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ABSTRACT

Objectives: Pancreatic enzyme replacement therapy (PERT) remains a backbone in the

nutritional treatment of cystic fibrosis. Currently, there is a lack of an evidence-based

tool that allows dose adjustment. To date, no studies have found an association

between PERT dose and fat absorption. Therefore, the aim of the study was to assess

the influence of both the PERT dose and the variability in this dose on the coefficient

of fat absorption (CFA).

Methods: This is a retrospective longitudinal study of 16 pediatric patients (192 food

records) with three consecutive visits to the hospital over a twelve-month period.

Dietary fat intake and PERT were assessed via a four-day food record and fat content

in stools was determined by means of a three-day stool sample collection. A beta

regression model was built to explain the association between the CFA and the

http://www.iiad.upv.es/index_english.html
http://www.iiad.upv.es/index_english.html


interaction between the PERT dose (lipase units [LU]/g dietary fat) and the variability

in the PERT dose (standard deviation [SD]).

Results: The coefficient of fat absorption increased with the PERT dose when the

variability in the dose was low. In contrast, even at the highest PERT dose values, the

CFA decreased when the variability was high. The confidence interval suggested an

association, although the analysis was not statistically significant.

Conclusion: The variability in the PERT dose adjustment should be taken into

consideration when performing studies on PERT efficiency. A clinical goal should be the

maintenance of a constant PERT dose rather than trying to obtain an optimal value.

Key words: Cystic fibrosis. Enzyme to substrate ratio. Pancreatic enzyme replacement

therapy (PERT). Enzymatic supplements. Coefficient of fat absorption. Variability.

INTRODUCTION

Cystic fibrosis (CF) is the most common life threatening genetic disease in Europe (1).

Symptoms may differ widely from one patient to another. However, there are two

systems which are almost always affected, the pulmonary system and the

gastrointestinal tract (2).

Eventually, up to 90-95% of patients with CF become pancreatic insufficient (PI) (3-5),

leading to malabsorption secondary to malnutrition of carbohydrates, protein and

especially fat (3,6,7). Reversing this situation is beneficial, especially since an optimal

nutritional status is concurrently associated with a better pulmonary outcome. As

respiratory complications are the main cause of morbidity and mortality in CF patients

(1), maintaining an adequate nutritional status improves the overall prognosis and

survival (7-9).

Nutritional intervention in CF patients is based on dietary recommendations of energy

intake and nutrient distribution (10), fat-soluble vitamin supplementation and life-long

exogenous pancreatic replacement therapy (PERT), which are generally required by

almost every CF patient (8). PERT is a proven effective therapy for improving nutrient

absorption, especially lipids (6,8). However, in some cases malabsorption still persists

even though PERT is prescribed (3).



The evaluation of fat malabsorption is obtained by means of a 72-hour stool collection,

which estimates fat output as well as dietary records, enabling the calculation of fat

intake. In addition, this allows the assessment of the coefficient of fat absorption (CFA)

(4). The estimated mean value of the CFA in healthy subjects is 90-95% (8), whilst an

adequate PERT dosage in CF patients will result in a fat absorption of more than 85%

(4,7).

Although theoretical PERT adjustment recommendations are extensively disseminated,

these have limited scientific foundation (10). Currently, the only two criteria for

adjusting PERT are the fat content of the meal and body weight. Despite the fact that

recent studies have proven that there is no clear relationship between PERT dosage

and CFA, other variables have not been studied. Therefore, the aim of the present

study was to assess the long-term influence of the dose of PERT and the variability in

this dosage on the coefficient of fat absorption.

METHODS

Subjects and study design

We conducted a retrospective, observational study that included 16 Spanish children

with CF, followed-up in the pediatric CF Unit of the La Fe University and Polytechnic

Hospital (Valencia, Spain).

All children included had a confirmed CF diagnosis by means of a positive sweat

chloride test and the presence of two known CF mutations. None of the patients

underwent newborn screening, as it had not yet been implemented at the time of

their birth. Inclusion criteria included pancreatic insufficiency (fecal elastase values

[FE1] < 200 mcg/g of stool), treatment with PERT (Kreon 10,000 and 25,000 LU, Mylan©

) and age between one and 17 years. Organ transplantation was the only exclusion

criterion. All patients had to attend three hospital visits, each separated by a period of

six months (between 2015 and 2016), as well as the four-day FR and the three-day

stool analysis. During each appointment demographic and clinical data were collected.

Clinical measurements



Demographic variables included age, gender and genotype (severe genotypes such as

homozygous mutations in F508-del and G542X mutations were considered).

Anthropometric parameters included body weight (expressed in kg), height (expressed

in cm) and body mass index (BMI). This was expressed as body mass (weight) divided

by the square of the body height, expressed in units of kg/m2. Z-scores (SD) for weight,

height and BMI were calculated based on the Center for Disease Control (CDC) growth

charts. Forced expiratory volume (FEV1) values were selected as representative

measures of pulmonary function and were expressed as percentages.

Every patient filled in a total of three dietary records every six months, each one

covering a four-day period (three on one at the weekend). Therefore, dietary records

consisted of a four-day food diary which was completed by the patient/parents with

the following sections: three main meals (breakfast, lunch and dinner), three snacks

(morning, afternoon, night) and “others” (extra snacks). The following data were

included: name of meal, ingredients/products and amount (expressed in grams [g]).

During the dietary recording period, patients were encouraged to continue with their

usual dietary habits. The PERT dose for every separate meal was also registered. The

four-day FR was the tool regularly used by the study patients for their nutritional

follow-up, thus, they were familiar with this tool and could complete it correctly.

Dietary records of each patient were transferred to a calculation system which was

based on a nutritional composition database made up of > 700 items. This system was

used to calculate the dietary intake of energy, carbohydrates, fat and protein.

A 72-hour stool sample was obtained for each patient to determine fat excretion. Stool

collection was initiated on the second day of the four-day dietary diary. CFA was

calculated with the following formula: fat intake (g) - excreted fat (g)/fat intake (g); and

it was expressed as a percentage.

The study received the approval of the Ethics Committee of the Medical Research

Institute La Fe of the La Fe University Hospital, Valencia (Spain).

Statistical analyses

The percentage of fat, protein and carbohydrates was calculated for each separate

meal, and afterwards the mean and median percentage of these macronutrients was



calculated for each day and each dietary record.

PERT dose was expressed in terms of lipase units per gram of fat and per meal (LU/g

fat/meal), also referred to as the enzyme to substrate ratio (E/S). PERT dose was

registered for each meal and the mean and SD and median and interquartile range

(IQR) of PERT dose were calculated per day and per patient (mean value of the four-

day record).

In order to represent the variability in the PERT dose, the variable SD/ES was

calculated. This represented the standard deviation of the mean dose of PERT.

Variability was considered as a categorical variable and was defined as medium

(represented by the median value), high (represented by the third quartile) or low

(represented by the first quartile).

Therefore, SD/ES expresses how differently patients have adjusted the dose of PERT

with regard to the amount of dietary fat, and how this dosage varies from meal to

meal and from day to day. For instance, if a patient takes in 1,000 LU/g of fat at

breakfast, 800 LU/g of fat at lunch and 2,000 LU/g of fat at dinner, this represents a

mean E/S of 1,266 LU/g and a mean dose variability of ± 1,616.5 LU/g (the SD of the

mean dose).

Logarithms (log) values of E/S and SD/ES were used due to the high variability among

variables and in order to approximate the data to a normal distribution to obtain a

reliable model and avoid bias in the estimation of coefficients.

In order to search for an association between the co-variables, an adjusted beta

regression model was performed based on percentage of dietary fat, age, gender,

severe mutation, log (E/S), log (SD/ES) and the interaction between log (E/S) and log

(SD/ES) in CFA . Furthermore, the random effect of the subject was taken into account

due to the fact that the database was longitudinal (repeated measures). A p-value <

0.05 was considered as statistically significant. All the analyses were performed with

the R statistics software (version 3.3.1) and the glmmADMB package was used. E/S

values = 0 were excluded.

Coefficients < 1 suggested an inverse or negative relationship between a co-variable

and the response variable (CFA) and coefficients > 1 indicated a direct or positive

effect.



RESULTS

Demographic, clinical and dietary data

A total of 16 patients (nine male) were enrolled in the study. Patients included were

born between 1997 and 2011 and the global mean age was 8.6 (± 4.1) years. Severe

genotypes were present in eight patients (50% of the population).

All patients were confirmed as PI by means of a fecal elastase-1 test (FE1). Laboratory

reference values < 200 μg/g of stool corresponded to PI, values between 100 and 200

μg/g of stool corresponded to moderate PI, and values < 100 μg/g of stool represented

severe PI. The laboratory tests did not detect FE1 values < 15 μg/g of stool. All patients

included in the study had severe PI according to the FE1, ten patients had values < 15

μg/g of stool and six were between 15 and 50 μg/g of stool (mean value of 24.4 ±

12.28). All patients received PERT.

The patients enrolled in the study maintained an adequate nutritional status with a

mean/median BMI value of the three visits of 15.7kg/m2 (15.1/17.1). The pulmonary

function of all patients that was based on FEV1% values was normal, with a mean

FEV1% value of 86.77 (± 16.88). The mean value of fat in stools was 11.47 (± 7.22)

g/24h (Table 1).

A total of 192 food records were obtained (16 patients, four-day food records and

three visits), from which 1,152 meals were characterized (five to seven meals a day) in

terms of enzyme dose, nutritional composition and energy value of the foods

registered. With regard to the nutritional composition of the food records, the global

mean daily percentage of carbohydrate, protein and fats was 42.35 (± 5.67), 18.42 (±

3.67) and 39.09 (± 4.31), respectively. The global mean energy intake was 91.7 (±

37.23) kcal/kg weight with minor variations among the three hospital visits. With

regard to the total enzyme to substrate ratio (E/S) in every meal, day, hospital visit and

patient, a median global E/S intake of 719.4 (451.5, 1,205) LU/g of fat with an intra-

patient variability (SD E/S) of 616.7 (308.1, 1516) LU/g among different meals was

found.

Dietary fat intake and stool analyses allowed the calculation of 144 CFA values. The

global median CFA value of all three hospital visits for all patients was 89.7% (84.88,



93.31). There was very little variability among records (Table 2).

Association of the study variables with the CFA

A direct relationship was found between fat intake and CFA values (p = 0.019) in the

linear regression model. In addition, a relationship was found between the presence of

severe mutations (including homozygous F508-del and G542X mutations) and CFA

values, although it was not significant (p = 0.07). No association between age, gender

or BMI and the CFA values was found (Table 3).

The interaction between the E/S (log E/S) and its variability (SD log E/S) was assessed.

The effect on the response variable (CFA) was different when assessing these two

variables as an interaction than when assessed separately. The increase in E/S led to

an increase in the CFA (CI 95% [0.91, 2.17]), but it was not statistically significant.

However, when variability (SD/ES) increased, the CFA was significantly higher (p < 0.05)

(CI 95% [1.01, 2.22]). The interaction between the PERT dose (log E/S) and its

variability (SD log E/S) showed that the effect on the response variable (CFA) was

different when assessing these two variables as an interaction than when assessed

separately. The interaction had a negative effect on CFA (CI 95% [0.89, 1.01]), but it

was not significant (p = 0.101). Even though the effect of the interaction between

these two variables was not significant, the CFA value depends not only on the E/S but

also on the dose-effect changes depending on the variability of the dose (Fig. 1). The

figure can be interpreted considering the dose (E/S) or the variability. In the first case

the PERT dose is considered: when PERT dose is high, the best CFA results will be

achieved as long as dosage variability is low (green line). In the second case, focusing

on variability, when E/S remains constant (low variability), higher CFA is obtained with

an increasing E/S dose. However, when there is a high variability (E/S not constant)

and even when PERT doses are high, CFA is low.

Finally, from our results we must highlight that there is an association between the

interaction (dosage with dosage variability) and the response variable (CFA). The effect

of PERT dose on CFA depends on the individual variability of E/S.

DISCUSSION



In the present study we have attempted to identify the effect that the PERT dose

(expressed in grams of fat) and the variability in the dosage have on the CFA.

A genotype-phenotype association has been shown to be positive in cases of

pancreatic disease. Thus, CF patients with severe mutations (types I-III) are more likely

to become PI (12,13). Our study shows that those patients presenting G542X and

homozygous F508-del (mutations belonging to group I and II, respectively) mutations

were more likely to present malabsorption and had a diminished CFA, although these

associations were not statistically significant.

FE1 is an indirect method with a high sensitivity for detecting EPI in children (14,15),

with a clear co-relationship between the FE1 value and pancreatic enzyme secretion.

In addition, the value seems to be unaffected by PERT (16). However, even though all

patients in this study presented severe EPI according to their FE1 values (all of them <

100 μg/g stool) and required exogenous enzymatic supplementation, large differences

with regard to their PERT needs, particularly the PERT dose (E/S), were observed. This

suggests that although FE1 enables a diagnosis and PI classification, it is of limited

value for PERT adjustment.

Lipid digestion is highly impaired in cases of PI and exogenous supplements are

required to compensate for these deficiencies. However, information regarding PERT

adjustment is scarce and an identifiable dose-response between enzymes and

symptoms has not been demonstrated (3). Dosage recommendations are currently

based on age, body weight (11) and lipase units per gram of dietary fat. Nevertheless,

the literature has shown that the current criteria to adjust PERT is too vague and does

not allow for a confident or robust methodology (8). In fact, a recent study concluded

that there is a large variability in the response to PERT and there is no clear correlation

between the CFA and PERT values, in agreement with previous studies in the field (7).

Our results demonstrate that the constancy versus the variability in the dose

adjustment (in terms of E/S) should be considered as a variable when performing

studies on PERT efficiency.

Moreover, patients usually tend to have a fixed PERT dosage for individual meals,

regardless of the differences in the macronutrient composition of the food. They tend

to ignore the fact that enzyme dosage should match the amount of fat ingested per



meal (4). In fact, several authors (17-19) recommend a PERT dose for snacks that

corresponds to half the dose established for main meals. Other authors suggest that

the optimum control of symptoms is achieved by patients who auto-adjust PERT

according to fat-intake rather than following a fixed dose (14). In fact, recent European

consensus guidelines recommend a daily enzyme dose which should be adjusted to the

amount of fat ingested per meal (2,000-4,000 LU per gram of dietary fat) and

increasing this dose as needed, with a maximum daily dose of 10,000 LU/kg (10).

Lipase values exceeding these figures were related to an increased risk of fibrosing

colonopathy. However, recent studies have questioned this statement and defend that

the optimal PERT dose for children still remains unidentified (19).

Despite the fact that many patients fulfil current recommendations of enzyme dosage

(i.e., daily average dosages within the 2,000-4,000 LU/g fat range) and progress

favorably and symptom-free, stool analysis indicates malabsorption in some cases. This

could be explained by the large range in enzyme supplement recommendations. In

addition, these recommended doses are referred to the amount of fat in meals which

may vary daily. This suggests that there are other factors that are not being taken into

consideration as well as the enzyme dose. Among others, the variability of enzyme to

substrate ratio (E/S) from one meal to another and from one day to another could be

contributing to the effect in the coefficient of fat absorption.

In our cohort, all patients received an enzyme dose below the current

recommendations (2,000-4,000 LU/g fat), a fact that is justified by the adherence to

former recommendations (11) which ranged between 500-4,000 LU/g fat. In spite of

this, the mean CFA value of the cohort was 87.73% (± 10.43), that is, higher than the

optimum (10).

The limitations of this study include the fact that we did not use dyes for marking

stools as in other studies (8). This reduces the accuracy of the CFA estimation.

Although we only included 16 patients, a reasonable number of dietary records (192)

and stool fat analysis data (144) were obtained that enabled an acceptable statistical

analysis.

CONCLUSIONS



In order to understand the concept of CFA, the interaction between PERT dosage (in

terms of LU/g of fat) and PERT variability should be considered. Even though our

results were not statistically significant, this could be due to some methodological

limitations, and studies with large patient cohorts should be performed in order to

confirm this association. From our data, it can be concluded that the aim of PERT

adjustment should not be only to obtain a particular E/S figure, but also to maintain a

constant E/S value. The optimal E/S figure for each patient should also be calculated.
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Table 1. Clinical and analytical data of patients during the study period

Variable
Visit 1 (M0) Visit 2 (M6) Visit 3 (M12) Global

Mean (SD) Mean (SD) Mean (SD) Mean (SD)

BMI (kg/m2) 15.96 (15.32,

17.49)

15.48 (14.87,

16.31)

15.45 (15.09,

17.1)

15.79 (15.1,

17.51)

FEV1 (%) 84.77 (±

17.32)

91.98 (±

18.06)

80.29 (±

15.08)

86.77 (±

16.88)

Fat in stools (g/24h) 11.22 (±

7.27)

11.69 (±

7.58)

11.51 (±

8.33)

11.47 (±

7.72)

BMI: Body mass index; FEV1: Forced expiratory volume; SD: Standard deviation; M:

Month.



Table 2. Results obtained by means of the four-day food record

Variable Visit 1 (M0) Visit 2 (M6) Visit 3 (M12) Global

Energy intake (kcal/kg)

(mean ± SD)

97.89 (±

38.87)

93.53 (±

39.69)

84.09 (±

34.13)

91.67 (±

37.23)

Protein intake (%)

(mean ± SD)

18.26 (±

3.87)

19.01 (±

4.05)

18.32 (±

3.55)

18.42 (±

3.67)

Carbohydrates intake

(%)

(mean ± SD)

40.64 (±

3.98)
41.29 (± 4.7)

43.19 (±

5.27)

42.35 (±

5.67)

Fat intake (%)

(mean ± SD)

40.45 (±

2.96)

39.64 (±

3.92)

38.06 (±

4.35)

39.09 (±

4.31)

Enzyme to substrate

ratio (E/S) (LU/g

fat/meal)

(mean ± SD)

(median, IQR)

1,257.08 (±

3,555.53)

1,037.96 (±

1,955.42)

1,945.4 (±

11,708.98)

1,413.48 (±

5,739.97)

724.6 (390.6,

1,265.8)

647.45

(410.65,

1,015.2)

783.7 (526.3,

1,351.4)

719.4 (451.5,

1,205)

Variability in E/S (SD in

LU/g fat/meal)

(median, IQR)

719.44

(340.67,

1,178.04)

378.62

(303.65,

811.64)

529.9

(308.05,

3215.2)

616.7 (308.1,

1,516)

CFA (%)

(mean ± SD)

(median, IQR)

86.62 (±

9.84)

87.6 (±

12.64)

88.17 (±

9.16)

87.73 (±

10.43)

89.1 (84, 92)
91.1 (84.85,

94.2)

89.5 (86.35,

92.4)

89.65 (84.88,

93.31)



M: Month; SD: Standard deviation; IQR: Interquartile range; CFA: coefficient of fat

absorption; LU: Lipase units.



Table 3. Results of the lineal regression model: effect of the variables assessed on

the coefficient of fat absorption (CFA)

Variable Coefficient CI 95% p-value

Fat intake (g) 1.02 (1.01, 1.04) 0.019

BMI 0.96 (0.89, 1.03) 0.304

Gender 1.40 (0.89, 2.18) 0.138

Age 1.03 (0.98, 1.08) 0.183

Severe mutations* 1.45 (0.97, 2.16) 0.070

Log (E/S) 1.41 (0.91, 2.17) 0.125

SD log (E/S) 1.49 (1.01, 2.22) 0.049

Log (E/S): SD log

(E/S)**

0.94 (0.89, 1.01) 0.101

CI: Confidence interval; SD: Standard deviation; BMI: Body mass index. *F508del

homozygous mutations and G520X mutations were considered as severe genotypes.

**Interaction of the variables “enzyme to substrate ratio (log E/S)” and “variability in

enzyme to substrate ratio (SD log E/S)”.



Fig. 1. Effect of enzyme to substrate ratio (log E/S) on the coefficient of fat absorption

(CFA) according to the variability of the enzyme to substrate ratio intake (log SD E/S).


