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ABSTRACT 

Objective: The relation between malnutrition and exocrine pancreatic insufficiency (EPI) 
has been described previously, but it is unclear if malnutrition leads to EPI or vice versa. 
We systematically synthesized current evidence evaluating the association between 
malnutrition and EPI in children. 

Methods: Pubmed, Embase, and Cochrane databases were searched from inception 
until February 2017. We included cohort or case- controlled studies in children report-
ing on prevalence or incidence of EPI and malnutrition. Data generation was performed 
independently by 2 authors. Quality was assessed by using quality assessment tools from 
the National Heart, Lung, and Blood Institute.

Results: Nineteen studies were divided into 2 groups: 10 studies showing EPI leading to 
malnutrition, and 9 studies showing malnutrition leading to EPI. Due to heterogeneity 
in design, definitions and outcome measures, pooling of results was impossible. Quality 
was good in 4/19 studies. Pancreatic insufficiency was linked to decreased nutritional 
status in 8/10 articles although this link was not specified properly in most articles. In 
malnourished children, improvement was seen in pancreatic function in 7/9 articles after 
nutritional rehabilitation. The link between the two was not further specified. Heteroge-
neity exists with respect to definitions, outcome measures and study design. 

Conclusions: There is sufficient evidence for an association between EPI and malnutri-
tion. We could not confirm whether there is a correlation or causality between EPI or 
malnutrition. It was therefore not possible to draw firm conclusions from this systematic 
review on underlying pathophysiological mechanisms between EPI and malnutrition. 
More observational clinical trials are crucially needed.
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InTRODUCTIOn

Undernutrition is a global problem, it contributes to approximately 45% of all deaths in 
children less than 5 years of age while severe malnutrition is a co-morbidity in 7.8% of all 
under 5 deaths in children.(1–3)
Malnutrition has been defined in many different ways over the past few decades and 
encompasses both undernutrition and overweight.(1) In this review we will discuss 
undernutrition only. The current definition of undernutrition is a weight for height (W/H) 
≤-2 standard deviations (SD) and severe malnutrition is defined as a W/H <-3 SD and/or a 
mid-upper arm circumference (MUAC) of <11.5cm according to the World Health Orga-
nization (WHO).(4) Severe acute malnutrition (SAM) includes two different phenotypical 
forms: non-edematous SAM (severe wasting or ‘marasmus’) or edematous SAM, which 
is nutritionally induced bilateral edema (kwashiorkor). 
Since mortality in SAM remains very high better understanding of the pathophysiology of 
SAM is needed in order to improve management. 
Severe diarrhea is common in children with SAM, contributes to mortality (5,6) and is not 
only caused by infections and intestinal epithelial dysfunction relating to malabsorption, 
but also by impaired pancreatic digestion.(7,8) The exocrine pancreas plays a key role 
in nutrient digestion by secreting digestive enzymes (i.e. amylase, lipase, and trypsin) 
digesting all macronutrients: fat, protein and carbohydrates.(9) Exocrine pancreatic 
insufficiency (EPI) is the inability to digest nutrients due to severe reduction of digestive 
enzymes. Its main clinical symptom is steatorrhea caused by the inability to digest fat.
(9,10) Pancreatic function can be assessed by direct and indirect methods.(9) Direct 
methods are more invasive and include stimulation of the pancreas by secretin, followed 
by pancreatic duct intubation, collection and measurement of the secreted enzymes. In-
direct tests measure pancreatic enzymes in serum (e.g. Serum immunoreactive trypsino-
gen (IRT), lipase, and amylase), in stool (Fecal elastase-1 (FE-1) and fecal chymotrypsin 
(CMT)) or by using breath analysis.(9) It is current clinical practice to measure pancreatic 
function by FE-1 in stool.(9) 
EPI exists in conditions such as cystic fibrosis (CF), Shwachman-Diamond syndrome (SDS), 
and chronic pancreatitis (CP)(10–13) and can lead to nutrient malabsorption, undernu-
trition, poor growth and mortality.(14) However, in contrast, several older studies mostly 
performed between 1940 and 1980, have reported that malnutrition in its turn can lead 
to EPI.(15–26) We have recently confirmed these findings and showed a very high preva-
lence of EPI in Malawian children with SAM (93%).(27) However, it is still not clear how 
exactly, the relationship between malnutrition and the exocrine pancreas is. More insight 
into the pathophysiology underlying SAM might aid in lowering the huge malnutrition 
related mortality. Therefore, unraveling the association between the exocrine pancreas 
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and malnutrition is of great importance. We systematically assessed the evidence con-
cerning the relation between EPI and malnutrition in children. 
We developed the following PICOS: participants: children with malnutrition or EPI; inter-
ventions: treatment for malnutrition and or EPI; comparisons: none or healthy controls; 
outcomes: pancreatic function and nutritional status; study design: systematic review.

METHODS

Search strategy
The databases Embase, PubMed, and Cochrane Database of Systematic Reviews were 
searched from inception to February 2017 (full search strategy and keywords shown in 
Appendix 1). To identify additional studies, reference lists of relevant studies identified 
in the literature search were searched by hand. During this process, the exact reporting 
guidelines as described in the PRISMA statement (www.prisma-statement.org) were 
followed.

Study selection
Two investigators (RB and DB) independently reviewed titles and abstracts of all cita-
tions in the literature results. Possible relevant studies were retrieved for full-text review. 
Cohort, randomized controlled trials, or case-controlled studies in children (aged 0-18 
years) were included if studies were reporting on prevalence or incidence of EPI or mal-
nutrition. A clear definition and assessment of EPI and malnutrition had to be provided 
by the authors. Study aim was to determine any relation between EPI and malnutrition. 
No language restriction was used. Case reports and animal studies were excluded. Dis-
agreements between reviewers were adjudicated by discussion and consensus with two 
other authors (MT and WV). 

Data extraction and analysis
For each included trial in the final analysis, data were extracted by using structured 
data extraction forms, which contained items such as author, participants, definitions of 
EPI and malnutrition, method of EPI assessment, method of malnutrition assessment, 
outcomes, and author’s conclusions. 
Methodological quality of the included articles was assessed using the National Heart, 
Lung, and Blood Institute (NHLBI) quality assessment tool (i.e. risk of bias).(28) Three 
NHLBI tools were used: one for observational cohort and cross-sectional studies, a sec-
ond tool for case control studies, and thirdly a separate tool for controlled intervention 
studies. Using these tools, two authors (RB, DB) independently evaluated the selected 
articles using “yes”, “no”, “cannot determine”, “not reported”, or “not applicable”. These 
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were discussed and used to frame an overall rating for the quality of each study as “good”, 
“fair”, or “poor”. Ratings were based on number of quality assessment questions that 
were confirmed with a ‘yes’: poor ≤6, fair >6 and <10, and good ≥10 questions answered 
with ‘yes’. For the case-control studies that had 12 questions instead of 14 we adjusted 
the rating: poor ≤5, fair >5 and <9, and good ≥9. A third and fourth author were consulted 
on any discrepancies between the two independent evaluations (MT, WV)

ReSUlTS

Study search and quality assessment
After deducting duplicates, the search strategy and manual search generated 1273 stud-
ies that were screened for eligibility (Appendix 1). 1219 were excluded as they were 
not relevant to our search question (Figure 1. Flowchart). After evaluating the full text, 
another 35 studies were excluded for not meeting our inclusion criteria (no clear defini-
tion of malnutrition (n=12), no clear definition of EPI (n=7), or both (n=3), different study 
design(n=4), full text non-retrievable (n=1), adult population (n=6), or not reporting on 
relation EPI and malnutrition (n=2)).
The remaining 19 studies were divided into 2 groups: (1) studies reporting patients 
diagnosed with EPI who are later found to be malnourished (n=10);(29–38) (2) studies 
reporting patients diagnosed with malnutrition who are later found to have EPI (n=9).
(16,18,21,23,24,27,39–41) Due to heterogeneity in design, definitions and outcome 
measures, pooling of results was impossible. Therefore, studies are discussed separately.
Quality assessments are shown in supplemental tables 1 – 3. Four studies had an overall 
quality considered to be good (23,29,30,36), 12 were rated to be fair (16,18,24,27,31–
33,35,38–41), and the remaining 3 studies were rated to be poor (21,34,37). Only four 
studies did account for key potential confounding variables(24,31,35,41) and just 1 study 
had a sample size justification.(27) Blinding of treatment of participants and researchers 
was only performed in one study.(36) Cohen’s κ was calculated to determine the inter-
observer variation between the reviewers that assessed the articles using the quality 
assessment tool (RB and DB). There was moderate agreement between the two review-
ers, κ=.602 (95% CI, .522 to .682), p < .0005.(42) After discussion agreement was reached 
in 100% of cases. 

Study and patient characteristics
In total, 2271 children were included in 19 studies (Table 1) with sample sizes ranging 
from 13 to 659 children (32,41) Of the included 19 studies, 12 only included children 
less than 5 years old.(16,18,23,24,27,30,32,36–40) These studies were conducted in 13 
different countries including resource-high/developed countries: USA, Italy, Australia, 
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France, Poland, UK, and Canada; as well as resource-poor/developing countries: Egypt, 
Ivory Coast, Malawi, Senegal, Uganda, and South Africa. Ten studies included patients 
that were diagnosed with a condition known to be associated with EPI such as CF, SDS, 
Celiac disease, human immunodeficiency virus (HIV), and CP.(29–38) Of all studies, 
Kolodziejczyk et al. was the only study which included CP patients, while Carrroccio et 
al. solely included HIV infected children.(31,35) Three studies included participants diag-
nosed with SDS.(32–34) Celiac disease was studied by two separate studies conducted by 
Carroccio et al.(36,37) Lastly 3 studies focused on CF patients.(29,30,38) The remaining 
nine studies investigated malnourished children who had either moderate or severe 
malnutrition.(16,18,21,23,24,27,39–41) 
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Figure 1. Flowchart of study screening and selection process. 
See Appendix 1, for detailed search and selection



29

2

The relation between malnutrition and the exocrine pancreas

Pancreatic function assessment: 
The criterion standard test of pancreatic function is the pancreatic stimulation test,“Dreiling 
tube test”, (9,43) This direct pancreatic test was used in 7 studies.(16,21,32,34,36,37,39) 
Cutoff values were provided by the author in 1 of those studies,(32) 3 studies used 
control values of non-malnourished children,(16,21,39) 2 studies used control values of 
non-celiac children,(36,37) and one study did not provide any cutoff values at all.(34) The 
current most widely used pancreatic function test is an indirect test measuring faecal 
levels of zymogen FE-1.(9,44) This was measured in 4 studies which reported clear cutoff 
values.(27,29,31,33) 
Fat malabsorption was reported in 8 studies.(16,21,32,34,36,37,39) Of these, 
Kolodziejczyk et al. was the only study using a control group, while Bines et al. did not 
report on cutoff values at all.(35,38) Immuno-reactive trypsinogen was tested in 5 stud-
ies,(24,27,32,40,41) of which two were using cutoff values,(27,32) and 3 were using a 
control group.(24,40,41) Serum amylase was measured in 5 studies(23,27,31,32,35) with 
3 of them also measuring lipase.(23,32,35) All reported clear cutoff values except for 
one, El-Hodhod et al, who used values of a control group.(23) Fecal CMT was assessed 
in two studies with clear cutoff values.(31,32) Additional, less commonly used, tests for 
pancreatic function included ultrasound evaluations,(23,33,35) autopsy,(18) and endo-
scopic retrograde cholangio-pancreatography (ERCP).(35)

Malnutrition assessment
Assessment of malnutrition was more consistent across the selected articles, with stud-
ies using anthropometry, clinical indicators, and albumin as markers of malnutrition. 
Weight-for-age Z-scores (WAZ), height-for-age Z-scores (HAZ), and/or weight-for-height 
Z-scores (WHZ), currently recommended by WHO for defining malnutition,(45) were 
used in 14 studies.(16,23,24,27,29–33,36–38,40,41) Growth percentiles were used by 
Hill et al. and El-Hodhod et al. and a BMI ratio (Cole’s ratio: BMI actual/BMI for the 50th 
centile x100%) was used to classify malnutrition by Kolodziejczyk et al.(23,34,35) Four 
studies used clinical indicators such as pitting edema and skin lesions for malnutrition.
(16,18,21,39) Lastly albumin was used as a marker of malnutrition by 4 studies, of which 
three used controls but El-Hodhod did not have cutoff values.(16,23,30,37)

Group 1: Articles reporting patients diagnosed with ePI who are later found to 
be malnourished (supplemental Table 4)(29–38)
Eight out of 10 studies describe the association between EPI and malnutrition.(29,30,32–
36,38) Quality assessment was rated ‘poor’ for two studies,(34,37) ‘fair’ for five stud-
ies,(31–33,35,38) and ‘good’ for three studies.(29,30,36) Cohen et al. reported that CF 
children with no pancreatic activity (n=75/84) (FE-1<15 ug/g) had a significantly lower 
WAZ and more fat malabsorption compared to CF children with residual activity (n=9/84) 
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(FE-1≥15 ug/g).(29) Significantly greater fat malabsorption in pancreatic insufficient CF 
children (n=16/29) versus pancreatic sufficient CF patients (n=13/29) was also reported 
by Bronstein et al. which was significantly correlated with a decrease in WAZ.(30) Bines 
et al. reported that pancreatic insufficiency (found in n=35/46 CF children) was strongly 
associated with poor weight and length gains.(38)
All three studies of children with Shwachman-Diamond syndrome, reported high num-
bers of EPI, (Pichler et al. 95.2%, Cipolli et al. 100%, Hill et al. 100%).(32–34) Of these, 
Cipolli et al. had the highest proportion of malnourished children (n=11/13, 84%). This 
study followed up 6 children at a mean age of 10 years, and found a significant increase in 
both weight and height z-scores although unclear if on pancreatic enzyme replacement 
therapy (PERT) or not (from -3.8 to -1.4 and from -3.6 to -1.8 respectively, both p<0.001).
(32) Hill et al. reported that 64% (n=7/11) had a weight below the 3rd percentile but 
did not report on anthropometry during follow up.(34) Pichler et al. reported only 33% 
(n=7/21) to be malnourished and on follow up of unclear duration only 38% (n=5/13) 
experienced catch up growth.(33) Pichler et al. described that poor nutritional status 
in SDS is multifactorial and can be caused by several other factors than EPI, like feeding 
difficulties (in 43% (n=9/21) of their population) and enteropathy (50% n=7/14). None of 
the three SDS studies demonstrated a direct correlation between EPI and malnutrition.
Carroccio et al. found EPI in 30% of HIV infected children and a significant correlation 
between EPI and fat malabsorption.(31) However, only 14% (n=2/14) of patients with 
EPI had SAM and no direct correlation between was mentioned. In children with CP, 25% 
(n=52/208) was malnourished and this was only significantly correlated with a higher age 
of onset of CP, but not with fat absorption.(35) 
In two different studies also carried out by Carroccio et al. pancreatic function in 
children with celiac disease was studied. (36,37) In one study, they found EPI in 29% 
(n=15/52) of the celiac children and 37% of the patients (n=19/52) had SAM but no 
correlation between the two was reported.(37) In the other study they investigated the 
effect of pancreatic enzyme therapy in children with celiac disease, and showed that 
38% (n=15/40) suffered from EPI and 15% (n=6/40) from severe EPI.(36) Celiac patients 
who were given pancreatic enzymes had a significant increase in weight after 30 days of 
therapy, compared to those that did not receive therapy, but this difference disappeared 
after supplementation of 60 days.

Group 2: Articles reporting patients diagnosed with malnutrition who are later 
found to have ePI (Supplemental Table 5)(16,18,21,23,24,27,39–41)
All nine studies described some association, but not always causality, between malnu-
trition and EPI.(16,18,21,23,24,27,39–41) Quality assessment was rated ‘poor’ for one 
study,(21) ‘fair’ for seven studies,(16,18,24,27,39–41) and ‘good’ for one study.(23) 
Seven studies reported that EPI in children with malnutrition is correctable after nutri-
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tional rehabilitation.(16,18,21,23,24,27,39) El-Hodhod et al. showed that malnourished 
children (n=33) had significantly lower serum amylase, serum lipase, and pancreatic 
head size compared to a group of normally nourished controls (n=12), and a significant 
improvement was seen in all measures of pancreatic function and weight after nutri-
tional rehabilitation.(23) Barbezat et al. examined pancreatic enzyme markers in gastric 
juice and found these to be significantly lower in children with kwashiorkor (n=14) and 
marasmus (n=7) than in healthy controls (n=7), and these enzymes to significantly im-
prove after nutritional rehabilitation.(16) Durie et al. reported a significant correlation 
between severity of malnutrition (n=50) and IRT, with IRT reverting to normal in patients 
with improvement in nutritional status.(24) Although no statistical values were provided, 
Thompson et al. also showed that children with kwashiorkor had lower levels of amylase 
and lipase compared to controls and that these improved after nutritional rehabilitation.
(18) In a study conducted in Ivory Coast and France, Sauniere et al. concluded that in chil-
dren with kwashiorkor (n=25) pancreas function (based on a total of 5 different enzymes) 
was significantly decreased compared to healthy African (n=11), and European children 
(n=62) and that this disappeared after refeeding.(21) A second study by Sauniere et al. 
discussed pancreatic function in malnourished children in Dakar (n=13) and Abidjan 
(n=15) in West Africa, which was decreased compared to healthy children in France.
(39) After nutritional rehabilitation pancreatic secretion levels significantly increased but 
remained subnormal in the children from Abidjan and no improvement was found in 
children from Dakar. This was similar to our own previous study in which we found EPI 
in 92% (n=71/77) and severe EPI in 77% (n=59/77) of children with SAM and also found 
an significant improvement but no normalization of pancreatic function after nutritional 
rehabilitation.(27) Additionally, we found the degree of EPI to be significantly worse in 
children with kwashiorkor compared to children with marasmus (median FE-1 of 22u/g 
versus 80ug/g) and elevated IRT levels in 28% (n=11/39) of the patients.
Two studies reported on EPI in malnourished Australian Aboriginal children.(40,41) 
Similar to Durie et al., Cleghorn et al. also reported on pancreatic damage in children 
with malnutrition, demonstrated by a significant correlation between IRT and degree of 
malnutrition (n=78/198 moderately and n=63/198 severely malnourished).(40) Briars et 
al. also found increased IRT levels related to decreased weight z-scores but no relation to 
other nutritional indices like arm circumference and skinfold thickness. A potential con-
founder could have been gastroenteritis in these patients potentially causing elevated 
IRT.(41) 
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Table 1. Study Demographics (n=19)

Author Country Study Population Inclusion Criteria exclusion Criteria Methods (measurement) Main Findings Remarks

Bartels et al. 
2016

Malawi -89 children with severe 
acute malnutrition 
(SAM) admitted to 
nutritional rehabilitation 
unit (NRU) (median age 
21 months).

-Children 6-60 months old
-Diagnosis of SAM, by World 
Health Organization (WHO) 
definitions: weight for height 
Z-score (WHZ) < -3 SD, mid upper 
arm circumference (MUAC) <115 
mm, and/or presence of bilateral 
edema

-Previously 
admitted to NRU 
within a year
-Severe 
hemodynamic 
instability, 
hematocrit level 
of ≤15%, or severe 
neurological 
symptoms

-Observational study part of nutrient 
prospective intervention trial 
1. Clinical parameters and anthropometry 
daily 
2. Stool samples for FE-1 analysis <200 μg/g 
= exocrine pancreatic insufficiency (EPI)
3. S. trypsinogen and pancreatic amylase 
determined in subsets, n=39 and n=80 
respectively stratified for HIV status

-71/77 (92%) EPI
-More edematous patients had EPI, 
47/48 (98%), vs. non-edematous, 24/29 
(83%), (p=0.03)
- Lower FE-1-levels in edematous group 
(p=0.009)
-Severe EPI (FE-1 <100 μg/g) higher in 
edematous group (p=0.006)
-Mortality higher non-edematous group 
(p=0.03)
 -Trypsinogen elevated, especially in 
edematous group (p=0.03) suggesting 
pancreatic inflammation, 
- No correlation trypsinogen and FE-1 
levels (p=0.4)

-Differences in 
mortality between 
HIV reactive and 
non-reactive 
patients ns.

Pichler et al. 
2015

UK -21 children with 
Shwachman diamond 
syndrome (SDS) (median 
age 7.8 years).

-Genetically confirmed SDS
-Attended the tertiary/
quaternary SDS referral center 

-Not mentioned -Retrospective observational study. 
-Visits every 3 months
1. Weight for age z-score (WAZ) and height 
for age Z-score (HAZ)
2. FE-1, pancreatic insufficiency (PI) defined 
as FE-1<200 μg/g
3. Ultrasound (US) for fatty replacement 
pancreas

Baseline results:
-20/21 (95%) PI 
-7/21 (33%) WAZ <-2, 9/21 (43%) HAZ 
<-2 
-Abnormal US in 7/21 (33%)

-Exact results FE-1 
not shown
-Longitudinal data 
only available for 
13/21 children

Kolodziejczyk 
et al. 2014

Poland -208 children with 
chronic pancreatitis (CP) 
(mean age 10.8 years).

-Age <18 years
-CP features verified by one 
imaging technique (ERCP, 
MRCP, CT, or US scan) and/
or by EPI tests (72 h fecal fat 
quantification, elastase-1 stool 
test, breath test)
-Observation period of ≥ 1 year 
first episode of pancreatitis

-Age > 18 years
-Lack of imaging 
studies, or the 
absence of CP 
features 
-CF
-Inability of long-
term observation 

-Patients divided into 5 groups: 1) 
hereditary pancreatitis (n=26), 2) CFTR and/
or SPINK1 mutations without a known cause 
(n=46), 3) anatomic duct anomalies (n=20), 
4) patients with two or more coexisting 
etiologic factors of CP (n=24), 5) patients 
with idiopathic CP (n=92);
-Mean follow up 5 years
1. BMI ratio to evaluate anthropometric 
index, classify nutritional status
2. 72-hour fecal fat quantification used to 
diagnose EPI with fat maldigestion. 
3. Cambridge classification grades CP by 
ECRP findings from normal (grade 1) to 
marked 
(grade 4)

-52/208 (25.0%) malnutrition (14/52 
(26.9%) mild; 36/52, (69.2%) moderate; 
2/52 (3.8%) severe 
-Fecal fat and Cambridge grades NS 
between the 5 groups
-Mean age at disease onset higher in 
group 1 vs. group 2 (p<0.05)

-72 hour fecal 
fat quantification 
only measured in 
152/208 (73.0%) 
-Vague description 
of histological 
classification
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Table 1. Study Demographics (n=19)

Author Country Study Population Inclusion Criteria exclusion Criteria Methods (measurement) Main Findings Remarks

Bartels et al. 
2016

Malawi -89 children with severe 
acute malnutrition 
(SAM) admitted to 
nutritional rehabilitation 
unit (NRU) (median age 
21 months).

-Children 6-60 months old
-Diagnosis of SAM, by World 
Health Organization (WHO) 
definitions: weight for height 
Z-score (WHZ) < -3 SD, mid upper 
arm circumference (MUAC) <115 
mm, and/or presence of bilateral 
edema

-Previously 
admitted to NRU 
within a year
-Severe 
hemodynamic 
instability, 
hematocrit level 
of ≤15%, or severe 
neurological 
symptoms

-Observational study part of nutrient 
prospective intervention trial 
1. Clinical parameters and anthropometry 
daily 
2. Stool samples for FE-1 analysis <200 μg/g 
= exocrine pancreatic insufficiency (EPI)
3. S. trypsinogen and pancreatic amylase 
determined in subsets, n=39 and n=80 
respectively stratified for HIV status

-71/77 (92%) EPI
-More edematous patients had EPI, 
47/48 (98%), vs. non-edematous, 24/29 
(83%), (p=0.03)
- Lower FE-1-levels in edematous group 
(p=0.009)
-Severe EPI (FE-1 <100 μg/g) higher in 
edematous group (p=0.006)
-Mortality higher non-edematous group 
(p=0.03)
 -Trypsinogen elevated, especially in 
edematous group (p=0.03) suggesting 
pancreatic inflammation, 
- No correlation trypsinogen and FE-1 
levels (p=0.4)

-Differences in 
mortality between 
HIV reactive and 
non-reactive 
patients ns.

Pichler et al. 
2015

UK -21 children with 
Shwachman diamond 
syndrome (SDS) (median 
age 7.8 years).

-Genetically confirmed SDS
-Attended the tertiary/
quaternary SDS referral center 

-Not mentioned -Retrospective observational study. 
-Visits every 3 months
1. Weight for age z-score (WAZ) and height 
for age Z-score (HAZ)
2. FE-1, pancreatic insufficiency (PI) defined 
as FE-1<200 μg/g
3. Ultrasound (US) for fatty replacement 
pancreas

Baseline results:
-20/21 (95%) PI 
-7/21 (33%) WAZ <-2, 9/21 (43%) HAZ 
<-2 
-Abnormal US in 7/21 (33%)

-Exact results FE-1 
not shown
-Longitudinal data 
only available for 
13/21 children

Kolodziejczyk 
et al. 2014

Poland -208 children with 
chronic pancreatitis (CP) 
(mean age 10.8 years).

-Age <18 years
-CP features verified by one 
imaging technique (ERCP, 
MRCP, CT, or US scan) and/
or by EPI tests (72 h fecal fat 
quantification, elastase-1 stool 
test, breath test)
-Observation period of ≥ 1 year 
first episode of pancreatitis

-Age > 18 years
-Lack of imaging 
studies, or the 
absence of CP 
features 
-CF
-Inability of long-
term observation 

-Patients divided into 5 groups: 1) 
hereditary pancreatitis (n=26), 2) CFTR and/
or SPINK1 mutations without a known cause 
(n=46), 3) anatomic duct anomalies (n=20), 
4) patients with two or more coexisting 
etiologic factors of CP (n=24), 5) patients 
with idiopathic CP (n=92);
-Mean follow up 5 years
1. BMI ratio to evaluate anthropometric 
index, classify nutritional status
2. 72-hour fecal fat quantification used to 
diagnose EPI with fat maldigestion. 
3. Cambridge classification grades CP by 
ECRP findings from normal (grade 1) to 
marked 
(grade 4)

-52/208 (25.0%) malnutrition (14/52 
(26.9%) mild; 36/52, (69.2%) moderate; 
2/52 (3.8%) severe 
-Fecal fat and Cambridge grades NS 
between the 5 groups
-Mean age at disease onset higher in 
group 1 vs. group 2 (p<0.05)

-72 hour fecal 
fat quantification 
only measured in 
152/208 (73.0%) 
-Vague description 
of histological 
classification
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Table 1. Study Demographics (n=19) (continued)

Author Country Study Population Inclusion Criteria exclusion Criteria Methods (measurement) Main Findings Remarks

El Hodhod et 
al. 2005

Egypt -33 children protein 
energy malnutrition 
(PEM) (mean age 
11.87±7.8 months)
-12 controls (mean age 
14.83±7.7 months)

- Children with PEM (according to 
Wellcome criteria)48

-Not mentioned -Phase 1: pre-interventional assessment 
-Phase 2: nutritional intervention program 
with breast-feeding. 
-Phase 3: post-intervention assessment (3-6 
months after starting date)
Assessments in phase 1 and 3: 
1.Dietetic history, history of GI symptoms, 
anthropometry, clinical signs of malnutrition
2. S. lipase, S. Amylase 
3. US of pancreas 

Phase 1: 
-Pancreatic head size significantly 
lower marasmus, kwashiorkor (KWO), 
marasmic kwashiorkor (MKWO), vs. 
controls (p<0.001, p<0.01, p<0.05)
-S. amylase significantly lower all groups 
of PEM (p<0.001)
-S. lipase significantly lower marasmus, 
KWO, MKWO (p<0.01, p<0.001, 
p<0.001) 
Phase 3 post-intervention: 
-S. amylase significantly increased all 
malnourished groups (p<0.001) 
-S. lipase significantly increased in 
marasmus, KWO, MKWO (p<0.001, 
p<0.01, p<0.001)
-Pancreatic head size significantly 
improved in marasmus, KWO, MKWO 
(p<0.001, p<0.05, p<0.05)
-Weight and length significantly 
improved all groups (p<0.001)

Cohen et al. 
2005

USA -91 CF children (6-8.9 
years)

-Both mild to moderate CF lung 
disease and PI; 
-CF diagnosed: sweat sodium 
and chloride concentrations >60 
mEq/L
-PI diagnosed: 72 hour fecal fat 
analysis <93% absorption or stool 
trypsin concentration <80 μg/g

-Forced expiratory 
volume in 1 second 
(FEV1) <40%
-Liver disease
-Diabetes type 1
-Burkholderia 
cepacia in sputum

-12 and 24 month hospital visit
-6 and 18 month home visit 
-Pulmonary function, anthropometric 
assessment, blood, urine and fecal samples
1. Dietary assessment; 7-day weighed food 
records
2. 72 hour stool samples collected annually
3. Height and weight using standard 
techniques 
4. Random stool samples; fecal elastase 
(FE-1) analysis

-Group with residual pancreatic activity 
(R-FE) higher percent coefficient of fat 
absorption (%CoA) than no pancreatic 
activity (NO-FE) group (p<0.01) 
[94%±3% vs. 81%±14%] at baseline. 
-R-FE group also had a better growth at 
baseline (p=0.03)

-FE-1 levels only 
obtained for 85 
children
-1 child did not 
complete 24 
month study; 
excluded from 
analysis

Bines et al. 
2002

Australia -46 CF infants (mean age 
7.7 weeks)
-24 controls (mean age 
9 weeks)

-Positive newborn CF screening: 
homozygosity for ΔF508 deletion 
or sweat chloride concentration 
≥60 mmol/L
-Infants with meconium ileus 
studied after clinical condition 
stabilized

-Not mentioned 1. Prospective 3-day dietary record
2. Stool microscopy and/or 3-day fecal fat 
balance to determine PI
3. Weight and length measured; 
measurements converted to percentile 
values and Z-scores (ANTHRO Pediatric 
Anthropometry Software program)

-Mean weight and length significantly 
lower than controls or reference values 
(p<0.05)
-PI significantly associated with lower 
weight and length than controls (p<0.05)

-No cutoff values 
provided for 
3 day fecal fat 
balance and stool 
microscopy
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Table 1. Study Demographics (n=19) (continued)

Author Country Study Population Inclusion Criteria exclusion Criteria Methods (measurement) Main Findings Remarks

El Hodhod et 
al. 2005

Egypt -33 children protein 
energy malnutrition 
(PEM) (mean age 
11.87±7.8 months)
-12 controls (mean age 
14.83±7.7 months)

- Children with PEM (according to 
Wellcome criteria)48

-Not mentioned -Phase 1: pre-interventional assessment 
-Phase 2: nutritional intervention program 
with breast-feeding. 
-Phase 3: post-intervention assessment (3-6 
months after starting date)
Assessments in phase 1 and 3: 
1.Dietetic history, history of GI symptoms, 
anthropometry, clinical signs of malnutrition
2. S. lipase, S. Amylase 
3. US of pancreas 

Phase 1: 
-Pancreatic head size significantly 
lower marasmus, kwashiorkor (KWO), 
marasmic kwashiorkor (MKWO), vs. 
controls (p<0.001, p<0.01, p<0.05)
-S. amylase significantly lower all groups 
of PEM (p<0.001)
-S. lipase significantly lower marasmus, 
KWO, MKWO (p<0.01, p<0.001, 
p<0.001) 
Phase 3 post-intervention: 
-S. amylase significantly increased all 
malnourished groups (p<0.001) 
-S. lipase significantly increased in 
marasmus, KWO, MKWO (p<0.001, 
p<0.01, p<0.001)
-Pancreatic head size significantly 
improved in marasmus, KWO, MKWO 
(p<0.001, p<0.05, p<0.05)
-Weight and length significantly 
improved all groups (p<0.001)

Cohen et al. 
2005

USA -91 CF children (6-8.9 
years)

-Both mild to moderate CF lung 
disease and PI; 
-CF diagnosed: sweat sodium 
and chloride concentrations >60 
mEq/L
-PI diagnosed: 72 hour fecal fat 
analysis <93% absorption or stool 
trypsin concentration <80 μg/g

-Forced expiratory 
volume in 1 second 
(FEV1) <40%
-Liver disease
-Diabetes type 1
-Burkholderia 
cepacia in sputum

-12 and 24 month hospital visit
-6 and 18 month home visit 
-Pulmonary function, anthropometric 
assessment, blood, urine and fecal samples
1. Dietary assessment; 7-day weighed food 
records
2. 72 hour stool samples collected annually
3. Height and weight using standard 
techniques 
4. Random stool samples; fecal elastase 
(FE-1) analysis

-Group with residual pancreatic activity 
(R-FE) higher percent coefficient of fat 
absorption (%CoA) than no pancreatic 
activity (NO-FE) group (p<0.01) 
[94%±3% vs. 81%±14%] at baseline. 
-R-FE group also had a better growth at 
baseline (p=0.03)

-FE-1 levels only 
obtained for 85 
children
-1 child did not 
complete 24 
month study; 
excluded from 
analysis

Bines et al. 
2002

Australia -46 CF infants (mean age 
7.7 weeks)
-24 controls (mean age 
9 weeks)

-Positive newborn CF screening: 
homozygosity for ΔF508 deletion 
or sweat chloride concentration 
≥60 mmol/L
-Infants with meconium ileus 
studied after clinical condition 
stabilized

-Not mentioned 1. Prospective 3-day dietary record
2. Stool microscopy and/or 3-day fecal fat 
balance to determine PI
3. Weight and length measured; 
measurements converted to percentile 
values and Z-scores (ANTHRO Pediatric 
Anthropometry Software program)

-Mean weight and length significantly 
lower than controls or reference values 
(p<0.05)
-PI significantly associated with lower 
weight and length than controls (p<0.05)

-No cutoff values 
provided for 
3 day fecal fat 
balance and stool 
microscopy
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Table 1. Study Demographics (n=19) (continued)

Author Country Study Population Inclusion Criteria exclusion Criteria Methods (measurement) Main Findings Remarks

Cipolli et al. 
1999

Italy -13 children with SDS 
(mean age at diagnosis 
12.4±5.4 months)

-2 negative sweat tests to 
exclude CF
-Diagnosis SDS in infancy
-Admitted between 1980 and 
1995

-Not mentioned 1. Pancreatic function; secretin stimulation 
test (SST), S. pancreatic [alpha]-amylase, 
total lipase activities, S. immunoreactive 
trypsinogen, fecal chymotrypsin (CMT), 
2. 3 day fat balance study 
3. Height Z-scores (HZ) and weight Z-scores 
(WZ) WHO reference standards

-At diagnosis, growth retardation. 11/13 
Z-score<-2 SD (both weight and height)
-12/12 (100%) patients low or absent 
pancreatic enzymes = EPI. 
-Follow up: 5/5 (100%) normal lipase 
values, 0/5 (0%) normal amylase, 3/5 
(60%) normal or borderline trypsin and 
CMT
-Abnormal fat balance in all assessed, 
improvement on follow up

-5 patients 
pancreatic function 
retested
-Many missed tests
- HZ, WZ 
interpreted as HAZ, 
WAZ

Carroccio et 
al. 1998

Italy -47 Children (aged 1-16 
years, median 7.3)
-45 age and sex 
matched children 
(controls), surgery 
(cryptorchidism, inguinal 
or umbilical hernia)

-HIV positive -Not mentioned 1. Pancreatic function
Stool: FE-1 and chymotrypsin (CMT). Serum: 
total amylase and pancreatic amylase 
activities
2. Stools collected, fat excretion analyzed 
(24 hours)
3. WAZ Italian regional standards used

-14/47 (30%) had abnormal pancreatic 
function tests (7 isolated FE-1 deficiency, 
3 isolated CMT deficiency, and 4 had 
deficiencies in both.
-Mean CMT lower in HIV infected 
children than controls (p<0.0001)
-Steatorrhea significantly associated 
with reduced fecal pancreatic enzymes 
(p<0.0.1)
-Significant negative correlation 
steatocrit and FE-1 (p<0.03)

-Ruled out HIV 
drugs, other 
viruses as a cause 
of pancreatic 
dysfunction 

Briars et al. 
1998

Australia -187 aboriginal patients 
Mount Isa base hospital 
(mean age 43 months)
- 472 aboriginal patients 
Alice Springs hospital 
(mean age 16 months)

-Australian aboriginal patients
-Mount Isa Base hospital: age 6 
months-15 years
-Alice Springs: aged <36 months

-Repeat admissions: 
only first admission 
was analyzed

-Retrospective analysis

1. Nutritional assessment including 
anthropometry
2. Immunoreactive trypsinogen (IRT) 
3. Nutritional status was correlated to 
indications for hospital admission. 

Mount Isa study
-Geometric mean IRT concentration 
10.56, (95% CI, 9.56-11.67)
-WZ: 107 patients normally nourished, 
45 moderately malnourished (24.1%), 
35 severely malnourished (18.7%)
-IRT vs. WZ (ns)
Alice Springs study
-Geometric mean IRT concentration was 
27.38 μg /L (CI 95%, 22.91-32.74)
-WZ: 58 patients normally nourished, 
160 moderately malnourished (33.9%), 
254 severely malnourished (53.8%)
-IRT vs. WZ (ns)

-Variability 
between hospitals, 
data collection and 
observation
-Large number 
patients admitted 
with gastroenteritis 
which authors 
believe 
confounded results 
(high IRT and low 
WZ)
-Significant 
maldistribution 
of gastroenteritis 
cases (p= 0.016)
- WZ interpreted 
as WAZ
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Table 1. Study Demographics (n=19) (continued)

Author Country Study Population Inclusion Criteria exclusion Criteria Methods (measurement) Main Findings Remarks

Cipolli et al. 
1999

Italy -13 children with SDS 
(mean age at diagnosis 
12.4±5.4 months)

-2 negative sweat tests to 
exclude CF
-Diagnosis SDS in infancy
-Admitted between 1980 and 
1995

-Not mentioned 1. Pancreatic function; secretin stimulation 
test (SST), S. pancreatic [alpha]-amylase, 
total lipase activities, S. immunoreactive 
trypsinogen, fecal chymotrypsin (CMT), 
2. 3 day fat balance study 
3. Height Z-scores (HZ) and weight Z-scores 
(WZ) WHO reference standards

-At diagnosis, growth retardation. 11/13 
Z-score<-2 SD (both weight and height)
-12/12 (100%) patients low or absent 
pancreatic enzymes = EPI. 
-Follow up: 5/5 (100%) normal lipase 
values, 0/5 (0%) normal amylase, 3/5 
(60%) normal or borderline trypsin and 
CMT
-Abnormal fat balance in all assessed, 
improvement on follow up

-5 patients 
pancreatic function 
retested
-Many missed tests
- HZ, WZ 
interpreted as HAZ, 
WAZ

Carroccio et 
al. 1998

Italy -47 Children (aged 1-16 
years, median 7.3)
-45 age and sex 
matched children 
(controls), surgery 
(cryptorchidism, inguinal 
or umbilical hernia)

-HIV positive -Not mentioned 1. Pancreatic function
Stool: FE-1 and chymotrypsin (CMT). Serum: 
total amylase and pancreatic amylase 
activities
2. Stools collected, fat excretion analyzed 
(24 hours)
3. WAZ Italian regional standards used

-14/47 (30%) had abnormal pancreatic 
function tests (7 isolated FE-1 deficiency, 
3 isolated CMT deficiency, and 4 had 
deficiencies in both.
-Mean CMT lower in HIV infected 
children than controls (p<0.0001)
-Steatorrhea significantly associated 
with reduced fecal pancreatic enzymes 
(p<0.0.1)
-Significant negative correlation 
steatocrit and FE-1 (p<0.03)

-Ruled out HIV 
drugs, other 
viruses as a cause 
of pancreatic 
dysfunction 

Briars et al. 
1998

Australia -187 aboriginal patients 
Mount Isa base hospital 
(mean age 43 months)
- 472 aboriginal patients 
Alice Springs hospital 
(mean age 16 months)

-Australian aboriginal patients
-Mount Isa Base hospital: age 6 
months-15 years
-Alice Springs: aged <36 months

-Repeat admissions: 
only first admission 
was analyzed

-Retrospective analysis

1. Nutritional assessment including 
anthropometry
2. Immunoreactive trypsinogen (IRT) 
3. Nutritional status was correlated to 
indications for hospital admission. 

Mount Isa study
-Geometric mean IRT concentration 
10.56, (95% CI, 9.56-11.67)
-WZ: 107 patients normally nourished, 
45 moderately malnourished (24.1%), 
35 severely malnourished (18.7%)
-IRT vs. WZ (ns)
Alice Springs study
-Geometric mean IRT concentration was 
27.38 μg /L (CI 95%, 22.91-32.74)
-WZ: 58 patients normally nourished, 
160 moderately malnourished (33.9%), 
254 severely malnourished (53.8%)
-IRT vs. WZ (ns)

-Variability 
between hospitals, 
data collection and 
observation
-Large number 
patients admitted 
with gastroenteritis 
which authors 
believe 
confounded results 
(high IRT and low 
WZ)
-Significant 
maldistribution 
of gastroenteritis 
cases (p= 0.016)
- WZ interpreted 
as WAZ
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Table 1. Study Demographics (n=19) (continued)

Author Country Study Population Inclusion Criteria exclusion Criteria Methods (measurement) Main Findings Remarks

Carroccio et 
al. 1995

Italy -40 children with Celiac 
disease. Group A (n=20) 
(mean age 14.2 ± 6.3 
months); Group B 
(n=20) (mean age 14.5 ± 
4.9 months) 

-Celiac disease diagnosis 
intestinal biopsies (n=32); 8 
cases positive tests anti-gluten 
antibodies, anti-endomysium 
antibodies, positive gluten test

-Not mentioned -Patients randomized to 2 groups. Group A 
pancreatic enzymes mix (6-10 capsules per 
day), group B placebo

1. Anthropometric data determined at 
diagnosis, 30, and 60 days. [Body weight, 
height, weight/height (W/H) ratio] 
2. SST with intestinal biopsy. 3. Pancreatic 
function assessed by lipase, phospholipase, 
CMT
4. Food recorded, weighed

-NS differences in pancreatic function, 
diets, between groups
-Group A significant increase in relative 
body weight and W/H ratio after 30 
days (p <0.001, and p <0.02), Group 
B significant increase after 60 days; in 
relative body weight and W/H ratio (p 
<0.001, and p <0.03)

-double blinding

Carroccio et 
al. 1994

Italy -52 children with celiac 
disease (6-36 months); 
-30 controls investigated 
for poor growth, normal 
jejunal histology (6-42 
months)

-Celiac disease diagnosis 
intestinal biopsies (n=35); 17 
cases positive tests anti-gluten 
antibodies, anti-endomysium 
antibodies, positive gluten test

-Not mentioned -Patients divided into 3 groups (W/H ratio): 
Group 1: W/H ratio ≤3rd percentile (n=19), 
mean age 16.8 months)
Group 2: W/H ratio 4th - 10th percentiles 
(n=12), mean age 16 months
Group 3: W/H ratio >10th percentile (n=21) 
mean age 15.5 months
Group 4 [controls]: mean age 18.2 months 
(n=30)
1. Exocrine pancreatic function determined 
by SST: lipase, CMT, phospholipase
2. Body W/H ratio American national 
growth curves

-Lipase output was significantly lower 
in celiac patients compared to controls 
(p<0.009)
-15/52 (29%) of patients presented with 
PI, 4/52 (8%) severe PI
-W/H ratio significantly higher in 
controls (p<0.05)
-No correlation between W/H ratio and 
pancreatic enzyme levels

Bronstein et 
al. 1992

USA -49 CF infants (admitted 
within 2 weeks 
diagnosis, 1 infant that 
was identified at 3.5 
months to have CF)

-Positive newborn screening on 
basis of elevation of trypsinogen 
-Sweat chloride level of >60 
mmol/L diagnostic of CF

-Meconium ileus 
-Severe respiratory 
distress
-Family relocation 
to another state 

1. Assessment of pancreatic insufficiency: 
72-hour fat balance study, fecal nitrogen for 
protein malabsorption 
2. Anthropometric data
3. Repeat fecal collections at 6 and 12 
months 
4. Serum Albumin

-PI in 23/39 (59%) at diagnosis, 79% at 6 
months, and 92% at 12-months.
-WAZ significantly lower than normal in 
PI (p=0.005)
-Fecal fat excretion inversely correlated 
with WAZ (p=0.005), weight gain 
(p<0.005), albumin (p<0.01)
-At diagnosis: increased protein 
malabsorption correlated increased fat 
malabsorption (p<0.001)

-Some stool 
collections 
prematurely 
terminated due 
to collection 
difficulties 
or clinical 
complications 
9/113 (7%)

Cleghorn et 
al. 1991

Australia -398 children admitted 
with acute and chronic 
pediatric disorders, Alice 
Springs Hospital (aged 
6-36 months). 

-Australian aboriginal children -Not mentioned 1. Grouped by Z scores, 3 nutritional groups 
(normal, moderate, severely malnourished) 
and stratified by stunted or not stunted
2. Pancreatic dysfunction screened by 
human immunoreactive trypsinogen (IRT) 
assay 

-57/198 (29%) normal,
78/198 (39%) underweight, 
63/198 (32%) severely underweight
-IRT levels significantly correlated with 
weight Z-score (p=0.0014)
-17/198 (9%) children had abnormal 
trypsinogen ( >89.1 μg/g)

-Analysis only on 
198 children
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Table 1. Study Demographics (n=19) (continued)

Author Country Study Population Inclusion Criteria exclusion Criteria Methods (measurement) Main Findings Remarks

Carroccio et 
al. 1995

Italy -40 children with Celiac 
disease. Group A (n=20) 
(mean age 14.2 ± 6.3 
months); Group B 
(n=20) (mean age 14.5 ± 
4.9 months) 

-Celiac disease diagnosis 
intestinal biopsies (n=32); 8 
cases positive tests anti-gluten 
antibodies, anti-endomysium 
antibodies, positive gluten test

-Not mentioned -Patients randomized to 2 groups. Group A 
pancreatic enzymes mix (6-10 capsules per 
day), group B placebo

1. Anthropometric data determined at 
diagnosis, 30, and 60 days. [Body weight, 
height, weight/height (W/H) ratio] 
2. SST with intestinal biopsy. 3. Pancreatic 
function assessed by lipase, phospholipase, 
CMT
4. Food recorded, weighed

-NS differences in pancreatic function, 
diets, between groups
-Group A significant increase in relative 
body weight and W/H ratio after 30 
days (p <0.001, and p <0.02), Group 
B significant increase after 60 days; in 
relative body weight and W/H ratio (p 
<0.001, and p <0.03)

-double blinding

Carroccio et 
al. 1994

Italy -52 children with celiac 
disease (6-36 months); 
-30 controls investigated 
for poor growth, normal 
jejunal histology (6-42 
months)

-Celiac disease diagnosis 
intestinal biopsies (n=35); 17 
cases positive tests anti-gluten 
antibodies, anti-endomysium 
antibodies, positive gluten test

-Not mentioned -Patients divided into 3 groups (W/H ratio): 
Group 1: W/H ratio ≤3rd percentile (n=19), 
mean age 16.8 months)
Group 2: W/H ratio 4th - 10th percentiles 
(n=12), mean age 16 months
Group 3: W/H ratio >10th percentile (n=21) 
mean age 15.5 months
Group 4 [controls]: mean age 18.2 months 
(n=30)
1. Exocrine pancreatic function determined 
by SST: lipase, CMT, phospholipase
2. Body W/H ratio American national 
growth curves

-Lipase output was significantly lower 
in celiac patients compared to controls 
(p<0.009)
-15/52 (29%) of patients presented with 
PI, 4/52 (8%) severe PI
-W/H ratio significantly higher in 
controls (p<0.05)
-No correlation between W/H ratio and 
pancreatic enzyme levels

Bronstein et 
al. 1992

USA -49 CF infants (admitted 
within 2 weeks 
diagnosis, 1 infant that 
was identified at 3.5 
months to have CF)

-Positive newborn screening on 
basis of elevation of trypsinogen 
-Sweat chloride level of >60 
mmol/L diagnostic of CF

-Meconium ileus 
-Severe respiratory 
distress
-Family relocation 
to another state 

1. Assessment of pancreatic insufficiency: 
72-hour fat balance study, fecal nitrogen for 
protein malabsorption 
2. Anthropometric data
3. Repeat fecal collections at 6 and 12 
months 
4. Serum Albumin

-PI in 23/39 (59%) at diagnosis, 79% at 6 
months, and 92% at 12-months.
-WAZ significantly lower than normal in 
PI (p=0.005)
-Fecal fat excretion inversely correlated 
with WAZ (p=0.005), weight gain 
(p<0.005), albumin (p<0.01)
-At diagnosis: increased protein 
malabsorption correlated increased fat 
malabsorption (p<0.001)

-Some stool 
collections 
prematurely 
terminated due 
to collection 
difficulties 
or clinical 
complications 
9/113 (7%)

Cleghorn et 
al. 1991

Australia -398 children admitted 
with acute and chronic 
pediatric disorders, Alice 
Springs Hospital (aged 
6-36 months). 

-Australian aboriginal children -Not mentioned 1. Grouped by Z scores, 3 nutritional groups 
(normal, moderate, severely malnourished) 
and stratified by stunted or not stunted
2. Pancreatic dysfunction screened by 
human immunoreactive trypsinogen (IRT) 
assay 

-57/198 (29%) normal,
78/198 (39%) underweight, 
63/198 (32%) severely underweight
-IRT levels significantly correlated with 
weight Z-score (p=0.0014)
-17/198 (9%) children had abnormal 
trypsinogen ( >89.1 μg/g)

-Analysis only on 
198 children
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Table 1. Study Demographics (n=19) (continued)

Author Country Study Population Inclusion Criteria exclusion Criteria Methods (measurement) Main Findings Remarks

Sauniere et 
al. 1988

Senegal, 
Ivory 
Coast, 
France

-28 PEM children 
-21 African controls 
(relatives or stable, 
hospitalized children)
-31 French healthy 
control children

-Children with PEM -Not mentioned 1. Daily weight and clinical data 
2. SST: (amylase, phospholipase, lipase, 
trypsin, chymotrypsin analyzed)
3. PEM patients randomly assigned 
pancreatic enzymes or placebo 

-Exocrine pancreatic function in African 
controls significantly lower than French 
controls (p<0.05)
-Abidjan, PI resolved after feeding 
-Abidjan, Placebo group- amylase, 
lipase, phospholipase, trypsin, CMT 
significantly improved (p<0.05); 
Pancreatic enzymes group- amylase, 
lipase significantly improved (p<0.05)
-Dakar, pancreatic function unchanged 
even after 28 days, 
-Dakar, only amylase significantly 
improved pancreatic enzymes group 
(p<0.05)

-Feeding plan 
shorter in Abidjan 
compared to 
Dakar: 5 days vs. 
28 in Abidjan (poor 
early results)
-Significant 
difference between 
ages of Abidjan 
and Dakar control 
subjects, 2 groups 
of French controls 
used

Sauniere et 
al. 1986

France, 
Ivory 
Coast

-25 children Ivory Coast 
with KWO (mean age 
29.15 months)
- 10 children Ivory 
Coast with recovered 
KWO (mean age 21.40 
months)
- 3 children Ivory Coast 
recurrence of KWO 
(mean age 35 months)
- 73 controls: 62 
European children, 
(mean age= 43.89 
months) & 11 children 
in Ivory Coast (mean age 
43.86 months),
hospitalized but 
recovered

-Children from Ivory Coast 
with ’active’, ‘recurrent’, and 
‘recovered’ KWO based on 
biological and clinical indicators 
(loss of weight, edema, diarrhea, 
dehydration, low serum protein 
concentration, skin discoloration, 
and anemia)

-Not mentioned 1. SST: lipase, phospholipase, and amylase, 
trypsin, and CMT collected

-CMT, lipase, amylase, and 
phospholipase significantly lower in 
KWO patients vs. normal Africans and 
KWO patients vs. normal Africans + 
recovered KWO (p unknown)
- Lipase and phospholipase significantly 
higher European controls vs. African 
controls (no significant difference in 
CMT, trypsin)

-No statistics given 
(authors state 
significance, no 
values)

Durie et al. 
1985

 Canada -50 malnourished 
(inadequate intake, 
primary intestinal/
hepatic disorder, other) 
children (0.1-3.8 years, 
mean 1.25)
- 38 controls: normally 
nourished, (mean age 
1.25 years) only for IRT 
comparison

-Mild to severe malnutrition 
(varying degrees of malnutrition 
wasting)

-Not mentioned 1. Weekly clinical and nutritional status 
assessed. Target weight/length/age to sub 
classify patients 
2. 3-5 day fecal fat balance. Fat 
malabsorption = fat loss >7%= fat 
malabsorption (>6 months), or >15% (<6 
months)
3. IRT: at entry, weekly intervals 

-IRT in severely and moderately 
malnourished patients significantly 
higher vs. controls (p<0.001, p<0.02)
-Nutritional treatment normalized 
IRT levels, to controls in severely 
malnourished (p<0.001), moderately 
malnourished (ns)

-Heterogenous 
group of patients 
-Lack of reference 
values 
-Fat balance in 
43/50 (86%) 
patients
-CF ruled out in 
43/50 (86%) sweat 
tests, others no 
clinical evidence 
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Table 1. Study Demographics (n=19) (continued)

Author Country Study Population Inclusion Criteria exclusion Criteria Methods (measurement) Main Findings Remarks

Sauniere et 
al. 1988

Senegal, 
Ivory 
Coast, 
France

-28 PEM children 
-21 African controls 
(relatives or stable, 
hospitalized children)
-31 French healthy 
control children

-Children with PEM -Not mentioned 1. Daily weight and clinical data 
2. SST: (amylase, phospholipase, lipase, 
trypsin, chymotrypsin analyzed)
3. PEM patients randomly assigned 
pancreatic enzymes or placebo 

-Exocrine pancreatic function in African 
controls significantly lower than French 
controls (p<0.05)
-Abidjan, PI resolved after feeding 
-Abidjan, Placebo group- amylase, 
lipase, phospholipase, trypsin, CMT 
significantly improved (p<0.05); 
Pancreatic enzymes group- amylase, 
lipase significantly improved (p<0.05)
-Dakar, pancreatic function unchanged 
even after 28 days, 
-Dakar, only amylase significantly 
improved pancreatic enzymes group 
(p<0.05)

-Feeding plan 
shorter in Abidjan 
compared to 
Dakar: 5 days vs. 
28 in Abidjan (poor 
early results)
-Significant 
difference between 
ages of Abidjan 
and Dakar control 
subjects, 2 groups 
of French controls 
used

Sauniere et 
al. 1986

France, 
Ivory 
Coast

-25 children Ivory Coast 
with KWO (mean age 
29.15 months)
- 10 children Ivory 
Coast with recovered 
KWO (mean age 21.40 
months)
- 3 children Ivory Coast 
recurrence of KWO 
(mean age 35 months)
- 73 controls: 62 
European children, 
(mean age= 43.89 
months) & 11 children 
in Ivory Coast (mean age 
43.86 months),
hospitalized but 
recovered

-Children from Ivory Coast 
with ’active’, ‘recurrent’, and 
‘recovered’ KWO based on 
biological and clinical indicators 
(loss of weight, edema, diarrhea, 
dehydration, low serum protein 
concentration, skin discoloration, 
and anemia)

-Not mentioned 1. SST: lipase, phospholipase, and amylase, 
trypsin, and CMT collected

-CMT, lipase, amylase, and 
phospholipase significantly lower in 
KWO patients vs. normal Africans and 
KWO patients vs. normal Africans + 
recovered KWO (p unknown)
- Lipase and phospholipase significantly 
higher European controls vs. African 
controls (no significant difference in 
CMT, trypsin)

-No statistics given 
(authors state 
significance, no 
values)

Durie et al. 
1985

 Canada -50 malnourished 
(inadequate intake, 
primary intestinal/
hepatic disorder, other) 
children (0.1-3.8 years, 
mean 1.25)
- 38 controls: normally 
nourished, (mean age 
1.25 years) only for IRT 
comparison

-Mild to severe malnutrition 
(varying degrees of malnutrition 
wasting)

-Not mentioned 1. Weekly clinical and nutritional status 
assessed. Target weight/length/age to sub 
classify patients 
2. 3-5 day fecal fat balance. Fat 
malabsorption = fat loss >7%= fat 
malabsorption (>6 months), or >15% (<6 
months)
3. IRT: at entry, weekly intervals 

-IRT in severely and moderately 
malnourished patients significantly 
higher vs. controls (p<0.001, p<0.02)
-Nutritional treatment normalized 
IRT levels, to controls in severely 
malnourished (p<0.001), moderately 
malnourished (ns)

-Heterogenous 
group of patients 
-Lack of reference 
values 
-Fat balance in 
43/50 (86%) 
patients
-CF ruled out in 
43/50 (86%) sweat 
tests, others no 
clinical evidence 
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Table 1. Study Demographics (n=19) (continued)

Author Country Study Population Inclusion Criteria exclusion Criteria Methods (measurement) Main Findings Remarks

Hill et al. 
1982

Canada -14 SDS patients (0.25-
16 years old) (only 11 
followed up)

-Recent diagnosis of SDS (PI by 
SST, and neutropenia) 
-only 4 diagnosed after 5 years 
of age.

-Not mentioned -12 year observational study
1. Pancreatic function assessed by testing 
PST (assays of lipase, colipase, and trypsin)
2. Fat balance studies
3. Weight and height measured

 -12 children had fat output >7%
-Fat absorption improved
-Lipase secretion <2% in steatorrheic 
patients vs. 3.7%-13.6% in non 
steatorrheic patients
-Colipase and trypsin secretion higher in 
5 patients without steatorrhea 

-No clear 
description of the 
enzymes collected, 
cutoff values, or 
results for EPI 
classification
-Very 
heterogenous 
methodology 
-2 patients died 
and 1 patient loss 
to follow up
-Time interval 
between tests 
ranged 0.3-12.7 
years

Barbezat et 
al. 1967

South 
Africa

- 14 KWO (mean age 
25 months), (11/14 
followed up),
- 7 marasmus (mean age 
20 months),
- 10 chronically 
malnourished (mean 
age 102 months), 
-7 non malnourished, 
matched controls (mean 
age 23 months) 

-Malnutrition (KWO: edema, skin 
lesions, growth retardation, and 
hypo-albuminemia or marasmus: 
wasting and growth retardation 
characterized as less than 61% of 
expected weight) 

-Not mentioned 1. Nutritional rehabilitation
2. SST: (amylase, lipase, trypsin, CMT) 
3. Albumin

- Amylase lower in KWO and marasmus 
(p <0.01) 
-KWO significantly lower lipase levels (p 
<0.01), levels recovered after treatment
-Trypsin least affected by malnutrition 
(only KWO affected)
-CMT most affected by malnutrition. 
- After SST: significant positive 
correlation serum albumin 
concentration vs. enzyme output 
(p<0.001)

-Not all cases 
followed up

Thompson et 
al. 1952

Uganda -59 KWO patients: 40 
investigated, 19 no 
follow up, 
- 24 admitted controls 
without signs of PEM
(aged 9-58 months)

-KWO (hair and skin changes, 
pitting edema without cardiac 
or renal cause, and subnormal 
weight) 

-Not mentioned 1. Duodenal intubation within 5 days of 
admission (Lipase and Amylase) 
2. Feeding intervention: whole milk, 
skimmed milk, milk protein, or a mixture 
(pancreatic enzymes added)
3. Reinvestigation in 40 children
4. Treatment lasted 7-51 days 
5. Necropsy performed on 4 children

-Extremely low levels of amylase and 
lipase seen in 40 KWO vs. control 
(p<0.001)
-All groups significantly increased 
pancreatic enzymes after treatment (p 
<0.001) 
-Compared to controls, treatment 
groups significantly increased enzyme 
levels (p <0.01)
-No significant differences in pancreas 
function between milk groups 

-Follow up 40 cases 
(loss to follow up 
and death)
-reinvestigation 
between 7-51 
days, but not 
defined

%CoA, percent fecal fat absorption; CF, cystic fibrosis; CMT, chymotrypsin; CP, chronic pancreatitis; CT, 
computed tomography; ESPGAN, European society for paediatric gastroenterology and nutrition; ERCP, 
endoscopic retrograde cholangiopancreatography; EPI, exocrine pancreatic insufficiency; FE, fecal elas-
tase [FE-1, fecal elastase-1]; HZ, height Z-score; HAZ, height for age Z-score; IRT, human immunoreactive 
trypsinogen; KWO, kwashiorkor; MKWO, marasmic kwashiorkor; MRCP, magnetic resonance cholangio-
pancreatography; MUAC, mid upper arm circumference; NO-FE, no pancreatic activity; NRU, nutritional 
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Table 1. Study Demographics (n=19) (continued)

Author Country Study Population Inclusion Criteria exclusion Criteria Methods (measurement) Main Findings Remarks

Hill et al. 
1982

Canada -14 SDS patients (0.25-
16 years old) (only 11 
followed up)

-Recent diagnosis of SDS (PI by 
SST, and neutropenia) 
-only 4 diagnosed after 5 years 
of age.

-Not mentioned -12 year observational study
1. Pancreatic function assessed by testing 
PST (assays of lipase, colipase, and trypsin)
2. Fat balance studies
3. Weight and height measured

 -12 children had fat output >7%
-Fat absorption improved
-Lipase secretion <2% in steatorrheic 
patients vs. 3.7%-13.6% in non 
steatorrheic patients
-Colipase and trypsin secretion higher in 
5 patients without steatorrhea 

-No clear 
description of the 
enzymes collected, 
cutoff values, or 
results for EPI 
classification
-Very 
heterogenous 
methodology 
-2 patients died 
and 1 patient loss 
to follow up
-Time interval 
between tests 
ranged 0.3-12.7 
years

Barbezat et 
al. 1967

South 
Africa

- 14 KWO (mean age 
25 months), (11/14 
followed up),
- 7 marasmus (mean age 
20 months),
- 10 chronically 
malnourished (mean 
age 102 months), 
-7 non malnourished, 
matched controls (mean 
age 23 months) 

-Malnutrition (KWO: edema, skin 
lesions, growth retardation, and 
hypo-albuminemia or marasmus: 
wasting and growth retardation 
characterized as less than 61% of 
expected weight) 

-Not mentioned 1. Nutritional rehabilitation
2. SST: (amylase, lipase, trypsin, CMT) 
3. Albumin

- Amylase lower in KWO and marasmus 
(p <0.01) 
-KWO significantly lower lipase levels (p 
<0.01), levels recovered after treatment
-Trypsin least affected by malnutrition 
(only KWO affected)
-CMT most affected by malnutrition. 
- After SST: significant positive 
correlation serum albumin 
concentration vs. enzyme output 
(p<0.001)

-Not all cases 
followed up

Thompson et 
al. 1952

Uganda -59 KWO patients: 40 
investigated, 19 no 
follow up, 
- 24 admitted controls 
without signs of PEM
(aged 9-58 months)

-KWO (hair and skin changes, 
pitting edema without cardiac 
or renal cause, and subnormal 
weight) 

-Not mentioned 1. Duodenal intubation within 5 days of 
admission (Lipase and Amylase) 
2. Feeding intervention: whole milk, 
skimmed milk, milk protein, or a mixture 
(pancreatic enzymes added)
3. Reinvestigation in 40 children
4. Treatment lasted 7-51 days 
5. Necropsy performed on 4 children

-Extremely low levels of amylase and 
lipase seen in 40 KWO vs. control 
(p<0.001)
-All groups significantly increased 
pancreatic enzymes after treatment (p 
<0.001) 
-Compared to controls, treatment 
groups significantly increased enzyme 
levels (p <0.01)
-No significant differences in pancreas 
function between milk groups 

-Follow up 40 cases 
(loss to follow up 
and death)
-reinvestigation 
between 7-51 
days, but not 
defined

%CoA, percent fecal fat absorption; CF, cystic fibrosis; CMT, chymotrypsin; CP, chronic pancreatitis; CT, 
computed tomography; ESPGAN, European society for paediatric gastroenterology and nutrition; ERCP, 
endoscopic retrograde cholangiopancreatography; EPI, exocrine pancreatic insufficiency; FE, fecal elas-
tase [FE-1, fecal elastase-1]; HZ, height Z-score; HAZ, height for age Z-score; IRT, human immunoreactive 
trypsinogen; KWO, kwashiorkor; MKWO, marasmic kwashiorkor; MRCP, magnetic resonance cholangio-
pancreatography; MUAC, mid upper arm circumference; NO-FE, no pancreatic activity; NRU, nutritional 

rehabilitation unit; PEM, protein energy, malnutrition; PI, pancreatic insufficiency/pancreatic insufficient; 
PS, pancreatic sufficiency; PST, pancreatic stimulation test; R-FE, residual pancreatic activity; SAM, severe 
acute malnutrition; S., serum; SD, standard deviation; SDS, Shwachman-Diamond Syndrome; SST, secre-
tin stimulation test; US, ultrasound; VS, versus; W/H, weight/height; WZ, weight Z-score; WAZ, weight for 
age Z-score; WHO, World Health Organization; WHZ, weight for height Z-score 
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DISCUSSIOn

This is the first systematic review evaluating the association between EPI and malnutri-
tion in children. Because malnutrition contributes to a high mortality in children under 
the age of 5 years worldwide, it is of great importance to explore potential new ways of 
treating malnutrition and reducing mortality. This systematic review shows that there is 
sufficient evidence for an association between EPI and malnutrition. Both EPI leading to 
malnutrition and malnutrition leading to EPI have been demonstrated in children in the 
existing literature. 
We refrained from a quantitative (pooled) analysis due to the heterogeneity of the data. 
Besides providing an overview of the existing literature it was not possible to draw firm 
conclusions on the exact link between EPI and malnutrition (correlation, causality, as-
sociation).
All studies describing EPI leading to malnutrition were conducted in cohorts of patients 
with an underlying disease: CF, CP, SDS, HIV and celiac disease.(29–38) Only two studies 
reported on the degree of EPI correlating with poor nutritional status.(29,30) Carroccio 
et al, emphasized that in celiac disease has both feature of EPI and malnutrition but no 
causality was reported.(37) The other studies only mentioned EPI and malnutrition but 
did report on a correlation. 
Although the exact etiology of EPI may vary, it is common practice nowadays to treat EPI 
with PERT. An improvement of nutritional status after PERT was described by two studies 
and demonstrates the influence of EPI on malnutrition.(29,36) Controversially, Pichler 
et al. found that in SDS patients catch-up growth was poor despite PERT.(33) All other 
included studies did not report on how PERT affected nutritional status. 
Most of the studies describing malnutrition leading to EPI were conducted in a low 
resource setting.(16,18,21,23,27,39) A varying degree of improvement of EPI after nu-
tritional rehabilitation was reported by 7 studies, which is indicative of nutritional status 
influencing pancreatic function.(16,18,21,23,24,27,39) Durie et al. describe elevated IRT 
levels normalizing after 3 weeks to 1 year,(24) Thompson et al. report on differences in 
enzymes after 7 days to 51 days,(18) Sauniere et al. reports on normalization after sev-
eral months(21) and Bartels et al. report on improvement of FE-1 levels only a few days 
after the first measurement.(27) These differences in EPI improvement can be partly 
explained by differences in treatment duration.
This systematic review was complicated by the differences in gold standard and the defini-
tions used. In addition to this, the majority of the included studies have methodologically 
shortcomings in terms of sample size, design, outcome measures, and statistical analysis, 
or used techniques that are not the (current) Gold standard. The pancreatic stimulation 
test (PST), a direct test, is considered the gold standard for the assessment of exocrine 
pancreatic function.(9) The studies included using PST are published between 1952 and 
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1999.(16,18,21,32,34,36,37,39). It is not commonly used anymore because of the many 
disadvantages: it is invasive, impractical, burdensome to patients, and requires radiation 
exposure to verify positioning.(9) An indirect pancreatic tests using FE-1 currently is the 
most widely used test: it is noninvasive, biochemically stable, and has high sensitivity.
(9) Not surprisingly, this test was used in more recent studies.(27,29,31,33) Many other 
different indirect tests, all less sensitive and specific for EPI than FE-1, were used as well 
contributing to the heterogeneity. Most studies measured serum pancreatic enzymes.
(16,18,21,23,24,27,31,32,34,39–41) Abnormally low serum enzymes may indicate 
EPI, but these markers have low sensitivity and specificity for EPI and only support a 
diagnosis.(9) Fecal CMT, used in two studies,(31,32) is also less sensitive than FE-1 and 
requires discontinuation of PERT.(9) Fecal fat absorption, assessed in eight studies, 
(24,29–32,34–38) is not specific for EPI as other factors also result in a positive test (diet, 
malabsorption, gut transit ).(9) Other ways of measuring EPI used such as imaging and 
post mortem studies are non-specific to EPI and are of limited diagnostic value. 
Definitions of EPI and cutoff values for EPI were not consistent across studies. Several 
studies used healthy control groups as a comparison to estimate abnormal function 
instead of internationally established cutoff values. 
A third limitation contributing to heterogeneity was the various ways of defining malnutri-
tion. Only one study(27) defined malnutrition according to the most recent WHO guide-
lines (W/H ≤ -3 SD(4)), four studies defined malnutrition as a W/H ≤-2 SD(32,33,40,41) 
and all other studies defined it in different ways or used only clinical signs (in kwashiorkor 
patients). Finally, as there is a risk of publication bias as we were unable to identify un-
published potential negative data on the association between EPI and malnutrition.
In conclusion, this systematic review showed that there is sufficient evidence for an as-
sociation between EPI and malnutrition. However, we could not confirm whether this is 
a correlation or a causality and therefore it was not possible to draw firm conclusions 
on underlying pathophysiological mechanisms between EPI and malnutrition. More 
observational clinical trials are crucially needed and future studies investigating EPI and 
malnutrition should investigate the potential role of PERT in malnourished children. 
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Appendix 1 literature Search Strategy
Cochrane Search on Sept 4 2017: 39 Records
 1. MeSH descriptor Nutrition Disorders explode all trees
 2. Severe Acute Malnutr* or Protein Energy Malnutr*
 3. MeSH descriptor Pancreatic Diseases explode all trees (Word variations have been searched
 4. Exocrine Pancreatic Insufficien*
 5. (#1 or #2)
 6. (#3 or #4)
 7. (#5 and #6)

embase Search on Feb 12 2017: 831 Records
(‘pancreas exocrine insufficiency’/exp OR ‘pancreatic insufficien*’:ab,ti OR ‘pancreatic deficien*’:ab,ti) AND 

(‘nutritional disorder’/exp OR ‘nutrition’/exp OR nutrition*:ab,ti) NOT (((‘animal’/exp OR ‘nonhuman’/
exp) NOT ‘human’/exp) OR ‘case report’/exp) AND (‘article’/it OR ‘article in press’/it)

PubMed Search on Feb 12 2017: 798 Records
(Exocrine pancreatic deficiency and Nutrition) OR (Exocrine pancreatic deficiency and developing countries):
(((((“Exocrine Pancreatic Insufficiency”[Mesh] OR pancreatic insufficien*[tiab] OR pancreatic deficien*[tiab]))) AND 

((“Nutrition Disorders”[Mesh] OR “Nutritional Physiological Phenomena”[Mesh] OR nutrition*[tiab])))) OR 
((((“Exocrine Pancreatic Insufficiency”[Mesh] OR pancreatic insufficien*[tiab] OR pancreatic deficien*[tiab]))) 
AND ((((((“developing country”[tw] OR “developing countries”[tw] OR “developing nation”[tw] OR “develop-
ing nations”[tw] OR “developing population”[tw] OR “developing populations”[tw] OR “developing 
world”[tw] OR “less developed country”[tw] OR “less developed countries”[tw] OR “less developed 
nation”[tw] OR “less developed nations”[tw] OR “less developed population”[tw] OR “less developed 
populations”[tw] OR “less developed world”[tw] OR “lesser developed country”[tw] OR “lesser developed 
countries”[tw] OR “lesser developed nation”[tw] OR “lesser developed nations”[tw] OR “lesser developed 
population”[tw] OR “lesser developed populations”[tw] OR “lesser developed world”[tw] OR “under devel-
oped country”[tw] OR “under developed countries”[tw] OR “under developed nation”[tw] OR “under devel-
oped nations”[tw] OR “under developed population”[tw] OR “under developed populations”[tw] OR “under 
developed world”[tw] OR “underdeveloped country”[tw] OR “underdeveloped countries”[tw] OR “under-
developed nation”[tw] OR “underdeveloped nations”[tw] OR “underdeveloped population”[tw] OR “under-
developed populations”[tw] OR “underdeveloped world”[tw] OR “middle income country”[tw] OR “middle 
income countries”[tw] OR “middle income nation”[tw] OR “middle income nations”[tw] OR “middle income 
population”[tw] OR “middle income populations”[tw] OR “low income country”[tw] OR “low income 
countries”[tw] OR “low income nation”[tw] OR “low income nations”[tw] OR “low income population”[tw] 
OR “low income populations”[tw] OR “lower income country”[tw] OR “lower income countries”[tw] OR 
“lower income nation”[tw] OR “lower income nations”[tw] OR “lower income population”[tw] OR “lower 
income populations”[tw] OR “underserved country”[tw] OR “underserved countries”[tw] OR “underserved 
nation”[tw] OR “underserved nations”[tw] OR “underserved population”[tw] OR “underserved 
populations”[tw] OR “underserved world”[tw] OR “under served country”[tw] OR “under served 
countries”[tw] OR “under served nation”[tw] OR “under served nations”[tw] OR “under served 
population”[tw] OR “under served populations”[tw] OR “under served world”[tw] OR “deprived country”[tw] 
OR “deprived countries”[tw] OR “deprived nation”[tw] OR “deprived nations”[tw] OR “deprived 
population”[tw] OR “deprived populations”[tw] OR “deprived world”[tw] OR “poor country”[tw] OR “poor 
countries”[tw] OR “poor nation”[tw] OR “poor nations”[tw] OR “poor population”[tw] OR “poor 
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populations”[tw] OR “poor world”[tw] OR “poorer country”[tw] OR “poorer countries”[tw] OR “poorer 
nation”[tw] OR “poorer nations”[tw] OR “poorer population”[tw] OR “poorer populations”[tw] OR “poorer 
world”[tw] OR “developing economy”[tw] OR “developing economies”[tw] OR “less developed economy”[tw] 
OR “less developed economies”[tw] OR “lesser developed economy”[tw] OR “lesser developed 
economies”[tw] OR “under developed economy”[tw] OR “under developed economies”[tw] OR “underde-
veloped economy”[tw] OR “underdeveloped economies”[tw] OR “middle income economy”[tw] OR “middle 
income economies”[tw] OR “low income economy”[tw] OR “low income economies”[tw] OR “lower income 
economy”[tw] OR “lower income economies”[tw] OR “low gdp”[tw] OR “low gnp”[tw] OR “low gross 
domestic”[tw] OR “low gross national”[tw] OR “lower gdp”[tw] OR “lower gnp”[tw] OR “lower gross 
domestic”[tw] OR “lower gross national”[tw] OR lmic[tw] OR lmics[tw] OR “third world”[tw] OR “lami 
country”[tw] OR “lami countries”[tw] OR “transitional country”[tw] OR “transitional countries”[tw]) OR 
(Africa[tw] OR Asia[tw] OR Caribbean[tw] OR West Indies[tw] OR South America[tw] OR Latin America[tw] 
OR Central America[tw] OR Afghanistan[tw] OR Albania[tw] OR Algeria[tw] OR Angola[tw] OR Antigua[tw] 
OR Barbuda[tw] OR Argentina[tw] OR Armenia[tw] OR Armenian[tw] OR Aruba[tw] OR Azerbaijan[tw] OR 
Bahrain[tw] OR Bangladesh[tw] OR Barbados[tw] OR Benin[tw] OR Byelarus[tw] OR Byelorussian[tw] OR 
Belarus[tw] OR Belorussian[tw] OR Belorussia[tw] OR Belize[tw] OR Bhutan[tw] OR Bolivia[tw] OR Bosnia[tw] 
OR Herzegovina[tw] OR Hercegovina[tw] OR Botswana[tw] OR Brasil[tw] OR Brazil[tw] OR Bulgaria[tw] OR 
Burkina Faso[tw] OR Burkina Fasso[tw] OR Upper Volta[tw] OR Burundi[tw] OR Urundi[tw] OR Cambodia[tw] 
OR Khmer Republic[tw] OR Kampuchea[tw] OR Cameroon[tw] OR Cameroons[tw] OR Cameron[tw] OR 
Camerons[tw] OR Cape Verde[tw] OR Central African Republic[tw] OR Chad[tw] OR Chile[tw] OR China[tw] 
OR Colombia[tw] OR Comoros[tw] OR Comoro Islands[tw] OR Comores[tw] OR Mayotte[tw] OR Congo[tw] 
OR Zaire[tw] OR Costa Rica[tw] OR Cote d’Ivoire[tw] OR Ivory Coast[tw] OR Croatia[tw] OR Cuba[tw] OR 
Cyprus[tw] OR Czechoslovakia[tw] OR Czech Republic[tw] OR Slovakia[tw] OR Slovak Republic[tw] OR 
Djibouti[tw] OR French Somaliland[tw] OR Dominica[tw] OR Dominican Republic[tw] OR East Timor[tw] OR 
East Timur[tw] OR Timor Leste[tw] OR Ecuador[tw] OR Egypt[tw] OR United Arab Republic[tw] OR El 
Salvador[tw] OR Eritrea[tw] OR Estonia[tw] OR Ethiopia[tw] OR Fiji[tw] OR Gabon[tw] OR Gabonese 
Republic[tw] OR Gambia[tw] OR Gaza[tw] OR Georgia Republic[tw] OR Georgian Republic[tw] OR Ghana[tw] 
OR Gold Coast[tw] OR Greece[tw] OR Grenada[tw] OR Guatemala[tw] OR Guinea[tw] OR Guam[tw] OR 
Guiana[tw] OR Guyana[tw] OR Haiti[tw] OR Honduras[tw] OR Hungary[tw] OR India[tw] OR Maldives[tw] OR 
Indonesia[tw] OR Iran[tw] OR Iraq[tw] OR Isle of Man[tw] OR Jamaica[tw] OR Jordan[tw] OR Kazakhstan[tw] 
OR Kazakh[tw] OR Kenya[tw] OR Kiribati[tw] OR Korea[tw] OR Kosovo[tw] OR Kyrgyzstan[tw] OR Kirghizia[tw] 
OR Kyrgyz Republic[tw] OR Kirghiz[tw] OR Kirgizstan[tw] OR “Lao PDR”[tw] OR Laos[tw] OR Latvia[tw] OR 
Lebanon[tw] OR Lesotho[tw] OR Basutoland[tw] OR Liberia[tw] OR Libya[tw] OR Lithuania[tw]) OR 
(Macedonia[tw] OR Madagascar[tw] OR Malagasy Republic[tw] OR Malaysia[tw] OR Malaya[tw] OR 
Malay[tw] OR Sabah[tw] OR Sarawak[tw] OR Malawi[tw] OR Nyasaland[tw] OR Mali[tw] OR Malta[tw] OR 
Marshall Islands[tw] OR Mauritania[tw] OR Mauritius[tw] OR Agalega Islands[tw] OR Mexico[tw] OR 
Micronesia[tw] OR Middle East[tw] OR Moldova[tw] OR Moldovia[tw] OR Moldovian[tw] OR Mongolia[tw] 
OR Montenegro[tw] OR Morocco[tw] OR Ifni[tw] OR Mozambique[tw] OR Myanmar[tw] OR Myanma[tw] 
OR Burma[tw] OR Namibia[tw] OR Nepal[tw] OR Netherlands Antilles[tw] OR New Caledonia[tw] OR 
Nicaragua[tw] OR Niger[tw] OR Nigeria[tw] OR Northern Mariana Islands[tw] OR Oman[tw] OR Muscat[tw] 
OR Pakistan[tw] OR Palau[tw] OR Palestine[tw] OR Panama[tw] OR Paraguay[tw] OR Peru[tw] OR 
Philippines[tw] OR Philipines[tw] OR Phillipines[tw] OR Phillippines[tw] OR Poland[tw] OR Portugal[tw] OR 
Puerto Rico[tw] OR Romania[tw] OR Rumania[tw] OR Roumania[tw] OR Russia[tw] OR Russian[tw] OR 
Rwanda[tw] OR Ruanda[tw] OR Saint Kitts[tw] OR St Kitts[tw] OR Nevis[tw] OR Saint Lucia[tw] OR St Lucia[tw] 
OR Saint Vincent[tw] OR St Vincent[tw] OR Grenadines[tw] OR Samoa[tw] OR Samoan Islands[tw] OR Navi-
gator Island[tw] OR Navigator Islands[tw] OR Sao Tome[tw] OR Saudi Arabia[tw] OR Senegal[tw] OR 
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Serbia[tw] OR Montenegro[tw] OR Seychelles[tw] OR Sierra Leone[tw] OR Slovenia[tw] OR Sri Lanka[tw] OR 
Ceylon[tw] OR Solomon Islands[tw] OR Somalia[tw] OR Sudan[tw] OR Suriname[tw] OR Surinam[tw] OR 
Swaziland[tw] OR Syria[tw] OR Tajikistan[tw] OR Tadzhikistan[tw] OR Tadjikistan[tw] OR Tadzhik[tw] OR 
Tanzania[tw] OR Thailand[tw] OR Togo[tw] OR Togolese Republic[tw] OR Tonga[tw] OR Trinidad[tw] OR 
Tobago[tw] OR Tunisia[tw] OR Turkey[tw] OR Turkmenistan[tw] OR Turkmen[tw] OR Uganda[tw] OR 
Ukraine[tw] OR Uruguay[tw] OR USSR[tw] OR Soviet Union[tw] OR Union of Soviet Socialist Republics[tw] OR 
Uzbekistan[tw] OR Uzbek OR Vanuatu[tw] OR New Hebrides[tw] OR Venezuela[tw] OR Vietnam[tw] OR Viet 
Nam[tw] OR West Bank[tw] OR Yemen[tw] OR Yugoslavia[tw] OR Zambia[tw] OR Zimbabwe[tw] OR 
Rhodesia[tw]) OR (Developing Countries[Mesh:noexp] OR Africa[Mesh:noexp] OR Africa, 
Northern[Mesh:noexp] OR Africa South of the Sahara[Mesh:noexp] OR Africa, Central[Mesh:noexp] OR Af-
rica, Eastern[Mesh:noexp] OR Africa, Southern[Mesh:noexp] OR Africa, Western[Mesh:noexp] OR 
Asia[Mesh:noexp] OR Asia, Central[Mesh:noexp] OR Asia, Southeastern[Mesh:noexp] OR Asia, 
Western[Mesh:noexp] OR Caribbean Region[Mesh:noexp] OR West Indies[Mesh:noexp] OR South 
America[Mesh:noexp] OR Latin America[Mesh:noexp] OR Central America[Mesh:noexp] OR 
Afghanistan[Mesh:noexp] OR Albania[Mesh:noexp] OR Algeria[Mesh:noexp] OR American 
Samoa[Mesh:noexp] OR Angola[Mesh:noexp] OR “Antigua and Barbuda”[Mesh:noexp] OR 
Argentina[Mesh:noexp] OR Armenia[Mesh:noexp] OR Azerbaijan[Mesh:noexp] OR Bahrain[Mesh:noexp] 
OR Bangladesh[Mesh:noexp] OR Barbados[Mesh:noexp] OR Benin[Mesh:noexp] OR Byelarus[Mesh:noexp] 
OR Belize[Mesh:noexp] OR Bhutan[Mesh:noexp] OR Bolivia[Mesh:noexp] OR Bosnia-
Herzegovina[Mesh:noexp] OR Botswana[Mesh:noexp] OR Brazil[Mesh:noexp] OR Bulgaria[Mesh:noexp] OR 
Burkina Faso[Mesh:noexp] OR Burundi[Mesh:noexp] OR Cambodia[Mesh:noexp] OR Cameroon[Mesh:noexp] 
OR Cape Verde[Mesh:noexp] OR Central African Republic[Mesh:noexp] OR Chad[Mesh:noexp] OR 
Chile[Mesh:noexp] OR China[Mesh:noexp] OR Colombia[Mesh:noexp] OR Comoros[Mesh:noexp] OR 
Congo[Mesh:noexp] OR Costa Rica[Mesh:noexp] OR Cote d’Ivoire[Mesh:noexp] OR Croatia[Mesh:noexp] 
OR Cuba[Mesh:noexp] OR Cyprus[Mesh:noexp] OR Czechoslovakia[Mesh:noexp] OR Czech 
Republic[Mesh:noexp] OR Slovakia[Mesh:noexp] OR Djibouti[Mesh:noexp] OR “Democratic Republic of the 
Congo”[Mesh:noexp] OR Dominica[Mesh:noexp] OR Dominican Republic[Mesh:noexp] OR East 
Timor[Mesh:noexp] OR Ecuador[Mesh:noexp] OR Egypt[Mesh:noexp] OR El Salvador[Mesh:noexp] OR 
Eritrea[Mesh:noexp] OR Estonia[Mesh:noexp] OR Ethiopia[Mesh:noexp] OR Fiji[Mesh:noexp] OR 
Gabon[Mesh:noexp] OR Gambia[Mesh:noexp] OR “Georgia (Republic)”[Mesh:noexp] OR 
Ghana[Mesh:noexp] OR Greece[Mesh:noexp] OR Grenada[Mesh:noexp] OR Guatemala[Mesh:noexp] OR 
Guinea[Mesh:noexp] OR Guinea-Bissau[Mesh:noexp] OR Guam[Mesh:noexp] OR Guyana[Mesh:noexp] OR 
Haiti[Mesh:noexp] OR Honduras[Mesh:noexp] OR Hungary[Mesh:noexp] OR India[Mesh:noexp] OR 
Indonesia[Mesh:noexp] OR Iran[Mesh:noexp] OR Iraq[Mesh:noexp] OR Jamaica[Mesh:noexp] OR 
Jordan[Mesh:noexp] OR Kazakhstan[Mesh:noexp] OR Kenya[Mesh:noexp] OR Korea[Mesh:noexp] OR 
Kosovo[Mesh:noexp] OR Kyrgyzstan[Mesh:noexp] OR Laos[Mesh:noexp] OR Latvia[Mesh:noexp] OR 
Lebanon[Mesh:noexp] OR Lesotho[Mesh:noexp] OR Liberia[Mesh:noexp] OR Libya[Mesh:noexp] OR 
Lithuania[Mesh:noexp] OR Macedonia[Mesh:noexp] OR Madagascar[Mesh:noexp] OR 
Malaysia[Mesh:noexp] OR Malawi[Mesh:noexp] OR Mali[Mesh:noexp] OR Malta[Mesh:noexp] OR 
Mauritania[Mesh:noexp] OR Mauritius[Mesh:noexp] OR Mexico[Mesh:noexp] OR Micronesia[Mesh:noexp] 
OR Middle East[Mesh:noexp] OR Moldova[Mesh:noexp] OR Mongolia[Mesh:noexp] OR 
Montenegro[Mesh:noexp] OR Morocco[Mesh:noexp] OR Mozambique[Mesh:noexp] OR 
Myanmar[Mesh:noexp] OR Namibia[Mesh:noexp] OR Nepal[Mesh:noexp] OR Netherlands 
Antilles[Mesh:noexp] OR New Caledonia[Mesh:noexp] OR Nicaragua[Mesh:noexp] OR Niger[Mesh:noexp] 
OR Nigeria[Mesh:noexp] OR Oman[Mesh:noexp] OR Pakistan[Mesh:noexp] OR Palau[Mesh:noexp] OR 
Panama[Mesh:noexp] OR Papua New Guinea[Mesh:noexp] OR Paraguay[Mesh:noexp] OR Peru[Mesh:noexp] 
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OR Philippines[Mesh:noexp] OR Poland[Mesh:noexp] OR Portugal[Mesh:noexp] OR Puerto Rico[Mesh:noexp] 
OR Romania[Mesh:noexp] OR Russia[Mesh:noexp] OR “Russia (Pre-1917)”[Mesh:noexp] OR 
Rwanda[Mesh:noexp] OR “Saint Kitts and Nevis”[Mesh:noexp] OR Saint Lucia[Mesh:noexp] OR “Saint Vin-
cent and the Grenadines”[Mesh:noexp] OR Samoa[Mesh:noexp] OR Saudi Arabia[Mesh:noexp] OR 
Senegal[Mesh:noexp] OR Serbia[Mesh:noexp] OR Montenegro[Mesh:noexp] OR Seychelles[Mesh:noexp] 
OR Sierra Leone[Mesh:noexp] OR Slovenia[Mesh:noexp] OR Sri Lanka[Mesh:noexp] OR Somalia[Mesh:noexp] 
OR South Africa[Mesh:noexp] OR Sudan[Mesh:noexp] OR Suriname[Mesh:noexp] OR Swaziland[Mesh:noexp] 
OR Syria[Mesh:noexp] OR Tajikistan[Mesh:noexp] OR Tanzania[Mesh:noexp] OR Thailand[Mesh:noexp] OR 
Togo[Mesh:noexp] OR Tonga[Mesh:noexp] OR “Trinidad and Tobago”[Mesh:noexp] OR Tunisia[Mesh:noexp] 
OR Turkey[Mesh:noexp] OR Turkmenistan[Mesh:noexp] OR Uganda[Mesh:noexp] OR Ukraine[Mesh:noexp] 
OR Uruguay[Mesh:noexp] OR USSR[Mesh:noexp] OR Uzbekistan[Mesh:noexp] OR Vanuatu[Mesh:noexp] 
OR Venezuela[Mesh:noexp] OR Vietnam[Mesh:noexp] OR Yemen[Mesh:noexp] OR Yugoslavia[Mesh:noexp] 
OR Zambia[Mesh:noexp] OR Zimbabwe[Mesh:noexp])))))))

list of excluded articles (n=35), categorized by reason for exclusion
No Clear Criteria Malnutrition (n=12)
 1. Airinei G, Gaudichon C, Bos C, et al. Postprandial protein metabolism but not a fecal test reveals protein 

malabsorption in patients with pancreatic exocrine insufficiency. Clin Nutr. 2011;30:831–837. 
 2. Bras G, Depass E, Waterlow JC. Further observations on the liver, pancreas and kidney in malnourished 

infants and children. I. The relation of certain histopathological changes in liver, pancreas and kidney. J 
Trop Pediatr. 1956;2(3):147-158.

 3. Danus O, Urbina AM, Valenzuela I, et al. The effect of refeeding on pancreatic exocrine function in 
marasmic infants. J Pediatr. 1970;77(2):334-337. 

 4. Dorlöchter L, Aksnes L, Fluge G. Faecal elastase-1 and fat-soluble vitamin profiles in patients with cystic 
fibrosis in Western Norway. Eur J Nutr. 2002;41:148–152. 

 5. Elburg van RM, Uil JJ, van Aalderen WM, et al. Intestinal permeability in exocrine pancreatic insuf-
ficiency due to cystic fibrosis or chronic pancreatitis. Pediatr Res. 1996;39:985–991.

 6. Filigno SS, Robson SM, Szczesniak RD, et al. Macronutrient intake in preschoolers with cystic fibrosis 
and the relationship between macronutrients and growth. J Cyst Fibros. 2017;1–6. 

 7. Groleau V, Schall JI, Dougherty KA, et al. Effect of a dietary intervention on growth and energy expendi-
ture in children with cystic fibrosis. J Cyst Fibros. 2014;13:572–578. 2014;164:1110–1115.e1. 

 8. Harms HK, Kennel O, Bertele RM, et al. Vitamin B12 absorption and exocrine pancreatic insufficiency in 
childhood. Eur J Pediatr. 1981 Mar;136:75–79. 

 9. Haupt ME, Kwasny MJ, Schechter MS, et al. Pancreatic enzyme replacement therapy dosing and nutri-
tional outcomes in children with cystic fibrosis. J Pediatr. 

 10. Kawchak DA, Zhao H, Scanlin TF, et al. Longitudinal, prospective analysis of dietary intake in children 
with cystic fibrosis. J Pediatr. 1996;129:119–129. 

 11. Ooi CY, Castellani C, Keenan K, Avolio J, Volpi S, Boland M, et al. Inconclusive diagnosis of cystic fibrosis 
after newborn screening. Pediatrics. 2015;135(6):e1377-1385.

 12. Rana M, Wong-See D, Katz T, et al. Fat-soluble vitamin deficiency in children and adolescents with cystic 
fibrosis. J Clin Pathol. 2014;67:605–608. 

No Clear Criteria EPI (n=7) 
 1. Carroccio A, Guarino A, Zuin G, et al. Efficacy of oral pancreatic enzyme therapy for the treatment of fat 

malabsorption in HIV-infected patients. Aliment Pharmacol Ther. 2001;15:1619–1625. 
 2. Cipolli M, Castellani C, Wilcken B, Massie J, et al. Pancreatic phenotype in infants with cystic fibrosis 

identified by mutation screening. Arch Dis Child. 2007;92:842–846. 
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 3. Konstan MW, Butler SM, Wohl MEB, Stoddard M, Matousek R, Wagener JS, et al. Growth and nutritional 
indexes in early life predict pulmonary function in cystic fibrosis. J Pediatr. 2003;142(6):624–630. 

 4. Scrimshaw NS, Behar M, Arroyave G, et al. Kwashiorkor in children and its response to protein therapy. 
J Am Med Assoc. 1957;164:555–561. 

 5. Sentongo T a, Rutstein RM, Stettler N, et al. Association between steatorrhea, growth, and immunologic 
status in children with perinatally acquired HIV infection. Arch Pediatr Adolesc Med. 2001;155:149–153. 

 6. Shoff SM, Ahn H-Y, Davis L, et al. Wisconsin CF Neonatal Screening Group. Temporal associations among 
energy intake, plasma linoleic acid, and growth improvement in response to treatment initiation after 
diagnosis of cystic fibrosis. Pediatrics. 2006;117:391–400. 

 7. Sugito K, Furuya T, Kaneda H, et al. Long-term follow-up of nutritional status, pancreatic function, 
and morphological changes of the pancreatic remnant after pancreatic tumor resection in children. 
Pancreas. 2012;41:554–559.

No Clear Criteria Malnutrition or EPI (n=3)
 1. Morin CL, van Caillie M, Roy CC, Lasalle R. Mucosal enterokinase activity in pancreatic insufficiency and 

celiac disease. Pediatrics.1977;60:114–116. 
 2. Farrell PM, Lai HJ, Li Z, et al. Evidence on improved outcomes with early diagnosis of cystic fibrosis 

through neonatal screening: enough is enough! J Pediatr. 2005;147:S30-36. 
 3. Brooks SE, Golden MH. The exocrine pancreas in kwashiorkor and marasmus. Light and electron mi-

croscopy. West Indian Med J.1992;41:56–60. 
Full text non-retrievable (n=1)
 1. Tarasov NI. External secretion of the pancreas in chronic infant nutrition disorders. Vopr Pediatr. 

1953;21:33–39. 
No Cohort, Controlled Trial, or Case-control study design (n=4)
 1. Grendell JH. Nutrition and absorption in diseases of the pancreas. Clin Gastroenterol. 1983;12:551–562.
 2. Jonas A, Avigad S, Diver-Haber A, et al. Transient exocrine pancreatic insufficiency in infancy. J Pediatr. 

1983;102:580–582.
 3. Littlewood JM. Cystic fibrosis: gastrointestinal complications. Br Med Bull. 1992;48:847–859.
 4. Veghelyi PV. Nutritional oedema. Ann Paediatr. 1950;175:349-377
Adult Population (n=6)
 1. Chaves CRM de M, Cunha ALP da, Costa AC, et al. Nutritional status and body fat distribution in children 

and adolescentes with Cystic Fibrosis. Cien Saude Colet. 2015;20:3319–3328. 
 2. Davies J. The essential pathology of kwashiorkor. Lancet. 1948;1:317–320. 
 3. Fraga C, Leite CA. Dietetic studies on malnutrition and steatorrhea caused by pancreatic insufficiency. 

Prensa Med Argent. 1971;58:2101–6. 
 4. Kapembwa MS, Fleming SC, Griffin GE, et al. Fat absorption and exocrine pancreatic function in human 

immunodeficiency virus infection. Q J Med. 1990 Jan;74:49–56. 
 5. Leeds JS, Hopper AD, Hurlstone DP, et al. Is exocrine pancreatic insufficiency in adult coeliac disease a 

cause of persisting symptoms? Aliment Pharmacol Ther. 2007;25:265–271. 
 6. Zuidema PJ. Cirrhosis and disseminated calcification of the pancreas in patients with malnutrition. Trop 

Geogr Med. 1959;11:70–74. 
Not reporting on relation EPI and malnutrition (n=2)
 1. Zemel BS, Kawchak DA, Cnaan A, et al. Prospective evaluation of resting energy expenditure, nutritional 

status, pulmonary function, and genotype in children with cystic fibrosis. Pediatr Res. 1996;40:578–586.
 2. Zemel BS, Jawad AF, FitzSimmons S, et al. Longitudinal relationship among growth, nutritional status, 

and pulmonary function in children with cystic fibrosis: Analysis of the Cystic Fibrosis Foundation 
National CF Patient Registry. J Pediatr. 2000;137:374–380.
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Supplemental Table 1. NHLBI Quality Assessment Tool for Observational Cohort and Cross-Sectional Studies 
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1.  Was the research question or objective in this paper clearly stated? Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

2.  Was the study population clearly specified and defined? Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

3.  Was the participation rate of eligible persons at least 50%? CD CD CD CD CD N Y Y Y Y Y NR CD CD Y NR

4.  Were all the subjects selected or recruited from the same or similar populations (including the same 
time period)? Were inclusion and exclusion criteria for being in the study prespecified and applied 
uniformly to all participants?

Y N CD N N Y Y N Y Y Y Y Y Y Y Y

5.  Was a sample size justification, power description, or variance and effect estimates provided? N N N N N N N N N N N N N N N Y

6.  For the analyses in this paper, were the exposure(s) of interest measured prior to the outcome(s) being 
measured?

Y Y Y Y Y Y Y CD Y Y Y Y Y Y Y Y

7.  Was the timeframe sufficient so that one could reasonably expect to see an association between 
exposure and outcome if it existed?

Y Y Y Y Y CD Y Y Y Y Y Y Y Y Y Y

8.  For exposures that can vary in amount or level, did the study examine different levels of the exposure 
as related to the outcome (e.g., categories of exposure, or exposure measured as continuous variable)?

NA Y NA Y NA Y NA NA Y Y N Y Y Y NA NA

9.  Were the exposure measures (independent variables) clearly defined, valid, reliable, and implemented 
consistently across all study participants?

Y Y Y Y Y Y Y Y NA N N Y Y N Y Y

10.  Was the exposure(s) assessed more than once over time? N N NA Y N N Y N N N NA Y Y N NA NA

11.  Were the outcome measures (dependent variables) clearly defined, valid, reliable, and implemented 
consistently across all study participants?

Y Y Y Y N Y Y Y Y Y Y Y Y Y Y Y

12.  Were the outcome assessors blinded to the exposure status of participants? NA NA NA NA NA CD CD NA NA NA N NA N NA N NA

13.  Was loss to follow-up after baseline 20% or less? Y N N N Y Y Y NA NA* N NA Y Y Y Y N

14.  Were key potential confounding variables measured and adjusted statistically for their impact on the 
relationship between exposure(s) and outcome(s)?

N N N Y N N N N Y N N N N Y N N

Rating Fair Fair Poor Fair Poor Fair Good Poor Fair Fair Fair Good Good Fair Fair Fair

CD, cannot determine; N, no; NA, not applicable; NR, not reported; Y, yes.
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Supplemental Table 1. NHLBI Quality Assessment Tool for Observational Cohort and Cross-Sectional Studies 
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1.  Was the research question or objective in this paper clearly stated? Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

2.  Was the study population clearly specified and defined? Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

3.  Was the participation rate of eligible persons at least 50%? CD CD CD CD CD N Y Y Y Y Y NR CD CD Y NR

4.  Were all the subjects selected or recruited from the same or similar populations (including the same 
time period)? Were inclusion and exclusion criteria for being in the study prespecified and applied 
uniformly to all participants?

Y N CD N N Y Y N Y Y Y Y Y Y Y Y

5.  Was a sample size justification, power description, or variance and effect estimates provided? N N N N N N N N N N N N N N N Y

6.  For the analyses in this paper, were the exposure(s) of interest measured prior to the outcome(s) being 
measured?

Y Y Y Y Y Y Y CD Y Y Y Y Y Y Y Y

7.  Was the timeframe sufficient so that one could reasonably expect to see an association between 
exposure and outcome if it existed?

Y Y Y Y Y CD Y Y Y Y Y Y Y Y Y Y

8.  For exposures that can vary in amount or level, did the study examine different levels of the exposure 
as related to the outcome (e.g., categories of exposure, or exposure measured as continuous variable)?

NA Y NA Y NA Y NA NA Y Y N Y Y Y NA NA

9.  Were the exposure measures (independent variables) clearly defined, valid, reliable, and implemented 
consistently across all study participants?

Y Y Y Y Y Y Y Y NA N N Y Y N Y Y

10.  Was the exposure(s) assessed more than once over time? N N NA Y N N Y N N N NA Y Y N NA NA

11.  Were the outcome measures (dependent variables) clearly defined, valid, reliable, and implemented 
consistently across all study participants?

Y Y Y Y N Y Y Y Y Y Y Y Y Y Y Y

12.  Were the outcome assessors blinded to the exposure status of participants? NA NA NA NA NA CD CD NA NA NA N NA N NA N NA

13.  Was loss to follow-up after baseline 20% or less? Y N N N Y Y Y NA NA* N NA Y Y Y Y N

14.  Were key potential confounding variables measured and adjusted statistically for their impact on the 
relationship between exposure(s) and outcome(s)?

N N N Y N N N N Y N N N N Y N N

Rating Fair Fair Poor Fair Poor Fair Good Poor Fair Fair Fair Good Good Fair Fair Fair

CD, cannot determine; N, no; NA, not applicable; NR, not reported; Y, yes.
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Supplemental Table 2. NHLBI Quality Assessment Tool for Controlled Intervention Studies 

Sauniere et al. 
1988

Carroccio et al. 
1995

1.  Was the study described as randomized, a randomized trial, a 
randomized clinical trial, or an RCT?

Y Y

2.  Was the method of randomization adequate (i.e., use of randomly 
generated assignment)?

CD Y

3.  Was the treatment allocation concealed (so that assignments could 
not be predicted)?

CD Y

4.  Were study participants and providers blinded to treatment group 
assignment?

CD Y

5.  Were the people assessing the outcomes blinded to the 
participants’ group assignments?

CD Y

6.  Were the groups similar at baseline on important characteristics 
that could affect outcomes (e.g., demographics, risk factors, co-
morbid conditions)?

Y Y

7.  Was the overall drop-out rate from the study at endpoint 20% or 
lower of the number allocated to treatment?

Y Y

8.  Was the differential drop-out rate (between treatment groups) at 
endpoint 15 percentage points or lower?

CD Y

9.  Was there high adherence to the intervention protocols for each 
treatment group?

CD CD

10.  Were other interventions avoided or similar in the groups (e.g., 
similar background treatments)?

Y Y

11.  Were outcomes assessed using valid and reliable measures, 
implemented consistently across all study participants?

Y Y

12.  Did the authors report that the sample size was sufficiently large to 
be able to detect a difference in the main outcome between groups 
with at least 80% power?

N N

13.  Were outcomes reported or subgroups analyzed prespecified (i.e., 
identified before analyses were conducted)?

Y Y

14.  Were all randomized participants analyzed in the group to which 
they were originally assigned, i.e., did they use an intention-to-treat 
analysis?

NA Y

Rating Fair Good

CD, cannot determine; N, no; NA, not applicable; NR, not reported; Y, yes.



57

2

The relation between malnutrition and the exocrine pancreas

Supplemental Table 3. NHLBI Quality Assessment of Case-Control Studies 

Carroccio et al. 1998

1.  Was the research question or objective in this paper clearly stated and 
appropriate?

Y

2.  Was the study population clearly specified and defined? Y

3.  Did the authors include a sample size justification? N

4.  Were controls selected or recruited from the same or similar population that 
gave rise to the cases (including the same timeframe)?

Y

5.  Were the definitions, inclusion and exclusion criteria, algorithms or processes 
used to identify or select cases and controls valid, reliable, and implemented 
consistently across all study participants?

Y

6.  Were the cases clearly defined and differentiated from controls? Y

7.  If less than 100 percent of eligible cases and/or controls were selected for the 
study, were the cases and/or controls randomly selected from those eligible?

NR

8.  Was there use of concurrent controls? NR

9.  Were the investigators able to confirm that the exposure/risk occurred prior 
to the development of the condition or event that defined a participant as a 
case?

CD

10.  Were the measures of exposure/risk clearly defined, valid, reliable, and 
implemented consistently (including the same time period) across all study 
participants?

Y

11.  Were the assessors of exposure/risk blinded to the case or control status of 
participants?

N

12.  Were key potential confounding variables measured and adjusted statistically 
in the analyses? If matching was used, did the investigators account for 
matching during study analysis?

Y

Rating Fair

CD, cannot determine; N, no; NA, not applicable; NR, not reported; Y, yes.
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Supplemental Table 4. Articles reporting patients diagnosed with EPI who are later found to be malnourished

Study Exocrine Pancreatic Insufficiency (EPI) Malnutrition Author’s 
conclusions

Comments

EPI Definition: Pancreatic 
Markers

Pancreatic 
Enzymes 
(serum)

Fecal Enzymes Fecal Fat Other tests Definition Anthropometrics Clinical Indicators Percentage 
affected

Pichler et al. 
2015

1. Pancreatic insufficient 
defined as FE-1<200 μg/g. 
Severe deficiency in FE-1<50 
μg/g
2. Ultrasound of pancreas to 
screen fatty replacements 

20/21 (95%) 
patients 
pancreatic 
insufficient 

7/21 (33%) 
abnormal US 
findings 

WHO definitions of 
malnutrition: weight 
for height Z score 
(WHZ) of <-2 
Other 
anthropometric 
parameters: WAZ, 
height for age 
Z-score (HAZ)

At baseline 
7/21(33%) WAZ 
<-2, 9/21 (43%) 
HAZ <-2 
Follow up: 5/13 
(38%) catch up 
growth; 2/13 (15%) 
WAZ <-2, and 7/13 
(54%) HAZ <-2 

Not reported More 50% vitamin 
A, selenium 
deficiency 
despite PERT + 
supplements. 
Routine 
measurements 
needed.

No elaboration 
US findings

Kolodziejczyk 
et al. 2014

1. 72-h fecal fat quantification; 
reference value <4.0 g/day
2. Endoscopic retrograde 
cholangiopancreatography 
(ERCP) diagnosing and staging 
chronic pancreatitis (CP). 
Cambridge classification grades 
ERCP findings normal (Grade 1) 
to marked (Grade 4)

Mean fecal fat 
output among 
undernourished 
(n=38; 6.69 g) 
higher than in 
children with BMI 
ratio >85% (n=114; 
2.27 g/day) (ns)

ERCP: Age 
of CP onset 
significantly 
higher group 
1 (10.8, n=38) 
than group 2 
(8.5, n=170) 
(p<0.05)
Mean 
Cambridge 
grade in 
group 1 vs 
group 2 ns.

BMI ratio = (BMI 
actual/BMI for the 
50th centile) X 100 
[%]
Nutritional status 
BMI%:
<75 = severe 
malnutrition
75-85 = malnutrition
86-90 = mild 
malnutrition
91-110 = normal
111-120 = 
overweight 
>120 = obese
Patients divided 
into 2 groups: 
1-clinically significant 
malnutrition with 
BMI ratio <85%, and 
2 with BMI ratio 
>85%

52/208 (25.0%) 
of CP had 
malnutrition:
14/52 (26.9%) 
mild malnutrition; 
36/52, (69.2%) 
moderate 
malnutrition; 2/52 
(3.8%) severe 
malnutrition
Clinically significant 
malnutrition 
(group 1) 38/208 
(18.3%)
Mean age at 
disease onset 
significantly higher 
group 1 vs. group 
2. (p<0.05) 

38/208 
(18.3%)

Considerable 
% CP children 
suffer clinically 
significant 
malnutrition. 
Later age at CP 
onset predisposes 
to malnutrition 
development

Fat analysis 
only in 152/208 
(73.0%) 

Cohen et al. 
2005

1. Pancreatic insufficient 
(PI) 72 hr. fat analyses <93% 
absorption or stool trypsin 
concentration <80 ug/g
2. Fecal elastase (FE) <15 ug/g 
stool = no pancreatic activity 
(NO-FE)
3. Percent fecal fat absorption 
(%CoA) 7-day weighted 
food record, 72 hour stool 
[compared between NO-FE and 
residual FE group (R-FE)]

FE<15 ug/g 
stool: 75/84 
(89%) children = 
NO-FE
FE≥15 ug/g 
stool:
 9/84 (11%) = 
R-FE

%CoA: R-FE 94% 
vs 81% NO-FE = PI, 
(p<0.01)

Weight for Age 
Z-score (WAZ), 
Adjusted height for 
age Z-score (AHAZ) 
compared between 
NO-FE and R-FE 
(CDC growth charts 
as reference)

Baseline: AHAZ 
significantly lower 
NO-FE group 
(p=0.03)
Growth over 24 
months: WAZ 
significantly lower 
NO-FE group 
p=0.04

Not reported
Some CF children 
misclassified 
pancreatic status. 
R-FE children 
better growth, 
absorption
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Supplemental Table 4. Articles reporting patients diagnosed with EPI who are later found to be malnourished

Study Exocrine Pancreatic Insufficiency (EPI) Malnutrition Author’s 
conclusions

Comments

EPI Definition: Pancreatic 
Markers

Pancreatic 
Enzymes 
(serum)

Fecal Enzymes Fecal Fat Other tests Definition Anthropometrics Clinical Indicators Percentage 
affected

Pichler et al. 
2015

1. Pancreatic insufficient 
defined as FE-1<200 μg/g. 
Severe deficiency in FE-1<50 
μg/g
2. Ultrasound of pancreas to 
screen fatty replacements 

20/21 (95%) 
patients 
pancreatic 
insufficient 

7/21 (33%) 
abnormal US 
findings 

WHO definitions of 
malnutrition: weight 
for height Z score 
(WHZ) of <-2 
Other 
anthropometric 
parameters: WAZ, 
height for age 
Z-score (HAZ)

At baseline 
7/21(33%) WAZ 
<-2, 9/21 (43%) 
HAZ <-2 
Follow up: 5/13 
(38%) catch up 
growth; 2/13 (15%) 
WAZ <-2, and 7/13 
(54%) HAZ <-2 

Not reported More 50% vitamin 
A, selenium 
deficiency 
despite PERT + 
supplements. 
Routine 
measurements 
needed.

No elaboration 
US findings

Kolodziejczyk 
et al. 2014

1. 72-h fecal fat quantification; 
reference value <4.0 g/day
2. Endoscopic retrograde 
cholangiopancreatography 
(ERCP) diagnosing and staging 
chronic pancreatitis (CP). 
Cambridge classification grades 
ERCP findings normal (Grade 1) 
to marked (Grade 4)

Mean fecal fat 
output among 
undernourished 
(n=38; 6.69 g) 
higher than in 
children with BMI 
ratio >85% (n=114; 
2.27 g/day) (ns)

ERCP: Age 
of CP onset 
significantly 
higher group 
1 (10.8, n=38) 
than group 2 
(8.5, n=170) 
(p<0.05)
Mean 
Cambridge 
grade in 
group 1 vs 
group 2 ns.

BMI ratio = (BMI 
actual/BMI for the 
50th centile) X 100 
[%]
Nutritional status 
BMI%:
<75 = severe 
malnutrition
75-85 = malnutrition
86-90 = mild 
malnutrition
91-110 = normal
111-120 = 
overweight 
>120 = obese
Patients divided 
into 2 groups: 
1-clinically significant 
malnutrition with 
BMI ratio <85%, and 
2 with BMI ratio 
>85%

52/208 (25.0%) 
of CP had 
malnutrition:
14/52 (26.9%) 
mild malnutrition; 
36/52, (69.2%) 
moderate 
malnutrition; 2/52 
(3.8%) severe 
malnutrition
Clinically significant 
malnutrition 
(group 1) 38/208 
(18.3%)
Mean age at 
disease onset 
significantly higher 
group 1 vs. group 
2. (p<0.05) 

38/208 
(18.3%)

Considerable 
% CP children 
suffer clinically 
significant 
malnutrition. 
Later age at CP 
onset predisposes 
to malnutrition 
development

Fat analysis 
only in 152/208 
(73.0%) 

Cohen et al. 
2005

1. Pancreatic insufficient 
(PI) 72 hr. fat analyses <93% 
absorption or stool trypsin 
concentration <80 ug/g
2. Fecal elastase (FE) <15 ug/g 
stool = no pancreatic activity 
(NO-FE)
3. Percent fecal fat absorption 
(%CoA) 7-day weighted 
food record, 72 hour stool 
[compared between NO-FE and 
residual FE group (R-FE)]

FE<15 ug/g 
stool: 75/84 
(89%) children = 
NO-FE
FE≥15 ug/g 
stool:
 9/84 (11%) = 
R-FE

%CoA: R-FE 94% 
vs 81% NO-FE = PI, 
(p<0.01)

Weight for Age 
Z-score (WAZ), 
Adjusted height for 
age Z-score (AHAZ) 
compared between 
NO-FE and R-FE 
(CDC growth charts 
as reference)

Baseline: AHAZ 
significantly lower 
NO-FE group 
(p=0.03)
Growth over 24 
months: WAZ 
significantly lower 
NO-FE group 
p=0.04

Not reported
Some CF children 
misclassified 
pancreatic status. 
R-FE children 
better growth, 
absorption



60

Chapter 2

Supplemental Table 4. Articles reporting patients diagnosed with EPI who are later found to be malnourished 
(continued)

Study Exocrine Pancreatic Insufficiency (EPI) Malnutrition Author’s 
conclusions

Comments

EPI Definition: Pancreatic 
Markers

Pancreatic 
Enzymes 
(serum)

Fecal Enzymes Fecal Fat Other tests Definition Anthropometrics Clinical Indicators Percentage 
affected

Bines et al. 
2002

1. PI determined by stool 
microscopy and/or 3-day fecal 
fat balance

35/46 (76%) PI 1. Anthropometrics: 
WZ, HZ, WHZ 
compared to 
control infants and 
reference data

WZ and HZ 
significantly lower 
than controls 
(p<0.05)
WHZ significantly 
lower than controls 
(p<0.05)
PI significantly 
associated with 
lower WZ, HZ, WHZ 
(p<0.05)

Not reported Growth 
impairment 
during first weeks 
of life in CF 
infants associated 
with PI

EPI cutoff values 
not provided

Reference 
data for 
anthropometrics 
not given

Cipolli et al. 
1999

1. Secretin stimulation test 
(SST) lab values:
S. pancreatic alpha-amylase 
[1800 IU], Total lipase [216.7 
IU], 
trypsin [34.6 IU], chymotrypsin 
(CMT) [32 IU] (EPI = absent or 
lower)
2. 3 day fat balance (EPI = fat 
absorption <90%)
3. Fecal CMT: reference value 
>5 units per gram feces (EPI = 
<3 U/g)

12/12 (100%) 
abnormally 
low or 
absent levels 
pancreatic 
enzymes
Follow up: 
5/5 (100%) 
normal lipase 
values, 0/5 
(0%) normal 
amylase, 3/5 
(60%) normal 
trypsin and 
CMT

6/7 (86%) fecal 
CMT values >3 
U/g

- 8/8 (100%) 
abnormal fat 
balance
-Follow up: 5/6 
(83%) normal fat 
balance

Height Z-score (HZ) 
and Weight Z-scores 
(WZ) WHO reference 
values: malnutrition 
if HZ and WZ<-2 

Diagnosis
11/13 (84%) HZ<-2 
and WZ<-2 
Follow up (n=6)
2/6 (33%) HZ<-2 
and WZ<-2

11/13 (84%) Possibility of 
improvement or 
normalization 
of exocrine 
pancreatic 
function with age 
in SD

12/13 (92%) had 
SST
1 patient at 
follow up refused 
SST, abnormal fat 
absorption
HZ, WZ 
interpreted as 
HAZ, WAZ

Carroccio et 
al. 1998

1. Fecal enzymes: PI= FE-1 
<200 μg/g stool], CMT <7.5 
U/g]
2. S. total amylase and 
pancreatic amylase higher 
normal values 160 U/l and 
83 U/l. 
3. Fecal fat analyzed. Abnormal 
>2 SD above control value 
(value not given)

S. amylase 
value elevated 
in 12 children 
(1.2-4 fold 
higher than 
normal limit).
No correlation 
between fecal 
enzyme vs. 
elevated S. 
amylase 

14/47 (30%) low 
fecal enzymes 
7 isolated FE-1 
deficiency, 3 
isolated CMT 
deficiency, 4 
deficiency in both
Mean CMT 
activity 
significantly lower 
than controls 
(p<0.0001)
Mean FE-1 
activity 
significantly lower 
than controls 
(p<0.0001)

12/47 (26%) fat 
malabsorption

Fat malabsorption 
in 8/14 (57%) 
with low fecal 
pancreatic 
enzymes vs. 4/33 
(12%) with normal 
enzymes (p<0.001)
Significant negative 
correlation 
steatocrit vs. FE-1 
(p<0.03)

1. WAZ 
Italian regional 
standards used
2. Presence of 
diarrhea defined as 
3 or more unformed 
stools per day

WAZ:
Abnormal 
pancreatic function 
test: median -0.66 
(range -3.3 to 2.1)
Normal pancreatic 
function test: 
median -0.47 
(range -3.8 to 2.5)
Individual results 
only in abnormal 
pancreatic function 
tests. Only 2 
patients with 
abnormal WZ 
(-3.3 and -3.25 )

Diarrhea not 
significantly low 
pancreatic enzymes 
vs. normal: 4/14 
(29%) vs. 4/33 
(12%), (p>0.05) 

*Incomplete 
data
Abnormal 
pancreatic 
function 
group:
2/14(14%) 
z-score 
below -3

Abnormal 
pancreatic 
function tests 
frequent HIV, 
contributes to 
steatorrhea

High serum 
amylase 
attributed to 
salivary amylase 
10/12 patients)

Individual WAZ 
only in 14/47 
patients
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Supplemental Table 4. Articles reporting patients diagnosed with EPI who are later found to be malnourished 
(continued)

Study Exocrine Pancreatic Insufficiency (EPI) Malnutrition Author’s 
conclusions

Comments

EPI Definition: Pancreatic 
Markers

Pancreatic 
Enzymes 
(serum)

Fecal Enzymes Fecal Fat Other tests Definition Anthropometrics Clinical Indicators Percentage 
affected

Bines et al. 
2002

1. PI determined by stool 
microscopy and/or 3-day fecal 
fat balance

35/46 (76%) PI 1. Anthropometrics: 
WZ, HZ, WHZ 
compared to 
control infants and 
reference data

WZ and HZ 
significantly lower 
than controls 
(p<0.05)
WHZ significantly 
lower than controls 
(p<0.05)
PI significantly 
associated with 
lower WZ, HZ, WHZ 
(p<0.05)

Not reported Growth 
impairment 
during first weeks 
of life in CF 
infants associated 
with PI

EPI cutoff values 
not provided

Reference 
data for 
anthropometrics 
not given

Cipolli et al. 
1999

1. Secretin stimulation test 
(SST) lab values:
S. pancreatic alpha-amylase 
[1800 IU], Total lipase [216.7 
IU], 
trypsin [34.6 IU], chymotrypsin 
(CMT) [32 IU] (EPI = absent or 
lower)
2. 3 day fat balance (EPI = fat 
absorption <90%)
3. Fecal CMT: reference value 
>5 units per gram feces (EPI = 
<3 U/g)

12/12 (100%) 
abnormally 
low or 
absent levels 
pancreatic 
enzymes
Follow up: 
5/5 (100%) 
normal lipase 
values, 0/5 
(0%) normal 
amylase, 3/5 
(60%) normal 
trypsin and 
CMT

6/7 (86%) fecal 
CMT values >3 
U/g

- 8/8 (100%) 
abnormal fat 
balance
-Follow up: 5/6 
(83%) normal fat 
balance

Height Z-score (HZ) 
and Weight Z-scores 
(WZ) WHO reference 
values: malnutrition 
if HZ and WZ<-2 

Diagnosis
11/13 (84%) HZ<-2 
and WZ<-2 
Follow up (n=6)
2/6 (33%) HZ<-2 
and WZ<-2

11/13 (84%) Possibility of 
improvement or 
normalization 
of exocrine 
pancreatic 
function with age 
in SD

12/13 (92%) had 
SST
1 patient at 
follow up refused 
SST, abnormal fat 
absorption
HZ, WZ 
interpreted as 
HAZ, WAZ

Carroccio et 
al. 1998

1. Fecal enzymes: PI= FE-1 
<200 μg/g stool], CMT <7.5 
U/g]
2. S. total amylase and 
pancreatic amylase higher 
normal values 160 U/l and 
83 U/l. 
3. Fecal fat analyzed. Abnormal 
>2 SD above control value 
(value not given)

S. amylase 
value elevated 
in 12 children 
(1.2-4 fold 
higher than 
normal limit).
No correlation 
between fecal 
enzyme vs. 
elevated S. 
amylase 

14/47 (30%) low 
fecal enzymes 
7 isolated FE-1 
deficiency, 3 
isolated CMT 
deficiency, 4 
deficiency in both
Mean CMT 
activity 
significantly lower 
than controls 
(p<0.0001)
Mean FE-1 
activity 
significantly lower 
than controls 
(p<0.0001)

12/47 (26%) fat 
malabsorption

Fat malabsorption 
in 8/14 (57%) 
with low fecal 
pancreatic 
enzymes vs. 4/33 
(12%) with normal 
enzymes (p<0.001)
Significant negative 
correlation 
steatocrit vs. FE-1 
(p<0.03)

1. WAZ 
Italian regional 
standards used
2. Presence of 
diarrhea defined as 
3 or more unformed 
stools per day

WAZ:
Abnormal 
pancreatic function 
test: median -0.66 
(range -3.3 to 2.1)
Normal pancreatic 
function test: 
median -0.47 
(range -3.8 to 2.5)
Individual results 
only in abnormal 
pancreatic function 
tests. Only 2 
patients with 
abnormal WZ 
(-3.3 and -3.25 )

Diarrhea not 
significantly low 
pancreatic enzymes 
vs. normal: 4/14 
(29%) vs. 4/33 
(12%), (p>0.05) 

*Incomplete 
data
Abnormal 
pancreatic 
function 
group:
2/14(14%) 
z-score 
below -3

Abnormal 
pancreatic 
function tests 
frequent HIV, 
contributes to 
steatorrhea

High serum 
amylase 
attributed to 
salivary amylase 
10/12 patients)

Individual WAZ 
only in 14/47 
patients
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Supplemental Table 4. Articles reporting patients diagnosed with EPI who are later found to be malnourished 
(continued)

Study Exocrine Pancreatic Insufficiency (EPI) Malnutrition Author’s 
conclusions

Comments

EPI Definition: Pancreatic 
Markers

Pancreatic 
Enzymes 
(serum)

Fecal Enzymes Fecal Fat Other tests Definition Anthropometrics Clinical Indicators Percentage 
affected

Carroccio et 
al. 1995

Pancreatic function assessed 
SST: 
Lipase (range 300-6000, 
median 800; units/ml/min/kg)
CMT (range 42-850, median 
80; units/ml/min/kg 
Phospholipase (range 4-150, 
median 12; units/ml/min/kg)
Severe EPI = enzymatic 
secretion <10% of normal 
value 

No significant 
differences 
between groups
Group A 
(treatment): 
8/20 (40%) 
subnormal 
enzyme output 
1 or more 
enzymes
Group B 
(placebo): 7/20 
(35%) subnormal 
enzyme output 
1 or more 
enzymes
3/20 (15%) 
patients in both 
groups had 
severe EPI (6/40, 
15%)

Anthropometrics: 
[body weight, height, 
weight/ height 
(W/H ratio)] Italian 
regional standards 
used

Increase in W/H 
ratio
Group A significant 
after 30 days 
(p<0.02)
Group B significant 
after 60 days (p< 
0.03)
Patients with EPI:
Group A 
(treatment): 
significantly higher 
weight vs. Group B 
(p<0.008)

Not reported Pancreatic 
enzyme therapy 
useful in first 30 
days after celiac 
diagnosis

Carroccio et 
al. 1994

Pancreatic function assessed 
SST: 
Lipase (range 300-6000, 
median 800; units/ml/min/kg)
CMT (range 42-850, median 
80; units/ml/min/kg 
Phospholipase (range 4-150, 
median 12; units/ml/min/kg)
Severe deficiency = <10% 
enzyme output 

No statistical 
significance:
-6/52 (12%) low 
phospholipase
-4/52 (8%) low 
CMT
14/52 (27%) 
low lipase: 
celiac groups 
statistically lower 
than control 
(p<0.009)
15/52 (29%) 
presented 
pancreatic 
deficiency based 
on enzyme 
output
 4/52 (8%) had 
severe EPI

Body (W/H) ratio 
American National 
growth curves, 
no malnutrition 
definition

Control group 
had significantly 
higher W/H ratio 
than celiac patient 
groups (p<0.05)
No W/H difference 
EPI and PI patients

Not reported Mild/ moderate 
PI frequent in 
celiac patients, 
independent of 
nutrient status

-Lipase reported 
as 600 but is in 
fact 6000
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Supplemental Table 4. Articles reporting patients diagnosed with EPI who are later found to be malnourished 
(continued)

Study Exocrine Pancreatic Insufficiency (EPI) Malnutrition Author’s 
conclusions

Comments

EPI Definition: Pancreatic 
Markers

Pancreatic 
Enzymes 
(serum)

Fecal Enzymes Fecal Fat Other tests Definition Anthropometrics Clinical Indicators Percentage 
affected

Carroccio et 
al. 1995

Pancreatic function assessed 
SST: 
Lipase (range 300-6000, 
median 800; units/ml/min/kg)
CMT (range 42-850, median 
80; units/ml/min/kg 
Phospholipase (range 4-150, 
median 12; units/ml/min/kg)
Severe EPI = enzymatic 
secretion <10% of normal 
value 

No significant 
differences 
between groups
Group A 
(treatment): 
8/20 (40%) 
subnormal 
enzyme output 
1 or more 
enzymes
Group B 
(placebo): 7/20 
(35%) subnormal 
enzyme output 
1 or more 
enzymes
3/20 (15%) 
patients in both 
groups had 
severe EPI (6/40, 
15%)

Anthropometrics: 
[body weight, height, 
weight/ height 
(W/H ratio)] Italian 
regional standards 
used

Increase in W/H 
ratio
Group A significant 
after 30 days 
(p<0.02)
Group B significant 
after 60 days (p< 
0.03)
Patients with EPI:
Group A 
(treatment): 
significantly higher 
weight vs. Group B 
(p<0.008)

Not reported Pancreatic 
enzyme therapy 
useful in first 30 
days after celiac 
diagnosis

Carroccio et 
al. 1994

Pancreatic function assessed 
SST: 
Lipase (range 300-6000, 
median 800; units/ml/min/kg)
CMT (range 42-850, median 
80; units/ml/min/kg 
Phospholipase (range 4-150, 
median 12; units/ml/min/kg)
Severe deficiency = <10% 
enzyme output 

No statistical 
significance:
-6/52 (12%) low 
phospholipase
-4/52 (8%) low 
CMT
14/52 (27%) 
low lipase: 
celiac groups 
statistically lower 
than control 
(p<0.009)
15/52 (29%) 
presented 
pancreatic 
deficiency based 
on enzyme 
output
 4/52 (8%) had 
severe EPI

Body (W/H) ratio 
American National 
growth curves, 
no malnutrition 
definition

Control group 
had significantly 
higher W/H ratio 
than celiac patient 
groups (p<0.05)
No W/H difference 
EPI and PI patients

Not reported Mild/ moderate 
PI frequent in 
celiac patients, 
independent of 
nutrient status

-Lipase reported 
as 600 but is in 
fact 6000
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Supplemental Table 4. Articles reporting patients diagnosed with EPI who are later found to be malnourished 
(continued)

Study Exocrine Pancreatic Insufficiency (EPI) Malnutrition Author’s 
conclusions

Comments

EPI Definition: Pancreatic 
Markers

Pancreatic 
Enzymes 
(serum)

Fecal Enzymes Fecal Fat Other tests Definition Anthropometrics Clinical Indicators Percentage 
affected

Bronstein et 
al. 1992

72-h fecal fat collection, 
pancreatic sufficient (PS) <15% 
fat malabsorption at diagnostic 
visit (~6 weeks) and as <10% 
fat malabsorption at 6 and 12 
month visits

Diagnosis: 23/39 
(59%) PI
6 and 12 month 
visit: PI, 79% at 6 
months, 92% at 
12 months (n not 
given)
7/49 (14%) PS in 
first year
Only PI had 
significant fat 
balance ratio 
(p<0.05)

1. Anthropometrics: 
Weight and length 
data expressed as 
Z scores below 50th 
percentile American 
growth standards
Change in weight 
calculated as [(WAZ 
at diagnosis- birth 
weight z score) / 
months in age at 
diagnosis]
Weight gain (gm/
day)
2. Serum Albumin 
lower limit ≤2.8 
gm/dl

Diagnosis:
-Weight gain (gm/
day) (n=29) lower 
in PI (p=0.05)
-WAZ (n=29) lower 
in PI
(p=0.05)
Fecal fat excretion 
inversely 
correlated with 
WAZ (p=0.005) 
and weight gain (p 
<0.005)

Frequency of 
hypoalbuminemia 
not significantly 
different (5/15, 
33%, PI and 1/11, 
9%, PS)
Albumin (n=26) 
higher in PS 
(p<0.01)

Not reported PI in CF infants 
significant impact 
on growth and 
nutrition

Only select 
patients 
compared

Hill et al. 
1982

1. PI based on PST:
lipase, colipase, trypsin no 
reference values given
2. Fecal fat: upper normal limit 
=7%

14/14 (100%)
EPI

Lipase <2% of 
mean normal 
secretion in all 
steatorrheic 
patients. 
Colipase and 
trypsin higher 
in 5 patients 
without 
steatorrhea 
compared to 3 
patients with 
steatorrhea

12/14 (86%) 
children 
steatorrhea.
Follow up 5/12 
(42%) still had 
steatorrhea

Growth percentiles Weight percentiles 
on admission:
<3 n=7
<10 n=2
>25 n=1
>50 n=1
no values n=3

Height percentiles 
on admission:
<3 n=7
<10 n=2
>25 n=2
>50 n=0
no values n=3

Not reported Fat absorption 
improves 
in majority 
SD patients, 
associated 
marginal 
improvement 
lipase

Follow up 
timeframe not 
consistent

%CoA, percent fecal fat absorption; AHAZ, adujsted height for age Z-score; CDC, Centers for Disease 
Control; CMT, chymotrypsin; ERCP, endoscopic retrograde cholangiopancreatography; FE, fecal elastase 
[FE-1 = fecal elastase-1]; EPI, exocrine pancreatic insufficiency; HZ, height Z-score; HAZ, height for age 
Z score; IRT, human immunoreactive trypsinogen; KWO, kwashiorkor; MKW0, marasmus kwashiorkor; 
MUAC, mid upper arm circumference; NO-FE, no pancreatic activity; NS, not significant; PEM, protein 
energy malnutrition; PI, pancreatic insufficiency/pancreatic insufficient; PS, pancreatic sufficiency; PST, 
pancreatic stimulation test; R-FE, residual pancreatic activity; S., serum; SAM, severe acute malnutrition; 
SD, standard deviation; SST, secretin stimulation test; US, ultrasound; W/H, weight/height; WZ, weight 
Z-score; WAZ, weight for age Z score; WHZ, weight for height Z score
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Supplemental Table 4. Articles reporting patients diagnosed with EPI who are later found to be malnourished 
(continued)

Study Exocrine Pancreatic Insufficiency (EPI) Malnutrition Author’s 
conclusions

Comments

EPI Definition: Pancreatic 
Markers

Pancreatic 
Enzymes 
(serum)

Fecal Enzymes Fecal Fat Other tests Definition Anthropometrics Clinical Indicators Percentage 
affected

Bronstein et 
al. 1992

72-h fecal fat collection, 
pancreatic sufficient (PS) <15% 
fat malabsorption at diagnostic 
visit (~6 weeks) and as <10% 
fat malabsorption at 6 and 12 
month visits

Diagnosis: 23/39 
(59%) PI
6 and 12 month 
visit: PI, 79% at 6 
months, 92% at 
12 months (n not 
given)
7/49 (14%) PS in 
first year
Only PI had 
significant fat 
balance ratio 
(p<0.05)

1. Anthropometrics: 
Weight and length 
data expressed as 
Z scores below 50th 
percentile American 
growth standards
Change in weight 
calculated as [(WAZ 
at diagnosis- birth 
weight z score) / 
months in age at 
diagnosis]
Weight gain (gm/
day)
2. Serum Albumin 
lower limit ≤2.8 
gm/dl

Diagnosis:
-Weight gain (gm/
day) (n=29) lower 
in PI (p=0.05)
-WAZ (n=29) lower 
in PI
(p=0.05)
Fecal fat excretion 
inversely 
correlated with 
WAZ (p=0.005) 
and weight gain (p 
<0.005)

Frequency of 
hypoalbuminemia 
not significantly 
different (5/15, 
33%, PI and 1/11, 
9%, PS)
Albumin (n=26) 
higher in PS 
(p<0.01)

Not reported PI in CF infants 
significant impact 
on growth and 
nutrition

Only select 
patients 
compared

Hill et al. 
1982

1. PI based on PST:
lipase, colipase, trypsin no 
reference values given
2. Fecal fat: upper normal limit 
=7%

14/14 (100%)
EPI

Lipase <2% of 
mean normal 
secretion in all 
steatorrheic 
patients. 
Colipase and 
trypsin higher 
in 5 patients 
without 
steatorrhea 
compared to 3 
patients with 
steatorrhea

12/14 (86%) 
children 
steatorrhea.
Follow up 5/12 
(42%) still had 
steatorrhea

Growth percentiles Weight percentiles 
on admission:
<3 n=7
<10 n=2
>25 n=1
>50 n=1
no values n=3

Height percentiles 
on admission:
<3 n=7
<10 n=2
>25 n=2
>50 n=0
no values n=3

Not reported Fat absorption 
improves 
in majority 
SD patients, 
associated 
marginal 
improvement 
lipase

Follow up 
timeframe not 
consistent

%CoA, percent fecal fat absorption; AHAZ, adujsted height for age Z-score; CDC, Centers for Disease 
Control; CMT, chymotrypsin; ERCP, endoscopic retrograde cholangiopancreatography; FE, fecal elastase 
[FE-1 = fecal elastase-1]; EPI, exocrine pancreatic insufficiency; HZ, height Z-score; HAZ, height for age 
Z score; IRT, human immunoreactive trypsinogen; KWO, kwashiorkor; MKW0, marasmus kwashiorkor; 
MUAC, mid upper arm circumference; NO-FE, no pancreatic activity; NS, not significant; PEM, protein 
energy malnutrition; PI, pancreatic insufficiency/pancreatic insufficient; PS, pancreatic sufficiency; PST, 
pancreatic stimulation test; R-FE, residual pancreatic activity; S., serum; SAM, severe acute malnutrition; 
SD, standard deviation; SST, secretin stimulation test; US, ultrasound; W/H, weight/height; WZ, weight 
Z-score; WAZ, weight for age Z score; WHZ, weight for height Z score
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Supplemental Table 5. Articles reporting patients diagnosed with malnutrition who are later found to 
have Exocrine Pancreatic Insufficiency

Study Malnutrition Exocrine Pancreatic Insufficiency (EPI) Exocrine Pancreatic Insufficiency (EPI) Author’s 
Conclusions

Comments

Definition Anthropometrics Clinical 
Indicators

EPI definition: 
Pancreatic 
Markers

Pancreatic 
Enzymes (serum)

Fecal Enzymes Fecal Fat Other tests Percentage 
affected

Bartels et 
al. 2016

Severe acute 
malnutrition (SAM) 
defined WHZ <-3 SD 
and/or a mid-upper 
arm circumference 
(MUAC) of < 115 mm 
(non-edematous) 
and/or presence 
of bilateral edema 
(edematous 
malnutrition)

WHZ ≤-3 =51/89 
(58%)
MUAC <11.5 cm 
=45/89 (50.6%)

56/89 
(63%) had 
edematous 
SAM
33/89 (37%) 
had non 
edematous 
SAM

1. FE-1 <200 
μg/g stool = 
EPI, Levels 
<100 μg/g stool 
=severe EPI
2. S. trypsinogen 
in a random 
subset: 
abnormal >57 
ng/mL
3.S. pancreatic 
amylase with 
upper limit set 
at 110 U/l

Amylase:
17/80 (21%) 
increased levels 
(ns between 
groups)

High levels of 
trypsinogen 11/39 
(28%) patients. 
Non-edematous 
= 9/20 (45%); 
Edematous 2/19 
(11%) (p= 0.03)

EPI on admission: 
71/77 (92.2%) EPI and 
59/77 (77%) severe EPI 
Edema patients 
significantly lower 
FE-1 levels vs non-
edematous group (22 
μg/g of stool vs. 80 
μg/g of stool, (p=0.009)
47/48 (98%) of 
edematous group 
EPI vs 24/29 (83%) of 
non-edematous group 
(p=0.03), 
Severe EPI 42/48 (88%) 
vs 17/29 (59%) in non-
edematous (p=0.006)
3 days post 
stabilization: 
EPI
38/46 (83%) 
edematous 
20/24 (83%) non-
edematous 
Severe EPI 
28/46 (61%) 
edematous 
14/24 (58%) non-
edematous 

71/77 (92%) 
EPI

59/71 (83%) 
had severe 
EPI

EPI prevalent 
SAM children, 
especially 
edematous. 
Pancreatitis 
common SAM

Trypsinogen 
only measured 
in 39
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Supplemental Table 5. Articles reporting patients diagnosed with malnutrition who are later found to 
have Exocrine Pancreatic Insufficiency

Study Malnutrition Exocrine Pancreatic Insufficiency (EPI) Exocrine Pancreatic Insufficiency (EPI) Author’s 
Conclusions

Comments

Definition Anthropometrics Clinical 
Indicators

EPI definition: 
Pancreatic 
Markers

Pancreatic 
Enzymes (serum)

Fecal Enzymes Fecal Fat Other tests Percentage 
affected

Bartels et 
al. 2016

Severe acute 
malnutrition (SAM) 
defined WHZ <-3 SD 
and/or a mid-upper 
arm circumference 
(MUAC) of < 115 mm 
(non-edematous) 
and/or presence 
of bilateral edema 
(edematous 
malnutrition)

WHZ ≤-3 =51/89 
(58%)
MUAC <11.5 cm 
=45/89 (50.6%)

56/89 
(63%) had 
edematous 
SAM
33/89 (37%) 
had non 
edematous 
SAM

1. FE-1 <200 
μg/g stool = 
EPI, Levels 
<100 μg/g stool 
=severe EPI
2. S. trypsinogen 
in a random 
subset: 
abnormal >57 
ng/mL
3.S. pancreatic 
amylase with 
upper limit set 
at 110 U/l

Amylase:
17/80 (21%) 
increased levels 
(ns between 
groups)

High levels of 
trypsinogen 11/39 
(28%) patients. 
Non-edematous 
= 9/20 (45%); 
Edematous 2/19 
(11%) (p= 0.03)

EPI on admission: 
71/77 (92.2%) EPI and 
59/77 (77%) severe EPI 
Edema patients 
significantly lower 
FE-1 levels vs non-
edematous group (22 
μg/g of stool vs. 80 
μg/g of stool, (p=0.009)
47/48 (98%) of 
edematous group 
EPI vs 24/29 (83%) of 
non-edematous group 
(p=0.03), 
Severe EPI 42/48 (88%) 
vs 17/29 (59%) in non-
edematous (p=0.006)
3 days post 
stabilization: 
EPI
38/46 (83%) 
edematous 
20/24 (83%) non-
edematous 
Severe EPI 
28/46 (61%) 
edematous 
14/24 (58%) non-
edematous 

71/77 (92%) 
EPI

59/71 (83%) 
had severe 
EPI

EPI prevalent 
SAM children, 
especially 
edematous. 
Pancreatitis 
common SAM

Trypsinogen 
only measured 
in 39
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Supplemental Table 5. Articles reporting patients diagnosed with malnutrition who are later found to
have Exocrine Pancreatic Insufficiency (continued)

Study Malnutrition Exocrine Pancreatic Insufficiency (EPI) Exocrine Pancreatic Insufficiency (EPI) Author’s 
Conclusions

Comments

Definition Anthropometrics Clinical 
Indicators

EPI definition: 
Pancreatic 
Markers

Pancreatic 
Enzymes (serum)

Fecal Enzymes Fecal Fat Other tests Percentage 
affected

El-Hodhod 
et al. 2005

Marasmus (less than 
60% of the expected
weight for age)
Kwashiorkor (KWO): 
oedema and between 
60 and 80% of the 
expected weight for 
age.
Marasmus-
Kwashiorkor(MKWO): 
less than 60% of the 
expected weight for
age but had oedema.
Weight (kg)
Control 9.50±1.78

Weight (kg)
Baseline:
Marasmus-4.99±1.15
KWO-6.00±1.89
MKWO-5.51±1.67
Malnourished 
population 
significantly lower 
than controls:
Marasmus (p<0.001)
KWO (p<0.01)
MKWO (p<0.001)
Significant 
improvement 
after nutritional 
rehabilitation:
Marasmus (p<0.001)
KWO (p<0.001)
MKWO (p<0.001)

Edema 
mentioned, 
data not 
provided

1. Controls used 
as reference 
values
S. amylase (U/dl) 
120.28±28.90 
S. lipase (U/l) 
66.13±17.35 
2. Ultrasound 
(US): Pancreatic 
head size (cm3) 
[controls]
5.13±2.33

Baseline S. 
amylase:
Marasmus 68.88 
± 28.90
KWO 51.54±16.90
MKWO 
56.04±13.02
All groups lower 
than controls 
(p<0.001)
Significant 
improvement 
after nutritional 
rehabilitation all 
groups (p<0.001)
Baseline S. lipase:
Marasmus 
38.59±21.08
KWO 34.63±17.58
MKWO 
21.67±21.48
Malnourished 
population lower 
than controls:
Marasmus 
(p<0.01)
KWO (p<0.001)
MKWO (p<0.001)
Significant 
improvement 
after nutritional 
rehabilitation. 
Marasmus 
(p<0.001)
KWO (p<0.01)
MKWO (p<0.001)

Baseline 
pancreatic 
head size (cm3):
Marasmus 
1.52±0.60
KWO 2.73±0.12
MKWO 
3.00±0.54
Malnourished 
population 
significantly 
lower than 
controls:
Marasmus 
(p<0.001)
KWO (p<0.01)
MKWO 
(p<0.05)
Significantly 
improved after 
nutritional 
rehabilitation:
Marasmus 
(p<0.001)
KWO- t=0.44 
(p<0.05)
MKWO- t=1.36 
(p<0.05)

Not reported Pancreatic 
head size 
and exocrine 
function used 
to evaluate 
PEM and used 
as prognostic 
parameter
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Supplemental Table 5. Articles reporting patients diagnosed with malnutrition who are later found to
have Exocrine Pancreatic Insufficiency (continued)

Study Malnutrition Exocrine Pancreatic Insufficiency (EPI) Exocrine Pancreatic Insufficiency (EPI) Author’s 
Conclusions

Comments

Definition Anthropometrics Clinical 
Indicators

EPI definition: 
Pancreatic 
Markers

Pancreatic 
Enzymes (serum)

Fecal Enzymes Fecal Fat Other tests Percentage 
affected

El-Hodhod 
et al. 2005

Marasmus (less than 
60% of the expected
weight for age)
Kwashiorkor (KWO): 
oedema and between 
60 and 80% of the 
expected weight for 
age.
Marasmus-
Kwashiorkor(MKWO): 
less than 60% of the 
expected weight for
age but had oedema.
Weight (kg)
Control 9.50±1.78

Weight (kg)
Baseline:
Marasmus-4.99±1.15
KWO-6.00±1.89
MKWO-5.51±1.67
Malnourished 
population 
significantly lower 
than controls:
Marasmus (p<0.001)
KWO (p<0.01)
MKWO (p<0.001)
Significant 
improvement 
after nutritional 
rehabilitation:
Marasmus (p<0.001)
KWO (p<0.001)
MKWO (p<0.001)

Edema 
mentioned, 
data not 
provided

1. Controls used 
as reference 
values
S. amylase (U/dl) 
120.28±28.90 
S. lipase (U/l) 
66.13±17.35 
2. Ultrasound 
(US): Pancreatic 
head size (cm3) 
[controls]
5.13±2.33

Baseline S. 
amylase:
Marasmus 68.88 
± 28.90
KWO 51.54±16.90
MKWO 
56.04±13.02
All groups lower 
than controls 
(p<0.001)
Significant 
improvement 
after nutritional 
rehabilitation all 
groups (p<0.001)
Baseline S. lipase:
Marasmus 
38.59±21.08
KWO 34.63±17.58
MKWO 
21.67±21.48
Malnourished 
population lower 
than controls:
Marasmus 
(p<0.01)
KWO (p<0.001)
MKWO (p<0.001)
Significant 
improvement 
after nutritional 
rehabilitation. 
Marasmus 
(p<0.001)
KWO (p<0.01)
MKWO (p<0.001)

Baseline 
pancreatic 
head size (cm3):
Marasmus 
1.52±0.60
KWO 2.73±0.12
MKWO 
3.00±0.54
Malnourished 
population 
significantly 
lower than 
controls:
Marasmus 
(p<0.001)
KWO (p<0.01)
MKWO 
(p<0.05)
Significantly 
improved after 
nutritional 
rehabilitation:
Marasmus 
(p<0.001)
KWO- t=0.44 
(p<0.05)
MKWO- t=1.36 
(p<0.05)

Not reported Pancreatic 
head size 
and exocrine 
function used 
to evaluate 
PEM and used 
as prognostic 
parameter
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Supplemental Table 5. Articles reporting patients diagnosed with malnutrition who are later found to
have Exocrine Pancreatic Insufficiency (continued)

Study Malnutrition Exocrine Pancreatic Insufficiency (EPI) Exocrine Pancreatic Insufficiency (EPI) Author’s 
Conclusions

Comments

Definition Anthropometrics Clinical 
Indicators

EPI definition: 
Pancreatic 
Markers

Pancreatic 
Enzymes (serum)

Fecal Enzymes Fecal Fat Other tests Percentage 
affected

Briars et al. 
1998

HZ, WZ. WHO 
reference values
Children categorized 
WZ
-2= severely 
malnutrition, -1 
to -2= moderate 
malnutrition, above 
-1= no malnutrition.

165/659 (25.0%) 
normally nourished
205/659 (31.1%) 
moderately 
malnourished
289/659 
(43.9%) severely 
malnourished

IRT compared 
among study 
population
No reference 
value 

IRT value (95% CI) 
Mount Isa study:
Mean: 10.56 μg/L 
(9.56-11.67)
normally 
nourished: 9.59 
μg/L (8.49-10.82)
moderately 
malnourished: 
10.92 μg/L (8.64-
13.8)
severely 
malnourished: 
13.62 μg/L (10.89-
17.02)
IRT correlation 
with HZ, WZ (ns)
Alice Springs 
study:
Mean: 27.38 μg/L 
(22.91-32.74)
normally 
nourished: 30.21 
μg/L (24.86-36.7)
moderately 
malnourished: 
32.6 μg/L (28.36-
37.52)
severely 
malnourished: 
29.22 μg/L (25.16-
33.93)
IRT correlation 
with HZ, WZ (ns)

Not reported High IRT 
in low WZ 
confounding 
effect of 
gastroenteritis, 
may result 
subclinical 
pancreatic 
disease in 
gastroenteritis

WZ 
interpreted as 
WAZ
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Supplemental Table 5. Articles reporting patients diagnosed with malnutrition who are later found to
have Exocrine Pancreatic Insufficiency (continued)

Study Malnutrition Exocrine Pancreatic Insufficiency (EPI) Exocrine Pancreatic Insufficiency (EPI) Author’s 
Conclusions

Comments

Definition Anthropometrics Clinical 
Indicators

EPI definition: 
Pancreatic 
Markers

Pancreatic 
Enzymes (serum)

Fecal Enzymes Fecal Fat Other tests Percentage 
affected

Briars et al. 
1998

HZ, WZ. WHO 
reference values
Children categorized 
WZ
-2= severely 
malnutrition, -1 
to -2= moderate 
malnutrition, above 
-1= no malnutrition.

165/659 (25.0%) 
normally nourished
205/659 (31.1%) 
moderately 
malnourished
289/659 
(43.9%) severely 
malnourished

IRT compared 
among study 
population
No reference 
value 

IRT value (95% CI) 
Mount Isa study:
Mean: 10.56 μg/L 
(9.56-11.67)
normally 
nourished: 9.59 
μg/L (8.49-10.82)
moderately 
malnourished: 
10.92 μg/L (8.64-
13.8)
severely 
malnourished: 
13.62 μg/L (10.89-
17.02)
IRT correlation 
with HZ, WZ (ns)
Alice Springs 
study:
Mean: 27.38 μg/L 
(22.91-32.74)
normally 
nourished: 30.21 
μg/L (24.86-36.7)
moderately 
malnourished: 
32.6 μg/L (28.36-
37.52)
severely 
malnourished: 
29.22 μg/L (25.16-
33.93)
IRT correlation 
with HZ, WZ (ns)

Not reported High IRT 
in low WZ 
confounding 
effect of 
gastroenteritis, 
may result 
subclinical 
pancreatic 
disease in 
gastroenteritis

WZ 
interpreted as 
WAZ
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Supplemental Table 5. Articles reporting patients diagnosed with malnutrition who are later found to
have Exocrine Pancreatic Insufficiency (continued)

Study Malnutrition Exocrine Pancreatic Insufficiency (EPI) Exocrine Pancreatic Insufficiency (EPI) Author’s 
Conclusions

Comments

Definition Anthropometrics Clinical 
Indicators

EPI definition: 
Pancreatic 
Markers

Pancreatic 
Enzymes (serum)

Fecal Enzymes Fecal Fat Other tests Percentage 
affected

Cleghorn 
et al. 1991

WAZ:
Normal: weight >-1, 
moderate: -1 to -2, 
severely underweight 
<-2. 

Mean WAZ -1.6 (range 
-3.5 to 1.5)
 57/198 (29%) 
normal, 
78 /198 (39%) 
underweight, 
63/198 (32%) 
severely underweight

Serum 
immunoreactive 
trypsinogen, 
(IRT) normal 
values obtained 
from population 
group, (upper 
normal = 89.1 
μg/L

Serum cationic 
trypsinogen: 
Normal; 0/57 (0%) 
elevated levels.
Moderately 
Underweight; 
11/78 (14%) 
elevated levels. 
Severely 
Underweight; 
6/63 (10%) 
elevated levels
Significant 
correlation WAZ 
vs. IRT (p=0.0014) 
IRT significantly 
higher severely 
underweight vs. 
normal (p<0.05)

17/198 (9%)
elevated IRT 
= EPI

Pancreatic 
dysfunction 
may be 
common and 
overlooked 
to ongoing 
malnutrition 
and disease 
in Australian 
Aboriginal 
children

Only 198/ 
398 had IRT 
analyzed, 
subsequent 
comparisons 
only of 198
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Supplemental Table 5. Articles reporting patients diagnosed with malnutrition who are later found to
have Exocrine Pancreatic Insufficiency (continued)

Study Malnutrition Exocrine Pancreatic Insufficiency (EPI) Exocrine Pancreatic Insufficiency (EPI) Author’s 
Conclusions

Comments

Definition Anthropometrics Clinical 
Indicators

EPI definition: 
Pancreatic 
Markers

Pancreatic 
Enzymes (serum)

Fecal Enzymes Fecal Fat Other tests Percentage 
affected

Cleghorn 
et al. 1991

WAZ:
Normal: weight >-1, 
moderate: -1 to -2, 
severely underweight 
<-2. 

Mean WAZ -1.6 (range 
-3.5 to 1.5)
 57/198 (29%) 
normal, 
78 /198 (39%) 
underweight, 
63/198 (32%) 
severely underweight

Serum 
immunoreactive 
trypsinogen, 
(IRT) normal 
values obtained 
from population 
group, (upper 
normal = 89.1 
μg/L

Serum cationic 
trypsinogen: 
Normal; 0/57 (0%) 
elevated levels.
Moderately 
Underweight; 
11/78 (14%) 
elevated levels. 
Severely 
Underweight; 
6/63 (10%) 
elevated levels
Significant 
correlation WAZ 
vs. IRT (p=0.0014) 
IRT significantly 
higher severely 
underweight vs. 
normal (p<0.05)

17/198 (9%)
elevated IRT 
= EPI

Pancreatic 
dysfunction 
may be 
common and 
overlooked 
to ongoing 
malnutrition 
and disease 
in Australian 
Aboriginal 
children

Only 198/ 
398 had IRT 
analyzed, 
subsequent 
comparisons 
only of 198
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Supplemental Table 5. Articles reporting patients diagnosed with malnutrition who are later found to
have Exocrine Pancreatic Insufficiency (continued)

Study Malnutrition Exocrine Pancreatic Insufficiency (EPI) Exocrine Pancreatic Insufficiency (EPI) Author’s 
Conclusions

Comments

Definition Anthropometrics Clinical 
Indicators

EPI definition: 
Pancreatic 
Markers

Pancreatic 
Enzymes (serum)

Fecal Enzymes Fecal Fat Other tests Percentage 
affected

Sauniere et 
al. 1988

Malnutrition defined 
on clinical and 
anthropometric 
symptoms of PEM: 
decreased weight and 
height, diarrhea, loss 
of appetite, edema 

28/28 
(100%) PEM. 

SST: Reference 
values for 
amylase, lipase, 
trypsin, CMT 
not given. 
Instead values 
compared to 
controls in 
same setting, 
and controls in 
France.
Dakar control: 
U/ml
amylase 49.8±18
lipase 24.6±4.5
phospholipase 
1.2±0.2
trypsin 2.0±0.4
CMT 12.6±3.6
Abidjan control: 
U/ml
amylase 
54.2±10.3
lipase 
164.4±44.6
phospholipase 
4.8±1.0
trypsin 6.2±1.3
CMT 27.8±6.6

Dakar PEM vs. 
Dakar control ns
PI not improved 
after 28 days
Abidjan PEM 
significantly lower 
phospholipase, 
lipase, trypsin, 
CMT activity vs. 
Abidjan controls 
(p<0.05)
Abidjan: placebo-
lipase, trypsin, 
CMT, amylase, 
phospholipase 
significantly 
improved (p<0.05)
Amylase and 
lipase significantly 
improved 
treatment group 
vs. placebo 
(p<0.05)

Can’t 
determine 

West Africa, 
latent PI 
involving water, 
electrolytes, 
and enzymes. 
PI neither 
aggravated by 
kwashiorkor 
nor corrected 
by feeding

Authors 
compared 
enzyme 
measurements 
with both 
controls in 
same area 
and French 
controls

Dakar controls 
significantly 
lower vs. 
French 
controls 
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Supplemental Table 5. Articles reporting patients diagnosed with malnutrition who are later found to
have Exocrine Pancreatic Insufficiency (continued)

Study Malnutrition Exocrine Pancreatic Insufficiency (EPI) Exocrine Pancreatic Insufficiency (EPI) Author’s 
Conclusions

Comments

Definition Anthropometrics Clinical 
Indicators

EPI definition: 
Pancreatic 
Markers

Pancreatic 
Enzymes (serum)

Fecal Enzymes Fecal Fat Other tests Percentage 
affected

Sauniere et 
al. 1988

Malnutrition defined 
on clinical and 
anthropometric 
symptoms of PEM: 
decreased weight and 
height, diarrhea, loss 
of appetite, edema 

28/28 
(100%) PEM. 

SST: Reference 
values for 
amylase, lipase, 
trypsin, CMT 
not given. 
Instead values 
compared to 
controls in 
same setting, 
and controls in 
France.
Dakar control: 
U/ml
amylase 49.8±18
lipase 24.6±4.5
phospholipase 
1.2±0.2
trypsin 2.0±0.4
CMT 12.6±3.6
Abidjan control: 
U/ml
amylase 
54.2±10.3
lipase 
164.4±44.6
phospholipase 
4.8±1.0
trypsin 6.2±1.3
CMT 27.8±6.6

Dakar PEM vs. 
Dakar control ns
PI not improved 
after 28 days
Abidjan PEM 
significantly lower 
phospholipase, 
lipase, trypsin, 
CMT activity vs. 
Abidjan controls 
(p<0.05)
Abidjan: placebo-
lipase, trypsin, 
CMT, amylase, 
phospholipase 
significantly 
improved (p<0.05)
Amylase and 
lipase significantly 
improved 
treatment group 
vs. placebo 
(p<0.05)

Can’t 
determine 

West Africa, 
latent PI 
involving water, 
electrolytes, 
and enzymes. 
PI neither 
aggravated by 
kwashiorkor 
nor corrected 
by feeding

Authors 
compared 
enzyme 
measurements 
with both 
controls in 
same area 
and French 
controls

Dakar controls 
significantly 
lower vs. 
French 
controls 
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Supplemental Table 5. Articles reporting patients diagnosed with malnutrition who are later found to
have Exocrine Pancreatic Insufficiency (continued)

Study Malnutrition Exocrine Pancreatic Insufficiency (EPI) Exocrine Pancreatic Insufficiency (EPI) Author’s 
Conclusions

Comments

Definition Anthropometrics Clinical 
Indicators

EPI definition: 
Pancreatic 
Markers

Pancreatic 
Enzymes (serum)

Fecal Enzymes Fecal Fat Other tests Percentage 
affected

Sauniere et 
al. 1986

KWO- clinical 
and biological 
abnormalities: weight 
loss (not quantified 
by authors), 
edema, diarrhea, 
dehydration, skin 
discoloration, low 
serum protein 
concentration, 
anemia

28/28 
(100%) 
KWO clinical 
symptoms 
(25 first 
admittance, 
3 readmitted 
KWO)

SST: Pancreatic 
enzymes (Units/
ml in 15min)
 Lipase 
Amylase 
Phospholipase 
CMT
Trypsin
Cases compared 
with African 
controls, 
Parisian 
controls, and 
African controls 
+ recovered 
kwashiorkor

Absolute numbers 
not reported
Lipase, amylase, 
and CMT 
significantly 
higher normal 
Africans vs. KWO 
Africans
Amylase, lipase, 
phospholipase, 
CMT significantly 
lower KWO 
Africans vs. 
normal and 
recovered KWO
No significant 
differences 
normal Africans 
and healed KWO 
children 

Not reported PI in KWO 
reversible, 
trypsin more 
resistant, no 
relationship 
KWO and 
tropical 
pancreatitis

Amylase not 
analyzed 
French 
controls

Durie et al. 
1985

Patients sub-classified 
according degree 
malnutrition: ideal 
weight/length/age 
‘severe’: weight < 
75%
‘moderate’: 75% to 
85%
‘mild’: 85% to 95%
‘normal’ >90%

Severely 
malnourished: 25/50 
(50%)
moderately 
malnourished: 23/50 
(46%)
mildly malnourished: 
2/50 (4%)

1. IRT values 
based on 
controls: 
32.3±10.4 ng/ml
2. 3-5 day 
fat balance 
studies. Fat 
malabsorption if 
fat losses >7% in 
those 6 months 
or older, >15% 
in those younger 
than 6 months

IRT:
severe 
malnutrition 
(compared 
to controls): 
77.4±42.0 ng/ml
(p<0.001)
moderately 
malnutrition: 
54.2±16.1 ng/ml 
(p<0.02)
mild malnutrition: 
control levels (ns)

Fat 
malabsorption 
17/43 (40%) 

36/50 (72%) IRT in 
malnourished 
may be 
pancreatic 
acinar cell 
damage or 
obstructed 
pancreatic 
ducts.
IRT normal 
after 
improvement 
nutritional 
status

13/17 (76%) 
steatorrhea 
due to non-
pancreatic 
cause
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Supplemental Table 5. Articles reporting patients diagnosed with malnutrition who are later found to
have Exocrine Pancreatic Insufficiency (continued)

Study Malnutrition Exocrine Pancreatic Insufficiency (EPI) Exocrine Pancreatic Insufficiency (EPI) Author’s 
Conclusions

Comments

Definition Anthropometrics Clinical 
Indicators

EPI definition: 
Pancreatic 
Markers

Pancreatic 
Enzymes (serum)

Fecal Enzymes Fecal Fat Other tests Percentage 
affected

Sauniere et 
al. 1986

KWO- clinical 
and biological 
abnormalities: weight 
loss (not quantified 
by authors), 
edema, diarrhea, 
dehydration, skin 
discoloration, low 
serum protein 
concentration, 
anemia

28/28 
(100%) 
KWO clinical 
symptoms 
(25 first 
admittance, 
3 readmitted 
KWO)

SST: Pancreatic 
enzymes (Units/
ml in 15min)
 Lipase 
Amylase 
Phospholipase 
CMT
Trypsin
Cases compared 
with African 
controls, 
Parisian 
controls, and 
African controls 
+ recovered 
kwashiorkor

Absolute numbers 
not reported
Lipase, amylase, 
and CMT 
significantly 
higher normal 
Africans vs. KWO 
Africans
Amylase, lipase, 
phospholipase, 
CMT significantly 
lower KWO 
Africans vs. 
normal and 
recovered KWO
No significant 
differences 
normal Africans 
and healed KWO 
children 

Not reported PI in KWO 
reversible, 
trypsin more 
resistant, no 
relationship 
KWO and 
tropical 
pancreatitis

Amylase not 
analyzed 
French 
controls

Durie et al. 
1985

Patients sub-classified 
according degree 
malnutrition: ideal 
weight/length/age 
‘severe’: weight < 
75%
‘moderate’: 75% to 
85%
‘mild’: 85% to 95%
‘normal’ >90%

Severely 
malnourished: 25/50 
(50%)
moderately 
malnourished: 23/50 
(46%)
mildly malnourished: 
2/50 (4%)

1. IRT values 
based on 
controls: 
32.3±10.4 ng/ml
2. 3-5 day 
fat balance 
studies. Fat 
malabsorption if 
fat losses >7% in 
those 6 months 
or older, >15% 
in those younger 
than 6 months

IRT:
severe 
malnutrition 
(compared 
to controls): 
77.4±42.0 ng/ml
(p<0.001)
moderately 
malnutrition: 
54.2±16.1 ng/ml 
(p<0.02)
mild malnutrition: 
control levels (ns)

Fat 
malabsorption 
17/43 (40%) 

36/50 (72%) IRT in 
malnourished 
may be 
pancreatic 
acinar cell 
damage or 
obstructed 
pancreatic 
ducts.
IRT normal 
after 
improvement 
nutritional 
status

13/17 (76%) 
steatorrhea 
due to non-
pancreatic 
cause
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Supplemental Table 5. Articles reporting patients diagnosed with malnutrition who are later found to
have Exocrine Pancreatic Insufficiency (continued)

Study Malnutrition Exocrine Pancreatic Insufficiency (EPI) Exocrine Pancreatic Insufficiency (EPI) Author’s 
Conclusions

Comments

Definition Anthropometrics Clinical 
Indicators

EPI definition: 
Pancreatic 
Markers

Pancreatic 
Enzymes (serum)

Fecal Enzymes Fecal Fat Other tests Percentage 
affected

Barbezat 
and 
Hansen 
1968

1. Malnutrition
KWO: edema, skin 
lesions, growth 
retardation, and 
hypoalbuminemia
Marasmus 
and Chronic 
malnourished: growth 
retardation, absence 
of edema and skin 
lesions, wasted little 
or no subcutaneous 
fat, slight 
hypoalbuminemia 
(chronic previous 
KWO patients)
2. Percent expected 
weight (50th Boston 
percentile control 
values): 94.04% SD 
5.09
3. Serum albumin 
concentration: mean 
control value 3.72 
gm/100ml SD 0.40

Mean value of 
percent expected 
weight 
KWO 68.40% SD 
11.07
Marasmus 52.61% 
SD 7.32
Chronically 
malnourished 67.99% 
SD 12.71

KWO: 14
Marasmus: 7
Chronic 
malnutrition: 
10

Serum 
Albumin
KWO: 1.67 
gm/100ml 
SD 0.47
Marasmus: 
2.15 
gm/100ml 
SD 0.40
Chronic 
malnutrition: 
3.39 
gm/100ml 
SD 0.43

SST:
Analyzed 
enzymes 
amylase, lipase, 
trypsin, and 
CMT.
Values 
compared to 
controls and 
malnourished 
subgroups

No absolute 
values:
Amylase: lower 
in KWO and 
marasmus 
(p<0.01). 
KWO group 
significantly 
improved after 
treatment 
(p<0.01)
Lipase: KWO 
significantly lower 
lipase levels (p< 
0.01)
Trypsin: KWO 
lower vs. controls 
and recovered 
(p<0.02)
CMT: KWO, 
marasmus 
patients lower 
(p<0.01) (most 
affected enzyme)
Chronically 
malnourished 
less CMT than 
recovered 
KWO(p<0.02)

Not reported Pancreatic 
enzyme 
output grossly 
deficient in 
KWO and 
marasmus. 
Complete 
restoration 
pancreatic 
function after 
dietary therapy



79

2

The relation between malnutrition and the exocrine pancreas

Supplemental Table 5. Articles reporting patients diagnosed with malnutrition who are later found to
have Exocrine Pancreatic Insufficiency (continued)

Study Malnutrition Exocrine Pancreatic Insufficiency (EPI) Exocrine Pancreatic Insufficiency (EPI) Author’s 
Conclusions

Comments

Definition Anthropometrics Clinical 
Indicators

EPI definition: 
Pancreatic 
Markers

Pancreatic 
Enzymes (serum)

Fecal Enzymes Fecal Fat Other tests Percentage 
affected

Barbezat 
and 
Hansen 
1968

1. Malnutrition
KWO: edema, skin 
lesions, growth 
retardation, and 
hypoalbuminemia
Marasmus 
and Chronic 
malnourished: growth 
retardation, absence 
of edema and skin 
lesions, wasted little 
or no subcutaneous 
fat, slight 
hypoalbuminemia 
(chronic previous 
KWO patients)
2. Percent expected 
weight (50th Boston 
percentile control 
values): 94.04% SD 
5.09
3. Serum albumin 
concentration: mean 
control value 3.72 
gm/100ml SD 0.40

Mean value of 
percent expected 
weight 
KWO 68.40% SD 
11.07
Marasmus 52.61% 
SD 7.32
Chronically 
malnourished 67.99% 
SD 12.71

KWO: 14
Marasmus: 7
Chronic 
malnutrition: 
10

Serum 
Albumin
KWO: 1.67 
gm/100ml 
SD 0.47
Marasmus: 
2.15 
gm/100ml 
SD 0.40
Chronic 
malnutrition: 
3.39 
gm/100ml 
SD 0.43

SST:
Analyzed 
enzymes 
amylase, lipase, 
trypsin, and 
CMT.
Values 
compared to 
controls and 
malnourished 
subgroups

No absolute 
values:
Amylase: lower 
in KWO and 
marasmus 
(p<0.01). 
KWO group 
significantly 
improved after 
treatment 
(p<0.01)
Lipase: KWO 
significantly lower 
lipase levels (p< 
0.01)
Trypsin: KWO 
lower vs. controls 
and recovered 
(p<0.02)
CMT: KWO, 
marasmus 
patients lower 
(p<0.01) (most 
affected enzyme)
Chronically 
malnourished 
less CMT than 
recovered 
KWO(p<0.02)

Not reported Pancreatic 
enzyme 
output grossly 
deficient in 
KWO and 
marasmus. 
Complete 
restoration 
pancreatic 
function after 
dietary therapy
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Supplemental Table 5. Articles reporting patients diagnosed with malnutrition who are later found to
have Exocrine Pancreatic Insufficiency (continued)

Study Malnutrition Exocrine Pancreatic Insufficiency (EPI) Exocrine Pancreatic Insufficiency (EPI) Author’s 
Conclusions

Comments

Definition Anthropometrics Clinical 
Indicators

EPI definition: 
Pancreatic 
Markers

Pancreatic 
Enzymes (serum)

Fecal Enzymes Fecal Fat Other tests Percentage 
affected

Thompson 
et al. 1952

Established KWO 
defined as pitting 
edema, without 
obvious renal or 
cardiac cause, 
changes in hair, 
and subnormal 
weight. Other 
noted features were 
hyperpigmentation 
of skin, raw weeping 
areas, diarrhea and 
wasting

59/59 
(100%) 
children 
fulfilled the 
criteria for 
kwashiorkor 

Diarrhea 
present in 
85%

1. Pancreatic 
stimulation test 
(PST): lipase 
and amylase 
extracted. 
Reference 
values based on 
control values 
Amylase units/
ml;
mean: 2.92 SD: 
1.62
Lipase units per 
0.1 ml; mean: 
3.84 SD: 1.04
2. Necropsy 
performed 
on children 
who died: 
histopathology 
of pancreas 
noted

Group 1= followed 
up (n=40)
group 2= not 
followed up 
(n=10)
group 3= died 
(n=8)
group 4=not 
treated (n=1)
Amylase at 
admission
group 1: 0.40 
units/ml; group 
2: 0.50 units/
ml; group 3: 0.53 
units/ml; group 4: 
0.05 units/ml
Discharge
group 1: 4.33 
units/ml; group 4: 
0.1 units/ml
Lipase at 
admission group 
1: 1.0 units/0.1ml; 
group 2: 1.3 
units/0.1ml; 
group 3: 0.81 
units/0.1ml; group 
4: 1.0 units/0.1ml
Discharge:
group 1: 3.88 
units/ml; group 4: 
0.9 units/0.1ml
On admission 
amylase and 
lipase significantly 
lower in KWO 
(p<0.001). Fully 
recovered after 
nutritional 
rehabilitation 
(p<0.01)

Histopathology:
2 children that 
died: loss of 
cytoplasm in 
acinar cells, 
collapse 
of acinar 
structure, and 
increase in 
fibrous tissue. 
2 children 
who died from 
intercurrent 
infection 
histologically 
normal

100% 
(58/58)

KWO children 
well below 
normal amylase 
and lipase, 
reversible with 
treatment

40 /59 (68%) 
children who 
were re-
evaluated after 
treatment
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Supplemental Table 5. Articles reporting patients diagnosed with malnutrition who are later found to
have Exocrine Pancreatic Insufficiency (continued)

Study Malnutrition Exocrine Pancreatic Insufficiency (EPI) Exocrine Pancreatic Insufficiency (EPI) Author’s 
Conclusions

Comments

Definition Anthropometrics Clinical 
Indicators

EPI definition: 
Pancreatic 
Markers

Pancreatic 
Enzymes (serum)

Fecal Enzymes Fecal Fat Other tests Percentage 
affected

Thompson 
et al. 1952

Established KWO 
defined as pitting 
edema, without 
obvious renal or 
cardiac cause, 
changes in hair, 
and subnormal 
weight. Other 
noted features were 
hyperpigmentation 
of skin, raw weeping 
areas, diarrhea and 
wasting

59/59 
(100%) 
children 
fulfilled the 
criteria for 
kwashiorkor 

Diarrhea 
present in 
85%

1. Pancreatic 
stimulation test 
(PST): lipase 
and amylase 
extracted. 
Reference 
values based on 
control values 
Amylase units/
ml;
mean: 2.92 SD: 
1.62
Lipase units per 
0.1 ml; mean: 
3.84 SD: 1.04
2. Necropsy 
performed 
on children 
who died: 
histopathology 
of pancreas 
noted

Group 1= followed 
up (n=40)
group 2= not 
followed up 
(n=10)
group 3= died 
(n=8)
group 4=not 
treated (n=1)
Amylase at 
admission
group 1: 0.40 
units/ml; group 
2: 0.50 units/
ml; group 3: 0.53 
units/ml; group 4: 
0.05 units/ml
Discharge
group 1: 4.33 
units/ml; group 4: 
0.1 units/ml
Lipase at 
admission group 
1: 1.0 units/0.1ml; 
group 2: 1.3 
units/0.1ml; 
group 3: 0.81 
units/0.1ml; group 
4: 1.0 units/0.1ml
Discharge:
group 1: 3.88 
units/ml; group 4: 
0.9 units/0.1ml
On admission 
amylase and 
lipase significantly 
lower in KWO 
(p<0.001). Fully 
recovered after 
nutritional 
rehabilitation 
(p<0.01)

Histopathology:
2 children that 
died: loss of 
cytoplasm in 
acinar cells, 
collapse 
of acinar 
structure, and 
increase in 
fibrous tissue. 
2 children 
who died from 
intercurrent 
infection 
histologically 
normal

100% 
(58/58)

KWO children 
well below 
normal amylase 
and lipase, 
reversible with 
treatment

40 /59 (68%) 
children who 
were re-
evaluated after 
treatment
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%CoA, percent fecal fat absorption; AHAZ, adujsted height for age Z-score; CDC, Centers for Disease 
Control; CMT, chymotrypsin; ERCP, endoscopic retrograde cholangiopancreatography; FE, fecal elastase 
[FE-1 = fecal elastase-1]; EPI, exocrine pancreatic insufficiency; HZ, height Z-score; HAZ, height for age 
Z score; IRT, human immunoreactive trypsinogen; KWO, kwashiorkor; MKW0, marasmus kwashiorkor; 
MUAC, mid upper arm circumference; NO-FE, no pancreatic activity; NS, not significant; PEM, protein 
energy malnutrition; PI, pancreatic insufficiency/pancreatic insufficient; PS, pancreatic sufficiency; PST, 
pancreatic stimulation test; R-FE, residual pancreatic activity; S., serum; SAM, severe acute malnutrition; 
SD, standard deviation; SST, secretin stimulation test; US, ultrasound; W/H, weight/height; WZ, weight 
Z-score; WAZ, weight for age Z score; WHZ, weight for height Z score


