. 

Because the generalized estimating equation is an 

extension of the generalized linear model (Zeger, 

Liang, & Albert, 1988), the authors used the sample 

size determination method for multiple linear regres-

sions to estimate the sample size needed in this study. 

In addition, because of limited studies on populations 

having both cancer and diabetes, the authors conser-

vatively used R2 = 0.3 in the power analysis based on 

previous studies on quality of life of individuals with 

cancer (Beijer, Kempen, Pijls-Johannesma, de Graeff, 

& Dagnelie, 2008) and with diabetes (Adriaanse, 

Drewes, van der Heide, Struijs, & Baan, 2016). With 

R2 = 0.3, 80% power, alpha = 0.05, and entering five 

covariates (age, gender, diabetes status before oper-

ation, tumor malignancy, and type of surgery) in the 

model, a total sample of 36 was needed to reach ade-

quate power.

The questionnaires were completed with the assis-

tance of a master’s-prepared research assistant during 

face-to-face interviews in a quiet, vacant room at 

the outpatient pancreatic surgical department; each 

interview took about 15 to 20 minutes to complete. 

The research assistant had three years of experience 

as an RN in the medical ward, one year of research 

assistant training, and interview skills training in the 

oncology ward and the pancreatic surgical outpatient 

department. All individuals who met the inclusion cri-

teria were approached and asked to participate. From 

November 2016 to May 2017, of the 52 individuals 

approached, 2 individuals refused to enter the study. 

A total of 50 participants were recruited to this study; 

14 underwent TP and 36 had PD.

Measures

The data were collected with a structured question-

naire that included the following items:

 ɐ Demographic and clinical characteristics

 ɐ The Chinese version of the Fatigue Symptom 

Inventory (FSI)

 ɐ The Chinese version of the EORTC QLQ-C30

Demographic and clinical characteristics: The 

demographic variables included age, gender, occu-

pational status, and years of education. The clinical 

characteristics included postoperative time in months, 

body mass index, number of comorbidities, diabe-

tes duration in months, hemoglobin A1c (HbA1c) 

level, functional status measured by the Karnofsky 

Performance Status Scale (KPS), diagnosis, smoking 

status, cancer stage, current chemotherapy treatment, 

and current diabetes treatment.

Fatigue Symptom Inventory: The FSI was used to 

evaluate participants’ subjective fatigue characteris-

tics. The scale contains 14 items in four categories: 

fatigue intensity (4 items), interference (7 items), 

duration (2 items), and pattern (1 item). Fatigue inten-

sity, interference, and duration were measured by an 

11-point Likert-type scale, ranging from 0 (no fatigue 

at all) to 10 (extreme fatigue). The item “number of 

days fatigued last week” ranged from 0 to 7 days, and 

the item “daily pattern of fatigue” ranged from 0 to 4, 

with 0 indicating no fatigue at all, 1 indicating worst 

fatigue in the morning, 2 indicating worst fatigue in 

the afternoon, 3 indicating worst fatigue at night, 

and 4 indicating no specific fatigue pattern. Higher 

scores represented higher levels of fatigue. The FSI 

has demonstrated good validity and reliability in the 

population of patients with chronic illness, including 

cancer (Donovan & Jacobsen, 2010). The Chinese 

version of the FSI was positively correlated with the 

Cancer Fatigue Scale (r = 0.62) and was negatively 

and weakly correlated with the Herth Hope Index 

(r = –0.18), indicating good convergent and diver-

gent validity; in addition, the scale has been tested in 

people with cancer in Taiwan with high internal con-

sistency (Cronbach alpha = 0.92) (Shun, Beck, Pett, 
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TABLE 1. Demographic and Clinical Disease Characteristics of All Patients and the Propensity Score–Matched Subset

All Patients (N = 50) Matched Set (N = 39)

TP (N = 14) PD (N = 36) TP (N = 13) PD (N = 26)

Characteristic
—

X SD
—

X SD SMD pa
—

X SD
—

X SD SMD pb

Age (years) 62.1 10.2 67.5 12.2 0.49 0.1 63.8 8.3 66.4 12.1 0.25 0.42

Education (years) 11.3 4.3 9.5 4.3 0.43 0.23 10.9 4.2 9.5 4.7 0.16 0.62

Months postoperation 3.9 3.3 19.2 18.1 1.18 < 0.01 3.4 4 20.3 19.4 1.21 < 0.01

BMI 21.1 2.1 22.5 3.5 0.49 0.15 21.1 2.2 22.7 3.6 0.25 0.08

Number of comorbidities 2.1 1.2 2.5 1 0.29 0.2 2.2 1.2 2.5 0.9 0.11 0.53

DM duration (months) 43.6 15.5 61.3 55 0.44 0.01 46.9 24.6 44.4 28.9 0.09 0.94

HbA1c 7.9 1.9 7.1 1.2 0.5 0.11 8 1.9 7.1 1.1 0.3 0.07

KPS 76.4 6.3 76.9 9.2 0.06 0.58 76.9 6.3 76.9 8.4 < 0.01 1

Characteristic n % n % SMD pa n % n % SMD pb

Gender – – – – 0.22 0.53 – – – – 0.08 0.82

Male 8 57 17 47 – – 7 54 13 50 – –

Female 6 43 19 53 – – 6 46 13 50 – –

Occupation – – – – 0.32 0.39 – – – – 0.16 0.63

Unemployed 10 71 21 58 – – 9 69 16 62 – –

Full-time job 4 29 15 42 – – 4 31 10 39 – –

Diagnosis – – – – 0.14 0.13 – – – – 0.24 0.52

PDAC 10 71 23 64 – – 10 77 17 65 – –

NET – – 2 6 – – – – 2 8 – –

IPMN 3 21 6 17 – – 2 15 3 12 – –

Chronic pancreatitis 1 7 5 14 – – 1 8 4 15 – –

Smoking status – – – – 0.01 0.66 – – – – 0.08 0.75

Yes 12 86 31 86 – – 11 85 23 89 – –

No 2 14 5 14 – – 2 15 3 12 – –

Cancer stage – – – – 0.19 0.57 – – – – 0.18 0.59

Benign 3 21 9 25 – – 3 23 6 23 – –

I 1 7 7 19 – – 1 8 6 23 – –

II 9 64 17 47 – – 8 62 12 46 – –

III – – 2 6 – – – – 1 4 – –

IV 1 7 1 3 – – 1 8 1 4 – –

Chemotherapy – – – – 0.3 0.13 – – – – 0.25 0.84

Yes 3 22 13 36 – – 3 23 9 35 – –

No 11 79 23 64 – – 10 77 17 65 – –

DM treatment – – – – 0.98 < 0.01 – – – – 1.7 < 0.01

OHAs – – 27 75 – – – – 22 85 – –

Insulin 13 93 3 8 – – 12 92 2 8 – –

OHAs plus insulin 1 7 6 17 – – 1 8 2 8 – –

a p value was examined by Mann–Whitney U Test or chi-squared test/Fisher’s Exact Test to compare the two groups. 
b p value was examined by generalized estimating equation based on exchangeable working correlation to compare the two groups. 
BMI—body mass index; DM—diabetes mellitus; HbA1c—hemoglobin A1c; IPMN—intraductal papillary mucinous neoplasm; KPS—Karnofsky Perfor-
mance Status scale; NET—pancreatic neuroendocrine tumor; OHA—oral hypoglycemic agent; PD—pancreaticoduodenectomy; PDAC—pancreatic 
ductal adenocarcinoma; SMD—standard mean difference; TP—total pancreatectomy 
Note. Because of rounding, percentages may not total 100.D
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& Berry, 2006). The Cronbach alpha was 0.92 in the 

current study.

EORTC QLQ-C30: Quality of life was measured by 

the EORTC QLQ-C30. This questionnaire contains 

30 items and consists of a global health status and 

quality-of-life scale (2 items); a symptom scale (13 

items); and five functional scales, including physi-

cal functioning (5 items), role functioning (2 items), 

emotional functioning (4 items), cognitive function-

ing (2 items), and social functioning (2 items). The 

global health status and quality-of-life scale was mea-

sured by a seven-point Likert-type scale ranging from 

1 (worst global health status and quality of life) to 

7 (best global health status and quality of life). The 

symptom scale and functional scales were measured 

by a four-point Likert-type scale, with 1 indicating not 

at all, 2 indicating a little, 3 indicating quite a bit, and 

4 indicating very much. All scores of the subscales 

were calculated to range from 0 to 100 according 

to the EORTC manual (Fayers et al., 2001). Higher 

scores on the global health status and quality-of-life 

scale and the functional scales represented a higher 

quality of life, whereas higher scores on the symptom 

scale indicated high levels of symptomatology. The 

EORTC QLQ-C30 has demonstrated good reliability 

and validity in the general population (Hjermstad, 

Fayers, Bjordal, & Kaasa, 1998), in individuals with 

cancer (Niezgoda & Pater, 1993), and in individuals 

with chronic pancreatitis (Bloechle, Izbicki, Knoefel, 

Kuechler, & Broelsch, 1995). The Cronbach alpha was 

0.79 for the Chinese version of the EORTC QLQ-C30 

(Chie, Yang, Hsu, & Lai, 2002). The questionnaire had 

positive correlation with the SF-36® (r = 0.7), which 

demonstrated good convergent validity (Chie, Yang, 

Hsu, & Yang, 2004). The Cronbach alpha was 0.82 in 

the current study.

Data Analysis

Data were entered and analyzed using IBM SPSS 

Statistics, version 24.0. Descriptive statistics were 

used to report the mean and standard deviation of the 

continuous variables; categorical variables were pre-

sented with counts and percentage. Nonparametric 

quantitative data were analyzed using the Mann-

Whitney U test. The chi-squared test, or the Fisher’s 

exact test, were used to analyze categorical variables. 

A significance level of 0.05 was used in this study.

The propensity score matching method was 

used to reduce confounding between the two oper-

ative groups (Austin, 2011; Trutschel et al., 2017). 

In the case of small study samples or low preva-

lence of treatment, propensity score matching is 

an appropriate method to account for confounders 

(Pirracchio, Resche-Rigon, & Chevret, 2012). The 

propensity score was estimated using logistic regres-

sion. Age and gender were reported to be important 

predictors of quality of life in both the diabetes (Wan 

et al., 2016) and cancer populations (Zimmermann et 

al., 2011). Diabetes status (Adriaanse et al., 2016) and 

tumor malignancy (Velanovich & Wollner, 2011) were 

both factors that also influenced quality of life. The 

factors (i.e., age, gender, diabetes status before oper-

ation, and tumor malignancy) mentioned previously 

that could be potential confounders that may influ-

ence the results of comparing quality of life between 

patients undergoing TP and patients undergoing PD 

were entered into the propensity model. One-to-two 

matching of patients undergoing TP and patients 

undergoing PD, respectively, was used because the 

number of TPs performed was much less than the 

number of PDs in the current clinical setting. The 

data went through greedy nearest neighbor match-

ing without replacement under a caliper width of 

0.15 (Yang & Chen, 2016). Numeric and graphic diag-

nostics were performed to check the balance of the 

matched pairs, including generalized estimating equa-

tion (GEE), standardized mean difference (SMD), 

and distribution of the propensity scores (Austin, 

2008). As opposed to the traditional statistical test of 

a hypothesis, SMD greater than 0.25 was used as the 

indicator of distribution unbalance to avoid potential 

bias caused by sample size (Stuart, 2010). The GEE, 

a multilevel analysis, was used for comparing fatigue 

characteristics and quality of life of the resulting 

propensity score matched pairs according to Austin 

(2011).

Results

Participant Characteristics

The majority of the individuals were men and unem-

ployed, with a mean age of 62.1 years in the TP 

group and 67.5 years in the PD group. Most were 

diagnosed with pancreatic ductal adenocarcinoma 

(71.4% in the TP group and 63.9% in the PD group). 

The most common type of surgical procedure was 

the pylorus-preserving PD (42%). All individuals in 

the TP group were treated with insulin, and 75% of 

the participants in the PD group were prescribed oral 

hypoglycemic agents for their diabetes.

The demographic and clinical disease characteris-

tics for all the individuals and the matched individuals 

are shown in Table 1. A total of 50 individuals partic-

ipated in the study, of whom 14 had TP and 36 had 

PD. After the propensity score matching process, 
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13 participants from the TP group and 26 from the 

PD group were considered suitable for comparison. 

Before propensity score matching, in demographic 

and clinical characteristics, both groups were com-

parable only in gender (SMD = 0.22), KPS (SMD = 

0.06), diagnosis (SMD = 0.14), smoking status (SMD =  

0.01), and cancer stage (SMD = 0.19); the rest of 

the demographic and disease characteristics were 

not comparable. After the propensity score match-

ing procedure, the distributions of the demographic 

and disease characteristics in the two groups were 

comparable, except for postoperative time (SMD = 

1.21), HbA1c (SMD = 0.3), and current treatment of 

diabetes (SMD = 1.7). As a result, in the fatigue and 

quality-of-life comparison procedure, postoperative 

time, HbA1c, and current treatment of diabetes were 

entered as adjustment variables in the GEE analysis.

Matched-Pairs Analysis of Fatigue Characteristics

The matched-pairs analysis of the individuals’ 

fatigue characteristics is shown in Table 2. There 

were no statistically significant differences in 

total fatigue score and fatigue intensity between 

the TP and PD group. However, the TP group had 

a higher number of days experiencing fatigue in 

a week than the PD group (b = 2.36, p = 0.019). In 

addition, the TP group reported a greater propor-

tion of the day fatigued than the PD group (b = 

2.21, p = 0.021). In terms of perceived interference 

with functioning because of fatigue, the TP group 

reported higher scores in general daily activities 

(b = 2.13, p = 0.009), work activity (b = 2.17, p =  

0.009), ability to concentrate (b = 1.37, p = 0.012), 

relations with others (b = 1.31, p = 0.013), enjoyment 

of life (b = 2.66, p = 0.005), and overall perceived 

interference (b = 1.52, p = 0.035) than the PD group.

Matched-Pairs Analysis of Quality of Life

The matched-pairs analysis of the individuals’ quality 

of life is shown in Table 3. In comparison with indi-

viduals who had PD, patients who had TP showed 

a tendency for lower overall quality of life and 

TABLE 2. Matched-Pairs Analysis of Fatigue Characteristics After Propensity Score Matching

TP (N = 13) PD (N = 26)

Variable
—

X SD
—

X SD pa

Fatigue intensity

Worst fatigue 3.62 3.25 2.23 2.59 0.066

Average fatigue 1.92 1.89 1.38 1.65 0.163

Fatigue duration

Number of days fatigued 3.31 3.09 2.27 2.74 0.019

How much of the day fatiguedb 3.08 2.93 1.85 2.46 0.021

Perceived interference with functioning 1.86 1.2 0.95 1.5 0.035

General daily activities 2.31 3.09 1.31 2.43 0.009

Ability to bathe and dress 0.54 1.45 0.27 1.37 0.619

Work activity 2.31 3.09 1.38 2.58 0.009

Ability to concentrate 1.38 1.98 1.04 2.01 0.012

Relations with others 1.23 2.05 0.58 1.63 0.013

Enjoyment of life 2.92 3.38 0.92 2.02 0.005

Mood 2.31 3.55 1.12 1.97 0.17

Total fatigue score 26.62 24.26 15.54 10.68 0.064

a p value was examined by generalized estimating equation based on exchangeable working correlation with adjustment 
of postoperation in months, hemoglobin A1c, and current treatment of diabetes to compare the two groups; the reference 
group was PD. 
b Rated on a scale of 0 to 10, with 0 indicating none of the day, 5 indicating half of the day, and 10 indicating the entire day. 
PD—pancreaticoduodenectomy; TP—total pancreatectomy 
Note. The scores were measured by the Fatigue Symptom Inventory, with each item ranging from 0 to 10. The total fatigue 
score was calculated by adding items 1 through 13, with a possible range of 0 to 130. Higher scores indicated greater 
fatigue.
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functional scales. However, only physical function (b =  

–22.67, p = 0.001) showed a statistically significant 

difference between the two groups. The TP group had 

lower physical function than the PD group. In terms 

of the symptom scales, the TP group demonstrated 

a tendency for higher levels of symptoms. However, 

only the symptom scales for insomnia (b = 54.88, p < 

0.001) were statistically significantly worse in the TP 

group.

Discussion

The purpose of this study was to describe and com-

pare fatigue characteristics and quality of life in 

individuals with pancreatogenic diabetes after TP and 

PD. To the authors’ knowledge, the present study is 

the first to compare both fatigue characteristics and 

quality of life in these patients. The authors found 

that the two groups had comparable fatigue intensity 

and overall quality of life. However, the TP group had 

lower physical function, a higher level of insomnia, 

longer fatigue duration, and perceived higher fatigue 

interference on functioning in general daily activities, 

work activity, ability to concentrate, relations with 

others, and enjoyment of life than the PD group.

The present study showed that individuals after 

TP and PD had comparable overall quality of life, 

which was similar to the findings of previous studies 

(Casadei et al., 2016; Epelboym et al., 2014; Müller 

et al., 2007). The reason for this may be the result 

of improved TP technology (e.g., better anastomotic 

technique and perioperative care [Andrén-Sandberg 

et al., 2016]) and exocrine and endocrine insufficiency 

management (Heidt et al., 2007; Maeda & Hanazaki, 

2011). Despite the comparable results between TP 

and PD, compared to the reference values provided 

by the EORTC group (including 750 samples in the 

liver, bile, and pancreas cancer group, and 23,553 sam-

ples in the general cancer group), individuals after 

TABLE 3. Matched-Pairs Analysis of Quality of Life After Propensity Score Matching

TP (N = 13) PD (N = 26)

Quality-of-Life Evaluation (EORTC QLQ-C30)
—

X SD
—

X SD b pa

Overall quality of life 57.69 26.45 59.61 18.06 –12.25  0.186

Global health status 60.26 25.04 57.69 17.15 –11.5  0.204

Perceived quality of life 55.13 31.46 61.54 20.96 –13  0.219

Functional scales

Physical functioning 77.95 23.16 92.05 10.67 –22.67  0.001

Role functioning 70.52 30.55 87.18 17.83 –12.27  0.272

Emotional functioning 78.85 23.72 88.46 16.68 –7.69  0.575

Cognitive functioning 77.95 23.16 88.05 10.67 –0.83  0.361

Social functioning 77.95 23.16 88.05 10.72 –2.03  0.481

Symptom scales

Fatigue 31.62 34.2 19.23 21.21 19.58  0.211

Nausea and vomiting 7.69 18.77 3.85 10.86 7.22  0.132

Pain 11.54 19.7 10.25 15.69 1.37  0.839

Dyspnea 15.38 22.01 10.97 17.78 0.89  0.345

Insomnia 41.03 45.45 15.38 23.53 54.88 < 0.001

Appetite loss 20.51 25.6 15.38 27.04 9.24  0.523

Constipation 12.82 28.99 5.12 15.46 11.07  0.115

Diarrhea 23.08 34.39 16.67 23.57 13.09  0.232

a p value was examined by generalized estimating equation based on exchangeable working correlation with adjustment 
of postoperation in months, HbA1c, and current treatment of diabetes to compare the two groups; the reference group 
was PD. 
EORTC QLQ-C30—European Organisation for the Research and Treatment of Cancer Quality-of-Life Questionnaire–Core 
30; PD—pancreaticoduodenectomy; TP—total pancreatectomy 
Note. The scores were measured by the EORTC QLQ-C30, with each item ranging from 0 to 100. Higher scores on the 
global health status/perceived quality-of-life scale and the functional scales indicated a higher quality of life. Higher 
scores on the symptom scales indicated greater complaints of symptoms.
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TP in the current study had better quality of life (
—
X =  

57.69, SD = 26.45) than the liver, bile, and pancreas 

cancer group (
—
X = 55.9, SD = 25.1) but had worse qual-

ity of life than the gen eral cancer group (
—
X = 61.3, SD =  

24.2) (Aaronson et al., 1993; Fayers et al., 2001). The 

reason for this differ ence in quality of life may be 

because, compared to the liver, bile, and pancreas 

cancer group studied by the EORTC (Aaronson et al., 

1993; Fayers et al., 2001), who were mostly individ uals 

with stage IV cancer, individuals in the present study 

were mostly in the earlier stages of pancreatic cancer. 

Patients in this study had worse quality of life than 

the general cancer population, which emphasizes 

the need for more comprehensive studies and inter-

ventions regarding quality of life for individuals with 

pancreatogenic diabetes after pancreatic resection for 

pancreatic diseases. 

The authors noticed that fatigue seemed com-

parable in the two groups in the EORTC QLQ-C30 

symptom subscale analysis; however, from the FSI 

analysis, the authors observed that the two groups 

had comparable fatigue intensity but that the TP 

group had longer fatigue duration and higher per-

ceived fatigue interference with functioning. This 

finding emphasizes the importance of evaluating 

patients’ fatigue duration and perceived interference 

with functioning. According to previous literature, 

the evaluation of fatigue interference plays a crucial 

role in the reporting of fatigue and the implementa-

tion of fatigue education in clinical practice (Shun, 

Lai, & Hsiao, 2009). Perceived fatigue interference 

in enjoyment of life and relationships with others is 

positively correlated with emotional representation 

of fatigue that influences individuals’ coping behav-

iors and strategies to mitigate fatigue (Donovan & 

Ward, 2005). Prolonged fatigue and fatigue interfer-

ence in general daily activities, work activities, and 

the ability to concentrate also may facilitate symptom 

recognition and play an important role in coping with 

fatigue (Corbett, Groarke, Walsh, & McGuire, 2016; 

Yu, Lee, & Man, 2010). From previous literature and 

the current study results, initiating a discussion about 

fatigue duration and interference with individuals 

after TP may be pivotal in communication and educa-

tion about fatigue.

Individuals who had TP had lower physical func-

tion than those who had PD in the current study, which 

was inconsistent with previous studies (Epelboym et 

al., 2014; Müller et al., 2007). This difference in phys-

ical function may be associated with the time after 

resection, as well as the influence of individuals in the 

study who were diagnosed with chronic pancreatitis. 

The physical function of individuals after TP tends 

to improve two years after surgery (Belyaev, Herzog, 

Chromik, Meurer, & Uhl, 2013; Heerkens et al., 2016). 

In this study, the average time after surgery was 11.85 

months, whereas it was 23 months and 45 months in 

the studies by Müller et al. (2007) and Epelboym et 

al. (2014), respectively. In other words, the finding 

in this study may indicate that within two years of 

pancreatic resection, individuals after TP had lower 

physical function than those who had PD, a finding 

that was not found in previous studies because their 

data collection time point was not within two years of 

surgery. As for the possible influence of chronic pan-

creatitis on physical function, individuals after TP in 

this study had lower physical function (
—
X = 77.95, SD = 

23.16) than individuals with chronic pancreatitis (
—
X = 

78.2, SD = 2.9) (Rückert et al., 2011). Because a higher 

percentage of individuals with chronic pancreatitis 

was included in the PD group than in the TP group, 

it is possible that the disparity in physical function 

between the TP and the PD group was because of the 

influence of the individuals with chronic pancreatitis.

This study showed that patients have more insom-

nia after TP compared those after PD, which was 

inconsistent with the results from previous studies that 

revealed comparable symptoms of insomnia between 

TP and PD groups (Epelboym et al., 2014; Müller et al., 

2007). This difference may be the result of pancreato-

genic diabetes and fatigue experienced in patients 

after TP. It is known that fatigue is highly correlated 

with insomnia (Roscoe et al., 2007). The present study 

showed that individuals after TP suffered from longer 

durations of fatigue and perceived more functional 

interference of fatigue than individuals after PD. In 

addition, most of the participants were diagnosed with 

cancer. According to previous literature, cancer may 

cause interference in individuals’ cortisol levels during 

the daytime and lead to circadian cycle disruption 

(Ryan et al., 2007). In the current study, participants 

in the TP group complained about excessive daytime 

sleep because of constant fatigue; consequently, exces-

sive daytime sleep may have caused their nighttime 

insomnia. Of note, individuals after TP experience dia-

betes similar to insulin-dependent diabetes, in which 

individuals may suffer more from frequent hypogly-

cemic incidents than patients with type 2 diabetes 

because of their sensitivity to insulin injections (Cui & 

Andersen, 2011; Maeda & Hanazaki, 2011; Makuc, 2016). 

In a review, Fritschi and Quinn (2010) reported that 

acute episodes of hypoglycemia and daily injections of 

insulin correlate with prolonged daytime fatigue in type 

1 diabetes. From the previously mentioned literature, 
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not only cancer itself, but also pancreatogenic diabetes 

may contribute to prolonged fatigue and insomnia in 

individuals post-TP.

Limitations

This study has some limitations. Despite the effort 

of using propensity scoring as a way to reduce the 

impact of confounding factors, there may be poten-

tial confounders (e.g., medications used, time effect, 

disease diagnosed) that the authors could not con-

trol because of the nature of an observational study. 

The time after TP surgery was shorter than that after 

PD. This phenomenon came from the natural course 

of pancreatic resection and pancreatogenic diabe-

tes in which patients after TP immediately suffer 

from diabetes while patients after partial pancreatic 

resection experience diabetes following a period of 

time after the operation (Hart et al., 2016; Maeda & 

Hanazaki, 2011). In the present study, patients after 

PD developed diabetes an average of 11.06 months 

after surgery. This created a risk of bias for which 

statistical methods could not completely adjust. This 

was a single-center study with a rather small sample 

size using a cross-sectional study design. The results 

may not be generalizable to all individuals after pan-

creatic surgery. The results in this study should be 

interpreted with caution because a heterogeneous 

population in which individuals who underwent 

pancreatic resection for benign (i.e., chronic pancre-

atitis) and malignant conditions of the pancreas were 

included.

Implications for Nursing Practice  

and Research

Compared to individuals with pancreatogenic dia-

betes after PD, individuals after TP experience more 

insomnia, lower physical function, longer fatigue dura-

tion, and more interference from fatigue. The authors 

suggest that nurses who care for individuals after TP 

should pay extra attention to their fatigue, insomnia, 

and physical function. Because the three conditions 

are associated with each other, it is recommended that 

nurses assess them concurrently. The findings in this 

study also emphasize the importance of a comprehen-

sive fatigue assessment, including fatigue intensity, 

duration, and perceived interference with function-

ing, in this population. Educational interventions led 

by nurses can help reduce fatigue intensity, fatigue 

interference, and overall fatigue (Bennett et al., 2016). 

General strategies for fatigue management, such as 

energy conservation techniques, including delegating 

and prioritizing daily tasks, could benefit patients with 

prolonged fatigue (NCCN, 2018). Nonpharmacologic 

interventions, such as exercise and sleep hygiene 

programs, can help improve fatigue symptoms and 

quality of life (Campos, Hassan, Riechelmann, & Del 

Giglio, 2011). Despite the important findings from this 

study, the authors also acknowledge that individuals 

with benign and malignant conditions of the pancreas 

were included. Because the postoperative period and 

management differ in the cancer and noncancer popu-

lations (e.g., adjuvant therapy), nurses should provide 

assessment and intervention for patients after pancre-

atic resection according to their diagnosis and needs.

In terms of future research, the propensity score 

matching analysis is a good method for addressing 

confounders in comparison studies; however, stud-

ies with a larger initial sample size will be optimal 

for this method because of the loss of samples during 

the matching procedure. A longitudinal design to 

help identify the trajectory of fatigue characteristics 

and quality of life in individuals with pancreatogenic 

diabetes after TP is recommended. Future study with 

nursing interventions targeting fatigue management, 

physical function, and insomnia in individuals after 

TP is suggested to effectively improve their quality of 

life.

Conclusion

The present study suggested a similarity in fatigue 

intensity and overall quality of life in individuals 

after TP and PD. However, with in-depth fatigue 

assessment, patients after TP demonstrated a longer 

duration of fatigue and perceived more interference 

with functioning than individuals after PD. Individuals 

who had TP also had lower physical function and 

higher symptoms of insomnia than individuals after 

KNOWLEDGE TRANSLATION

 ɐ Although individuals after total pancreatectomy (TP) and pancre-

aticoduodenectomy (PD) had comparable overall quality of life, in-

dividuals who underwent TP had lower physical function and more 

severe symptoms of insomnia than individuals post-PD. 

 ɐ Individuals post-TP and PD experienced similar intensity of fa-

tigue; however, individuals who underwent TP suffered from a 

longer duration of fatigue, as well as higher perceived interference 

with functioning.

 ɐ Nurses should conduct thorough fatigue characteristics assess-

ment, including fatigue intensity, duration, and interference with 

functioning, for individuals after TP or PD to ensure optimal fatigue 

management.
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PD. Therefore, nursing interventions could help 

improve their fatigue, insomnia, and physical func-

tion. In clinical settings, nurses play important roles 

in fatigue assessment and symptom management. 

Future research on interventions that can provide 

patients with adequate education regarding fatigue 

management is imperative for this population to have 

better sleep, physical function, and quality of life.
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