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Background: Quality of life (QoL) has not been studied in patients with congenital

hyperinsulinism (CHI).

Objectives: To examine whether the health-related quality of life (HRQoL) is worsened

in patients with persistent or transient CHI.

Methods: We studied HRQoL of 65 children with CHI aged 3–17 years (60% males)

recruited from the nationwide CHI registry. The median ages were 9.6 (range 3.5–16.3)

and 7.4 (3.1–17.9) years in persistent (P-CHI, n = 33) and transient (T-CHI, n = 32) CHI

groups, respectively. HRQoL was examined by generic KINDL-R questionnaire and the

scores were compared to the age- and gender-specific reference values.

Results: In self-reports of subjects aged 11–17 years and in parent reports of children

aged 3–17 years, P-CHI or T-CHI children did not have statistically lower scores in any of

the six dimensions (physical well-being, emotional well-being, self-esteem, family, friends,

and school) or in total scores compared to the reference values.

Conclusions: CHI is not associated with low HRQoL in childhood or adolescence.

Keywords: hypoglycemia, children and adolescent, KINDL-R®, persistent hyperinsulinemic hypoglycemia,

transient hyperinsulinism

INTRODUCTION

Congenital hyperinsulinism (CHI) is a rare disease that manifests usually in neonates or
young infants (1). It is characterized by inappropriate insulin secretion from pancreatic beta cells
which leads to hypoglycemia. The disease holds a potential to affect quality of life (QoL) in many
ways. Non-ketotic hypoglycemia induces a severe risk for brain damage and neurodevelopmental
abnormalities are relatively common consequences of both persistent (P-CHI) and transient CHI
(T-CHI) (2–4). The patients require daily oral or subcutaneousmedication and some need to follow
diet limitations. Focal disease is curable by localized resection of the pancreas, but a drug-resistant
form of CHI may necessitate near-total pancreatectomy, which usually leads to insulin-dependent
diabetes and in some cases to pancreatic exocrine dysfunction (1, 3).

Currently, there are no previous studies on QoL in CHI. In this study, we aimed to examine
the health-related quality of life (HRQoL) in a nationwide cohort of Finnish patients with P-CHI
or T-CHI.
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MATERIALS AND METHODS

The participants were recruited from the nationwide CHI registry
formed by diagnosis-based search from the hospital records
of 19 largest Finnish hospitals. For parent reports, we sent
the questionnaires to all the 149 families with 3–17-year-old
patients (P-CHI, n = 57; T-CHI, n = 92). Of the respondents
(n= 74), 65 were eligible for this study (P-CHI, n = 33; T-CHI,
n = 32) after we excluded the patients having other diseases
which may have an impact on QoL (atopic dermatitis, Beckwith-
Wiedemann syndrome, Turner syndrome, cerebral palsy due to
birth asphyxia or congenital intraventricular hemorrhage, and
intellectual disability). Hence, 58% (33/57) and 35% (32/92)
of the initially contacted parents in P-CHI and T-CHI groups
(respectively) participated in this study. For self-reports, we sent
the questionnaires to all the 43 patients who aged 11–17 years
(P-CHI, n = 24; T-CHI, n = 19). Of the respondents (n =

20), 19 were eligible (P-CHI, n = 13; T-CHI, n = 6). Hence,
54% (13/24) and 32% (6/19) of the initially contacted patients
in P-CHI and T-CHI groups (respectively) participated in
this study.

The clinical data were collected from the hospital medical
records. To ensure that we had real-time data of other diseases
that potentially affect QoL, we also sent a self-made questionnaire
considering current health, chronic diseases and requirement
of extra developmental or educational support. The criteria
for T-CHI were a neonatal onset (<28 days after birth) of
hyperinsulinism and successful discontinuation of medication
within 4 months.

HRQoL was measured using the age-specific Finnish versions
of the generic Questionnaire for Measuring Health-related
QoL in Children and Adolescents Revised Version (KINDL-
R) (5–7). Since CHI manifests in early life, the KINDL-R
encompassing children from the age of 3 years was the most
appropriate. It consists of 24 items covering six dimensions:
physical well-being, emotional well-being, self-esteem, family,
friends, and school. Each item is rated on a 5-point Likert

TABLE 1 | Clinical characteristic of the whole study population (n = 65).

Parent report group (n = 65) Self-report group (n = 19)

P-CHI (n = 33) T-CHI (n = 32) P-CHI (n = 13) T-CHI (n = 6)

Male 58 (19) 63 (20) 46 (6) 50 (3)

Current age, years 9.6 (3.5–16.3) 7.4 (3.1–17.9) 14.5 (11.1–16.3) 12.3 (11.1–17.9)

Gestational age, weeks 38.9 (30.7–41.4) 37.4 (31.7–41.7) 39.1 (36.1–41.4) 36.7 (31.7–39.6)

Neonatal onset 60.6 (20) NA 39 (5) NA

Symptomatic at onset 57 (8) 57 (8) 77 (10) 33 (2)

Duration of medication, days 651 (35–3,783) 46 (6–112) 1130 (68–3,783) 52 (18–112)

Current medication 15 (5) 0 (0) 8 (1) 0 (0)

Operation 24 (8) NA 23 (3) NA

Current weekly symptoms of hypoglycaemia 12 (4) 0 (0) 0 (0) 0 (0)

CHI-associated gene variants detected 55 (18) 0 (0) 62 (8) 0 (0)

Medication for pancreatic exocrine dysfunction 6 (2) 0 (0) 8 (1) 0 (0)

Neurodevelopmental difficulties 15 (5) 13 (4) 31 (4) 17 (1)

The data are presented as % (n) or median (range) and based on medical records and questionnaire.

scale. The scores were transformed to values between 0 and
100, higher scores indicating better QoL. To examine statistical
differences between the self- or parent report groups and the
reference values, the scale scores were transformed to z-scores
according to the age- and gender-specific reference values.
One sample t-test was used to compare the z-scores to the
validated German reference values of a healthy population
sample (8, 9), as Finnish population norms were not available.
The differences between participants and non-participants
were analyzed with Mann-Whitney U-test and Fisher’s exact
test. The data were analyzed by IBM SPSS version 25.0
statistical software (SPSS Inc., Chicago, IL, USA). P < 0.05 was
considered significant.

RESULTS

The clinical characteristics of the participants are presented
in Table 1. Five patients with P-CHI were on medication
and all of them had diffuse CHI according to their
genetic diagnosis. All eight operated patients underwent a
successful partial pancreas resection for focal CHI. Of the
four patients having weekly symptoms of hypoglycemia,
three were on medication and one was under consideration
for medication.

Five patients with P-CHI and four with T-CHI had
mild neurodevelopmental difficulties referring to a reported
diagnosis of pervasive or specific developmental disorder (ICD-
10 codes F80-F89), or a need for educational or developmental
(occupational, speech, or physiotherapy) support. None of
the patients in this study had intellectual disability. Four P-
CHI patients had significant long-term sequelae associated
with CHI: hypoglycemic brain injury appearing as mild
neurodevelopmental difficulties (n = 1), kidney dysfunction due
to drug side effect (n = 1), and exocrine pancreatic dysfunction
after surgery (n= 2).

The KINDL-R z-scores of the whole P-CHI and T-CHI
groups are presented in Figure 1 and of the subgroups in

Frontiers in Endocrinology | www.frontiersin.org 2 October 2019 | Volume 10 | Article 670

https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org
https://www.frontiersin.org/journals/endocrinology#articles


Männistö et al. Quality of Life in CHI

FIGURE 1 | KINDL-R subscale and total mean z-scores according to age- and gender-specific reference values in the self-report groups (A) and parent report groups

(B). P-CHI, persistent CHI; T-CHI, transient CHI; *P < 0.05; **P < 0.001; areference values of BELLA study of the KiGGS (9); breference values of KiGGS study (8).

FIGURE 2 | KINDL-R subscale and total mean z-scores according to age- and gender-specific reference values in the subgroups of children with mild

neurodevelopmental difficulties (A), current weekly symptoms, current medication, and surgical treatment (B). P-CHI, persistent CHI; T-CHI, transient CHI; areference

values of BELLA study of the KiGGS (9); breference values of KiGGS study (8).

Figure 2. In P-CHI group, the z-scores were statistically higher
in the self-reports in physical well-being (p < 0.001), self-esteem
(p= 0.002), and total scores (p= 0.038), as well as in self-esteem
(p = 0.021) in parent reports. The z-scores of the T-CHI group
were statistically higher in school-related well-being (p = 0.032)
in self-reports, and in physical well-being (p < 0.001) and total
scores (p = 0.013) in parent reports. Figure 1 indicates some,
but not statistically significant difference in the dimension of
family well-being between the P-CHI and T-CHI groups. Further,
Figure 2 shows lower parent-reported scores (non-significant
difference) of children with neurodevelopmental difficulties in

the dimension of friends. Moreover, there were some, but not
statistically significant differences in the parent-reported scores
of children with weekly symptoms in the dimensions of physical
well-being, school, and total scores, as well as in the parent-
reported scores of children with current medication in the
dimension of school (Figure 2). None of the dimensions showed
statistically lower scores compared to the reference. The parent-
and self-reported scale scores for the age groups are represented
in Supplemental Tables 1, 2.

When the study participants were compared with
nonparticipants in the self-report group, the participants
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with P-CHI were born later (39.1 vs. 37.0, p = 0.020) and
had more often post-neonatal onset (>28 days after birth)
(61% vs. 0%, p = 0.018). There were no other differences
in birth size or weeks, age or symptoms at presentation,
duration of medication, age, or in frequency of current
medication, CHI-associated gene variants, epilepsy, or
neurodevelopmental difficulties.

DISCUSSION

The current study is, to our knowledge, the first study to examine
the HRQoL in patients with CHI. In this population-based
cohort, self-, and parent reports of children with P-CHI or T-CHI
did not show statistically lower mean scores in any of the six
dimensions and total scores compared to the reference values of
the HRQoL questionnaire.

Previous studies on QoL in severe pediatric diseases have
shown mainly impaired, but also contradictory results. Lower
QoL scores than the reference have generally been found in,
e.g., asthma, type 1 diabetes, epilepsy, eczema, and active
juvenile arthritis (10–13). However, in some chronic and severe
diseases QoL has been found to be equally good or even better
than in healthy controls or the reference, and longitudinal
studies on, for example juvenile arthritis, epilepsy, and immune
thrombocytopenia have reported improved QoL with a longer
duration of the disease, reaching the level of healthy peers (14–
16). Moreover, in a study on congenital adrenal hyperplasia, QoL
was even better than the reference (17).

In the current study, CHI was not associated with worsened
HRQoL in childhood and adolescence. There are several
aspects that may contribute to these findings. First, in previous
studies, decreased disease activity, resilience, and adaptation
to the disease over time associated with favorable results
(15, 18, 19). Achieving stable asymptomatic normoglycemia
in CHI may be challenging in some patients, but eventually,
most patients respond to medical or surgical treatment over
time. It is to notice that the majority of the patients in
our study had been able to discontinue medication, whereas
the subgroups of patients with weekly symptoms or current
medication (i.e., active disease) showed some tendency for
lower scores in some HRQoL dimensions. Second, education
about the disease and its management, skill training, as well
as nutritional advice may improve perceived QoL, as reported
in a previous meta-analysis (18). Finally, generic instruments
may underestimate disease-specific impairment in HRQoL (16,
20, 21). For example, a review of HRQoL studies in type 1
diabetes showed a similar generic QoL compared to healthy
controls despite of disease-specific QoL problems (20). There
are no disease-specific questionnaires in CHI, but in our study,
most families did not even respond to the disease-subscale
questionnaire, further indicating a minor impact of the disease
on their well-being.

In previous studies, children with several chronic conditions
have generally demonstrated lower HRQoL compared to those
with only one disease (12). In our cohort, four patients
with P-CHI had long-term sequelae of hypoglycemia (in most

patients, mild neurodevelopmental difficulties could not be
retrospectively associated with CHI). These patients did not
have substantially lower QoL scores compared to the reference.
This, again, may be due to the coping strategies and additional
support to the families, as discussed. Our results also reflect
improved management of these recently born and treated
patients. No patient in our study was treated with subtotal
pancreatectomy associated with a high risk for insulin-dependent
diabetes and pancreatic exocrine dysfunction. Moreover, none
of the patients had intellectual disability due to a severe
hypoglycemic insult.

The weakness of this study is the rather low participation
rates and numbers, which may reflect the large number of
already recovered participants and also the milder nature of
T-CHI. The strengths of this study were the population-based
setting, exclusion of other conditions with a potential impact on
HRQoL, and comparison to age- and gender-specific reference
values. Furthermore, the participants did not significantly differ
from the non-participants in clinical characteristics. KINDL-R
is proved to be a reliable and valid instrument in healthy and
sick children, and it has been widely used internationally (22–
25). Further, in Finland, the Finnish TOIMIA (National Expert
Network on Measurement of Functioning) has stated it well-
applicable (26).

We conclude that the HRQoL in patients with P-CHI
or T-CHI who have been treated mainly in the twenty-first
century is not impaired in later childhood or adolescence.
Despite, the fact that our study cohort represents only a small
number of patients these results are encouraging and highlight
the significance of the modern individual treatment strategies
of CHI.
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