
EFFECT OF ELEXACAFTOR-TEZACAFTOR-IVACAFTOR ON 
BODY WEIGHT AND METABOLIC PARAMETERS IN ADULTS 
WITH CYSTIC FIBROSIS

Max C. Petersena, Lauren Begnelb, Michael Wallendorfc, Marina Litvina,*

aDivision of Endocrinology, Metabolism, & Lipid Research, Department of Medicine, Washington 
University, St. Louis, Missouri, USA

bNutrition Support Service, Barnes-Jewish Hospital, St. Louis, Missouri, USA

cDivision of Biostatistics, Washington University, St. Louis, Missouri, USA

Abstract

Background—Though weight gain has been reported in some clinical trials of CFTR 

modulators, the effect of elexacaftor-tezacaftor-ivacaftor on body weight, body mass index 

(BMI), blood pressure, lipids and glycemic control in the real-world setting remains incompletely 

described.

Methods—We performed a single-center, retrospective, observational analysis of the effect of 

elexacaftor-tezacaftor-ivacaftor on body weight and cardiometabolic parameters in 134 adult 

CF patients of the Washington University Adult Cystic Fibrosis Center. Body weight, BMI, 

and blood pressure were extracted from outpatient clinic visits for the year preceding and the 

period following the initiation of elexacaftor-tezacaftor-ivacaftor. Other metabolic parameters were 

extracted at baseline and at latest available follow-up.

Results—A mean of 12.2 months of follow-up data was available for analysis. The mean rate 

of change in BMI was 1.47 kg/m2/yr (95% CI, 1.08 to 1.87) greater after initiation of elexacaftor-

tezacaftor-ivacaftor. Significant increases in blood pressure were observed. In those without 

CFRD, random blood glucose and hemoglobin A1c were decreased after elexacaftor-tezacaftor-

ivacaftor initiation. In those with CFRD, elexacaftor-tezacaftor-ivacaftor increased serum total 

cholesterol, HDL-cholesterol, and LDL-cholesterol.

Conclusions—In this single-center, retrospective, observational study of 134 adults with CF, 

initiation of elexacaftor-tezacaftor-ivacaftor was associated with increases in BMI at a mean 
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follow up of 12.2 months. Changes in other cardiometabolic risk factors were also observed. 

Widespread use of elexacaftor-tezacaftor-ivacaftor may be expected to increase the incidence of 

overnutrition in the CF population.
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1. Introduction

The combination cystic fibrosis transmembrane regulator (CFTR) modulator therapy 

elexacaftor-tezacaftor-ivacaftor was approved by the United States Food and Drug 

Administration in October 2019 for patients with cystic fibrosis (CF) who are 12 years 

or older and who have at least one copy of the CFTR F508del allele; about 85% of 

patients with CF are eligible for this therapy (1). European Medicines Agency approval of 

elexacaftor-tezacaftor-ivacaftor followed in August 2020 for patients with CF aged 12 or 

older with either a homozygous F508del/F508del genotype or a heterozygous genotype with 

one F508del allele and one minimal function allele (2). In phase 3 randomized clinical trials, 

elexacaftor-tezacaftor-ivacaftor was found to increase percent predicted FEV1, improve 

respiratory symptoms, and decrease sweat chloride concentration (3, 4).

Patients with CF tend to have lower body weight and body mass index (BMI) than age-

matched controls (5). Pancreatic exocrine insufficiency causing intestinal malabsorption, 

impaired taste and smell related to sinus disease, poor oral intake during exacerbations, and 

high energy expenditure from increased work of breathing all likely contribute to difficulty 

maintaining target body weight. Low BMI in CF is associated with impaired pulmonary 

function and increased mortality (6, 7). For this reason, guidelines from the Cystic Fibrosis 

Foundation recommend that adult women maintain BMI ≥ 22 kg/m2 and adult men maintain 

BMI ≥ 23 (8). Improved CF care has reduced the rate of malnutrition (BMI < 18.5) in 

American adults with CF from 18.2% in 1999 to 6.6% in 2019 (1). In parallel, the rate of 

overweight and obesity (BMI > 25) has increased from 12.8% in 1999 to 31.4% in 2019.

Studies of early CFTR modulators revealed variable effects on weight and cardiometabolic 

parameters (9). Ivacaftor was associated with a significant increase in BMI-for-age z-score 

compared to placebo in patients aged ≤ 20 with CF and G551D mutation treated for 48 

weeks (10). In F508del homozygotes aged ≥ 12, lumacaftor-ivacaftor treatment for 24 

weeks was associated with an increase in BMI of about 0.2 kg/m2 above placebo (11). 

In the extension of this trial, lumacaftor-ivacaftor treatment was associated with sustained 

increases in blood pressure, with mean increases from baseline of 4.6 mmHg in systolic 

blood pressure (SBP) and 4.1 mmHg in diastolic blood pressure (DBP) at 96 weeks of 

follow-up (12). Clinically significant hypertension, including hypertensive emergency, has 

been described with lumacaftor-ivacaftor (13). However, tezacaftor-ivacaftor therapy for 24 

weeks in the same population was not associated with a significant change in BMI compared 

to placebo; effects on blood pressure were not reported (14).

The effect of elexacaftor-tezacaftor-ivacaftor on body weight and cardiometabolic 

parameters has not been comprehensively described. In the phase 3 trial of elexacaftor-
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tezacaftor-ivacaftor in F508del heterozygotes, the absolute change in body weight from 

baseline after 24 weeks of treatment was +3.4 kg, compared to +0.5 kg for placebo, with a 

between group difference of +2.9 kg (95% CI, 2.3 to 3.4) (3). The absolute increase in BMI 

from baseline after 24 weeks of treatment was 1.1 kg/m2 (95% CI, 1.0 to 1.3) (3). Increases 

in SBP (between-group difference, 3.2 mmHg) and DBP (between-group difference, +1.6 

mmHg) were observed (3). In the phase 3 trial of elexacaftor-tezacaftor-ivacaftor in F508del 

homozygotes, the duration of treatment was only 4 weeks (4). Despite this short duration, 

treatment was associated with an absolute change in body weight from baseline of 1.6 kg 

(95% CI, 1.0 to 2.1) and an absolute increase in BMI from baseline of 0.6 kg/m2 (95% 

CI, 0.4 to 0.8) (4). Little is known regarding effects of elexacaftor-tezacaftor-ivacaftor on 

metabolic parameters such as plasma glucose, hemoglobin A1c, and plasma lipids.

With more than a year elapsed since the regulatory approval of elexacaftor-tezacaftor-

ivacaftor, we sought to describe the real-world effect of elexacaftor-tezacaftor-ivacaftor 

on body weight and metabolic parameters in a single-center, retrospective, observational 

analysis. We evaluated the effect of elexacaftor-tezacaftor-ivacaftor treatment on body 

weight, BMI, blood pressure, random blood glucose, hemoglobin A1c, plasma lipids, plasma 

proteins, and percent predicted FEV1, and whether these effects varied by CFRD status or 

genotype.

2. Research design and methods

2.1 Study subjects

All adult patients of the Washington University Cystic Fibrosis Adult Care Center taking 

elexacaftor-tezacaftor-ivacaftor were eligible for inclusion. Of 200 total patients in the 

clinic, 179 patients had genotypes eligible for elexacaftor-tezacaftor-ivacaftor therapy at 

the time of analysis. Of these, 163 were taking elexacaftor-tezacaftor-ivacaftor during the 

study period. Exclusion criteria included pregnancy within the year preceding or since 

starting elexacaftor-tezacaftor-ivacaftor, lung transplantation within the year preceding or 

since starting elexacaftor-tezacaftor-ivacaftor, patients taking this medication as part of a 

clinical trial, documented nonadherence to elexacaftor-tezacaftor-ivacaftor, or availability 

of less than 3 months of follow-up body weight data by April 1, 2021. 29 patients were 

excluded by these criteria. 134 patients met criteria for analysis. The research protocol was 

approved by the Institutional Review Board of Washington University School of Medicine.

2.2 Methods

Clinical data from subjects who did not meet exclusion criteria were manually extracted 

from the electronic medical record and deidentified. The elexacaftor-tezacaftor-ivacaftor 

start date, CFTR genotype, and history of prior CFTR modulator use were available for 

all subjects. Only data obtained in the outpatient setting were included; data from inpatient 

hospitalizations were not extracted. The baseline time point was the outpatient visit date 

closest to, but not after, the elexacaftor-tezacaftor-ivacaftor start date. The time between 

baseline visit and initiation of elexacaftor-tezacaftor-ivacaftor was 26 ± 39 (mean ± SD) 

days. For body weight and BMI, data from 12 months, 6 months, and 3 months prior 

to baseline, at baseline, and 3 months, 6 months, and 12 months after baseline were 
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extracted (with the visit closest to each time point used). Out of 7 possible visits, 6.3 

± 0.9 (mean ± SD) visits with body weight and BMI were available for the cohort. For 

blood pressure, data from 12 months and 6 months prior to baseline and 6 months and 

12 months after baseline were extracted (visit closest to each time point was used). For 

laboratory data including random blood glucose, hemoglobin A1c, total cholesterol, HDL-

cholesterol, LDL-cholesterol, triglycerides, total protein, and albumin, a baseline (value 

closest to, but not after, the elexacaftor-tezacaftor-ivacaftor start date, and within 12 months 

of the elexacaftor-tezacaftor-ivacaftor start date) and follow-up (most recent available value) 

data point were extracted. The protein gap was calculated as the serum total protein less 

the serum albumin. The presence or absence of cystic fibrosis-related diabetes, exocrine 

pancreatic insufficiency, cystic fibrosis-related liver disease, and cystic fibrosis exacerbation 

requiring hospitalization or intravenous antibiotic administration in the time since starting 

elexacaftor-tezacaftor-ivacaftor were extracted. Percent predicted FEV1 data from baseline, 

6 months, and 12 months after the elexacaftor-tezacaftor-ivacaftor start date were extracted 

from clinic-performed pulmonary function testing.

2.3 Statistics

Percent predicted FEV1, random blood glucose, hemoglobin A1c, total cholesterol, LDL-

cholesterol, HDL-cholesterol, triglycerides, and protein gap changes from baseline to follow 

up for each subject were calculated. To account for variations in precise duration of follow-

up, changes were annualized by dividing the mean change by the number of intervening 

days and multiplying the result by 365. Mean change per unit time was compared to no 

change using one-sample t-tests. In sub-analyses for genotype, PS/PI, and CFRD, t-tests 

were stratified. For interactions of each of these factors with elexacaftor-tezacaftor-ivacaftor, 

differences in change were tested in analysis of variance (ANOVA). A two-stage approach 

was used to analyze BMI, body weight, SBP, and DBP change per year during periods 

without and with elexacaftor-tezacaftor-ivacaftor. First, regression slopes were estimated 

by subject and treatment period to represent annual change. Second, these slopes were 

compared in a mixed random effects factorial ANOVA with elexacaftor-tezacaftor-ivacaftor, 

CFRD, and elexacaftor-tezacaftor-ivacaftor *CFRD interaction as fixed effects and with 

subject as a random effect. For BMI and body weight, interactions with CF hospitalizations, 

genotype, and PS/PI were similarly estimated and tested. The absolute values for BMI, 

body weight, and blood pressure post-treatment for subjects without a 12-month follow-

up visit were calculated as the last observation carried forward. The effect of elexacaftor-

tezacaftor-ivacaftor treatment on the distribution of weight and blood pressure categories, 

and the effects of CFTR genotype on sex, race, prior CFTR modulator use, or CF-related 

comorbidities were assessed with the chi-square test. Effect of genotype on continuous-

variable baseline characteristics was assessed with two-tailed t-tests. Chi-square tests and 

t-tests of baseline characteristics were performed using GraphPad Prism 9.2.0 (San Diego, 

CA, USA) and all other statistical analyses were conducted in SAS 9.4 (Cary, NC, USA).
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3. Results

3.1 Study cohort characteristics

Table 1 describes characteristics of the study cohort at baseline, prior to starting elexacaftor-

tezacaftor-ivacaftor. In all, 134 subjects met criteria for inclusion and analysis. The study 

cohort was 54% male, 46% female, and 97% white. F508del homozygotes made up 58% of 

the study cohort, and F508del heterozygotes 42%. A mean of 12.2 months of follow-up data 

was available for analysis. During the period of follow-up, 26 patients (19.4%) had a CF 

exacerbation requiring hospitalization or intravenous antibiotic course.

3.2 Effect of elexacaftor-tezacaftor-ivacaftor on BMI and body weight

Data describing the effect of elexacaftor-tezacaftor-ivacaftor on BMI and body weight are 

shown in Table 2. The mean BMI at baseline was 23.6 (95% CI: 22.7 to 24.4) and at latest 

available follow up was 25.2 (95% CI: 24.3 to 26.2). We used each subject as their own 

control by comparing the rate of change in BMI and body weight during the year before 

elexacaftor-tezacaftor-ivacaftor initiation to the rate of change after elexacaftor-tezacaftor-

ivacaftor initiation. The annualized difference in BMI trajectory was 1.47 kg/m2/yr (95% 

CI: 1.08 to 1.87, P < 0.0001). The annualized difference in body weight trajectory was 4.43 

kg/yr (95% CI: 3.14 to 5.36, P < 0.0001). There was no significant interaction between 

the BMI effect of elexacaftor-tezacaftor-ivacaftor and CFTR genotype, CFRD status, prior 

CFTR modulator exposure, or the presence or absence of CF-related hospitalizations during 

the study period. There was a significant interaction (P < 0.05) between the BMI effect of 

elexacaftor-tezacaftor-ivacaftor and pancreatic sufficiency status. Though only 11 patients 

in the study cohort had exocrine pancreatic sufficiency, this subgroup displayed similar 

increases in BMI during both the year prior to elexacaftor-tezacaftor-ivacaftor and the period 

following elexacaftor-tezacaftor-ivacaftor initiation, with no significant difference in BMI 

trajectory with treatment. By contrast, the subgroup with exocrine pancreatic insufficiency 

had a significant increase in BMI trajectory after starting elexacaftor-tezacaftor-ivacaftor.

Significant increases in BMI persisted when the cohort was stratified by sex, by the presence 

or absence of CF-related hospitalizations during the follow-up period, by the presence or 

absence of CF-related diabetes mellitus, by genotype, and by exposure to earlier-generation 

CFTR modulators (Table 2). The effect of elexacaftor-tezacaftor-ivacaftor on the rate of BMI 

increase was not modified by baseline weight (P = 0.53).

The weight category distribution of the study population significantly changed between 

baseline and latest available follow-up (P < 0.001). Decreases were observed in rates of 

underweight (7.5% to 2.2%) and normal weight (65.7% to 56.7%). Conversely, increases 

were observed in rates of overweight (19.4% to 31.3%) and obesity (7.5% to 9.7%) (Figure 

1).

3.3 Effect of elexacaftor-tezacaftor-ivacaftor on cardiometabolic parameters

The effect of elexacaftor-tezacaftor-ivacaftor on blood pressure was assessed in the same 

manner as body weight and BMI, as a difference in annualized rate of change between 

the period following elexacaftor-tezacaftor-ivacaftor initiation and the year preceding 
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elexacaftor-tezacaftor-ivacaftor initiation. The mean blood pressure at baseline was 120/75 

mmHg (95% CI, 117–122/74–77) and at latest available follow-up was 127/81 mmHg (95% 

CI, 124–130/80–82, P < 0.0005). The difference in annualized rate of change in systolic 

blood pressure (SBP) was 4.94 mmHg (95% CI, 0.31 to 9.57, P < 0.05). The difference in 

annualized rate of change in diastolic blood pressure (DBP) was 3.49 mmHg (95%, 0.65 

to 6.34, P < 0.05). The number of patients meeting diagnostic criteria for either stage 1 

hypertension or stage 2 hypertension (15) was 47 (35%) at baseline and 85 (63%) at latest 

available follow-up. The distribution of blood pressure categories in the study cohort was 

significantly altered after treatment (P < 0.0001) (Figure 2). CFRD status did not modify the 

effect of elexacaftor-tezacaftor-ivacaftor on SBP and DBP (P = 0.65).

Data for random blood glucose, hemoglobin A1c, plasma lipids, and plasma protein gap 

were extracted at baseline (prior to elexacaftor-tezacaftor-ivacaftor initiation) and at the 

latest available follow-up time point. The effect of elexacaftor-tezacaftor-ivacaftor therapy 

on these parameters, calculated as a rate of change owing to the variable time between 

baseline and follow-up data points, is shown in Table 3.

The effect of elexacaftor-tezacaftor-ivacaftor on percent predicted FEV1 in the study cohort 

was a mean annualized rate of increase of 7.81% per year (95% CI: 6.39 to 9.23, P < 

0.0001). This effect was not modified by genotype (F508del homozygous vs. heterozygous, 

P = 0.93) or CFRD status (P = 0.25).

4. Conclusions

A fundamental nutritional support strategy for patients with CF is maintaining adequate 

BMI to help optimize pulmonary function. Yet overweight status and obesity are now more 

than four times as prevalent as underweight status in American adults with CF (1, 16). Data 

from clinical trials suggest that CFTR modulators, including elexacaftor-tezacaftor-ivacaftor, 

may increase weight in CF patients (3, 4, 9).

This single-center, observational, retrospective analysis of 134 adults with CF after a mean 

of 12 months of elexacaftor-tezacaftor-ivacaftor therapy reveals that elexacaftor-tezacaftor-

ivacaftor was indeed associated with increased body weight and BMI in a real-world setting. 

The rate of BMI and weight increase was corrected for each individual’s pre-treatment 

weight trajectory by subtracting the rate of change from the previous year from the rate 

of change following elexacaftor-tezacaftor-ivacaftor initiation. Significant increases in BMI 

were observed regardless of sex, CFTR genotype, prior exposure to earlier-generation CFTR 

modulators, and CFRD status.

The effects of elexacaftor-tezacaftor-ivacaftor on other metabolic parameters included 

some changes conventionally considered favorable to cardiometabolic health and others 

conventionally considered unfavorable. Favorable changes include a decrease in random 

blood glucose and hemoglobin A1c (in patients without CFRD) and an increase in HDL-c 

(in patients with CFRD). Unfavorable changes include increases in systolic and diastolic 

blood pressure (in the full cohort), and increases in total cholesterol and LDL-c (in patients 

with CFRD). Though the increases in blood pressure may be partially accounted for by 
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increases in body weight, it is also possible that reduced salt losses in the setting of 

CFTR modulator therapy contribute to the modest increase in blood pressure observed. 

The mechanism of the observed effects on glycemia and plasma lipid profiles is also 

uncertain but may relate to reduced systemic inflammation with elexacaftor-tezacaftor-

ivacaftor therapy. This hypothesis is supported by the significant decrease in protein gap 

(which likely reflects decreased immunoglobulin production) and may account for the lack 

of change in plasma triglycerides (which are an acute phase reactant) despite increased 

weight. Oxidative stress is a well described mechanism of inflammation in CF that has 

been linked to impaired glucose homeostasis (17); though preclinical data suggest that 

elexacaftor-tezacaftor-ivacaftor may reduce oxidative stress (18), markers of oxidative stress 

such as 8-isoprostane were not available for analysis in this study. Increased first phase 

insulin secretion, which has been described with ivacaftor therapy but found not to occur 

with lumacaftor-ivacaftor therapy (19, 20), is another possible mechanism for the reduced 

glycemia observed in patients without CFRD. The effect of elexacaftor-tezacaftor-ivacaftor 

on beta-cell function is unknown, and assessment of beta-cell function was not performed in 

this study.

The mechanism of weight gain with elexacaftor-tezacaftor-ivacaftor therapy is uncertain 

but is likely multifactorial. Patient survey data suggest that elexacaftor-tezacaftor-ivacaftor 

improves appetite, which leads to increased food intake (21). This may plausibly relate to 

improvements in chronic rhinosinusitis and olfaction, though this has not yet been well 

studied (22, 23). The requirement that elexacaftor-tezacaftor-ivacaftor be taken with dietary 

fat may also increase caloric intake. The reduction in CF pulmonary exacerbations observed 

with elexacaftor-tezacaftor-ivacaftor therapy may reduce energy expenditure related to 

respiratory muscle work and mitigate the poor oral intake that traditionally accompanies 

exacerbations; this has been investigated previously for ivacaftor but not yet for elexacaftor-

tezacaftor-ivacaftor (10, 24). Finally, some evidence suggests that CFTR modulators 

such as ivacaftor may improve pancreatic exocrine function (25–27), for example via 

enhanced CFTR-mediated bicarbonate secretion (28), but this has not yet been well 

studied for elexacaftor-tezacaftor-ivacaftor. Interestingly, in our study cohort, only patients 

with exocrine pancreatic insufficiency had their weight trajectory significantly altered by 

elexacaftor-tezacaftor-ivacaftor therapy. The 11 subjects with pancreatic sufficiency had 

significant weight gain in the year prior to starting elexacaftor-tezacaftor-ivacaftor, which 

continued at a similar rate after starting the drug. The small number of patients with exocrine 

pancreatic sufficiency in the study cohort limits our ability to draw conclusions, but does 

generate the hypothesis that elexacaftor-tezacaftor-ivacaftor may promote weight gain by 

partially restoring exocrine pancreatic function. Data directly addressing this hypothesis 

(such as measurements of fecal elastase) are not available from this cohort.

Strengths of this study include a moderately large sample size with sizable cohorts of 

both F508del homozygotes and heterozygotes. Despite the study period coinciding with the 

COVID-19 pandemic, multiple in-person CF clinic visits with weight and vital sign data 

after elexacaftor-tezacaftor-ivacaftor treatment initiation were available for most patients.

There are several limitations to this retrospective observational study, which also draw 

attention to potential areas of improvement in clinical practice and suggest future 
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research directions. As a single-center experience at an academic medical center with a 

multidisciplinary CF clinic, the data may not be generalizable to different practice settings. 

The cohort was 97% white, which is slightly higher than the percentage of white adults 

in the Cystic Fibrosis Foundation Patient Registry (1). We did not have the statistical 

power to assess whether the effect of elexacaftor-tezacaftor-ivacaftor was modified by 

patient race. Statistical hypothesis testing was not adjusted for multiple comparisons, 

increasing the probability of introducing type I error. Not all cardiometabolic parameters 

(random blood glucose, hemoglobin A1c, and plasma lipids) were measured in all subjects, 

which could introduce a selection bias to the analysis. The small number of patients 

with exocrine pancreatic sufficiency limits our ability to draw conclusions regarding that 

subgroup. Changes in body composition in patients exhibiting changes in weight were 

not assessed, though body composition may be a better predictor of pulmonary function 

in CF than BMI (29). Assessment of energy requirements by indirect calorimetry was 

not performed but could have yielded insights into the mechanism of weight gain with 

elexacaftor-tezacaftor-ivacaftor treatment. Though more detailed assessment of glucose 

homeostasis by oral glucose tolerance testing would have been of interest in CF patients 

with and without CFRD, only a small number of patients in the study cohort underwent 

oral glucose tolerance testing during the study period. Plasma lipid panels were collected 

primarily in patients with CFRD, so the effect on plasma lipids in CF patients without CFRD 

was unable to be assessed. Finally, detailed dietary intake data, including quantification 

of calories from fat, total calories, and sodium intake, were not available for analysis 

but would help clarify mechanisms of weight gain and increased blood pressure with 

elexacaftor-tezacaftor-ivacaftor therapy. Patients of this CF clinic have traditionally been 

encouraged to consume high calorie diets to maintain goal body weight, including items 

high in added sugars, fats, and sodium. Exercise was traditionally infrequent due to cough, 

decreased pulmonary function, and frequent pulmonary exacerbations. However, in the 

era of elexacaftor-tezacaftor-ivacaftor, the increased prevalence of overweight has changed 

dietary recommendations. Nutritional goals are individualized, but in general, well-balanced 

diets of fresh produce, lean meats, whole grains, and healthy fats are encouraged, and salt, 

sugar, and processed foods are discouraged. Patients are encouraged to exercise regularly 

to increase lean body mass and to improve cardiometabolic parameters. It is unknown 

to what extent these recommendations affect our results. These limitations highlight the 

potential utility of monitoring body composition by DEXA, measuring energy requirements 

by indirect calorimetry, screening for abnormal glucose homeostasis with oral glucose 

tolerance testing, and individualized nutritional counseling, all of which are recommended 

by professional society guidelines (16, 30).

Overall, our data suggest that the approval and widespread use of elexacaftor-tezacaftor-

ivacaftor should be expected to accelerate the trend toward increased weight and BMI in 

adults with CF that has emerged and progressed over the last 20 years. As we demonstrated 

in our patient population, patients with CF on elexacaftor-tezacaftor-ivacaftor are at risk of 

developing hyperlipidemia and hypertension. Given the increasing median age of patients 

living with CF and the increased likelihood of developing CFRD with age, the rising 

prevalence of overnutrition, hypertension, and hyperlipidemia in the CF population is likely 

to increase the incidence of cardiovascular and cerebrovascular disease, conditions for 
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which patients with CF have been at low risk previously. Acknowledging this changing 

paradigm, recent guidelines from the Academy of Nutrition and Dietetics highlight the 

increased prevalence of overweight and obesity in the CF population and recommend use of 

dietary patterns associated with cardiovascular health in the general population, rather than 

traditional high-fat, high-energy diets (16). In addition, as elexacaftor-tezacaftor-ivacaftor 

use becomes the standard of care in pediatric patients with CF, obesity and its metabolic 

consequences will be of paramount importance.

In conclusion, elexacaftor-tezacaftor-ivacaftor use is contributing to the changing landscape 

of nutrition in CF. In addition to providing nutritional support services to identify and 

treat patients who are underweight, clinicians should monitor CF patients for evidence of 

overnutrition and its complications. Caloric, nutrition and fitness goals should be reassessed 

and individualized at every visit, and blood pressure and lipids should be closely monitored.
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Figure 1. 
Effect of elexacaftor-tezacaftor-ivacaftor on rates of underweight (BMI < 18.5), normal 

weight (BMI 18.5–24.9), overweight (BMI 25–29.9), and obesity (BMI ≥ 30). N = 134. P < 

0.001 for difference in weight category distribution.
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Figure 2. 
Effect of elexacaftor-tezacaftor-ivacaftor on rates of normal blood pressure (SBP < 120 

mmHg and DBP < 80 mmHg), elevated blood pressure (SBP 120–129 mmHg and DBP < 

80 mmHg), stage 1 hypertension (HTN) (SBP 130–139 mmHg or DBP 80–89 mmHg), and 

stage 2 hypertension (SBP ≥ 140 mmHg or DBP ≥ 90 mmHg). P < 0.0001 for difference in 

blood pressure category distribution.

Petersen et al. Page 13

J Cyst Fibros. Author manuscript; available in PMC 2023 March 10.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Petersen et al. Page 14

Table 1

Baseline characteristics of study patients

All F508del homozygous F508del heterozygous P value

N (%) 134 78 (58%) 56 (42%)

Sex 0.38

 Male (%) 73 (54%) 40 (51%) 33 (59%)

 Female (%) 61 (46%) 38 (49%) 23 (41%)

Race 0.73

 White (%) 130 (97%) 76 (97%) 54 (96%)

 Nonwhite (%) 4 (3%) 2 (3%) 2 (4%)

Age (mean ± SD), years 33.6 ± 10.6 32.9 ± 9.1 34.7 ± 12.3 0.31

Duration of follow-up (mean ± SD), months 12.2 ± 2.5 12.2 ± 2.1 12.3 ± 2.9 0.85

Earlier-generation CFTR modulator use (%) 81 (60%) 70 (90%) 11 (20%) <0.0001

BMI (mean ± SD), kg/m2 23.6 ± 5.2 22.7 ± 3.8 24.9 ± 6.5 0.02

Body weight (mean ± SD), kg 65.3 ± 18.5 62.8 ± 12.4 70.9 ± 20.5 0.006

Systolic blood pressure (mean ± SD), mmHg 120.0 ± 14.4 120.0 ± 15.1 119.9 ± 13.4 0.97

Diastolic blood pressure (mean ± SD), mmHg 75.6 ± 8.6 74.5 ± 9.1 77.1 ± 7.8 0.09

% predicted FEV1 (mean ± SD) 57.9 ± 24.1 57.3 ± 23.8 58.9 ± 24.7 0.71

CF comorbidities

 Cystic fibrosis-related diabetes (%) 46 (34%) 34 (44%) 12 (21%) 0.008

 Exocrine pancreatic insufficiency (%) 123 (92%) 78 (100%) 45 (80%) <0.0001

 Cystic fibrosis-related liver disease (%) 11 (8%) 5 (6%) 6 (11%) 0.37

P values are for effect of genotype.
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Table 2

Effect of elexacaftor-tezacaftor-ivacaftor on BMI and body weight

Outcome Subgroup N Pre-treatment (95% 
CI)

Post-treatment (95% 
CI)

Mean difference 
(95% CI)

P value

BMI (kg/m2) All 134 23.6 (22.7 to 24.4) 25.2 (24.3 to 26.2) 1.65 (1.37 to 1.93) <0.05

Δ BMI (kg/m2/yr) All 134 0.16 (−0.12 to 0.45) 1.64 (1.36 to 1.92) 1.47 (1.08 to 1.87) <0.0001

Weight (kg) All 134 66.0 (63.2 to 68.9) 70.6 (67.6 to 73.6) 4.55 (3.79 to 5.31) <0.05

Δ Weight (kg/yr) All 134 0.11 (−0.81 to 1.03) 4.60 (3.67 to 5.52) 4.43 (3.14 to 5.36) <0.0001

Δ BMI (kg/m2/yr) Male 73 0.20 (−0.18 to 0.58) 1.76 (1.38 to 2.14) 1.56 (1.02 to 2.10) <0.0001

Δ BMI (kg/m2/yr) Female 61 0.12 (−0.29 to 0.54) 1.49 (1.07 to 1.91) 1.37 (0.77 to 1.96) <0.0001

Δ BMI (kg/m2/yr) With CF 
hospitalization

26 0.24 (−0.40 to 0.88) 1.22 (0.58 to 1.86) 0.98 (0.07 to 1.88) <0.05

Δ BMI (kg/m2/yr) Without CF 
hospitalization

108 0.15 (−0.17 to 0.46) 1.74 (1.42 to 2.05) 1.59 (1.15 to 2.04) <0.0001

Δ BMI (kg/m2/yr) With CFRD 46 0.05 (−0.44 to 0.53) 1.56 (1.08 to 2.05) 1.52 (0.84 to 2.20) <0.0001

Δ BMI (kg/m2/yr) Without CFRD 88 0.23 (−0.12 to 0.57) 1.68 (1.33 to 2.02) 1.45 (0.96 to 1.94) <0.0001

Δ BMI (kg/m2/yr) F508del 
homozygous

78 0.06 (−0.31 to 0.43) 1.44 (1.07 to 1.81) 1.38 (0.86 to 1.90) <0.0001

Δ BMI (kg/m2/yr) F508del 
heterozygous

56 0.31 (−0.13 to 0.74) 1.91 (1.48 to 2.35) 1.60 (0.99 to 2.22) <0.0001

Δ BMI (kg/m2/yr) Pancreatic 
insufficient

123 0.06 (−0.23 to 0.35) 1.69 (1.40 to 1.98) 1.63 (1.22 to 2.04) <0.0001

Δ BMI (kg/m2/yr) Pancreatic sufficient 11 1.33 (0.36 to 2.30) 1.07 (0.10 to 2.04) −0.26 (−1.64 to 1.11) 0.71

Δ BMI (kg/m2/yr) Prior CFTR 
modulator use

81 0.29 (−0.07 to 0.65) 1.50 (1.13 to 1.86) 1.21 (0.70 to 1.72) <0.0001

Δ BMI (kg/m2/yr) No prior CFTR 
modulator use

53 −0.03 (−0.47 to 0.42) 1.85 (1.41 to 2.30) 1.88 (1.25 to 2.51) <0.0001
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Table 3

Effect of elexacaftor-tezacaftor-ivacaftor on other metabolic parameters

Outcome Subgroup N Mean (95% CI) P

Δ Random blood glucose (mΜ/yr) Without CFRD 83 −0.78 (−0.23 to −1.33) <0.01

Δ Random blood glucose (mΜ/yr) With CFRD 46 −0.40 (−1.93 to 1.12) 0.60

Δ Hemoglobin A1c (%/yr) Without CFRD 57 −0.16 (−0.07 to −0.26) <0.005

Δ Hemoglobin A1c (%/yr) With CFRD 46 −0.17 (−0.47 to 0.12) 0.25

Δ Total cholesterol (mM/yr) With CFRD 22 0.67 (0.37 to 0.97) <0.0005

Δ LDL cholesterol (mM/yr) With CFRD 21 0.47 (0.25 to 0.69) <0.0005

Δ HDL cholesterol (mM/yr) With CFRD 22 0.23 (0.04 to 0.42) <0.05

Δ Plasma triglyceride (mM/yr) With CFRD 21 0.01 (−0.19 to 0.21) 0.92

Δ Protein gap (g/L/yr) All 125 −5.84 (−4.67 to −7.04) <0.0001

CFRD, cystic fibrosis-related diabetes. Data on these parameters were not available for all subjects.
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