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Abstract
Objectives: To evaluate the prevalence of sarcopenia in patients referred to a Multidisciplinary Chronic Pancreatitis
(CP) Clinic at the University Hospitals of Leicester. Methods: All patients who had undergone CT scans were
identified. Controls were identified from CT colonograms with no features of malignancy or pancreatic pathology.
The psoas muscle index (PMI) was calculated using the formula: total psoas muscle cross-sectional area at the third
lumbar vertebral level (cm2)/ the patient’s height squared (m2). PMI cut-offs were <6.31cm2/m2 and <3.91cm2/
m2 for males and females, respectively. Results: 58 CP CT scans were available for analysis along with 62 control
scans. 71.9% of CP patients had a PMI below the cut-off for their gender, compared to 45.2% of the controls.
The mean PMI (±SD) for male CP patients and male controls were 5.54cm2/m2 (±1.60) and 6.73 cm2/m2 (±1.54),
(P=0.0023). The mean PMI (±SD) for female CP patients and female controls were 3.82 cm2/m2 (+/-1.46) and
4.98 cm2/m2 (+/-1.43), (P=0.0021). Conclusions: CP patients had a mean PMI below the cut-off value, suggesting
that CP patients are largely sarcopenic. As malnutrition is a significant feature of CP, optimisation of nutrition may
help to ameliorate sarcopenia in CP patients.
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Introduction
Sarcopenia is a syndrome characterised by a progressive
reduction in skeletal muscle and strength. These
characteristics are associated with adverse complications
including impaired quality of life (QOL) and disability1. Loss
of skeletal muscle mass and strength secondary to ageing
alone can be described as ‘primary sarcopenia’; if it is due
to another underlying disease process it can be described
as ‘secondary sarcopenia’2. Predisposing factors include
malnutrition, alcohol excess, limited physical mobilisation
and cigarette smoking have been described. Sarcopenia
must be differentiated from other syndromes such frailty
and cachexia which is hampered by the absence of a widely
accepted formal definition. This has prompted various
publications from independent groups such as; the European
Working Group on Sarcopenia in Older People (EWGSOP),
www.jfsf.eu

the International Working Group on Sarcopenia (IWGS) and
the European Society for Clinical Nutrition and Metabolism
Special Interest Groups (ESPEN-SIG). The definitions
published all demonstrate a consensus requiring low skeletal
muscle mass and loss of muscle strength/function in the
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Figure 1. a) PMI in CP and control stratified by gender b) PMI in CP vs. Control c) PMI in CP vs. Control correlated with age d) PMI in CP vs. Control
correlated with BMI.

diagnosis. Utilisation of CT has been described in the literature
for evaluating sarcopenia, however use of modalities such as
whole-body dual-energy X-ray absorptiometry, bioelectrical
impedance and functional tests such as grip dynamometry
have also been described3.
Chronic Pancreatitis is an inflammatory disease
associated with a variety of characteristics including
malnutrition secondary to pancreatic exocrine insufficiency.
Sarcopenia is thought to be a frequent association with
CP4. The syndrome is also frequently associated with the
geriatric population with a prevalence estimated to be as
high as 50% in individuals over the age of 805. There has
been little in the way of studies exploring the prevalence of
sarcopenia in these patients so far. However, this topic is the
subject of increasing research interest in the last few years,
with recent reviews estimating the prevalence of sarcopenia
amongst chronic pancreatitis patients to be between 1762%3,6. In this patient group, sarcopenia was significantly
associated with reduced quality of life, reduced survival,
increased hospitalisation and worse surgical outcomes
in patients undergoing total pancreatectomy with islet
autotransplantation4,7,8.
In June 2017, a dedicated, outpatient multidisciplinary
CP clinic was set up at University Hospitals of Leicester NHS
Trust. The aim of this clinic is to improve disease control and
reduce emergency surgical admissions in this complex and
often-multimorbid patient group. This study examined the
2

prevalence of sarcopenia in patients referred to this clinic,
with the aim of contributing to the emerging literature in this
topic of study.

Materials and Methods
Patient selection
Patients were identified from attendances to a chronic
pancreatitis specialist clinic, and were all newly enrolled.
Sample size was determined by sequential enrolment into
the clinic over a two-year period. Anthropometric data, in
the form of body mass index (BMI), was collected at clinic
appointments and cross checked with electronic hospital
records. Functional assessments (such as grip dynamometry
and timed up and go test) were not within the scope of our
study. These patients were then subsequently included in the
study if they fulfilled the criteria of available cross-sectional
imaging undertaken for diagnostic or follow-up purposes.
Clinic letters were reviewed for basic patient data, including
smoking status.
Fifty eight patients with known chronic pancreatitis were
retrospectively identified. Sixty two appropriate patients
were identified for the control group. The studies were
collated from patients referred to the colorectal cancer two
week-wait pathway via primary care, where their eligibility
for selection was determined by no identifiable features of
malignancy and pancreatic pathology on their respective CT
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Patient Demographics

CP (n=58)

Control (n=62)

P value

40 (69)

36 (58.1)

0.216

53.5 (44.5-60.5)

62 (55.75-69.25)

<0.0001

24.7 +/- 1.51

26.9 +/- 0.753

0.0011

11 (19)

2 (3.23)**

0.0056

Gender
Male (%)
Age/years (IQR)
BMI /kg/m2 (SEM)
Co-morbidities (%)
Liver cirrhosis
DM*
History of alcohol excess

29 (50)

9 (14.5)

<0.0001

27 (46.6)

2 (0.03)

<0.0001

28 (48.3)

***

NA

15 (15-20)

***

NA

Smoking (%)
Current smoking
Number of cigarettes per day (IQR)

CP Chronic pancreatitis, BMI body mass index, DM diabetes mellitus, NA not applicable. *Includes type 1 DM, type 2 DM and type 3c DM. **
Other potentially relevant co-morbidities included: 1x Crohn’s disease and 1x oesophagitis. *** Unable to acquire accurate data corresponding
to parameter.
Table 1. Patient demographics and Characteristics.

scans. BMI was classified according to the National Institute
for Health and Care Excellence (NICE) guidelines9.

Outcome variable
The scans were then assessed by two radiologists, one
of whom is a board certified sub-specialist gastrointestinal
radiologist. Regions of interest were drawn around the psoas
muscles bilaterally at the L3 vertebral body as per accepted
validated methods. The sum of the psoas muscle area was
subsequently divided by the square of the corresponding
individual’s recorded height in metres in order to determine
the psoas muscle index. Psoas muscle index cut-off values
were sourced from a retrospective study which calculated
optimal cut-off values by receiver operating characteristic
analysis for survival10.

Statistical analysis
Continuous variables were described with mean and
standard deviation or median and interquartile range (IQR).
Categorical variables were frequency and percentages.
When appropriate, parametric comparisons of continuous
data were conducted with the Student’s t test while
non-parametric comparisons were conducted with the
Mann Whitney U test. When appropriate, comparisons of
categorical data were conducted with the χ2 test. All data
was analysed using GraphPad Prism software version 7.04
(GraphPad Software, San Diego, United States).

Results
Of the 60 patients enrolled in the clinic, the total number
of chronic pancreatitis patients with suitable scans was
3

58, (40 males and 18 females). Three patients without
appropriate recent CT imaging were excluded. The median
(IQR) age of CP patients was 53.5 (44.5-60.5). The total
number of controls was 62, 36 males and 26 females. The
median age of controls was 62 (IQR 12.75).
Fifty scans were performed prior to clinic review, and
median time between initial scan and subsequent clinic date
was 125 (61-258.3) days. Of the scans performed following
clinic enrolment, the median time between initial clinic and
subsequent scan was 61.5 (28-120.8) days.
Basic demographic and anthropometric data are
represented in Table 1. Nutritional parameters and
management were described in Table 2. Using cut-off values
of 6.31cm2/m2 for males and 3.91cm2/m2 for females,
70.7% of CP patients had a PMI (psoas muscle index) below
the cut-off value for their respective gender, compared to
40.3% of the control group (p=0.0008) (Figure 1). The
mean PMI (±SD) for male chronic pancreatitis patients and
male controls were 5.54cm2/m2 (±1.60) and 6.73 cm2/m2
(±1.54), respectively (P=0.0023) (Table 3). The mean PMI
(±SD) for female chronic pancreatitis patients and female
controls were 3.82 cm2/m2 (+/-1.46) and 4.98 cm2/m2
(+/-1.43), respectively (P=0.0211) (Table 3). Of the CP
patients with PMI below the gender-specific cut-off value,
17.5% were classified as underweight, 60% healthy weight
and 22.5% classified as overweight, according to the NICE
BMI classification.)

Discussion
Sarcopenia is an under-appreciated and under-recognised
pathological process despite the wide-ranging negative
outcomes associated with it. It has been shown to correlate
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CP (n=58)
Pancreatic enzyme replacement therapy (PERT)
PERT commenced prior to CT scan (%)

22 (37.9)

PERT total daily dose/units*

75000 (75,000 – 125,000)

PERT duration/months

21 (6.75-37.5)

Nutritional supplements prior to CT scan (%)

20 (34.5)

Serum vitamin and micronutrients
Serum zinc/ umol/L (prevalence of deficiency/ %)

9.45 +/- 0.33 (46.9)

Serum selenium/ umol/L (prevalence of deficiency/ %)

0.646 +/- 0.0394 (78)

Serum vitamin D/ nmol/L (prevalence of deficiency/ %)

37.3 +/- 2.81 (70.4)

Serum iron / μmol/L (prevalence of deficiency)

13.1 +/- 1.78 (71.4)

Serum vitamin B12/ ng/L (prevalence of deficiency/ %)

446 +/- 33.3 (5.77)

Serum folate/ ug/L (prevalence of deficiency/ %)

8.06 +/- 0.865 (3.33)

Serum albumin g/L

42.3 +/- 0.594

Serum HbA1c IFCC (mmol/mol)

49.6 +/- 2.97

Serum vitamin A/ µmol/L (prevalence of deficiency/ %)

1.65 +/- 0.0995 (11.1)

Serum vitamin E/ µmol/L (prevalence of deficiency/ %)

22 +/- 1.16 (2.27)

*Derived from PERT dosages utilised for regular meals
Table 2. Nutritional Parameters in Chronic Pancreatitis group.

Psoas muscle index
(cm2/m2) Mean +/-SD
Total
Male
Female
CP

CP

5 +/- 1.74

Control

6 +/- 1.72

CP

5.54 +/- 1.60

Control

6.73 +/- 1.54

CP

3.82 +/- 1.46

Control

4.98 +/- 1.43

PERT

5.07 +/- 1.91

No PERT

4.89 +/- 1.47

P value
0.0029
0.0023
0.0021
0.658

Prevalence of
sarcopenia (%)
41 (70.7)
25 (40.3)
29 (72.5)
12 (66.7)
17 (47.2)
8 (30.8)
16 (72.7)
26 (72.2)

P value
0.0008
0.0244
0.0187
0.967

CP Chronic Pancreatitis, PERT Pancreatic Enzyme Replacement Therapy.
Table 3. The calculated psoas muscle index and prevalence of sarcopenia in the chronic pancreatitis and control group.

with mortality, functional impairment, disability, reduced
QOL and an appreciable increase in healthcare costs11-14. A
2004 United States study by Janssen et al., estimated the
healthcare costs attributable to sarcopenia to be $18.5 billion
in the year 2000 – a number that perhaps underestimates
the cost today due to the aging population15. Identification
of sarcopenia in CP and the risk factors that contribute to
its development in this patient group will potentially identify
therapies that positively impact outcomes.
4

In this study, we compared the psoas muscle index,
derived from computerised tomography, in chronic
pancreatitis patients and control with gender-specific PMI
cut-off values to identify a potential association between
chronic pancreatitis and sarcopenia. This, to our knowledge,
is the first study in the available literature evaluating for
sarcopenia in CP patients as compared to controls. We
identified a significant association in males and females
between chronic pancreatitis and low psoas muscle index
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which may suggest chronic pancreatitis is a risk factor for
the development of sarcopenia. Sarcopenia is also observed
as part of the normal aging process. Muscle mass decreases
of 1-2% per year after the age of 50 have been reported16.
Muscle strength also declines with age. The aetiology of
age-related sarcopenia is thought to be multifactorial – it
is suggested that immobility, malnutrition, and systemic
inflammation (amongst other factors), contribute to
sarcopenia development17. Chronic diseases such as chronic
kidney disease, in part due to the release of proinflammatory
cytokines, may also predispose to the development of
sarcopenia18. By the same mechanism, it is reasonable to
postulate a pro-inflammatory state (along with malnutrition
and relative immobility due to chronic pain), which is often
found in chronic pancreatitis, contributes to the development
of sarcopenia19.
The predominant imaging modalities used for assessing
sarcopenia are currently dual-energy X-ray absorptiometry
(DXA), computed tomography (CT), magnetic resonance
imaging (MRI) and ultrasonography (US). Non-imaging
methods have also been described, including bioelectrical
impedance (BIA), which estimates total muscle mass by
evaluating current conduction20. A known limitation of this
modality is lack of standardised, consensus cut-off values at
least in part due to appreciable variability with device and
population21.
Abdominal CT is a considered imaging examination due to
being more frequently performed for diagnostic and followup purposes than other areas, such as thigh and neck, and
therefore provides the largest dataset for retrospective
analysis. The majority of evidence in literature for using CT
to evaluate for sarcopenia comes from measurements of
total abdominal wall musculature, with thigh musculature,
psoas muscle and other areas including the neck and upper
limb being less common22.
Various methods of assessing muscle mass have been
described, including skeletal muscle index (SMI)23. SMI is
the most widely described measure in use for evaluating
sarcopenia on CT, and is calculated by cross-sectional
muscle area divided by height in metres^2. Typically, a single
slice is taken at a reference site, for abdominal CT usually at
L3 vertebral level, and the SMI is calculated. Studies have
explored and demonstrated that measurement of SMI from
a single image correlates with total body skeletal muscle
volume24.
Currently, there is a lack of established sarcopenia cutoff values on CT, which renders assessment challenging. The
preferred cut-off values used in this study were referenced
from a 2017 Yuri et al paper, in which receiver operator
characteristics analysis was utilised to find the optimal psoas
muscle index that correlated with a significant increase
in mortality. A predictable weakness is the difference
in demographics between this cohort and their cohort however given the absence of contemporary values that
correspond to the group of interest, a decision was made to
use these values.
5

The results also suggest that low BMI in chronic
pancreatitis patients does not necessarily correlate with low
PMI. Almost two thirds of CP patients with a low PMI had a
normal BMI, and indeed 22.5% were overweight according
to the NICE classification. This has important ramifications
for appropriate identification of sarcopenic CP patients, as
the majority of these patients may appear to have a normal
body composition on basic anthropometric measurement.
There is emerging evidence that optimisation of nutrition
and exercise has the potential to treat sarcopenia. A
2017 review by Yoshimura et al. demonstrated there is
evidence to suggest that effective exercise and nutrition
may improve muscle strength and function25. Protein
supplementation has been shown to improve muscle
function and strength in sarcopenic patients26. The chronic
pancreatitis multidisciplinary team clinic aims to address,
amongst a number of other issues, the nutritional deficits
that CP patients often have secondary to pancreatic exocrine
insufficiency. Specialist dietetic input to the clinic facilitates
the tailoring of pancreatic enzyme replacement regimes
and nutrition plans to the individual CP patient. Further
randomised controlled trials are needed to investigate the
effect of diet and exercise on sarcopenia.
The cohorts were not matched by age and gender, which
are two potentially significant confounders. The CP group
were significantly younger than the control group, which
perhaps renders the result more notable, as sarcopenia is
known to develop with increasing age. Another limitation
of this study is the absence of functional assessment or
assessment of physical activity alongside measurement of
skeletal muscle mass. Our study focussed on retrospectively
investigating the relationship between CP and radiological
evidence of sarcopenia, with a diagnostic cut-off value
that predicts morbidity and mortality – as such functional
outcomes were not assessed. Measures such as handgrip
strength, the Short Physical Performance Battery, and gait
speed have been described as methods of doing so. Our work
highlights the need for widely-accepted CT cut-off values for
sarcopenia in CP patients (which correspond with significantly
reduced skeletal muscle function), in order to potentially
utilise CT as an independent screening tool for sarcopenia.
This will allow us to target individual CP patient with
bespoke treatment regimens, which may include nutrition
optimisation and focussed physical conditioning. Although
a significant association between chronic pancreatitis and
low PMI has been demonstrated here, a number of potential
confounders such as disease aetiology, co-morbidity,
psychosocial health and smoking exist, and would benefit
from multivariate, prospective analysis in future with larger
cohort sizes so as to limit bias, which is another drawback of
our small retrospective study.

Conclusion
Sarcopenia is associated with several adverse outcomes
in the literature. In the study, both male and female chronic

JFSF

T. Oyebola et al.

pancreatitis patients had a mean PMI below the cut-off
value, suggesting the patients in the CP clinic are largely
sarcopenic. This is despite many patients having a normal
BMI. Currently, the evidence base for the diagnosis and
management of sarcopenia is limited. However, preliminary
evidence indicates that optimising exercise and nutrition
may be effective in treating sarcopenia. As malnutrition is a
significant element of chronic pancreatitis, it is our hope that
the optimisation of nutrition, facilitated by various members
of the multidisciplinary team, will aid in the treatment
of sarcopenia. Further work is needed to determine if
rehabilitation and nutrition optimisation can reverse CPassociated sarcopenia.
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