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Abstract
Background: In�ammation plays an important role in pathogenesis of cystic �brosis, and diet is
considered as an effective factor in controlling in�ammation. Low glycemic index diet seems to be
effective for improving glycemic control and reducing the in�ammation and lipid pro�le. Hence, this study
was planned to compare the effects of a low glycemic index/high fat, high calorie diet with the high fat,
high calorie diet on glycemic status, lipid pro�le, and in�ammatory markers in patients with cystic
�brosis.

Methods: A total of 60 children and adolescence with cystic �brosis will be randomized to receive a high
fat, high calorie diet (n=30) or low glycemic index/high fat, high calorie diet (n=30) with similar calorie
and macronutrients composition, for three months. Patients in high fat, high calorie diet arm will be able
to use all sources of carbohydrates with different glycaemic indices; while those in another arm will be
received their carbohydrate from low glycemic index sources. Before and after the intervention, serum
levels of lipid pro�le (triglyceride, total cholesterol, HDL cholesterol, LDL cholesterol), insulin, glucose,
HbA1c, the homeostasis model assessment-estimated insulin resistance index, and some in�ammatory
markers (IL-6, IL-10, IL-17A, and IFNγ) will be measured.

Discussion: To our knowledge, this study will be the �rst to examine the effects of a low glycemic
index/high fat, high calorie diet compared to the high fat, high calorie diet in cystic �brosis patients. The
�ndings of this study might provide evidence to improve the nutritional status and immune system as
well as to prevent the disease complications in these patients.

Background
Cystic �brosis (CF) is an autosomal recessive inherited disorder which caused by a defect in the CF
transmembrane conductance regulator (CFTR) on chromosome 7 [1]. This autosomal genetic disease
occurs in a raising trend worldwide and it is incidence is reported to be approximately 1 in 3000 births [2,
3].

Individuals with CF develop a wide spectrum of complications, of which, exocrine pancreatic dysfunction
is one of the most common manifestations, found in 85% of patients [4]. This type of dysfunction leads
to fat malabsorption and in turn results in fat-soluble vitamin inadequacy, malnutrition, and growth
failure [5, 6]. CF-related diabetes (CFRD) is another hallmark of CF manifestations which directly linked to
increased morbidity and mortality of CF [7]. This complication has been shown to be related to a decline
in lung function [8] and also increased risk of bacterial chest infections [9]. Moreover, patients with both
CF and CFRD have higher levels of in�ammatory markers, and it has been shown that in�ammatory
biomarkers might be associated with complications of both CF and CFRD [10–13]. Hence, the strategies
to reduce in�ammatory markers are expected to be bene�cial in prevention of CF-related complications
[14].
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Diet is considered as an effective factor in controlling in�ammation. It has been shown that high
glycemic index (GI) diet increase oxidative stress and in�ammation [15–17], while low GI diet has been
indicated potential for improving glycemic control and lipid pro�le in other forms of diabetes [18–21].
Also, previous studies have shown a bene�cial effect of low GI diet on glycemic control and lipid pro�le in
individuals with different health conditions [22, 23]. However, the evidence for the use of low GI diet in
CFRD is scare. Given that hyperglycemia exacerbates the clinical situation in CF patients by induction of
immune responses, it seems that low GI diet can be an effective factor in modulating the immune
response in CF patients by controlling glucose homeostasis [14]. Moreover, given that 16% of CF children
may suffer from diabetes and hyperlipidemia, administration of low GI diet might be bene�t for these
children [24].

As the primary goal of nutrition therapy in CF is to achieve optimal weight gain and growth, a high fat and
high calorie diet has been recommended for these patients [25]. Regarding a de�nite necessity for
determination of the standard diet with the optimal effect on growth, survival rate, quality of life, and the
reduction of complications in CF patients, we designed a study to compare the effects of low GI/high fat,
high calorie diet with the high fat, high calorie diet on glycemic status, lipid pro�le, and in�ammation
markers in patients with CF. We hypothesized that low GI diet will improve the glycemic status and reduce
the in�ammation and lipid pro�le in children and adolescence with CF.

Methods/design

Study design

This is a randomized, double-blinded, parallel group, clinical trial. The
study protocol was registered in the Iranian Registry of Clinical Trial
(registration No, IRCT2017102325267N5).

Study population
This study will be conducted on children and adolescents with CF who are referred to the Cystic Fibrosis
Clinic of the Children’s Medical Center, a�liated to Tehran University of Medical Sciences, Tehran, Iran. All
children and adolescents, aged 6–18 years old, who are diagnosed with CF by a sweat test or genetic test
by a clinical specialist, will be included. Also, we will check oral glucose tolerance test (OGTT) levels from
participants’ medical records and those with normal OGTT levels and with no CFRD will be included in the
study. The participants will be excluded if: 1) have other chronic diseases such as diabetes and thyroid
disease, liver diseases (i.e., hepatitis and cirrhosis), 2) were hospitalized at the beginning of the study or
one month earlier, 3) had a history of surgery one month prior to the intervention or were supposed to
undergo surgery (except for dental surgery) in the next three months, and 4) take steroids. Moreover, the
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participants will be excluded if they will not willing to follow the prescribed diets, unable to adhere to the
diets, hospitalize or require surgery during the study.

Sample size
Sample size was determined by formula suggested for randomized clinical trials, with type I error of 5%,
type II error of 20%, study power of 80%, and serum interleukin–17A (IL–17A) level as a key variable [26].
The number of needed samples was calculated as 21 participants. To get a more con�dent result with a
30% dropout rate, we will consider 30 participants in each group.

Randomization

All eligible participants will be enrolled by convenience sampling method and will be randomly (1:1 ratio)
allocated by an assistant to high fat, high-calorie diet (HFHC; n = 30) or low GI/high fat, high calorie diet
(LG; n = 30), using permuted block randomization method, strati�ed by age and sex.

Blinding
Given the nature of the intervention (diet), investigators will not be blinded to the intervention. However, all
outcomes will be measured by an independent assessor who will be blind to the group allocation. Also,
patients and data analysts will be blinded to the group allocation.

Procedure and intervention
In both group, the intervention will be done during three months and both groups will be visited at
baseline and after three months of study. All patients will be received a lea�et, presenting the number of
portions per meal, food exchange list, food recommendations, and allowed and forbidden foods (for LG
diet only).

To design a diet for CF children and adolescents, we �rst calculate the required energy intake of
participants according to the Paediatrics Clinics formula [27]. Then, we added further 300 to calculated
energy. The patients in the HFHC diet arm will be received a high-fat, high-calorie diet containing 40% fat,
20% protein, and 40% carbohydrate. This group will be able to use all sources of carbohydrates with
different GIs. The patients in the LG diet arm will be received a high-fat, high-calorie diet with
macronutrients percentage similar to that in HFHC group; however, the difference will be that the
carbohydrate sources were supplied from low GI sources. LG and high glycemic index (HGI) were de�ned
as GI < 50 and GI ≥ 50, respectively. The low GI diet group will be instructed to select carbohydrate
containing foods from a list of low GI grains, fruits, vegetables, and dairy, which was provided by the
study researchers. Moreover, a list of prohibited HGI foods will be given to members of this group.
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The criterion for compliance in the low GI group will be GI<50, calculated from the food diaries. To extract
GI values, we will refer to the Iranian GI table [28], and the international table of GI [29] will be used for GI
values not reported on the Iranian-speci�c table. The GI for foods not included in the Iranian or the
international table will estimate using the GI for the most similar food. To calculate the mean GI for diet,
we will use the reported formula [30].

Measurement

General information
Information regarding socio-demographic background, current use of medications and supplements,
other medical interventions related to the treatment, and lack of allergy or intolerance to certain foods will
be recorded by participants’ medical record and also interviews at baseline.

Outcomes
The primary outcomes are changes in the following parameters at the end of the study in comparison
with the baseline values: Hemoglobin A1c (HbA1c); fasting blood glucose (FBS); insulin; homeostasis
model assessment-estimated insulin resistance (HOMA-IR) index; lipid pro�le such as triglyceride (TG),
total cholesterol (TC), high-density lipoprotein (HDL) cholesterol, low-density lipoprotein (LDL) cholesterol;
and in�ammatory markers such as interleukin 6 (IL–6), interleukin 10 (IL–10), IL–17A, and interferon-
gamma (IFNγ).

The primary variables will be measure at the beginning and the end of the study. For this purpose, venous
blood sample (10 mL) will be drawn after 12-h overnight fasting by trained nurses in seated position to
measure biochemical markers. Then, blood samples will be centrifuged at 3000 rpm for 10 min at 4 °C to
obtain serum which will be stored at −80 °C until biochemical analyses. Lipid pro�les and serum levels of
glucose will be measured by the enzymatic colorimetric method using standard kits.
HbA1c concentrations will be measured by using an auto-analyzer (Selectra E, Vitalab, Holliston, the
Netherlands). Serum insulin will be measured using enzyme-linked immunosorbent assay (ELISA) kit.
Insulin resistance will be determined using the HOMA-IR equation. Serum levels of IL–6, IL–10, IL–17A,
and IFNγ will be measured using ELISA kits.

Secondary outcomes
The secondary outcomes are changes in weight and body mass index (BMI) which will be measure at the
beginning and the end of the study. Height will be measured using the SECA stadiometer to the nearest
0.1 cm and weight will be measured using a SECA electronic scale to the nearest 0.1 kg. BMI will be
calculated as weight (kg) divided by height squared (m2).
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Adherence
All patients will be trained to follow the instructions of the diets. At the beginning and the end of the
study, dietary information of all participants will be collected using a 24-hour dietary recall in three non-
consecutive days, and will be analysed by Nutritionist IV software (First Databank, San Bruno, CA). To
assess participants adherence during study period, a dietitian will be assigned to check them weekly
using telephone. Patients will be monitored weekly during the study period and any occurrence of adverse
events will be recorded.

Statistical analysis
Continues and categorical variables will be reported as mean ± standard deviation and number and
percentages, respectively. Kolmogorov-Smirnov test will be applied to explore the normality distribution of
variables. Paired sample t-test will be performed for within-group changes comparisons (baseline vs.
post-intervention values). The analysis of covariance (ANCOVA), will be adjusted for baseline values and
will be used for evaluation of between-group differences. All outcome variables will be assessed based
on intention-to-treat and per protocol analysis. Missing data will be entered using “regression imputation”
method. The level of signi�cance will set at a probability of <0.05 for all analyses. All data analyses will
be conducted using the statistical package for social sciences, version 23.0 (SPSS, Chicago, IL, U.S.A).

Discussion
CF is an autosomal recessive inherited disorder which affects many organs, including the lungs, the
digestive tract, and various epithelial tissues [31]. Generally, CF is an in�ammatory disorder and since
in�ammation is associated with an increased risk of mortality, the strategies to reduce in�ammatory
markers is expected to be bene�cial in prevention of this chronic disease [14].

Diet is an effective factor in controlling in�ammation in many diseases. Many interventional and
observational studies have emphasized the effects of different types of carbohydrate on acute and
chronic in�ammation [15, 17]. It has been shown that high GI foods increase oxidative stress and
in�ammation [15–17], while low GI diets improve glycemic control and lipid pro�le [18–21]. However, the
evidence for the use of low GI diet in CF is scare. According to our knowledge, there is no previous study
that compared the effects of low GI/high fat, high calorie diet compared to the high fat, high calorie diet
in patients with CF. The �ndings of this study might provide evidence to improve the nutritional status
and immune system as well as to prevent the disease complications in these patients.

Trail status
Authors con�rmed that the recruitment has been begun in 15th Dec, 2018 and expected that recruitment
will be completed in 20th Dec, 2019. The �ow chart of the study protocol and the time schedule of
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enrolment, interventions, assessments, and visits for participants are indicated in Figures 1 and 2.
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Figure 1
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Study’s �ow diagram

Figure 2

Time schedule of enrolment, interventions, assessments, and visits for participants.
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