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Abstract 

Purpose Chronic pancreatitis (CP) leads to diabetes and pancreatic exocrine insufficiency (PEI). PEI may lead to mal-
digestion and malnutrition, which may cause fat-soluble vitamin deficiency, sarcopenia and abnormal bone density. 
We aim to study the prevalence of osteoporosis, sarcopenia and vitamin deficiency among CP patients.

Methods Long-term (4–5 years) follow-up was implemented on CP patients. We recorded CP duration, BMI, smoking, 
alcohol consumption and medication. We determined the serum values for A, D and E vitamins, albumin, creatinine, 
haemoglobin, calcium and magnesium. Bone density measurement was taken from the proximal femur and lumbar 
spine. CT/MRI scans were used to measure for psoas muscle area.

Results A total of 33 patients (median age 62 [39–81] years, 61% male) were included. None of these patients had 
earlier diagnosis of osteopathy, and none of them had known vitamin deficiency or were sarcopenic. Nineteen 
patients (57%) had pancreatic exocrine insufficiency and of these seven patients (37%) had no pancreatic enzyme 
replacement therapy (PERT) and one (5%) had inadequate enzyme therapy. During the study, osteoporosis was 
diagnosed in 20% and possible sarcopenia in 48% of patients. PEI and inadequate PERT was associated with low E 
vitamin levels (75% vs. 0%, p = 0.012), higher risk of osteoporosis (43% vs. 5.6%, p = 0.013) and sarcopenia (80% vs. 
36%, p = 0.044).

Conclusion This study demonstrates that chronic pancreatitis is associated with osteoporosis, sarcopenia and vita-
min deficiency. If untreated, pancreatic exocrine insufficiency is associated with increased risk of these outcomes. This 
highlights the importance of identifying and treating PEI in CP patients.

Keywords Vitamin deficiency, Pancreatic insufficiency, Exocrine insufficiency, Alcohol, Pancreatic enzyme 
replacement therapy, Bone mineral density, Psoas muscle area

Introduction
Chronic pancreatitis (CP) manifests as a persistent or 
intermittent inflammation of the pancreas, which may 
over time cause morphological changes to the pancreatic 
tissue. This can lead to permanent pancreatic exocrine 
(PEI) and endocrine insufficiency. The exocrine pan-
creas has an essential role in the digestive system secret-
ing digestive enzymes (e.g., lipase, trypsin and amylase) 
in a bicarbonate solution which break down fats, pro-
teins and carbohydrates. Exocrine insufficiency can lead 
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to steatorrhoea, maldigestion and malnutrition. Overall 
exocrine insufficiency may impose patients to fat-soluble 
vitamin deficiency, sarcopenia and osteoporosis [1–4].

Osteoporosis is defined as a skeletal disease with low 
bone strength leading to an increased risk of fractures, 
while sarcopenia is defined as loss of muscle mass and 
impaired physical performance [5, 6]. Diagnosis of 
osteoporosis is based on bone mineral density (BMD), 
typically measured from the femoral neck or the lumbar 
bone [7]. Sarcopenia and osteoporosis have both been 
found to be associated with higher mortality, lower qual-
ity of life (QoL) and increased risk of hospitalizations. 
There is recent evidence that CP patients could have 
sarcopenia with an incidence of 17–62% with exocrine 
insufficiency and pancreatic fibrosis being a suspected 
risk factor [8, 9]. There is also evidence that almost 25% 
of CP patients have osteoporosis [10] and are at risk for 
vitamin deficiency [11]. Since all these conditions are 
interlinked in that they are caused by probable malnu-
trition, maldigestion, possible alcohol consumption and 
chronic inflammation our aim was to determine how 
possible sarcopenia, osteoporosis and vitamin deficiency 
were diagnosed and treated in CP patients. The nutri-
tional status and osteoporosis and possible sarcopenia of 
CP patients in Finland have not been studied.

Methods
Consecutive patients with CP at Tampere University 
Hospital, Finland between 1 January 2014 and 31 Decem-
ber 2015 were included. CP was defined according to 

the definitive diagnostic criteria of CP according to the 
M-ANNHEIM criteria in a study illustrated in Fig.  1 
[12, 13]. The definitive diagnostic criteria include one or 
more of the following: Enlargement of the main pancre-
atic duct, (moderate or marked ductal pancreatic ductal 
lesions according to the Cambridge classification), pan-
creatic calcification, pancreatic exocrine insufficiency 
with pancreatic steatorrhoea clearly reduced by pancre-
atic enzyme replacement therapy (PERT) or a typical his-
tological specimen of the pancreas.

Data regarding testosterone, albumin and vitamin D, 
E and A levels were measured in 2019. We also elicited 
information on possible fractures, medication, vitamin 
supplements and menopause. We measured the partici-
pants’ weight and height and calculated the body mass 
index (BMI) kg/m2. BMI ≥ 25  kg/m2 was considered 
overweight and BMI ≥ 30  kg/m2 was considered obese 
[14]. The patients provided blood and stool samples and 
a bone density measurement was taken. A faecal elastase-
1(FE-1) level less than 100  μg was considered clinically 
relevant. An adequate amount of PERT was defined as 
25–50 000 IU of pancreatic lipase per meal according to 
the 2020 ESPEN guidelines [15, 16].

Bone density measurement
Bone density measurement or dual-energy x-ray absorp-
tiometry (DXA) was done at both femur neck and lum-
bar spine in 2019. The Lunar iDXA (GE Medical Systems, 
Milwaukee, Wisconsin, USA) with enCORE v16 soft-
ware was used for all bone density measurements. The 

Fig. 1 Flowchart of patient selection in the study. We selected all chronic pancreatitis (CP) patients from 2014 and 2015 consecutively. All patients 
in the study had definitive diagnostic characteristics according to M-ANHHEIM. 1) Parhiala et al. 2020 Pancreatology 
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measurements were based on the World Health Organi-
zation definition of a T score of -2.5 or less. Osteopenia 
defined as T score between -1 and -2.5. In patients under 
the age of 50 years we used a Z score instead of a T score 
according to the International Society for Clinical Densi-
tometry guidelines. A Z score of -2.0 or under is “below 
the expected range of age” [17, 18].

Sarcopenia measurement
Psoas muscle area (PMA) was identified by CT or MRI 
scans gathered retrospectively within one year from the 
time when the DXA measurement was taken between 
the years 2018 and 2020 [19]. We calculated the mean 
area  (mm2) of both left and right psoas muscles from the 
middle of the third lumbar vertebra, so that both trans-
verse processes were visible. The psoas muscle area was 
precisely drawn by the same clinician and area calculated 
 (mm2) using the Sectra Workstation version 23.1 (Sectra 
AB, Linköping, Sweden). This method had been previ-
ously tested and described to be applicable by a single cli-
nician in a routine clinical setting [20]. To define possible 
sarcopenia we used a PMA of under 800  mm2 for males 
and under 550  mm2 for females as a cut-off based on an 
earlier Finnish study [21].

All the data except for aetiology and PMA from CT/
MRI scans were gathered prospectively.

Data are presented as medians (with min–max) if vari-
ables were not normally distributed or as averages (stand-
ard deviation) if variables were normally distributed. The 
statistical analysis was calculated using Pearson’s Chi-
Square or in  continuous  values, the Mann–Whitney U 
test (not normal distribution) or Student’s t-test (nor-
mal distribution) was used. For correlation calculation 
we used the Pearson’s Correlation Coefficient test (r). 
The odds ratio (OR) was calculated using binary logis-
tic regression and are presented with a 95% confidence 
interval (CI 95%) Statistical analyses were done with 
IBM SPSS v28 (IBM Corp, Armonk, New York, USA). 
A p-value of under 0.05 was considered statistically 
significant.

Results
A total of 33 patients (median age 62 years [range 39–81] 
years) were included, with a median disease duration 
of six (range 4–27) years. Aetiology for CP was alcohol 
related in 49% (n = 16) of the cases. Thirty-six percent of 
patients (n = 12) were active smokers and 64% (n = 21) 
had a smoking history with a median of 30 (4–60) pack-
years of smoking. Median BMI was 26.9 (18.8–38) kg/
m2, 66% of the patients were overweight and 24% obese. 
Forty-seven percent of patients with PEI were overweight 
and 11% obese, compared to 93% and 43% of those with-
out PEI. Sixty-four percent of patients (n = 21) had a 

daily vitamin D substitute median 20 (10–75) μg and 15% 
(n = 5) had low levels of vitamin D. Fifty-two percent of 
patients (n = 17) had undergone interventions due to CP 
related complications. Surgery was performed on seven 
patients: including three pancreatic resections and four 
due to pseudocystal or pancreatic fistula complications. 
Pancreatic surgery was performed a median of four years 
[2–5] before the study. Endoscopic procedures were per-
formed on eleven (33%) patients. Nineteen patients (57%) 
had PEI (FE-1 levels under 100) and out these seven 
patients (37%) had no PERT and one (5%) had inadequate 
PERT consumption. Patient characteristics are presented 
in Table 1.

Osteoporosis, osteopenia and osteoporotic fractures
None of the CP patients were known to have had osteo-
porosis, osteopenia or osteoporotic fractures prior to 
the study. Forty-five percent of males and 58% of females 
had abnormal bone density. Osteoporosis was diagnosed 
in 20% (n = 7) and osteopenia in 23% (n = 8) of patients. 
Twenty percent of the males (median age 62 [44–69] 
years) had osteoporosis and 23% of the females (median 
age 62 [39–79] years) had osteoporosis, while 45% of 
males and 58% of females had abnormal bone density. 
Patient characteristics are presented in Table 2.

Alcohol consumption after diagnosis of CP was asso-
ciated with abnormal bone density: 67% in patients with 
alcohol consumption vs. 29% in patients without alcohol 
consumption, p = 0.035 but there was not statistical dif-
ference alcohol consumption and osteoporosis: 33% with 
alcohol consumption vs. 12% without alcohol consump-
tion, p = 0.141. Smoking (p = 0.171), older age (p = 0.268), 
female gender (p = 0.833), BMI (p = 0.620) and low tes-
tosterone (p = 0.456) were not associated with higher risk 
of osteoporosis.

Median BMI of the patients with osteoporosis was 28.3 
(19.9–29.1) and 27.3 (18.8–38) among non-osteoporotic 
patients (p = 0.62). None of the obese patients (BMI > 30) 
had osteoporosis (p = 0.092; not significant). Low testos-
terone levels in males were detected in two CP patients 
but neither had osteoporosis. The female osteoporotic 
patients were all post-menopausal and one was taking 
long lasting cortisone medication. None of the patients 
who had pancreatic surgery had osteoporosis, this did 
not reach a statistical difference (p = 0.122).

The patients with PEI and no PERT had more osteo-
porosis than did CP patients with PERT and PEI 43% vs 
5.6% (OR 2.3 CI 95%: 0.8–6.9; p = 0.013).

Psoas muscle area
Psoas muscle area (PMA) was measured in 21 patients. 
The median PMA for females was 561 (430–956)  mm2 
and for males 809 (467–1371)  mm2. Possible sarcopenic 
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PMA levels were registered in 48% (n = 10) of the 
patients. PEI was found in 80% of the sarcopenic group 
vs. 36% in non-sarcopenic patients (OR 7.0 (95% CI:0.97–
50.6); p = 0.044). The trend between PEI and low PMA 
is present in Fig. 2A. There was no difference in patients 
with PEI and no PERT in the possibly sarcopenic and 
non-sarcopenic group (p = 0.157). Longer disease dura-
tion was correlated with lower PMA (r -0.434, p = 0.049), 
age did not correlate with lower PMA (r 0.263, p = 0.249). 
Patients with possible sarcopenia had median nine [4–
27] years’ history of CP, compared to five [4–8] of those 
without sarcopenia, p = 0.002. The association between 
disease duration and PMA is illustrated in Fig. 2B.

PEI and vitamin deficiency
PEI was found in 57% (n = 19) of the patients and was 
associated with alcohol consumption after diagnosis of 
CP 80% vs. 35%, p = 0.011. Smoking was not associated 
with PEI (p = 0.947). Of the PEI group 21% (n = 4) had 
low levels of vitamins D and E.

In the non-PEI group all patients had normal levels of 
vitamin E and one1 had a low level of vitamin D. All low 
vitamin E levels were found in the PEI group (p = 0.067). 
Three (75%) were found in CP patients with inadequate 
PERT. CP patients with PERT had less vitamin E defi-
ciency than CP patients without PERT (OR 14.4 (95% 
CI:1.2–169); p = 0.01).

They also had lower levels of vitamins D and A, but 
the difference was not statistically significant. No low 

levels of vitamin A were measured. Of all participants15% 
(n = 5) had low vitamin D levels. Most of patients with 
PEI 74% had supplementary vitamin-D (74%) and half 
of the non-PEI group had supplementary vitamin-D 
(p = 0.162).

Discussion
CP patients carry a high risk for osteoporosis and for 
osteoporotic fractures [22, 23]. It was unknown how this 
is addressed in daily clinical practice. In our study, nearly 
half of the CP patients had abnormal bone density while 
none of them had been diagnosed with osteoporosis or 
osteopenia. CP patients with PEI and no enzyme substi-
tute had more osteoporosis than CP patients with PEI 
and enzyme substitute. CP patients with PEI and long 
disease duration were found to have an increased risk for 
sarcopenia.

The United European Gastroenterology 2018 guidelines 
have previously recommended DXA and serum vitamin 
D (25-hydroxyvitamin D3) measurement in CP patients 
[24]. Our findings support these recommendations. As 
we demonstrated, osteoporosis is common among CP 
patients, and none of our study patients had known oste-
oporosis when they were enrolled for this trial. The Finn-
ish guidelines for screening for osteoporosis focus on 
high fracture risk patients or patients who have already 
sustained fractures [25]. Osteoporosis has multiple risk 
factors, the most common being age, menopause, gluco-
corticosteroids, low peak bone mass and immobilisation 

Table 1 Demographic of chronic pancreatitis patients in the study

BMI, Body Mass Index PES, Pancreatic enzyme supplements, PEI Pancreatic exocrine insufficiency, PERT Pancreatic Enzyme Replacement Therapy

Chronic pancreatitis patient Male (n = 20) Female (n = 13) Total (n = 33)

Age median years (range) 61 (44–81) years 62 (39–79) years 62 (39–81) years

Time after diagnosis (range) 6.5 (4–16) years 6 (4–27) years 6 (4–27) years

Alcohol aetiology 55% (11) 38% (5) 49% (16)

Smoking 75% (15) 46% (6) 64% (21)

Elastase under 200 75% (15) 77% (10) 75% (25)

Elastase under 100 55% (11) 62% (8) 57% (19)

PERT 65% (13) 77% (10) 70% (23)

Inadequate PERT and PEI 55% (6) 25% (2) 42% (8)

Diabetes 95% (19) 69% (9) 75% (25)

BMI 27 (19–34) 28 (21–38) 28 (19–38)

Menopause - 77% (10) 77% (females only)

Low Testosterone 10% (2) - 10% (males only)

Osteoporosis 20% (4) 23% (3) 21% (7)

Osteopenia 25% (5) 31% (4) 24% (8)

Normal Bone Density 55% (11) 46% (6) 55% (18)

Possible sarcopenia 50% (7/14) 43% (3/7) 48% (10/21)

Endoscopic procedure 30% (6) 38% (5) 33% (11)

Pancreatic surgery 25% (5) 2 (15%) 21% (7)
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with multiple risk factors related to CP such as diabetes, 
high alcohol intake, smoking and malabsorption [26–28]. 
The authors recommend screening high-risk patients, 
also those with CP.

More detailed follow-up might serve to reduce the 
risk not only of osteoporosis and osteoporotic frac-
tures, but also of vitamin deficiency and sarcopenia. CP 
patients have a higher mortality rate than to controls 
with known risk factors such as diabetes and smoking, 
but it should also be taken into account that PEI may be 

an independent risk factor for low survival and should be 
treated appropriately [29–31].

The cause of sarcopenia and osteoporosis in CP is 
multifactorial and includes nutritional components: 
maldigestion of fats and fatty vitamins, chronic inflam-
mation, alcohol and smoking [32]. In our study half of the 
patients had low PMA indication of possible sarcopenia 
and this was associated with PEI and longer disease dura-
tion. Sarcopenia has been associated with lower survival 
and increased hospitalisation in CP patients [33]. Even 

Table 2 Demographic chronic pancreatitis patients with osteoporosis. None of the CP patients had previously known osteoporosis, 
osteopenia or osteoporotic fractures before the study

BMI Body Mass Index, PES Pancreatic enzyme supplements, PERT Pancreatic Enzyme Replacement Therapy

Osteoporotic bone density < -2.5 Z-score 
(n = 7)

Bone density > -2.5 Z-score (n = 26) p value

Age median (range) 64 (44–79) 60 (39–81) 0.27

Female/male ratio 43%/57% 38%/62% 0.83

Time after diagnosis (years) 7 (5–15) 6 (4–27) 0.32

Elastase-1 (µg/g) med (range) 20 (15–387) 53 (15–500) 0.81

Elastase under 200 57% (4) 81% (25) 0.20

Elastase under 100 57% (4) 77% (20) 0.98

PERT 43% (3) 77% (20) 0.08

Low elastase and no PES 43% (3) 15% (4) 0.28

Possible sarcopenia 67% (2/3) 44% (8/18) 0.48

 Alcohol aetiology 71% (5) 42% (11) 0.17

 Alcohol abstinence 29% (2) 48% (12) 0.17

 Current smoking 57% (4) 27% (7) 0.20

 Smoking 86% (6) 58% (15) 0.32

 Idiopathic pancreatitis 0% 19% (5) 0.21

BMI 28.3 (19.9–29.1) 27.3 (18.8–38) 0.62

 Overweight 57% (4) 69% (18) 0.55

 Obese 0% 31% (8) 0.09

Haemoglobin (g/l) 145 (118–167) 138 (88–162) 0.11

Creatinine (µmol/l) 75 (66–91) 75 (58–131) 0.61

Glomerular filtration rate (GFR) 89 (53–101) 89 (50–116) 0.11

Albumin (36–45) (g/l) 37 (32–42) 37 (24–41) 0.18

Fasting blood sugar (4–6.1) (mmol/mol) 6.4 (5.5.-13.9) 6.9 (5.8–16) 0.28

HbA1c (20–42) (mmol/mol) 41 (36–69) 46 (35–74) 0.13

Triglycerides (< 1,7) (mmol/l) 0.89 (0.80–2.04) 1.33 (0.59–14.23) 0.29

Vitamin D 1.25 levels (50–375) (nmol/l) 54 (33–70) 65 (33–108) 0.14

Calcium (2,15–2,51) (mmol/l) 2.31 (2.20–2.37) 2.34 (2.27–2.62) 0.12

Magnesium (0,71–0,94) (mmol/l) 0.84 (0.81–0.95) 0.80 (0.57–0.97) 0.18

Vitamin A levels (0,7–4,2) (μmol/l) 1.6 (0.8–3.2) 1.9 (1–3.3) 0.29

Vitamin E-levels (12–37) (μmol/l) 19 (8–40) 24.5 (10–70) 0.14

Low testosterone in males 0% 12.% (2)
Menopause in females 100% 0.0%
Vitamin D supplementation 71% (5) 65% (16) 0.63

Cortisone medication 14% (1) 0%
Endoscopic procedures 2 (29%) 9 (35%) 0.76

Surgery 0 (0%) 7 (27%) 0.12
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though no evidence has so far been presented that sar-
copenia is related to a higher complication rate in CP 
patients, a connection to failure to overcome complica-
tions related to surgery has been reported [34–36]. Sarco-
penia in CP could be due to malnutrition and assessment 
and prevention of this needs to a focal point in treatment 
of CP [37].

Since low physical activity has been linked to both sar-
copenia and osteoporosis there is no studies investigating 
the effect of physical activity on CP patients [38].

None of the patients who underwent pancreatic sur-
gery for CP had osteoporosis. There is no literature that 
we know of looking into bone density in CP patients after 
surgery. This needs further exploration.

We found it concerning that nearly 40% of the patients 
with PEI had no pancreatic enzyme substitute. This could 
be due to lack of follow-up and poor compliance in CP 
patients [39]. More patient education on PEI should be 
provided. Exocrine insufficiency can be diagnosed via 
FE-1, faecal fat collection or C13 mixed triglyceride and 
is treated with a pancreatic enzyme replacement therapy 
PERT taken at every meal [4]. An adequate number of 
PERT is needed to treat PEI. The United European Gas-
troenterology guidelines for the treatment of CP recom-
mend 40–50 000  IU lipase for meals and 20–25 000  IU 
for smaller meals [40]. In our study 12% of CP patients 
had low levels of Vitamin E, a risk factor being PEI with 
inadequate PERT consumption. Vitamin E is a fat-soluble 
antioxidant, low levels being extremely rare in normal 
population [41, 42]. Vitamin E deficiency may cause neu-
rological disorders [43]. An earlier study found that low 
levels of Vitamin E were common (10%) in CP patients 
with PEI, especially if no PERT was used [42]. Vitamin E 

levels should be measured and supplementary vitamin-
E given with a low threshold, especially to patients with 
PEI. We did not measure any low levels of Vitamin A. 
Low levels of vitamin A have only been reported in CP 
patients with PEI and without PERT [44].

In Finland the prevalence of vitamin D deficiency in 
adults is 21–26%, which is actually higher than in our 
selected population (15%). Moreover, in our study CP 
patients had a higher rate of vitamin D supplementa-
tion than the average Finnish population 74% vs. 57% 
[45]. This could be due to selection bias in our study 
population.

We found that patients who continued to consume 
alcohol after their diagnosis of CP had more abnormal 
bone density and PERT. Patient education concerning CP 
is insufficient and better tools for reaching these patients 
are needed [46]. In a 2021 retrospective study Srivoleti 
et  al. found that less than half of the patients followed 
recommendations regarding lifestyle changes for CP and 
that patients treated by pancreatologists were more likely 
to abstain from alcohol [47].

In a recent international survey 75% of pancreatologists 
prescribed PERT in clinically evident steatorrhea while 
only 20% of clinicians routinely checked for PEI and con-
ducted nutritional tests during follow-ups [48]. This may 
suggest a need for guidelines and a change of mindset in 
the treatment of CP. In our study two out of five of CP 
patients with PEI did not receive sufficient treatment. In 
our study patients without proper PERT, with osteoporo-
sis or vitamin deficiency were contacted and advised to 
contact their physician.

It must be stated that FE-1 is considered to be unspe-
cific for excluding mild or moderate PEI and consensus 

Fig. 2 Boxplot of psoas muscle area (PMA). A Demonstrating a trend towards lower PMA with pancreatic exocrine insufficiency (PEI). 
B Demonstrates a lower PMA with disease duration of over 9 years despite there being no age difference
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is lacking regarding the ideal cut-off value [40]. The 
most used cut-off value is 200 faecal μg per one gram 
of faeces. In this study we used a cut-off value of 100 μg 
FE-1 due to it being more specific and having the same 
sensitivity as the previously used 200 μg [16].

A strength of the study is its prospectively gathered data 
on bone density, medication and laboratory test in this 
somewhat hard-to-reach patient group. Among the limi-
tations is that we were unable to measure vitamin K lev-
els, which might have had an impact on bone metabolism. 
Sarcopenia is defined as loss of muscle mass and function. 
In this study we were able to assess only muscle mass. Fur-
thermore, we only measured muscle mass of psoas mus-
cle. Whether this represents overall sarcopenia remains 
beyond the scope of this study. We used imaging CT/MRI 
imaging to asses possible sarcopenia which still remains 
the primary modality for assessment of sarcopenia due to 
availability and ease of use [49] and it is still considered a 
practical method of assessing sarcopenia [50].

Next, we were able to assess psoas muscle in about 
two thirds of patients, which may have caused some 
patient selection bias. A low number of patients 
recruited in our study illustrates problems in perform-
ing studies in selected group of patients. While this 
study was conducted over several years in high volume 
centre, only a small number of patients took part in 
long-term follow-up. Chronic pancreatitis is relatively 
rare condition and attending patients have high drop-
out rate. In our earlier study the drop-out rate was 60%, 
while it was 57% in this study. High drop-out rate may 
cause some patient selection bias, as those motivated 
for trials may be also more motivated to change their 
life habits, ea. alcohol and tobacco use. Nevertheless, 
we emphasize that all those with chronic pancreatitis 
may require more holistic approach in future. Similar 
problems with low patient count are likely to arise in 
multicentre trials. Among the strengths was that we 
were able to conduct this population-based trial includ-
ing all those with chronic pancreatitis living within a 
hospital district of a high-volume centre with compre-
hensive data available on all attending patients.

In conclusion, osteoporosis, osteopenia, sarcopenia 
and vitamin deficiencies are common in CP patients. 
In our study, all the osteoporosis was previously undi-
agnosed. More care should be taken in the basic treat-
ment of PEI in this patient group. We concede that 
there is a need for improvement in the treatment of 
pancreatic exocrine insufficiency in CP patients. This 
study opens opportunities for interventional prospec-
tive studies with interventions for clinicians to gain a 
better understanding of how to treat CP and PEI and 
to prevent or delay the progression of osteoporosis and 
sarcopenia in CP patients.

Abbreviations
BMD  Bone Mineral Density
BMI  Body Mass Index
CP  Chronic Pancreatitis
DXA  Dual-energy X-ray Absorptiometry
FE-1  Faecal Elastase-1
PEI  Pancreatic Exocrine Insufficiency
PERT  Pancreatic Enzyme Replacement Therapy
PMA  Psoas Muscle Area
QoL  Quality of Life

Acknowledgements
We would like to thank our research assistants Katriina Hietanen and Estefania 
Alvarez and our research coordinator Satu Järvinen for valuable assistance in 
this study.

Authors’ contributions
Dr Mikael Parhiala obtained the data, analyzed and wrote the manuscript. Dr 
Mika Ukkonen  designed and wrote the mansucript. Dr Juhani Sand designed 
the study and gave guidance. Professor Johanna Laukkarinen designed and 
supervised the study. All authors review the manuscript. The authors read and 
approved the final manuscript.

Funding
Open access funding provided by Tampere University including Tampere 
University Hospital, Tampere University of Applied Sciences (TUNI). This study 
was financially supported by the Medical Research Fund of Pirkanmaa Hospital 
District [grant numbers: V026, X024 and AA039] and the Sigrid Jusélius Foun-
dation [grant number: MS424]. The Mary & Georg C. Ehrnrooth Foundation 
[Grant number: 202110011].

Availability of data and materials
The data regarding this study are available on request from the corresponding 
author. The data are not publicly available due to their containing information 
that could compromise the privacy of research participants.

Declarations

Ethics approval and consent to participate
The study was approved by the ethics committee of Tampere University 
Hospital, Finland (Ethical committee code R18107). All subjects recruited for 
the study provided written informed consent. The study follows the ethical 
principles of the Declaration of Helsinki [51].

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 4 January 2023   Accepted: 3 April 2023

References
 1. Lévy P, Domínguez-Muñoz E, Imrie C, Löhr M, Maisonneuve P. Epidemiol-

ogy of chronic pancreatitis: burden of the disease and consequences. 
United European Gastroenterol J. 2014;2(5):345–54.

 2. Engjom T, Nordaas IK, Tjora E, Dimcevski G, Haldorsen IS, Olesen SS, 
Drewes AM, Zviniene K, Barauskas G, Riis Jespersen HS, Jensen N, Borch 
A, Nøjgaard C, Novovic S, Kardasheva SS, Okhlobystin A, Hauge T, Waage 
A, Frøkjær JB. Aetiological risk factors are associated with distinct imaging 
findings in patients with chronic pancreatitis: A study of 959 cases from 
the Scandinavian Baltic Pancreatic Club (SBPC) imaging database.

 3. Pancreatology. 2021 Jun;21(4):688–697. doi: https:// doi. org/ 10. 1016/j. 
pan. 2021. 02. 023. Epub 2021 Mar 3. PMID: 33707113Barkin JA, Barkin JS. 

https://doi.org/10.1016/j.pan.2021.02.023
https://doi.org/10.1016/j.pan.2021.02.023


Page 8 of 9Parhiala et al. BMC Gastroenterology          (2023) 23:124 

Chronic Pancreatitis and Bone Disease. J Clin Densitom. 2019 Aug 22. pii: 
S1094–6950(19)30125–8. doi: https:// doi. org/ 10. 1016/j. jocd. 2019. 08. 004. 
[Epub ahead of print]

 4. Barkin, Jodie A. MD; Barkin, Jamie S. MD Effect of Pancrelipase Therapy 
on Exocrine Pancreatic Insufficiency Symptoms and Coefficient of Fat 
Absorption Associated with Chronic Pancreatitis, Pancreas: February 2021 
- Volume 50 - Issue 2 - p 176–182 doi: https:// doi. org/ 10. 1097/ MPA. 00000 
00000 001733

 5. NIH Consensus Development Panel on Osteoporosis Prevention, Diagno-
sis, and Therapy. Osteoporosis prevention, diagnosis, and therapy. JAMA 
2001; 285: 785–95.

 6. Cruz-Jentoft AJ, Sayer AA. Sarcopenia [published correction appears in 
Lancet. 2019 Jun 29;393(10191):2590]. Lancet. 2019;393(10191):2636–
2646. doi:https:// doi. org/ 10. 1016/ S0140- 6736(19) 31138-9

 7. Lorentzon M, Cummings SR. Osteoporosis: the evolution of a diagnosis. J 
Intern Med. 2015;277(6):650–61. https:// doi. org/ 10. 1111/ joim. 12369.

 8. Kuan LL, Dennison AR, Garcea G. Prevalence and Impact of Sarcope-
nia in Chronic Pancreatitis: A Review of the Literature. World J Surg. 
2021;45(2):590–7. https:// doi. org/ 10. 1007/ s00268- 020- 05828-0).

 9. Bieliuniene E, Brøndum Frøkjær J, Pockevicius A, Kemesiene J, 
Lukosevičius S, Basevicius A, et al. CT- and MRI-Based Assessment of Body 
Composition and Pancreatic Fibrosis Reveals High Incidence of Clinically 
Significant Metabolic Changes that Affect the Quality of Life and Treat-
ment Outcomes of Patients with Chronic Pancreatitis and Pancreatic 
Cancer. Medicina (Kaunas). 2019;55(10):649. https:// doi. org/ 10. 3390/ 
medic ina55 100649. Published 2019 Sep 27.

 10. Duggan SN, Smyth ND, Murphy A, Macnaughton D, O’Keefe SJ, Conlon 
KC. High prevalence of osteoporosis in patients with chronic pancrea-
titis: a systematic review and meta-analysis. Clin Gastroenterol Hepatol. 
2014;12(2):219–28. https:// doi. org/ 10. 1016/j. cgh. 2013. 06. 016. (Epub 2013 
Jul 12 PMID: 23856359).

 11. Jøker-Jensen H, Mathiasen AS, Køhler M, Rasmussen HH, Drewes AM, 
Olesen SS. Micronutrient deficits in patients with chronic pancreati-
tis: prevalence, risk factors and pitfalls. Eur J Gastroenterol Hepatol. 
2020;32(10):1328–34. https:// doi. org/ 10. 1097/ MEG. 00000 00000 001866. 
(PMID: 32732813).

 12. Parhiala M, Sand J, Laukkarinen J. A population-based study of 
chronic pancreatitis in Finland: Effects on quality of life. Pancreatology. 
2020;20(3):338–46. https:// doi. org/ 10. 1016/j. pan. 2020. 02. 005.

 13. Schneider A, Löhr JM, Singer MV. The M-ANNHEIM classification of 
chronic pancreatitis: introduction of a unifying classification system 
based on a review of previous classifications of the disease. J Gastroen-
terol. 2007;42(2):101–19. https:// doi. org/ 10. 1007/ s00535- 006- 1945-4. 
(Epub 2007 Mar 12 PMID: 17351799).

 14. P Koponen, K Borodulin, A Lundqvist, K Sääksjärvi, Koskinen. Health, func-
tional capacity and welfare in Finland – FinHealth 2017 study. National 
Institute for Health and Welfare (THL), Report 4/2018, 236 pages. Helsinki 
2018. ISBN 978–952–343–104–1 (printed), https:// urn. fi/ URN: ISBN: 978- 
952- 343- 105-8 (online publication)

 15. Arvanitakis M, Ockenga J, Bezmarevic M, Gianotti L, Krznarić Ž, Lobo DN, 
Löser C, Madl C, Meier R, Phillips M, Rasmussen HH, Van Hooft JE, Bischoff 
SC. ESPEN guideline on clinical nutrition in acute and chronic pancrea-
titis. Clin Nutr. 2020;39(3):612–31. https:// doi. org/ 10. 1016/j. clnu. 2020. 01. 
004. (Epub 2020 Jan 22 PMID: 32008871).

 16. Gopi S, Singh N, Yegurla J, Tabish M, Agarwal S, Qamar S, Gunjan D, Saraya 
A. Utility of Fecal Elastase-1 to diagnose severe exocrine insufficiency in 
chronic pancreatitis: Real world experience. Pancreatology. 2023;S1424–
3903(23):00026–1. https:// doi. org/ 10. 1016/j. pan. 2023. 01. 002. Epub ahead 
of print. PMID: 36610873.

 17. Shepherd JA, Schousboe JT, Broy SB, Engelke K, Leslie WD. Executive Sum-
mary of the 2015 ISCD Position Development Conference on Advanced 
Measures from DXA and QCT: Fracture Prediction Beyond BMD. J Clin 
Densitom. 2015;18(3):274–86. https:// doi. org/ 10. 1016/j. jocd. 2015. 06. 013.

 18. World Health Organ Tech Rep Ser. 1994;843:1–129. Assessment of fracture 
risk and its application to screening for postmenopausal osteoporosis. 
Report of a WHO Study Group.

 19. Dhaliwal A, Larson D, Hiat M, et al. Impact of sarcopenia on mortal-
ity in patients undergoing liver re-transplantation. World J Hepatol. 
2020;12(10):807–15. https:// doi. org/ 10. 4254/ wjh. v12. i10. 807.

 20. Lindström I, Khan N, Vänttinen T, Peltokangas M, Sillanpää N, Oksala N. 
Psoas Muscle Area and Quality Are Independent Predictors of Survival 

in Patients Treated for Abdominal Aortic Aneurysms. Ann Vasc Surg. 
2019;56:183-193.e3. https:// doi. org/ 10. 1016/j. avsg. 2018. 08. 096.

 21. Paajanen P, Lindström I, Oksala N, et al. Radiographically quantified 
sarcopenia and traditional cardiovascular risk assessment in predict-
ing long-term mortality after endovascular aortic repair. J Vasc Surg. 
2022;S0741–5214(22):01353–62. https:// doi. org/ 10. 1016/j. jvs. 2022. 03. 859.

 22. Bang UC, Benfield T, Bendtsen F, et al. The risk of fractures among 
patients with cirrhosis or chronic pancreatitis. Clin Gastroenterol Hepatol. 
2014;12:320–6.

 23. Tignor AS, Wu BU, Whitlock TL, et al. High prevalence of low-trauma 
fracture in chronic pancreatitis. Am J Gastroenterol. 2010;105:2680–6.

 24. Dominguez-Munoz JE, Drewes AM, Lindkvist B, et al. Recommendations 
from the United European Gastroenterology evidence-based guidelines 
for the diagnosis and therapy of chronic pancreatitis published correc-
tion appears in Pancreatology. 2020 Jan;20(1):148.

 25. Cheraghi Z, Doosti-Irani A, Almasi-Hashiani A, Baigi V, Mansournia N, Etmi-
nan M, Mansournia MA. The effect of alcohol on osteoporosis: A systematic 
review and meta-analysis. Drug Alcohol Depend. 2019;1(197):197–202. 
https:// doi. org/ 10. 1016/j. druga lcdep. 2019. 01. 025. (Epub 2019 Feb 27).

 26. DeShields SC, Cunningham TD. Comparison of osteoporosis in US 
adults with type 1 and type 2 diabetes mellitus. J Endocrinol Invest. 
2018;41(9):1051–60. https:// doi. org/ 10. 1007/ s40618- 018- 0828-x. (Epub 
2018 Jan 20).

 27. Howe TE, Shea B, Dawson LJ, Downie F, Murray A, Ross C, Harbour 
RT, Caldwell LM, Creed G. Exercise for preventing and treating osteo-
porosis in postmenopausal women. Cochrane Database Syst Rev. 
2011;6(7):CD000333. https:// doi. org/ 10. 1002/ 14651 858. CD000 333. pub2.

 28. Osteoporosis. Current Care Guidelines. Working group appointed by the 
Finnish Medical Society Duodecim, The Finnish Endocrine Society, The 
Finnish Gynaecological Association. Helsinki: The Finnish Medical Society 
Duodecim, 14.02.2018. Available online at: www. kaypa hoito. fi

 29. Seicean A, Tantău M, Grigorescu M, Mocan T, Seicean R, Pop T. Mor-
tality risk factors in chronic pancreatitis. J Gastrointestin Liver Dis. 
2006;15(1):21–6.

 30. Lin C-H, Yeh N-C, Wang J-J, Ho C-H, Her S-H, Tsay W-I, Chien C-C. 
Effect of Chronic Pancreatitis on Complications and Mortality in DM 
Patients: A 10-year Nationwide Cohort Study. J Clin Endocrinol Metab. 
2020;105(3):e739–45. https:// doi. org/ 10. 1210/ clinem/ dgaa0 35.

 31. de la Iglesia-Garcia D, Vallejo-Senra N, Iglesias-Garcia J, López-López A, 
Nieto L, Domínguez-Muñoz JE. Increased Risk of Mortality Associated 
with Pancreatic Exocrine Insufficiency in Patients With Chronic Pancreati-
tis. J Clin Gastroenterol. 2018;52(8):e63–72. https:// doi. org/ 10. 1097/ MCG. 
00000 00000 000917.

 32. Clynes MA, Gregson CL, Bruyère O, Cooper C, Dennison EM. Osteosarco-
penia: where osteoporosis and sarcopenia collide. Rheumatology (Oxford). 
2021;60(2):529–37. https:// doi. org/ 10. 1093/ rheum atolo gy/ keaa7 55.

 33. Olesen SS, Büyükuslu A, Køhler M, Rasmussen HH, Drewes AM. Sarcope-
nia associates with increased hospitalization rates and reduced survival 
in patients with chronic pancreatitis. Pancreatology. 2019;19(2):245–51. 
https:// doi. org/ 10. 1016/j. pan. 2019. 01. 006. (Epub 2019 Jan 14 PMID: 
30665702).

 34. Bundred J, Thakkar RG, Pandanaboyana S. Systematic review of sarco-
penia in chronic pancreatitis: prevalence, impact on surgical outcomes, 
and survival [published online ahead of print, 2022 Jun 27]. Expert Rev 
Gastroenterol Hepatol. 2022;1–8 https:// doi. org/ 10. 1080/ 17474 124. 2022. 
20915 44

 35. Pecorelli N, Carrara G, De Cobelli F, Cristel G, Damascelli A, Balzano G, 
Beretta L, Braga M. Effect of sarcopenia and visceral obesity on mortality 
and pancreatic fistula following pancreatic cancer surgery. Br J Surg. 
2016;103(4):434–42. https:// doi. org/ 10. 1002/ bjs. 10063. (Epub 2016 Jan 18 
PMID: 26780231).

 36. Pecorelli N, Capretti G, Sandini M, Damascelli A, Cristel G, De Cobelli F, 
Gianotti L, Zerbi A, Braga M. Impact of Sarcopenic Obesity on Failure 
to Rescue from Major Complications Following Pancreaticoduodenec-
tomy for Cancer: Results from a Multicenter Study. Ann Surg Oncol. 
2018;25(1):308–17. https:// doi. org/ 10. 1245/ s10434- 017- 6216-5. (Epub 
2017 Nov 7 PMID: 29116490).

 37. Wiese ML, Gärtner S, von Essen N, Doller J, Frost F, Tran QT, Weiss FU, 
Meyer F, Valentini L, Garbe LA, Metges CC, Bannert K, Sautter LF, Ehlers 
L, Jaster R, Lamprecht G, Steveling A, Lerch MM, Aghdassi AA. Malnu-
trition Is Highly Prevalent in Patients With Chronic Pancreatitis and 

https://doi.org/10.1016/j.jocd.2019.08.004
https://doi.org/10.1097/MPA.0000000000001733
https://doi.org/10.1097/MPA.0000000000001733
https://doi.org/10.1016/S0140-6736(19)31138-9
https://doi.org/10.1111/joim.12369
https://doi.org/10.1007/s00268-020-05828-0)
https://doi.org/10.3390/medicina55100649
https://doi.org/10.3390/medicina55100649
https://doi.org/10.1016/j.cgh.2013.06.016
https://doi.org/10.1097/MEG.0000000000001866
https://doi.org/10.1016/j.pan.2020.02.005
https://doi.org/10.1007/s00535-006-1945-4
https://urn.fi/URN:ISBN:978-952-343-105-8
https://urn.fi/URN:ISBN:978-952-343-105-8
https://doi.org/10.1016/j.clnu.2020.01.004
https://doi.org/10.1016/j.clnu.2020.01.004
https://doi.org/10.1016/j.pan.2023.01.002
https://doi.org/10.1016/j.jocd.2015.06.013
https://doi.org/10.4254/wjh.v12.i10.807
https://doi.org/10.1016/j.avsg.2018.08.096
https://doi.org/10.1016/j.jvs.2022.03.859
https://doi.org/10.1016/j.drugalcdep.2019.01.025
https://doi.org/10.1007/s40618-018-0828-x
https://doi.org/10.1002/14651858.CD000333.pub2
http://www.kaypahoito.fi
https://doi.org/10.1210/clinem/dgaa035
https://doi.org/10.1097/MCG.0000000000000917
https://doi.org/10.1097/MCG.0000000000000917
https://doi.org/10.1093/rheumatology/keaa755
https://doi.org/10.1016/j.pan.2019.01.006
https://doi.org/10.1080/17474124.2022.2091544
https://doi.org/10.1080/17474124.2022.2091544
https://doi.org/10.1002/bjs.10063
https://doi.org/10.1245/s10434-017-6216-5


Page 9 of 9Parhiala et al. BMC Gastroenterology          (2023) 23:124  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

Characterized by Loss of Skeletal Muscle Mass but Absence of Impaired 
Physical Function. Front Nutr. 2022;1(9):889489 PMID: 35719155; PMCID: 
PMC9202591.

 38. Monaghan B, Monaghan A, Mockler D, Ul Ain Q, Duggan SN, Conlon KC, 
Gormley J. Physical activity for chronic pancreatitis: a systematic review. 
HPB (Oxford). 2022;24(8):1217–22. https:// doi. org/ 10. 1016/j. hpb. 2022. 02. 
003. (Epub 2022 Feb 26 PMID: 35289280).

 39. Akanbi O, Adejumo AC, Soliman M, Kudaravalli P. Chronic Pancreatitis 
Patients Who Leave Against Medical Advice: Prevalence, Trend, and Pre-
dictors. Dig Dis Sci. 2021;66(2):424–33. https:// doi. org/ 10. 1007/ s10620- 
020- 06279-2. (Epub 2020 May 2 PMID: 32361924).

 40. Löhr JM, Dominguez-Munoz E, Rosendahl J, et al. United European Gas-
troenterology evidence-based guidelines for the diagnosis and therapy 
of chronic pancreatitis (HaPanEU). United European Gastroenterol J. 
2017;5(2):153–99. https:// doi. org/ 10. 1177/ 20506 40616 684695.

 41. Kemnic TR, Coleman M. Vitamin E Deficiency. 2021 Jul 18. In: StatPearls. 
Treasure Island (FL): StatPearls Publishing; 2022 Jan–. PMID: 30085593.

 42. Atkinson J, Marquardt D, DiPasquale M, Harroun T. From fat to bilayers: 
Understanding where and how vitamin E works. Free Radic Biol Med. 
2021;176:73–9. https:// doi. org/ 10. 1016/j. freer adbio med. 2021. 09. 015.

 43. Traber MG. Vitamin E: necessary nutrient for neural development and 
cognitive function. Proc Nutr Soc. 2021;80(3):319–26. https:// doi. org/ 10. 
1017/ S0029 66512 10009 14.

 44. Sikkens EC, Cahen DL, Koch AD, et al. The prevalence of fat-soluble 
vitamin deficiencies and a decreased bone mass in patients with chronic 
pancreatitis. Pancreatology. 2013;13(3):238–42. https:// doi. org/ 10. 1016/j. 
pan. 2013. 02. 008.

 45. Raulio S, Erlund I, Männistö S, et al. Successful nutrition policy: improve-
ment of vitamin D intake and status in Finnish adults over the last 
decade. Eur J Public Health. 2017;27(2):268–73. https:// doi. org/ 10. 1093/ 
eurpub/ ckw154.

 46. Włochal M, Swora-Cwynar E, Karczewski J, Grzymisławski M. Assessment 
of nutritional knowledge of patients with pancreatitis. Prz Gastroenterol. 
2015;10(4):229–33. https:// doi. org/ 10. 5114/ pg. 2015. 52402.

 47. Srivoleti P, Yang AL, Jin DX, Banks PA, McNabb-Baltar J. Provider type influ-
ences adherence to lifestyle changes in chronic pancreatitis. Pancreatol-
ogy. 2021;21(1):42–5. https:// doi. org/ 10. 1016/j. pan. 2020. 11. 021.

 48. de Rijk FEM, van Veldhuisen CL, Besselink MG, et al. Diagnosis and 
treatment of exocrine pancreatic insufficiency in chronic pancreatitis: 
An international expert survey and case vignette study. Pancreatology. 
2022;22(4):457–65. https:// doi. org/ 10. 1016/j. pan. 2022. 03. 013.

 49. Bundred J, Thakkar RG, Pandanaboyana S. Systematic review of sarcope-
nia in chronic pancreatitis: prevalence, impact on surgical outcomes, and 
survival. Expert Rev Gastroenterol Hepatol. 2022;16(7):665–72. https:// 
doi. org/ 10. 1080/ 17474 124. 2022. 20915 44. (Epub 2022 Jun 27 PMID: 
35712996).

 50. Ozola-Zālīte I, Frøkjær JB, Mark EB, Gudauskas T, Gudauskas L, Dedelaite 
M, Bieliuniene E, Ignatavicius P, Pukitis A, Drewes AM, Olesen SS. A Clinical 
Feasible Method for Computed Tomography-Based Assessment of Sarco-
penia in Patients With Chronic Pancreatitis. Pancreas. 2019;48(10):1354–9. 
https:// doi. org/ 10. 1097/ MPA. 00000 00000 001439.

 51. World Medical Association. World Medical Association Declaration of 
Helsinki: ethical principles for medical research involving human subjects. 
JAMA. 2013;310(20):2191–4. https:// doi. org/ 10. 1001/ jama. 2013. 281053.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1016/j.hpb.2022.02.003
https://doi.org/10.1016/j.hpb.2022.02.003
https://doi.org/10.1007/s10620-020-06279-2
https://doi.org/10.1007/s10620-020-06279-2
https://doi.org/10.1177/2050640616684695
https://doi.org/10.1016/j.freeradbiomed.2021.09.015
https://doi.org/10.1017/S0029665121000914
https://doi.org/10.1017/S0029665121000914
https://doi.org/10.1016/j.pan.2013.02.008
https://doi.org/10.1016/j.pan.2013.02.008
https://doi.org/10.1093/eurpub/ckw154
https://doi.org/10.1093/eurpub/ckw154
https://doi.org/10.5114/pg.2015.52402
https://doi.org/10.1016/j.pan.2020.11.021
https://doi.org/10.1016/j.pan.2022.03.013
https://doi.org/10.1080/17474124.2022.2091544
https://doi.org/10.1080/17474124.2022.2091544
https://doi.org/10.1097/MPA.0000000000001439
https://doi.org/10.1001/jama.2013.281053

	Osteoporosis and sarcopenia are common and insufficiently diagnosed among chronic pancreatitis patients
	Abstract 
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Bone density measurement
	Sarcopenia measurement

	Results
	Osteoporosis, osteopenia and osteoporotic fractures
	Psoas muscle area
	PEI and vitamin deficiency

	Discussion
	Acknowledgements
	References


