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Abstract

BACKGROUND

A progressive reduction in the secretion of pancreatic enzymes in patients with
chronic pancreatitis (CP) results in malabsorption and ultimate malnutrition.
However, the pathogenesis of malnutrition is multifactorial and other factors such
as chronic inflammation, alcohol excess and poor dietary intake all contribute.
Patients may restrict their dietary intake due to poor appetite or to avoid
gastrointestinal symptoms and abdominal pain. Whilst up to half of patients with
chronic pancreatitis are reportedly malnourished, the dietary intake of patients
with CP is relatively understudied and has not been systematically reviewed to
date.

AIM

To perform a systematic review and meta-analysis of the dietary intakes of
patients with CP compared to healthy controls, and to compare the dietary intake
of patients with alcohol-related CP and non-alcohol-related CP.

METHODS
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A systematic literature search was performed using EMBASE, MEDLINE, and
Cochrane review on studies published between 1946 and August 30", 2019. Adult
subjects with a diagnosis of CP who had undergone dietary assessment were
included in the systematic review (qualitative analysis). Studies on patients with
other pancreatic diseases or who had undergone pancreatic surgery were not
included. Studies comparing the dietary intake of patients with CP to that of
healthy controls were included in the meta-analysis (quantitative analysis). Meta-
analysis was performed using Review Manager 5.3. Newcastle Ottawa Scale
(NOS) was used to assess quality of studies.

RESULTS

Of 6715 studies retrieved in the search, 23 were eligible for qualitative analysis
while 12 were eligible for quantitative analysis. In the meta-analysis, the total
energy (calorie) intake of patients with CP was similar to that of healthy controls
[mean difference (MD): 171.3; 95% confidence interval (CI): -226.01, 568.5; P = 0.4],
however patients with CP consumed significantly fewer non-alcohol calories than
controls [MD: -694.1; 95%CI: -1256.1, (-132.1); P = 0.02]. CP patients consumed
more protein, but carbohydrate and fat intakes did not differ significantly. Those
with alcohol-related CP consumed more mean (standard deviation) calories than
CP patients with a non-alcohol aetiology [2642 (1090) kcal and 1372 (394) kcal,
respectively, P = 0.046], as well as more protein, fat, but not carbohydrate.

CONCLUSION

Although patients with CP had similar calorie intake to controls, studies that
analysed the contribution of alcohol to energy intake showed that patients with
CP consumed fewer non-alcohol calories than healthy controls. A high calorie
intake, made up to a large degree by alcohol, may in part contribute to poor
nutritional status in CP.

Key Words: Systematic review; Meta-analysis; Chronic pancreatitis; Dietary intake;
Undernutrition; Alcohol-related chronic pancreatitis

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Patients with chronic pancreatitis appear to have a similar dietary intake to
heathy controls, however, this diet may be made up of alcohol-derived calories to a
considerable degree. This may account for the poor nutritional status frequently
observed in this population.

Citation: Ul Ain Q, Bashir Y, Kelleher L, Bourne DM, Egan SM, McMahon J, Keaskin L,
Griffin OM, Conlon KC, Duggan SN. Dietary intake in patients with chronic pancreatitis: A
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URL: https://www.wjgnet.com/1007-9327/full/v27/i34/5775.htm

DOI: https://dx.doi.org/10.3748/wjg.v27.i34.5775

INTRODUCTION

Chronic pancreatitis (CP) is a progressive, inflammatory disease of the pancreas,
causing progressive fibrosis and eventual destruction of the gland[1]. Along with a
gradual loss of pancreatic endocrine and exocrine function, a chronic hyper-inflam-
matory state increases the risk of undernutrition[2,3]. Almost 50% of CP patients are
known to be undernourished[4], the reasons for which are multifactorial.

Maldigestion and malabsorption commonly co-exist with suboptimal dietary intake.
Patients may self-restrict to ease symptoms of malabsorption, nausea, early satiety,
and abdominal pain. Misleading dietary instructions or selective over-restriction of
diet, for instance a fat-free diet to manage steatorrhea, may further cause suboptimal
intake[5,6]. For some, chronic excess alcohol consumption may displace food resulting
in reduced intake of dietary nutrients[7], while heavy smoking may further reduce
appetite[8]. Further complications, including type 3¢ diabetes and chronic pain, and
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maldigestive symptoms including nausea, steatorrhoea, abdominal bloating and or
discomfort may worsen already poor dietary intake in the latter stages of the disease
[9].

In patients with CP, the prevalence of nutrient deficiencies and their consequences
have been widely reported[10-14] however little is known regarding the dietary intake
of patients with CP. One study on dietary intake in CP reported that 52% of the
patients lost weight following diagnosis of CP, with those who lost weight consuming
significantly fewer calories than those who did not[15]. Conversely in another study,
patients with calcifying CP consumed higher amount of fats and proteins[16].
Therefore, despite being a digestive disease, no study has systematically reviewed
dietary intake in CP.

To address this gap, we undertook a systematic review of published observational
studies reporting dietary intake in patients with CP. Specifically, the primary objective
was to compare energy (calorie) and macronutrient intake in CP patients with that of
healthy controls. The secondary objectives were to determine if dietary intake in CP
differed according to aetiology, and to determine and compare the micronutrient
intakes of patients with CP with that of controls.

MATERIALS AND METHODS

This study adhered to the Preferred Reporting Items for Systematic Reviews (PRISMA)
guidelines[17]. No ethical approval was required due to the nature of the study.

Under the guidance of medical librarian (J.M), Ovid Medline (1946 to August 30*,
2019), Embase (1980 to September 30*, 2019) and Cochrane Review were searched. The
search strategy was developed for MEDLINE and translated for use in EMBASE.
Finally, we searched the Cochrane central register of control trials to assess for any
available trials on our search. We searched for articles with a combination of exploded
versions of Medical Subject Headings (MeSH) and keywords as follows: (“Pancreatitis,
Chronic”, chronic pancreatitis) AND “diet”, “dietary intake”, “food intake”, “food

”oou A ou A

quality”, “nutrient intake”, “nutritional assessment”, “nutrition intake”, “nutrition
survey”, “nutritional survey”, “nutritional surveys”, “food”, “diet history”, “dietary
history”, “food frequency questionnaire”, “food diary”, “food diaries”, “calorie
intake”, energy intake”, “carbohydrates”, “dietary protein”, ”dietary fats”, “vitamins”,
“minerals”, “macronutrient intake”, “micronutrient intake”, “eating”, “diet pattern”,
“dietary pattern”, “diet records”, “dietary records”, “diet quality”, ”dietary quality”,
“diet assessment”, “dietary assessment”.

Boolean operator “OR” was used to assess between each Mesh term and “AND”
was used to combine the searches for chronic pancreatitis and dietary intake.
Additionally, bibliographies of included studies, and abstracts of pertinent scientific
conferences were also manually reviewed for other relevant articles. The search was

not limited by language.

you a7

Criteria for inclusion/exclusion

To be included, studies had to have quantified the dietary intake of patients with
chronic pancreatitis. The PICO[18] model was used to determine the inclusion criteria
as follows: patient population (adults of both sexes with a confirmed diagnosis of CP)
with the data of interest (studies that measured dietary intake by any recognised
means, including food-frequency questionnaires (FFQs), diet histories, food diaries,
electronic ("app’) measurement, or any other validated technique. Data on controls
(healthy or non-pancreatitis) were recorded, if available. Publications had to be
available in full text. Studies on patients with active acute pancreatitis, pancreatic
carcinoma, cystic fibrosis, and total pancreatectomy were excluded. Data from children
under the age of 18, those on enteral/ parenteral nutrition, elemental diet or additional
supplementation via parenteral routes were excluded. Duplicates, case-reports,
reviews, editorial/comments, abstracts only, and animal studies were also excluded.
Intervention studies where the diet was modified before assessment were excluded,
unless baseline unmodified dietary assessment was available. However, data from
patients that may have received dietary advice as part of routine clinical care were not
excluded.

Study selection

Two reviewers (QS and YB) independently reviewed abstracts and titles of the
citations to determine suitability for final inclusion. Disagreement was resolved with
discussion or if required, consultation with the third reviewer (SND). Once potentially
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relevant studies were identified, full publications were sought, and the selection
criteria were applied.

Quality assessment

Quality and risk of bias was assessed using the Newcastle-Ottawa scale (NOS)[19]. A
total score of 9 stars can be awarded to each study based on: Up to four stars for the
patient selection criteria, two stars for comparability of participants on the basis of
design or analysis, and three stars for ascertainment of exposure. The study was
deemed to be low quality (0-3 stars), moderate quality (4-6 stars), or high quality (7-9
stars) according to this scoring system.

Data extraction

For each eligible study, the following data were extracted: study details, patient
characteristics (age, ethnicity, gender, smoking status, alcohol consumption, BMI),
clinical details (disease status, diagnostic criteria, complications, duration of disease,
controls if included), dietary intake (energy intake (calories), macronutrient intake
(carbohydrate, fat, protein), vitamin intake (vitamins A, B, C, D, E and K), and mineral
intake (iron and calcium). We attempted to contact study authors to clarify data where
required.

Statistical analysis

Data were analysed using Review Manager (RevMan, version 5.3.5, The Copenhagen
Nordic Cochrane Center, The Cochrane Collaboration, 2014). Data were presented as
mean (g/d for macronutrients and kcal/d for caloric intake) and corresponding
standard deviation (SD). Data were pooled using a random-effects model to give the
most conservative estimates. Statistical heterogeneity was calculated as I* (presented as
0%-100%). Values < 40% were considered as relatively unimportant, 40%-60%
moderate heterogeneity and > 60% indicated substantial heterogeneity. P values < 0.05
were considered statistically significant. Publication bias was assessed using Egger’s
test. Subgroup analysis for statistical associations were done using SPSS (version 20,
IBM, United States).

RESULTS

Study identification and characteristics

The PRISMA flow diagram is shown in Figure 1. Table 1 summarises the 23 articles
retrieved in the search, representing 1,577 patients with confirmed CP (based on
clinical symptoms and/or radiology). Of these, 12 studies comparing dietary intake of
CP patients to that of controls were eligible for meta-analysis, representing 1048
patients with CP and 1,965 control subjects. Most case-controlled studies[6,7,15,20-29]
recruited healthy controls, while five studies compared CP patients to patients with
alcoholic cirrhosis[6,7,23,25,30], and one study[31] compared patients with pancreatic
steatorrhea to those with intestinal steatorrhea. Nine studies originated from Asia
(predominantly India), seven from Europe (predominantly France), five from the
United States, two from South/Central America, and one each from Africa and
Australasia. Most studies were done in the out-patient setting (22 studies)[6,7,15,20-30,
32-34] while two studies[31,35] assessed hospitalised patients, and one study[36]
assessed dietary intake by means of an international survey. All but three studies[26,
29,36] were single centre.

Dietary assessment methods

Regarding dietary assessment, a variety of methods were used (some studies used
combined methods to estimate intake). Four studies used food diaries (between 3 and
7 d diaries), 9 studies used food frequency questionnaires (FFQ, of which one used a
software technology VioScreen), six studies used a 24-h recall method, one study used
a 7-d recall method, three studies employed a diet history method, four studies (all
conducted in the 1970s or 1980s) referenced a particular dietary assessment technique,
and attempts to obtain the original references were not successful, and five studies did
not report the exact dietary assessment method employed. Twenty-two out of the 23
included studies used an a posteriori or data- driven approach to assess diet quality,
while one study used a priori measure of diet quality (diet indices)[24], specifically the
healthy eating index (HEI) and Mediterranean diet score (MED). Dietary assessment
was performed by a dietitian (n = 15) or nutritionist (1 = 2) in most cases, and 6 studies
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Age (meant  BMI(meant Dieta
. Groups (n) GenderM/F ge ( ( X "y
Setting SD, yr) SD, kg/m?) assessment
Ref. NOS
(subgroup) method (by
CP,n(type)  Control, n(type) CP  Control CP Control CP Control . om)
Durbecetal  Clinic 193 (142 490 (no PC, 193/0 490/0 445 466+ 202 242 Standardised 6
[40] (Marseille) alcohol-related) diabetes, liver + 133 questionnaire
disease) 10.5 [39](dietitian)
Clinic (9 247 521 (healthy) 247/0 521/0 448 467+99 205 241 As above 6
countries) + (dietitian)
13.4
Pitchumoni  Clinic 36 (36 alcohol- 26 (cirrhosis) NR NR NR NR NR NR NR (“detailed 4
et al[30] related) survey”, method
not specified)
(nutritionist)
Uscanga et al  Hospital 23 (23 alcohol- 20 (healthy) 21/2 - 412 - - - NR (nutritionist) 6
[35] related) +
12.2
Guarnier et al ~ Clinic 14 (8 alcohol- - 14/0 - 50+ - 218 - Diet history and 5
[27] related) 11 X) FFQ (dietitian)
Mezey et al[7] Hospital 42 (42 alcohol 28 (healthy) 25/17 19/9 407 395+18 NR NR NR (dietitian) 6
related) +1.6
Balakrishnan  Clinic(India) 28 23 (free of diabetes - - 324 247 162 184 Questionnaire 7
et al[36] and digestive [40] (dietitian)
disease)
Balakrishnan Clinic(France) 25 17 (free from - - 457 399 216 217 FFQ (dietitian) 7
et al[36] diabetes and
digestive disease)
Dani et al[29] ~ Clinic(Belo 28 (28 alcohol- 28 (healthy) - - - - - - NR (NR) 5
Horizonte) related)
Dani et al[29] ~ Clinic(Sao 40 (40 alcohol- 40 (healthy) - - - - - - NR (NR) 5
Paulo) related)
Noel-Jorand  Clinic 31 (31 alcohol- 34 (non-alcoholic,  25/6 28/6 39.6 448+9.0 22+ 229% Standardised 6
et al[20] related) ‘normal’ controls) +6.0 2.7 2.8 questionnaire
[41] (NR, ‘highly
trained person’)
Laugieretal ~ Clinic(African) 34 (34 alcohol- 40 (healthy) 33/1 39/1 391 352+17 NR NR Questionnaire 5
[26] related) +1.3 [40] (NR)
(dietitian)
Laugieretal  Clinic (French) 87 430 (healthy) - 41/6 40.6 466+08 NR NR As above (NR) 5
[26] £ 13
Nakamura et Clinic 38 (29 alcohol- 35 (healthy) 36/2 - 523 516+ 201 236% 3-7-d food diary 5
al[6] related; 8 2 11.1 +21 32 (dietitian)
idiopathic) 113
Lévy et al[23] Hospital or 56 (56 alcohol- 50 (healthy) n/a - 448 43189 NR NR NR “Detailed 5
attending clinic related) +84 survey” (NR)
Nakamura et  Hospital 15 (15 7 (7 intestinal 15/0 5/2 543 524+ 184 194+ 3-7 d food diary 4
al[31] pancreatic steatorrhoea) 75 222 26 1.0 (NR)
steatorrhoea)
Vaona et al Clinic 40 75 (healthy) 40/0 75/0 50+ 50+10.0 219 261% 7-d food diary 6
[21] 10.0 +31 31 and 24-h recall
(dietitian)
Singh et al Clinic 76 (60% tropical - 63/13 - 32 - NR - FFQFor n =20 5
[33]! PC; 40% (NR) subgroup, 24-h
alcohol-related) dietary recall
(dietitian)
Hamberget  Clinic 6 (6 alcohol- - 4/2 - 503 - NR - 3-d food diary 5
al[38] related) +8.6 and diet history
(dietitian)
Midha et al Clinic 120 (idiopathic 120 (healthy 74/46 NR (sex- 29.6 NR(age- 194 213+% 24 dietary recall 5
[22] CP) subjects attending matched) + matched) +34 37 and FFQ
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gastroenterology 10.5 (dietitian)
OPD)

Singh et al Clinic (Group1 29 - 24/5 - 32+ - 172 - FFQ and 24-h )
[39] in RCT) 10.0 +1.2 recall (dietitian)
Singh et al Clinic (Group 2 31 - 26/5 - 28+ - 16.7 -
[39] in RCT) 10.0 +1.6
;Finju etal[37] Clinic 94 (23% alcohol- - 61/3' n/a 402 - NR NR FFQ and 24-h 5

related, 44 % +13! recall (dietitian)

tropical, 28%

idiopathic)
Sathiaraj et al ~ Clinic 89 (89 tropical 101 60/29 - 321 NR NR NR FFQ (dietitian) 6
[15] PC diagnosed +14

within 1 yr)
Quilliotetal  Clinic 80 (80 alcohol- 20 (healthy) 75/5 NR 57.6 44+11 257 25%2 7-d dietary recall 5
[28] related) +9.1 +45 and FFQ (NR)
Sobral- Clinic 20 (20 alcohol- 16 (healthy never ~ 20/0 16/0 541 541+ 237 26+3.7 7-ddiethistory 6
Oliveira et al related, current  drinkers) + 18.1 +4.6 (dietitian)
[25] non-drinkers) 114
Turneretal  Clinic 83 - 61/22 - 434 - 238 - 24-h dietary 6
[32] (NR) (NR) recall (NR)
Roberts etal  Clinic 52 (40% alcohol-  48(healthy) 35/17 19/29 50+ 54+13.0 24+ 31+80 FFQ (Vioscreen 6
[24] related, 23% 15.0 6.0 software) (NR)

idiopathic, 12

autoimmune)

INo demographic or additional clinical details were provided for the 1 = 20 subgroup of patient with additional dietary assessment.
CP: Chronic pancreatitis; NOS: Newcastle Ottawa scale; FFQ: Food frequency questionnaire; BMI: Body mass index; M: Male; F: Female; NR: Not reported;
RCT: Randomised controlled trial; PC: Pancreatitis cancer.
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Figure 1 PRISMA flowchart: Preferred reporting items for systematic review and meta-analysis.

did not characterise the individual conducting the assessment. Only six of the 23
studies were published in the last 10 years (2010 or later). Seven studies had been
published more than 30 years ago (earlier than 1990).
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Participants

Patients with CP had a pooled average age of 43 years (range 29-57.6 years), while
healthy controls had a pooled average age of 45 years (range 24.7-54 years). 19 studies
reported gender distribution, 1152 (86.8%) of CP patients were male while 175 (13.2%)
were female. Thirteen studies reported the BMI of CP patients (pooled mean BMI 21.5
kg/m? range 16.2-25.7 kg/m?), while the reported mean BMI of controls was 24.8
kg/m? (range 18.4-27.3 kg/m?). The average BMI of CP patients from studies
conducted on subjects from Eastern/African countries was lower than those
conducted on subjects from Western countries (US, Europe) (BMI 18.2 and 22.5 kg/m?
respectively, P = 0.042). When comparing control subjects from studies from Eastern
and Western countries the BMIs did not differ (20.5 and 25 kg/m?respectively, P =
0.066).

Study quality

According to the NOS for quality assessment, one study[36] was deemed to be “high-
quality” while no studies were deemed to be “low-quality”, with the remainder being
medium-quality.

Quantitative analysis

Meta-analysis was used to combine study results. Ten studies reported energy (calorie)
intakes for both patients with CP and healthy controls, and two studies reported data
for geographic groups separately, which were reported independently in the forest
plot. There was no difference between the energy intakes of patients with CP and
healthy controls (MD: 171.3; 95%CI: -226.01, 568.5; P = 0.4) (Figure 2A), however when
analysing data from four studies reporting the intake of non-alcohol calories (five
separate study groups), patients with CP consumed significantly fewer non-alcohol
calories than healthy controls [MD: -694.1; 95%CI: -1256.1, (-132.1); P = 0.02]
(Figure 2B). From 13 studies (16 separate study groups), patients with CP had a higher
intake of protein than healthy controls (MD: 14.2; 95%CI: 7.99, 20.49; P < 0.001,
Figure 2C). From 11 studies (15 separate study groups), the consumption of
carbohydrate (MD: 14.05; 95%ClI: -34.03, 62.12; P = 0.57, Figure 2D) did not differ
between groups. Similarly, from 12 studies (16 separate study groups) the intake of
dietary fat (MD: 8.69; 95%CI: -0.21, 17.59; P = 0.06, Figure 2E) did not differ between
the groups. Heterogeneity was considerably high for all outcome measures.

Qualitative analysis

Energy intake and macronutrient composition: Macro- and micronutrient intakes of
patients and controls in all studies included in the systematic review are summarised
in Table 2. For patients with CP, energy (calorie) intake ranged from 842 to 4178
kcal/d, while the energy intake of controls ranged from 810 to 4178 kcal/d. Where
there was higher energy intake among patients with CP, the reasons varied between
studies. High calorie consumption was due to higher fat and protein intake in one
study[23], higher carbohydrate intake in one study[21], and due to a high intake of all
macronutrients in another[35]. In one study[7], the calorie intake was high due to
excessive alcohol consumption, with alcohol comprising 50% of total caloric intake.
The percentage of energy intake consumed as carbohydrate ranged from 22.1% to 73%,
the percentage of energy consumed as protein ranged from 9.1% to 21.3%, and the
percentage of energy consumed as fat ranged from 16 to 35%. For controls, the corres-
ponding percentages were 27.5% to 61% (carbohydrate), 10.5% to 16.8% (protein) and
19.8% to 36.6% (fat). In the majority of studies reporting lower energy intake among
patients with CP, those with poor energy intake showed some form of malnutrition
(defined by lower BMI/loss of weight) after onset of disease when compared to
controls. In one study that compared subtypes of CP[37], patients with tropical CP had
the lowest intake of energy, attributable to a low intake of dietary fat.

Protein intake: Twenty studies[6,7,15,20-27,29,30,32,33,35-40] determined the protein
intake of patients with CP, 15 of which were controlled[6,7,20-26,29,30,32,35-37,40]. Of
those, 13 studies[6,7,20-26,29,35-37,40] compared the protein intake of CP patients to
that of healthy controls, while one study compared to patients with alcoholic cirrhosis
[30] and another to patients with acute pancreatitis[32]. The protein intake of patients
with CP ranged from 35 to 145 g/d, compared to 45 to 117g/d among healthy controls.
Five studies[20,26,29,35,40] reported that patients with CP consumed a higher intake
of protein than healthy controls. In one of these studies[40], the relative risk of
developing CP increased as a function of the quantity of protein (and alcohol)
consumed. Another study on African patients[26] reported that high protein intake
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Table 2 Dietary intake of patients with chronic pancreatitis and controls from studies included in systematic review

Energy intake Carbohydrate Protein intake Fats intake g/d  Alcohol intake g/d

Number of subjects .
Ref. J kcalld (SD) intake g/d (SD) g/d (SD) (SD) (SD)
CP Control CP Control CP Control CP Control CP Control CP Control
Durbecetal 193 (Marseille) 490 NR NR 4525 300.4 1238 948 1226 96.97 144 (787)  43.6
[40] (1781)  (1044)  (564)  (29.5) (50.4)  (288) (56.6)
247 521 NR NR 389 305 1192 96.1 1157  97.8 149.9 (89.1) 37.2
(International) (1743)  (1118)  (61) (33.9) (G41)  (329) (55.1)
Pitchumoni et 36 26 1050' 810" (330) NR NR 67(22) 56(23) 59(33) 40(22)  >200 >200
al[30] (523)
Uscangaetal 23 20 3367 2332 532.6 3573 1176 844 83.7 64.4 203.9 NR
[35] (748.6) (548.9)  (157.7)  (1093)  (26.2)  (19.9) (294) (17.7) (100.2)
Guarnier etal 14 ucC 1893 uC 258.5 ucC 66.5 ucC 66.5 ucC NR ucC
[27] (296) (44.3) (10.3) (14.8)
Mezey etal[7]” 42 28 2514 2298 139.2 221 (13.7) 57.1 76.2 (4.8) 53.8 85.6 (3.7) 177.8 (14.5) 47.7
(142)  (115) (10.0) (4.8) “.2) (11.6)
Balakrishnan 28 (India) 23 1966 2012 354 (22.4) 3857 55.7 51.3 (4.9) 23.4 255(34) NR NR
et al[36]* (154.8)  (173.6) (37.2) (5.8) (2.8)
105 (France) 476 3411 2453 4525 3003 1238 948 1226 969 NR NR
(NR)  (NR) (178) (1044)  (564)  (29.5) (50.4)  (288)
Dani et al[29] 28 (Belo 28 NR NR 282(21.9) 220(12.2) 64(3.9) 45(3.8)  40(43) 34(34)  396.6(286.0) NR
Horizonte)
40 (Sao Paulo) 40 NR NR 270 (21.6) 319 (19.3) 100 80 (4.8) 97(48) 85(47) 2953 NR
(5.9) (171.3)
Noel-Jorand et 31 34 NR 1919 NR 133 (NR) 119 86 (NR) 120 70 (NR) 232(NR) <20
al[20] (NR) (NR) (NR) (NR)
Laugier efal 34 (Africa) 40 2339 2366 301 (15.2) 395(10.1) 145 117 (3.4) 66 (3.8) 35(2.6) 130(127) 34 (5.5)
[26]° (56.8)  (55.3) (5.9)
87 (France) 430 3409 2454 452 (21.8) 300 (6.5) 124 95 (1.8) 123 97 (17) 150 (11.4) 43 (3.8)
(454)  (553) 7.1) (6:3)
Nakamuraet 38 35 1650 2564 237 (63.9) 382(825) 73(15) 96(17.5) 38 56 (13.6) 58 (130.6) 78
all6] (366)  (477) (12.3) (110.4)
Lévy etal[23] 56 50 4178 4178 295 290 (797- 117 109 (22.6- 171 145 (422- 175°(09- 178’
(1906-  (1433- (1088-  772) (34.6-  181.6) (59.7-  3327) 64.5) (2.3-50.4)
13345)  6418) 541) 162.7) 447.7)
Nakamuraet 15 7 1674 1985 NR NR NR NR 458)  54(7.9) NR NR
al[31] (1882)  (226.8)
Vaona et al[21] 40 75 2584 2103" 362 (168) 250 (120) 95(33) 88(33)  76(25) 83(38) 37 (44) 32 (26)
(850.2)  (528.5)
Singh et al[33] 20 uc 1760 ucC 274 (55)  UC 48 (13) UC 53(23) UC NR ucC
(375)
Hambergetal 7 ucC NR ucC NR ucC 36.8 ucC NR ucC NR ucC
[381° (8.46)
Midha et al 120 120 1650 1663 262 (125) 257 (108) 56 (24) 54(16)  38(20) 47(17) NR NR
[22] (699)  (499)
Singh et al[39] 29 (Group 1) UC 2188 ucC 346 (140) UC 73 (24) UC 52(24) UC NR ucC
(672)
31 (Group2)° UC 2053 ucC 324 (126) UC 69 (22) UC 48 (18) UC NR ucC
(689)
Tinju et al[37]° 100 uc 1398 ucC 231 (98.8) UC 47 uc 37 ucC NR ucC
(515.9) (18.8) (18.7)
Sathiarajetal 89 101 1093 NR 195 (56)  UC 31(10) NR 19(7) NR NR NR
[15] (257)
Quilliotetal 80 20 2512 NR NR NR NR NR NR NR NR NR
[28] (644)
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Oliveira et al

[25]

Turner ef al 83

32]

Roberts et al 52
[24]

16

54

48
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1637 1622 24@87) 225(79) 71(24) 70(21) 51(17) 49(23)  253(229) NR
(46)  (542)

842 1143 89 (NR) 116 (NR) 46 (NR) 60(NR) 25 (NR) 48 (NR) 80 (NR) 30 (NR)
(NR)  (NR)

1549 1664 208 (NR) 181 (NR) 66 (NR) 60(NR) 52 (NR) 62(NR) NR NR
(NR)  (NR)

IResults presented non-alcoholic calories only.

“Results expressed as mean + SE.

3Expressed as kg of pure alcohol/kg body weight.
Results presented as kJ/d- converted to kcal/d.
®Results from two groups of an interventional presented, both groups represent baseline nutrient intake.

‘Results compared to population survey, no controls recruited. CP: Chronic pancreatitis; SD: Standard deviation; UC: Uncontrolled; NR: Not reported.
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was mostly derived from high bean consumption. Eight studies[6,7,15,27,32,33,36,37]
reported the opposite: that patients with CP consumed less protein than controls, with
protein intake being 20% lower than the recommended daily allowance in two studies
[33,37]. Five of these eight studies were conducted in Eastern countries, specifically
India and Japan. One study[36] compared protein intake in patients with India with
that of patients in France, finding that intake was lower in the former. Three studies
considered the source of dietary protein[6,20,23]. Of these, two studies[6,23] reported
that patients with CP consumed more animal-based protein than controls.

Carbohydrate intake: Eighteen studies[6,7,15,21-27,29,32,33,35-37,39,40] analysed the
carbohydrate intake of patients with CP, of which 13 studies[6,7,21-26,29,32,35,36,40]
were controlled. In the 13 controlled studies, there were 17 separate groups studied.
Among controlled studies, carbohydrate intake ranged from 89 to 533 g for patients
with CP, and 116 to 386 g for controls. Of the controlled studies, three[21,26,35]
reported that patients with CP had a higher intake of carbohydrates than controls (in
one of those studies[26], only one of the study arms reported that patients with CP
consumed significantly more carbohydrate than controls). Four studies reported the
opposite[6,7,26,32], stating that patients with CP consumed lower amounts of
carbohydrates than controls (in one of those studies[26], only the African group
reported that patients with CP consumed significantly less carbohydrate than
controls). The other controlled studies reported no significant difference in
carbohydrate intake between patients with CP and controls.

Fat intake: Seven studies[18,21,23,24,33,34,38] reported a higher intake of dietary fat in
patients with CP than in controls. In several studies, a higher intake of fat was
associated with the development of CP[18,21,24,33,38] and earlier onset of disease[18,
38]. Three studies provided details on the source of dietary fat[6,20,23]. In one study[6]
conducted in Japan, CP patients had statistically lower fat intake from both animal and
plant sources, but significantly higher intake of marine fat (fish oil). Two studies
analysed patients’ intake of saturated fat, monounsaturated and polyunsaturated fat
[20,23], reporting that patients with alcohol-associated CP consumed significantly

more dietary fat than both control patients with cirrhosis[20,23] and healthy controls
[20].

Alcohol intake: Noel-Jorand and colleagues[20] noted that patients with CP had
reached the same threshold of alcohol consumption as patients with alcoholic liver
cirrhosis prior to diagnosis of their respective diseases (204-232 g/d per subject),
however those who developed CP consumed alcohol over a shorter time-frame than
those who developed cirrhosis. Lévy et al[23] similarly reported that patients with CP
had a lower mean duration than those with alcoholic cirrhosis. Durbec et al[40]
reported that the total quantity of alcohol consumed, as well as the duration of
consumption, prior to diagnosis was lower in women than in men. This was mirrored
in a study from the United States in which women with CP had a lower duration of
alcohol consumption than men with CP[7]. Three studies compared patients with
alcohol-related CP to those with CP of other causes. Patients with alcohol-related CP
consumed more calories[35,37], carbohydrate[35] and protein[29]. Table 3 compares
intake between those with alcohol-related CP and CP of other causes. Those with
alcohol-related CP had a higher overall energy intake than those with non-alcohol-
related CP, along with a higher protein and fat intake, but not carbohydrate intake.
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Table 3 Energy (calorie), protein, carbohydrate, and fat intake of patients with alcohol-related chronic pancreatitis[7,18,21,23,24,28,33]

compared to those with non-alcohol-related chronic pancreatitis[14,20]

Alcohol-related chronic pancreatitis (1= Non- alcohol-related chronic pancreatitis (n

208)

= 209) P value

Energy, kcal/d (SD) 2642 (1090) 1372 (394) 0.046'

Carbohydrate, g/d (SD) 243 (194)
Protein, g/d (SD) 102 (32)

Fat, g/d (SD) 91 (43)

229 (47) 0.85
46(15) 0.02'

29 (13) 0.01"

IStatistically different.
SD: Standard deviation.
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Geographical differences: Studies reporting a higher consumption of energy were
mostly conducted in Western countries (United States, Europe, Mexico), and the
majority were published over 20 years ago. Studies reporting a lower consumption of
energy tended to arise from Eastern countries (mainly India and Japan), and the
majority had been published more recently. The consumption of carbohydrate and
protein appeared to be similar in Western and Eastern countries, while the average
intake of fat was lower in eastern/African countries (mean 35.8 g/d) compared to
Western countries (mean 75 g/ d).

Micronutrient intake: Only four studies measured micronutrient intake (Table 4), of
which two studies were controlled (both recruited healthy controls). Vitamin A was
expressed in various forms and it was not clear which specific form was presented in
some cases. In a controlled study from Japan[6], controls consumed more vitamin A,
vitamin B1, vitamin B2, calcium and iron, but not vitamin C.

DISCUSSION

This is the first systematic review to quantify the nutritional intake of patients with CP.
While total calorie consumption was not different between patients with CP and
healthy controls, patients with CP consumed significantly fewer non-alcohol calories
than controls. Those with CP also consumed significantly more protein than healthy
controls, however the intake of carbohydrate and fat did not differ. When comparing
patients with alcohol-related CP to those with a non-alcohol aetiology, patients with
alcohol-related CP consumed more calories, protein and fat than controls, but
consumed a similar amount of carbohydrates. This review has highlighted the dearth
of research on this topic in general. Only five of the studies retrieved in the search
were published in the ten years preceding this paper.

The contribution of alcohol to overall energy intake is an important finding. Five
studies were meta-analysed to compare non-alcohol caloric intake to that of healthy
controls. In one study from the US on alcohol-related CP, as much as half of all calories
consumed were derived from alcohol[7]. In another study conducted both in France
and Africa, percentage calories from alcohol were as high as 31% and 39% respectively
[24]. The contribution of alcohol to weight is not straightforward. Each gram of alcohol
provides 7.1 (29.7 kJ) kcal whereas each gram of carbohydrate approximately provides
4 kcal/ g[41], therefore, those consuming large amounts of alcohol should eventually
gain excess weight. However, in a Brazilian study comparing asymptomatic alcohol-
aetiology CP patients to non-pancreatitis patients with excessive alcohol consumption
and healthy controls, patients with CP had lower BMI, body fat and lean body mass,
despite a higher alcohol-derived caloric consumption. They also had magnesium and
vitamin deficiencies, as well dyslipidaemia and increased risk of cardiovascular
disease[25]. Calories derived from alcohol have no nutritive value. Where the same
amount of calories was consumed by two groups of non-pancreatic healthy subjects
(one receiving calories from carbohydrates and the other receiving the same calories
from alcohol), those obtaining energy from alcohol did not gain weight, even when
alcohol-derived calorie consumption was increased[42]. Malnutrition secondary to
alcohol consumption is multi-factorial and not just due to non-nutritive calorie
provision. One study reported that patients consuming high levels of alcohol (23% of
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Table 4 Studies analysing micronutrient intake in patients with chronic pancreatitis and controls

Ref. Vitamin A Vitamin B1 Vitamin B2 VitaminC  Vitamin D Vitamin E Vitamin  Calcium Iron
(SD), I (SD)mg  (SD)mg  (mg) (mcg) (IU/mg)  K(mg)  (SD), mg (SD), mg
Nakamura  CP 2337.9 (3018.9) 0.9 (0.3) 1.28 (0.4) 985 (38.5) NM NM NM 5015 (145.4) 9.9 (2.7)
cteltel Control 40163 (49027) 121 (0.3) 1.61 (0.5) 85.0 (48.2) NM NM NM 6243 (2272) 121 (2.8)
Tinjuetal  CP M: 3659.7 NM NM M: 54.0 NM NM NM M: 496.3 M:11.4
[37] (6546.8); F: (70.5); F: 50.0 (307.9); F: (6.7); E:
3888.4 (3936.1) (68.7) 485.8 (272) 7.1 (2.8)
Control UC ucC ucC ucC uC ucC ucC ucC ucC
Turnerefal  CP 278 (pg/d) NM NM 253 NM NM NM NM NM
e Control UC ucC ucC ucC uc ucC ucC ucC ucC
Roberts etal - CP 744.4 (RAE) NM NM NM 5.88 11.77 64 NM NM
e Control 6513 (RAE) NM NM NM 4.03 11.54 995 NM NM

"Healthy controls.

Study presented data for “CP present” vs “CP absent”, however both groups were pancreatitis patients, there were no controls. No standard deviation

provided.

*Data are expressed as median, no inter-quartile range provided. NM: Not measured; UC: Uncontrolled; M: Male; F: Female; RAE: Retinol activity

equivalent.
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total calories) tended to displace carbohydrate intake. However, where alcohol intake
was higher than 30% of total calories, the intake of proteins, fat and vitamins declined
considerably[43].

As well as being responsible for the development of CP and the progression of
disease, and aside from the effects of nutrient displacement, a high intake of alcohol is
known to directly contribute to malnutrition. Alcohol has direct toxic effects on the
gastrointestinal tract and liver, leading to impaired digestion, reduced absorption of
nutrients into the blood, and impaired utilisation or increased degradation of those
nutrients. As well as causing malabsorption, alcohol also increases systemic inflam-
mation increasing energy requirement, and leading to weight loss[44]. All these effects
occur independently and parallel to the decreased secretion of pancreatic enzymes and
chronic inflammation that occur as a consequence of CP, hence, cumulative damage
occurs in CP patients with excessive alcohol consumption. Patients with CP may
reduce their intake of alcohol following diagnosis[24], however most studies show that
they continue to consume high quantities of alcohol[45].

Patients with CP may not be classically underweight, however they may be
sarcopenic, defined as low skeletal muscle mass, low muscle strength, and low muscle
function leading to impaired physical performance[46,47]. A systematic review[47]
reported that sarcopenia is prevalent in 17%-64% of patients with CP, and negatively
affects outcomes such as quality of life, hospitalisation, mortality and may be
associated with a lower islet yield following total pancreatectomy with islet autotrans-
plantation. Sarcopenic obesity describes the state where excess body weight and
reduced muscle mass or strength occur simultaneously. In the 12 studies meta-
analysed for total calorie intake, only seven reported BMI. Of those, all reported a
mean BMI in the underweight or normal BMI range for patients with CP. Only two of
the five studies meta-analysed for non-alcohol calorie intake reported BMI, with both
reporting BMI to be in the normal range. Crucially, BMI alone is a poor indicator of
individual nutritional status and body composition, with sarcopenia being present
independent of BMI[47-49]. In addition, impaired measures of functional capacity
(such as hand-grip strength) have been reported in patients with CP, independent of
weight or BMI[12,50]. Contrary to the ‘textbook’ description of an underweight
patient, those with CP are frequently overweight or obese[12]. In the present review,
whilst none of the studies measured sarcopenia or sarcopenic obesity, patients with CP
appeared to have an adequate or high caloric consumption. However, a high
percentage of calories as alcohol might explain the nutritional deficits reported in
some.

The issue of the macronutrient composition of the diet is more complex. In our
meta-analysis of 12 studies (investigating 16 different study populations), we showed
that patients with CP consumed significantly more dietary protein compared to

WJG | https://www.wjgnet.com 5785 September 14,2021 | Volume?27 | Issue34 |



Ul-Ain Q et al. Dietary intake in chronic pancreatitis

1
A studyor Subgroup  Weight ~ Mean Difference [95%c1] |
Uscanga 1985 7.90% 1034.10 [644.91, 1423.29] | + !
1
Balakrishnan 1988 (India) 8.50% -46.90 [-138.12, 44.32] —
]
Balakrishnan 1988 (France)  7.90% 958.00 [565.33, 1350.67] | t L 1
Mezey 1988 8.60% 216.00 [155.51, 276.49] : -
Laugier 1993 (France) 8.60% 955.20 [945.28, 965.12] ] L ]
1
Laugier 1993 (Africa) 8.60%  -27.40 [-53.06, -1.74] HY
Nakamura 1994 8.40% -913.90[-1110.02,-717.78] +———®&— :
Vaona 1997 8.20% 481.40[192.13, 770.67] : —_——
Midha 2008 8.10% -127.00 [-435.93, 181.93] —_——
]
Sathiaraj 2010 8.60% -283.00 [-341.53, -224.47] - 1
Sobral-Oliveira 2011 8.20% 15.00 [-271.62, 301.62] >—P—l
Roberts 2019 8.50% -115.00 [-258.58, 28.58] —a—h
1
|
! o
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1
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1
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1
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1
Laugier 1993 (Africa) 20.00% -699.40 [-702.48, -696.32] ] :
1
Nakamura 1994 20.00% -802.20 [-804.75, -799.65] [} 1
}
[}
Vaona 1997 19.90% -1491.50 [-1614.18, -1368.82] —a— 1
}
1
1
]
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[}
1
-3000 -2500 -2000 -1500 -1000 -500 0 500 1000
Favours Controls Favours CP Patients
Heterogeneity: Tau? = 410254.49; Chi2 = 575839.15, df = 4 (P < 0.00001); /> = 100%
Test for overall effect: Z = 2.42 (P = 0.02)
c 1
Study or Subgroup Weights Mean Difference [95%Cl] :
Durbec 1978 (Marseille) 6.70% 29.00 [28.17, 29.83] 1 HH
Durbec 1978 (International) 6.70% 23.04 [22.28, 23.80) 1 L |
Uscanga 1985 5.00% 33.20 [19.39, 47.01] : -
Balakrishnan 1988 (France) 5.50% 29.00 [17.89, 40.11] 1 . 2
Mezey 1988 6.60% -19.10 [-21.40, -16.80] —a— 1
Balakrishnan 1988 (India) 6.60% 4.40 [1.46, 7.34] : —_—
Dani 1990 6.60% 19.00 [16.98, 21.02) 1 —m—
Dani (Sao Paulo) 1990 6.60% 20.00 [17.64, 22.36) : —a—
Laugier 1993 (Africa) 6.60% 28.00 [25.75, 30.25) \ —a—
Laugier 1993 (France) 6.70% 29.00 [27.50, 30.50) 1 -
Noel-Jorand 1994 6.60% 32.90 [30.47, 35.33] : —a—
Nakamura 1994 6.10% -23.50[-31.01,-15.99] +———B——i 1
Vaona 1997 5.20% 7.00 [-5.66, 19.66) 4 -
Midha 2008 6.40% 2.00[-3.16, 7.16) l—:l—l
Sobral-Oliveira 2011 5.30% 9.00 [-3.56, 21.56] T -
Roberts 2019 6.60% 5.57 [3.61, 7.53] [
1
1
Total (95%Cl) 100.00% 14.24[7.99, 20.49] 1 _—
1
-80 -60 -40 -20 0 20 40 60
Favours Controls Favours CP patients
Heterogeneity: Tau? = 151.86; Chi2 = 2328.30, df = 15 (P < 0.00001); /2 = 99%
Test for overall effect: Z = 4.47 (P < 0.00001)
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D |
I
Study or Subgroup Weights Mean Difference [95%Cl] :
Durbec 1978 (International) 6.90% -189.06 [-200.79,-177.33] —m— ]
Durbec 1978 (Marseille) 6.70%  152.22 [125.45, 178.99] : —
Uscanga (Alcohol related CP) 1985 5.80%  175.30 [95.00, 255.60] 1 =
Balakrishnan 1988(France) 6.60% 152.20[116.89, 187.51] : —_—a—
Balakrishnan 1988 (India) 6.80%  -31.50 [-48.82,-14.18] —a—
Mezey 1988 6.90%  -82.00 [-87.91, -76.09] HH :
Dani 1990 6.90% 61.60 [52.31, 70.89] ] -
Dani (Sao Paulo) 1990 6.90%  -49.00 [-57.98, -40.02] = = :
Laugier 1993 (Africa) 6.90% -94.70 [-100.69, -88.71] M 1
Laugier 1993 (France) 6.90%  152.20 [147.58, 156.82] : HH
Nakamura 1994 6.70% -144.60 [-178.66, -110.54] —_—— 1
Vaona 1997 6.20%  112.00 [53.28, 170.72) : —_—
Midha 2008 6.70% 5.00 [-24.56, 34.56] ——
Sobral-Oliveira 2011 6.30% -1.00 [-55.33, 53.33] r—‘l—i
Roberts 2019 6.90% 26.84 [24.88, 28.80] 1 ]
[}
I
Total (95%Cl) 100.00% 14.05[-34.03,62.12] —_—————
1
-500 -400 -300 -200 -100 0 100 200 300
Favours Controls Favours CP Patients
Heterogeneity: Tau2 = 8740.24; Chi2 = 7563.03, df = 14 (P < 0.00001); /2 = 100%
Test for overall effect: 7= 0.57 (P = 0.57)
1
Study or Subgroup Weights  Mean Difference [95%Cl] :
Durbec 1978 (International) 6.40% 19.59 [18.83, 20.35] ] [ ]
Durbec 1978 (Marseille) 6.40% 25.66 [24.83, 26.49] : HH
Uscanga 1985 5.50% 19.30 [5.00, 33.60] 1
Balakrishnan 1988 (France) 6.00% 25.70 [15.72, 35.68] : s |
Balakrishnan 1988 (India) 6.40% -2.10 [-3.83,-0.37] '—l—ﬁ:
Mezey 1988 6.40% -31.80 [-33.67,-29.93] —a— ]
Dani 1990 6.40% 5.80[3.77,7.83] : ——
Dani (Sao Paulo) 1990 6.40% 12.00 [9.92, 14.08] [} ——
Laugier 1993 (France) 6.40% 25.60 [24.27, 26.93] : -
Laugier 1993 (Africa) 6.40% 30.80 [29.29, 32.31] 1 -
Noel-Jorand 1994 6.40% 50.00 [47.57, 52.43] : —a—
Nakamura 1994 6.30% -18.40 [-24.37,-12.43] —_— :
Vaona 1997 5.80% -7.00 [-18.58, 4.58] —_—
Midha 2008 6.30% -9.00 [-13.70, -4.30] —. :
Sobral-Oliveira 2011 5.90% 3.00[-7.13,13.13] —_—
Roberts 2019 6.40% -10.24 [-12.20, -8.28) .- :
}
Total (95%Cl1) 100.00% 8.69 [-0.21, 17.59)] 4—0—!
1
-80 -60 -40 -20 0 20 40 60
Favours Controls Favours CP patients

Heterogeneity: Tau? = 320.39; Chi2 = 5893.09, df = 15 (P < 0.00001); /2 = 100%
Test for overall effect: 7= 1.91 (P = 0.06)

Figure 2 Forest plots of (A) energy intake in calories per day, (B) non-alcohol energy intake in calories per day, (C) protein intake in
grams per day, (D) carbohydrate intake in grams per day, and (E) fat intake in grams per day of patients with chronic pancreatitis
compared to healthy controls. CP: Chronic pancreatitis.

healthy controls. Recently-published consensus guidelines state that patients with CP
do not need to follow specific restrictions on protein, fat or carbohydrate intake, but
instead should follow a “well-balanced” diet, except for those who are malnourished,
where a high protein, high calorie dietary pattern is warranted[9,51]. It is not known if
patients included in the meta-analysis had received dietary counselling at any time
preceding their inclusion in the studies. Several studies have examined the role of
protein intake in the development of CP. In a paper published in 1973, Sarles et al[16]
reported the results of an international study of dietary intake in CP in 16 countries
across 4 continents. The study, which did not meet the criteria for inclusion into the
systematic review, reported that subjects with alcoholism who developed chronic
calcific pancreatitis had higher protein and fat intakes than controls. Conversely in a
subgroup from India, chronic calcific pancreatitis was found in ‘occasional alcoholics’
who were deficient in protein. In a study published in the same decade by the same
author[40], two study groups were assessed, including a group from France, and a
second group of Caucasian patients from 9 international centres. This study also
recruited controls and was eligible for inclusion in the systematic review and meta-
analysis. It found that there was a small increase in the relative risk of developing
chronic pancreatitis with increased protein intake, although the study counselled
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against a “protein-poor” diet due to the risk of malabsorption and protein deficiency.
Most studies reporting a high protein intake for patients with CP had recruited
patients with an alcohol aetiology[7,21,23,24,28]. Studies on patients with non-alcohol
aetiology appeared to report a lower protein intake[20].

Regarding fat intake, the study by Durbec and Sarles[40] reported that both a low-
fat and high-fat diet increased the relative risk of developing chronic pancreatitis,
suggesting consumption of an “average fat” diet (85-110 g fat per day). Perhaps
unexpectedly, our meta-analysis showed that there was no difference in fat intake
between patients with CP and healthy controls. The forest plot (Figure 2E) shows that
most studies reported that patients had a higher intake than controls, and the p-value
was just above the arbitrary 0.05. Patients were traditionally advised to follow a low-
fat (or even fat-free) diet in an effort to reduce the symptom burden associated with
pancreatic exocrine insufficiency. The most recent guidelines[9,51] recommend against
restricting fat intake for all but the most severe cases of intractable malabsorption. This
is in part because protein and carbohydrate are similarly malabsorbed, resulting in
adverse symptoms, and simple fat restriction does not address this fact. Furthermore,
achieving protein requirement is also more difficult with a restrictive diet. Treatment
with optimal dosage of PERT treats malabsorption of all macronutrients and allows for
a more “normal” dietary intake. The studies described above, suggesting that higher
dietary intakes of protein and fat might be related to the development of CP, were
published during the 1970s, before the importance of adequate treatment with PERT
was appreciated. The relationship between the development of CP, the macronutrient
composition of the diet, along with the interplay between nutritional status and
alcohol intake are therefore not well understood.

There is a clear gap in the literature on the dietary intake of micronutrients in CP.
Only four studies[6,24,32,37] have investigated this, one of which was uncontrolled
[32]. Only one study measured the dietary intake of fat-soluble vitamins D, E and K
[24]. However, this is a critical issue for patients with CP, who are known to have
micronutrient deficiency. Again, a high intake of calories with little nutritive value is
certain to exacerbate nutritional deficiencies|[12,52-58].

This study was also the first to systematically review the methodology of dietary
assessment techniques for this patient group, finding considerable heterogeneity,
which presented a clear challenge for the interpretation of data, and thereby limits the
generalisability of results. A notable number of studies did not report the methods
used, while others utilised retrospective techniques and some used prospective
methods such as food diaries. Each method carries its own risk of bias. For example,
retrospective techniques such as FFQs and dietary recall may be affected by recall bias,
as well with problems with subject memory, cognition and motivation. The reported
nutrient intake in some studies appeared to be considerably high compared to contem-
poraneous national surveys. For example, Lévy ef al[23] reported the dietary intake of
newly diagnosed alcoholic CP patients from 1995 and reported an intake for both
groups in excess of 4,000 kcal and 100 g protein per day. This is considerably higher
than values reported by other national surveys around that time, including the French
national dietary study from 1993-94 [mean energy intake in males of 2,390 kcal of
which 16.6% came from protein (approximately 99g)[59]]. Similarly, the Irish North-
South Food Consumption Survey 1997-99 found that men aged 18-64 years had a mean
energy intake of 2,632kcal and 100g protein[60]. FFQs, used in the French study, have
been shown to overestimate energy intake[59]. However, this study was not eligible
for inclusion in the meta-analysis due to incompatible data.

Limitations and strengths

This systematic review was limited by the heterogenous nature of the included
studies. More importantly, the method of dietary assessment differed considerably
between studies, which may account for the wide range of intakes reported and may
have resulted in both under- and over-estimation of actual intake. However, the meta-
analysis was designed to report the differences in intake between patients with CP and
controls rather than absolute values (and the methodology for patients and controls
was the same within each individual study), which should minimise this error. In
addition, the meta-analysis compared patients with CP to healthy controls only, and
excluded studies with other types of controls. Hence, despite inter-group hetero-
geneity, intra-group diversity was minimal. Furthermore, as heterogeneity is high in
large scale studies, this may have further added to the heterogeneity observed, as most
of our included studies recruited large patient numbers. Only 12 of the 23 studies
retrieved were deemed eligible for meta-analysis, and fewer were suitable for some of
the analyses, such as non-alcohol calories. This was in part due to the inclusion of
studies that recruited healthy controls only.
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Only six studies were published within the last ten years. Nonetheless, we believe
that the results are applicable to present-day patients. A potential variable was the
inclusion of a wide range of ethnic groups. The differences in nutrient intake reported
may have been a consequence of geographic location rather than the effect of CP.
However, the inclusion of healthy controls from the same geographic region as the
patients with CP would have minimised this limitation. In addition, most patients
with CP recruited to the various studies were male, but the same restriction wasn’t
applied for controls. Therefore, the gender differences might explain higher caloric
intake by CP patients in some studies. No study had compared dietary intake by
gender. As with all systematic reviews, this study was inherently limited by the
quality of the studies included, although only one study was deemed to be of low
quality. In some cases, different units and methods of reporting were used,
necessitating extrapolation or recalculation.

CONCLUSION

This systematic review and meta-analysis supports the notion that while patients
consume apparently adequate energy, the quality of the dietary intake is poor, in part
due to the contribution of alcohol to overall energy intake. This review has also
highlighted the critical lack of recent studies on this topic. Further studies should aim
to characterise the dietary intake of patients with CP, with robust study designs and
adequate sample size. Longitudinal research would help to determine the effects of
various dietary patterns and alcohol abuse on diet. Intervention studies of therapeutic
dietary strategies as well as early dietetic consultation in patients with CP are sorely
needed.

ARTICLE HIGHLIGHTS

Research background

Patients with chronic pancreatitis (CP) are a high risk of developing malnutrition due
to progressive exocrine insufficiency, malabsorption, and adverse gastro-intestinal
symptoms. Poor dietary intake and excess alcohol consumption may exacerbate
malnutrition.

Research motivation

Although CP is a digestive disease, little is known regarding the dietary intake of
patients with this condition, and no systematic reviews or meta-analyses have been
undertaken to date.

Research objectives

The purpose of this systematic review and meta-analysis was to compare the macronu-
trient and micronutrient intake of patients with CP to that of healthy subjects, and to
determine if there was a difference in dietary intake according to aetiology.

Research methods

With the guidance of a medical librarian, we conducted a search of multiple databases
including Ovid Medline, EMBASE and Cochrane Review.

Research results

Twenty-three studies were retrieved in the search and included in the systematic
review (representing 1577 patients with CP), of which 12 were eligible for meta-
analysis (representing 1048 patients with CP and 1965 healthy controls). There was no
statistical difference in the energy (calorie) intakes of patients with CP and controls.
However, when analysing studies reporting non-alcohol calorie consumption, patients
with CP consumed significantly fewer calories than health control subjects. Those with
CP consumed more protein than healthy controls, but there was no difference in the
consumption of carbohydrate and fat. Heterogeneity was considerably high for all
outcome measures. A broad variety of methods was used in the various studies to
estimate dietary intake, and most had been published more than ten years prior to this
review.
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Research conclusions

This was the first meta-analysis to evaluate the dietary intake of patients with CP.
Although the calorie intake of patients with CP did not differ from that of healthy
controls, studies that analysed the contribution of alcohol to energy intake showed that
those with CP consumed fewer non-alcohol calories than controls. This may contribute
to the poor nutritional status of patients with CP.

Research perspectives

The considerable heterogeneity made it difficult to make general conclusions, and the
broad range of dietary assessment methods used means that under-or over-estimation
of intake may have occurred. There were few data for micronutrient intake, a consid-
erable research gap considering the common occurrence of biochemical deficiency in
this patient group. There were few recently-published studies. Future studies should
aim to characterise the dietary macronutrient and micronutrient intakes of patients
with CP with robust methodology and study design.
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