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Introduction

Cystic Fibrosis (CF) is a genetic condition resulting from a 
mutation in the cystic fibrosis transmembrane conductance 
regulator (CFTR) gene, which encodes for a chloride channel 
on the epithelial cells in various organs.[1] This defect causes 
dehydration of  airway surface liquid in the lungs and obstruction 
of  ducts in many organs due to viscid secretions.[2] Malnutrition 
and lung disease are the two main burdens of  cystic fibrosis which 
is the commonest lethal genetic condition among Caucasians.[3,4] 

Excessive chloride loss from the skin due to CFTR channel 
dysfunction in sweat ducts is the basis of  high sweat chloride 
level, the diagnostic test for CF.[5] On hot days, infants are 
susceptible to dehydration and electrolyte imbalances due to this.

The etiology of  malnutrition in CF is multifactorial and includes 
exocrine pancreatic insufficiency, inadequate calory intake due 
to lack of  appetite, and high energy demand.[6] Infants and 
young children are particularly prone to severe malnutrition.[6] 
Long-term effects include stunting, poor cognitive function, and 
higher mortality.[7] The role of  CF as a cause for infant mortality 
and malnutrition in India has not been investigated.

Malnutrition in CF sets in very early. It has been shown that 
even in developed countries, neonates screened positive for 
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CF by newborn screening (NBS) develops growth retardation 
by the time diagnosis is confirmed by 3 weeks of  age.[8] The 
challenge for a primary care physician in India is that there 
is neither NBS for CF in the country nor national guidelines 
to aid early identification of  these infants.[9] Unless affected 
infants are diagnosed at the earliest, the therapeutic window 
for better nutrition is lost.[10] Once diagnosed, the strategies 
recommended to protect an infant with CF from malnutrition 
include complementary feeding with higher provision of  
energy (150–200%), micronutrient and salt supplementation, and 
pancreatic enzyme replacement therapy (PERT).[7]

Predictors of  malnutrition in Indian children with CF have been 
described.[11] However, information on the nutritional recovery 
of  infants from developing countries who are on CF treatment 
is lacking. The objectives of  this study were to describe the early 
clinical manifestations of  CF in infants, assess the response 
to nutritional therapy, and describe the challenges faced in 
nutritional management.

Materials and Methods

This was a retrospective review of  medical records of  infants 
diagnosed with CF in a tertiary-care institute in South India from 
January 2018 to June 2020 with the approval of  the Institutional 
Review Board.

All subjects had diagnosis confirmed by either elevated sweat 
chloride levels (>60 mmol/L) or by identification of  two 
pathogenic mutations of  the CFTR gene. After diagnosis, each 
family had been educated about recommended nutritional 
intake and PERT as per the ESPEN-ESPGHAN-ECFS 
guidelines.[7] At each clinic visit, feeding issues were addressed 
by a dietitian and growth parameters monitored. Demographic 
and clinical data at presentation and documented growth 
parameters prior to diagnosis were collected from the database. 
Z-scores for weight-for-age (WAZ), length-for-age (LAZ), and 
weight-for-length (WLZ) were calculated using “WHO Anthro” 
software.[12]

Statistical analysis
Descriptive statistics were reported using mean (standard 
deviation) and median (IQR). The trend over time for WAZ, 
LAZ, and WLZ was reported using Generalized Estimating 
Equation (GEE) and analysis was done using SPSS 21.0 
software (IBM, Bangalore).

Results

Baseline data of  19 infants are shown in Table 1. All infants 
had developed symptoms by the time diagnosis was made 
at a mean age of  3 months. There was a significant drop in 
WAZ at diagnosis (P 0.001) compared to birth weight Z-score 
in all infants except in one baby who had treatment initiated 
at 3 weeks of  age [Figure 1]. Failure to thrive (FTT) was 
documented as early as 6 weeks of  age in 93% of  untreated 

patients (P 0.001, N = 16). Pneumonia and summer dehydration 
with dyselectrolytemia (metabolic alkalosis, hypokalemia, and 
hyponatremia) were the predominant presenting features in these 
young babies. The mean delay to diagnosis after symptom onset 
was of  2.9 ± 2.1 months.

Seven (36.8%) infants died shortly after diagnosis due to 
pneumonia, sepsis, and/or malnutrition. The mean duration of  

Table 1: Demography, clinical and laboratory features at 
or prior to diagnosis of CF (n=19)

n (%)
Demography

Male gender 13 (68.4)
Born at term gestation 18 (94.7)
Mean birth weight, g 2760±420
Median age and IQR* at the onset of  symptoms, months 1 (0.2, 2.5)
Median age and IQR at diagnosis, months 3 (3, 6)

Clinical features
Oily stools/chronic diarrhea/recurrent diarrhea 4 (21.0)
Summer dehydration with electrolyte abnormalities 8 (42.1)
At least one episode of  pneumonia 13 (68.4)
Edema/Anasarca 4 (21.0)
Neonatal jaundice (cholestasis) 1 (0.5)

Laboratory parameters
Positive new-born screening (NBS) 1 (0.5)
Anemia (n=18) 13 (72.2)
Hypoalbuminemia (n=15) 12 (80.0)
Anemia+hypoalbuminemia without edema 8 (42.1)
Anemia+hypoalbuminemia + edema (triad) 4 (21.0)
Hypochloremic hypokalemic metabolic alkalosis 8 (42.1)

Sweat chloride (mmol/L) (n=15)
->60
30-60
<30

12 (80.0)
2 (13.3)
1 (6.6)

Fecal elastase (µg/g of  stool) (n=18)
-<200
200-250
>250

16 (88.8)
1 (5.5)
1 (5.5)

*IQR: interquartile range

Figure 1: Anthropometry trend from birth, 6 weeks of age and up to 
9-month follow-up (F/U) after diagnosis; *N = number of infants brought 
during each visit; † WAZ: weight-for-age Z-score; ‡ LAZ: length-for-age 
Z-score; § WLZ: weight-for-length Z-score
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follow-up was 9.7 ± 8.7 months. Follow-up assessment at 1, 3, 6, 
and 9 months showed significant improvement of  WAZ (P 0.001) 
with time. The average weight gain 3 months after initiation of  
treatment was 1650 ± 807 grams. However, LAZ and WLZ did 
not show statistically significant gains. The main challenges to 
optimal nutritional management were issues related to infant 
feeding (57%) and inability to sustain recommended PERT 
dose (21%). Intrafamilial conflicts related to the care of  the 
sick child, feeding-related myths, and intercurrent illnesses were 
other factors.

Discussion

This study on infants with CF from a developing country provides 
important information on the magnitude of  malnutrition and 
suboptimal response to treatment even after relatively early 
diagnosis in this cohort.

At diagnosis, 89% of  the subjects had moderate to severe 
malnutrition, similar to data reported from other parts of  India.[11] 
In contrast, multiple studies from developed countries have 
proved the positive impact of  NBS on short- and long-term 
nutritional and overall outcomes.[13,14]

Anemia and hypoalbuminemia with or without edema have 
been recognized as a complication of  severe malnutrition and 
presenting manifestation of  CF.[15] This was a predominant 
presenting feature (42%) next only to pneumonia (68%) in this 
cohort.

Summer dehydration with characteristic electrolyte abnormalities 
was documented in a large number of  these infants similar to 
reports from other countries.[16]

High mortality (37%), shortly after diagnosis, points to the 
critical level of  malnutrition and morbidity which had set in by 
early infancy. None of  the patients in this cohort had a history 
of  meconium ileus (MI), a predominant reported cause of  
mortality in infants.[17] Early mortality associated with MI before 
confirmation of  CF diagnosis might be the reason for this.

Clinical care of  this cohort was supervised by a multidisciplinary 
team specially trained in CF care. Though significant improvement 
of  WAZ was noted at follow-up, LAZ and WLZ gains were not 
significant. This is a matter of  concern as optimal height/length 
gain in childhood correlates well with better pulmonary 
functions.[18] Both the mean WAZ and LAZ did not reach 
the target (-2 to +2) as recommended by CF guidelines.[7] It is 
noteworthy that the sole infant in this cohort identified during 
the neonatal period is the only one who maintained weight and 
length at 50th centile for age during the follow-up till two years 
of  age. For optimal nutritional outcomes in infancy, attention 
to the unique challenges faced by CF families is necessary. 
Noncompliance to recommended treatment is a common 
problem worldwide.[19] In addition to the common feeding 
problems of  infancy, recurrent hospitalizations, myths about 

food items like milk and high-fat feed, and financial constraints 
were documented as barriers to adequate provision of  nutrition 
and pancreatic supplements.

In developed countries, with the availability of  highly effective 
CFTR modulators for treatment, clinical care of  CF infants 
is provided by a highly specialized multidisciplinary team.[20] 
However, the significant role played by primary care physicians 
in the holistic management of  CF patients from infancy through 
teenage is well appreciated.[21] Many countries in Asia, do not 
have a national strategy to ensure early diagnosis of  CF as CF 
is presumed to be a very rare disease. The knowledge gap and 
need for extensive education regarding the early identification 
of  patients with CF were well pointed in the recent publication 
from Saudi Arabia.[22]

In India, where nationwide NBS for CF is unlikely to be available 
immediately, sustainable methods for early recognition of  CF are 
urgently needed. The primary care physicians are the first point 
of  contact for most of  these infants, especially when they are 
brought for immunization. Mandatory record of  Z-score for 
weight in the vaccination record and identification of  babies 
who are failing to thrive is absolutely essential. This in turn 
should trigger an evaluation strategy to look for potential causes 
including CF. Careful screening for additional clinical features like 
fat malabsorption and or respiratory infection can then be done. 
Simple blood tests to identify anemia, hypoalbuminemia, and 
alkalosis can further help to identify patients who need a referral 
to a specialist center for detailed evaluation. Cystic fibrosis should 
be considered in the differential diagnosis of  young infants who 
present with anemia, hypoalbuminemia, or malnutrition when 
other causes are not evident.[15]

Conclusion

Malnutrition is a significant morbidity in infants with CF 
in India. When coupled with a late diagnosis there is a high 
risk of  mortality. There was a significant improvement of  
anthropometric parameters with treatment, but these indices 
lagged way behind the recommended targets. Diagnosis of  CF 
with severe phenotype may be made earlier if  a comprehensive 
evaluation strategy is put in place at the national level for infants 
who have significant FTT at the time of  six- and ten-week 
vaccination visits. Primary care physicians and community 
pediatricians have an important role in the early identification 
of  CF and in providing continuity of  care.

Key Messages
In infants with CF, significant malnutrition is evident as early as 
6 weeks of  age. Even though significant weight gain is possible 
with treatment, multiple challenges hinder achievement of  
target nutritional outcomes. Primary care physician has a 
pivotal role in identification and structured evaluation of  
infants who are failing to thrive at the time of  vaccination visits. 
Initiation of  appropriate treatment at the earliest is crucial for 
optimal growth, as well as for improved pulmonary functions.
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