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Novelty statement 

 Increasing evidence suggests that hypoglycaemia is associated with reduced quality of life. 

 This is the first study that examines independent relationships of frequency, perceived 

severity and fear of hypoglycaemia with diabetes-specific quality of life in adolescents with 

type 1 diabetes. 

 Fear of hypoglycaemia was the only factor independently associated with lower diabetes-

specific quality of life and this was consistent across domains of diabetes-specific quality of 

life.

 These findings highlight the importance of awareness and assessment of fear of 

hypoglycaemia in clinical care, and the need for further development of interventions aimed 

at reducing fear of hypoglycaemia. 

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



This article is protected by copyright. All rights reserved

Authors’ contribution 

J.A., F.P., E.H. and G.N. designed and obtained funding for the “Whose diabetes is it anyway?” project. J.A. 

coordinated data collection. H.J.A. assisted in data collection and provided administrative support. M.C., 

J.A., M.B., G.N. and F.P drafted the manuscript. M.C. analyzed the data. All authors have reviewed the 

manuscript for important intellectual content and have approved the final version of the manuscript. 

Funding details 

The “Whose diabetes is it anyway” project is supported by a grant from the Dutch Research Council (NWO) 

(Research Talent – 406-14-103). The funding source had no role in the design of the study, the collection and 

analysis of data, the preparation of the manuscript and the decision to submit the manuscript.

Acknowledgments

The authors thank all participants that participated in this study, and Elke Mommertz-Mestrum from 

Kidz&Ko as well as the other diabetes centers for their help with recruitment and extraction of clinical data, 

and all student assistants for their administrative support and help with data entry. 

Abstract:

AIMS: To examine whether frequency, perceived severity and fear of hypoglycaemia are 

independently associated with diabetes-specific quality of life in adolescents with type 1 diabetes. 

METHODS: Cross-sectional self-reported data on demographics, frequency and perceived severity 

of both self-treated and severe hypoglycaemia, fear of hypoglycaemia (Hypoglycaemia Fear 

Survey- Child version), and diabetes-specific quality of life (Pediatric Quality of Life Diabetes 

Module; PedsQL-DM) were obtained from the project ‘Whose diabetes is it anyway?’. Hierarchical 

regression analyses were performed for the total scale and recommended summary scores of the 

PedsQL-DM as dependent variables; independent variables were entered in the following steps: 1) 

age, gender, HbA1c, 2) frequency of hypoglycaemia; 3) perceived severity of hypoglycaemia and 4) 

fear of hypoglycaemia.
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RESULTS: Adolescents (12-18 years; n=96) completed questionnaires. In the first three steps, 

female gender (p<0.05), higher HbA1c (p<0.05), higher frequency of severe hypoglycaemia 

(p<0.05) and higher perceived severity of severe (p<0.05) and self-treated hypoglycaemia (p 

<0.001) were significantly associated with lower diabetes-specific quality of life (β ranging from 

0.20 to 0.35). However, in the final model only fear of hypoglycaemia was significantly associated 

with QoL (p<0.001). Adolescents with greater fear reported lower diabetes-specific quality of life, 

with 52% explained variance. This pattern was observed across subdomains of diabetes-specific 

quality of life.

CONCLUSIONS: Fear of hypoglycaemia was the only factor independently associated with 

diabetes-specific quality of life, whereas frequency and perceived severity of hypoglycaemia were 

not. These findings highlight the importance of awareness and assessment of fear of hypoglycaemia 

in clinical practice.

Keywords: hypoglycaemia, quality of life, fear of hypoglycaemia, adolescents 

Introduction 

Despite the recent improvements in diabetes care and greater access to technological devices 

assisting in insulin administration and glucose monitoring, hypoglycaemia remains a significant 

problem for young people with diabetes (1). Hypoglycaemia can range from unpleasant symptoms 

hampering daily functioning that can be self-treated, to severe events requiring assistance from 

others to recover (2). Hypoglycaemia is especially complex in adolescents with type 1 diabetes, 

both due to physiological changes in hormonal levels and developmental changes (e.g., becoming 

independent from parents, gaining peer acceptance and alcohol use) that can lead to increased risk 

of hypoglycaemia (3, 4). Supporting families to find an optimal balance between diabetes 

management and quality of life (QoL) is a major goal in pediatric diabetes care (5).  QoL is a 

complex construct to measure, due to its dynamic, subjective and multi-dimensional nature. Both 

generic and disease-specific measures can be used to assess QoL (6) Generic measures are 

especially useful to measure a broad spectrum of aspects of life and are not attributed to a specific 

situation (i.e., “how is your quality of life?”) and can be used for comparison of outcomes between 

different populations. Diabetes-specific QoL instruments attribute QoL to diabetes specifically (i.e., 

“how does diabetes impact on your quality of life?”) and are focused on how issues specifically 

related to diabetes and its management can impair QoL (7). Ideally, the impact of hypoglycaemia 

on QoL would be assessed with a “hypoglycaemia-specific QoL” measure, that attributes the 
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assessment of QoL directly to the experience with hypoglycaemia (i.e., “how does hypoglycaemia 

affect your quality of life?”). However, there are currently none of these measures available; 

therefore, we opted for a diabetes-specific QoL measure in this study.

 Although in some studies the frequency of hypoglycaemia resulting in comas or requiring 

assistance from others was unrelated to QoL (8, 9), other studies showed that children with more 

frequent hypoglycaemia where assistance from others was required (10) or severe hypoglycaemia 

(not further defined) (11) reported lower QoL. In addition to objective severity, the personal 

experience and perception of hypoglycaemia can also impact QoL (e.g., a hypoglycaemic event at 

home when parents are around could be perceived as less impactful than at school). A longitudinal 

study among adults with type 2 diabetes (both insulin and non-insulin users) showed that perceiving 

hypoglycaemia as burdensome was independently related to decreases in QoL, above and beyond 

the frequency of hypoglycaemia (12). Other studies have indeed found that hypoglycaemic events 

can be traumatic, and have a long-lasting emotional impact (13, 14). However, the role of the 

perception and experience of hypoglycaemia in relation to diabetes-specific QoL in adolescents 

with type 1 diabetes is less clear. 

Additionally, people with diabetes could develop fear of hypoglycaemia. Although being 

concerned about hypoglycaemia is adaptive, extreme worries (referred to as fear of 

hypoglycaemia) could lead to the maintenance of higher blood glucose levels or hypoglycaemia 

avoidance behaviours that could compromise optimal diabetes management and/or quality of life.  

(15) A review about fear of hypoglycaemia in youth with type 1 diabetes reported that fear of 

hypoglycaemia is associated with impaired QoL (16). This fear could stem from previous severe 

hypoglycemic events or thoughts about future events, as well as from self-treated (also referred to 

as “mild” or “moderate”) hypoglycemia that hinders people in daily functioning.

A systematic review showed that general QoL did not differ between young people with 

diabetes and their peers without diabetes, although diabetes negatively impacted their QoL (i.e., 

negative impact of diabetes on QoL and worries about diabetes) (17). Therefore, it is important to 

identify factors that can affect diabetes-specific QoL in this population, such as hypoglycaemia (i.e., 

the occurrence, experiences, thoughts and fears about it (8, 17). Previous studies in adolescents with 

type 1 diabetes have predominantly focused on severe hypoglycaemia and did not explore 

associations between the frequency, perceived severity, and fear of hypoglycaemia on diabetes-

specific QoL simultaneously. 

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



This article is protected by copyright. All rights reserved

Therefore, the aim of this study was to examine whether perceived severity of severe and self-

treated hypoglycaemia, and fear of hypoglycaemia have additional value over frequency of 

hypoglycaemia in explaining (domains of) diabetes-specific QoL in adolescents with type 1 

diabetes. Furthermore, it was hypothesized that associations between perceived severity and fear of 

hypoglycaemia with diabetes-specific QoL would be stronger for adolescents who had experienced 

more episodes of hypoglycaemia.

Participants and methods

Data were extracted from the quantitative part of the multi-method research project “Whose 

diabetes is it anyway?”. This project focuses on the division and transfer of diabetes care 

responsibilities among children and adolescents with type 1 diabetes and their parents. Families 

were recruited from four Dutch specialist diabetes centers and pediatric departments of general 

hospitals between March and October 2018. Inclusion criteria were a diabetes duration of more than 

six months, no intellectual disabilities, and sufficient knowledge of the Dutch language. Eligible 

families were invited via post to complete questionnaires; reminders were sent after two weeks. For 

study participation, adolescent and parental consent were sought. After completion of the 

questionnaires, adolescents received a €7.50 gift card. 

Of the 262 adolescents who were invited, 116 agreed to participate (response rate=44%). 

Responders had a significantly lower HbA1c (7.6%) and were more often insulin pump users (79%), 

compared to non-responders, who did not consent to participate, but gave permission for 

comparison of data extracted from their medical record (HbA1c=8.4%; insulin pump use=57%), 

p<0.05. There were no differences in gender, age and diabetes duration (p’s>0.05). For the current 

study, 96 adolescents completed all relevant measures. The project received ethics approval from 

the Psychological Ethics Committee of Tilburg University (EC-2017.85).  

Measures 

Socio-demographic and clinical information 

 Socio-demographic (i.e., date of birth, gender) and clinical data (i.e., date of diagnosis, 

HbA1c, and insulin treatment modality) were retrieved from medical records. Age, and diabetes 

duration were subsequently calculated. Additional demographic information (i.e., ethnic 

background, educational level), and clinical characteristics (i.e., comorbidities, glucose 

measurement modality, average number of blood glucose readings per day) were self-reported. 
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Frequency and perceived severity of self-treated and severe hypoglycaemia 

 Frequencies of self-treated and severe hypoglycaemia were assessed with items of the 

Hypoglycaemia Fear Survey – Children version (HFS-C part 2) (18). A forward-backward 

translation method was used to translate the items into Dutch. Severe hypoglycaemia was defined as 

the number of ‘hypoglycaemic episodes when your blood glucose was so low that you were unable 

to recognize symptoms, ask for help, or treat yourself due to mental confusion or unconsciousness’ 

in the previous 12 months. Self-treated hypoglycaemia was defined as the number of 

‘hypoglycaemic episodes when your blood glucose was so low that it interfered with what you were 

doing, and you had to wait a while to recover’, in the previous 6 months. Additionally, perceived 

severity was assessed by asking the adolescents to rate how upsetting the worst episode of severe 

hypoglycaemia was (in the past twelve months) as well as how upsetting the worst episode of self-

treated hypoglycaemia was (in the past six months), on a 5-point Likert scale ranging from 0 (not at 

all upsetting) to 4 (extremely upsetting). The response option ‘not applicable’ was recoded into 0, as 

these adolescents did not experience an upsetting hypoglycaemic episode. 

Fear of hypoglycaemia

 Fear of hypoglycaemia was assessed with the 15-item worry subscale of the Hypoglycaemia 

Fear Survey – Children version (HFS-C) (18). For each item, adolescents indicated their level of 

concerns related to hypoglycaemia (e.g., “Not recognizing that my blood glucose is low”) on a 5-

point Likert scale, ranging from 0 (never) to 4 (often). Items were summed to generate total scores 

(range 0-60), with higher scores indicating higher levels of fear. Following the manual, missing 

values were substituted with within‐person mean values if less than 25% was missing (n=5). 

Satisfactory psychometric properties have been demonstrated for the HFS-C worry scale (18); in the 

current study internal consistency was good (α=0.87). 

Diabetes-specific QoL 

 Diabetes-specific QoL was measured using the Dutch version of the Pediatric Quality of Life 

Diabetes Module 3.2 (PedsQL-DM 3.2) (19). This is a 33-item multidimensional questionnaire for 

children ≥12 years (32 items for adolescents aged 12 years old). Recent guidance recommends 

using two summary scores assessing the frequency of diabetes symptoms (15 items) and problems 

with diabetes management (18 items) in the past month (20). To enable the readers to compare our 

study with previous findings and to follow these recommendations, we have included all three 
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scores as outcomes in our analysis. Each item was scored on a 5-point Likert scale, ranging from 0 

(never) to 4 (almost always). All items were linearly converted to a 0-100 scale, with higher scores 

indicating more optimal diabetes-specific QoL. Mean scores were computed if <50% of the items 

were missing (n=6). The PedsQL-DM is considered a reliable and valid measure of diabetes-

specific QoL in adolescents with type 1 diabetes (19); reliability of the overall scale in the present 

study was excellent (α=0.93). Reliability of the summary scores were good (symptoms 

α=0.88;management α=0.90) ). 

Statistical analyses 

Spearman correlation analysis was used to assess correlations between frequencies of 

hypoglycaemia and fear of hypoglycaemia. A hierarchical regression analysis was performed to 

examine whether frequency of hypoglycaemia, perceived severity of hypoglycaemia and fear of 

hypoglycaemia were independently related to diabetes-specific QoL (total score). Independent 

variables were entered in the following steps: 1) covariates (i.e., age, gender, HbA1c, based on their 

relationship with diabetes-specific QoL in previous studies (10, 21, 22), 2) frequency of severe and 

self-treated hypoglycaemia; 3) perceived severity of severe and self-treated hypoglycaemia, 4) fear 

of hypoglycaemia and 5) interactions of centred values (frequency*severity of hypoglycemia, 

frequency*fear of hypoglycemia). The analysis was repeated for each of the two separate summary 

scores of the PedsQL-DM as the dependent variable. To determine statistical significance, α was set 

at 0.05.

In all regression models examining associations of frequency, perceived severity and fear of 

hypoglycaemia with diabetes-specific QoL, assumptions of linearity and homoscedasticity were 

met. Although moderate correlations were observed between hypoglycaemia variables, and between 

gender and hypoglycaemia variables, the assumption of multicollinearity was not violated. A breach 

of normality (skewness=-0.13, kurtosis=2.65, Shapiro Wilks test p=0.004) was noted in the main 

analysis (total score of PedsQL-DM), which appeared to be due to a single outlier. Removing this 

case from the analysis resulted in a normal distribution of standardized residuals (skewness=0.51, 

kurtosis=0.97, Shapiro Wilks test p=0.10), but did not affect the results of the regression analysis. 

Therefore, the current analysis was based on the data of all respondents (n=96).

All statistical analyses were performed using SPSS version 25 (Statistical Package for Social 

Sciences, Chicago, IL, USA). 

Results 
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Of the total sample (n=96), the majority had diabetes for >1 year (99%) and mean HbA1c was 58 

(SD=9.8) mmol/mol (7.5%, SD=0.9) (23). Approximately 20% of the adolescents reported they had 

experienced at least one episode of severe hypoglycaemia within the past 12 months (range 0-20, 

median=0, interquartile range=0-0). In total, 87% of the adolescents reported at least one episode of 

self-treated hypoglycaemia in the past 6 months (range 0-200, median=6, interquartile range=2-20). 

The frequency of severe hypoglycemia and self-treated hypoglycemia were not associated (r=0.16, 

p=0.11).The correlations between frequency of severe hypoglycaemia and self-treated 

hypoglycaemia were 0.16 (p>0.05) and between frequency of severe and self-treated 

hypoglycaemia and fear of hypoglycaemia were 0.32 (p<0.01) and 0.17 (p>0.05), respectively. 

Socio-demographic information and clinical characteristics of the participants can be found in Table 

1. 

Factors related to diabetes-specific QoL (PedsQL-DM total score) 

Results of the hierarchical regression analysis are presented in Table 2. The first model, including 

gender, age, and HbA1c, significantly explained 14% of the variance in diabetes-specific QoL 

(Pp=0.001). Female adolescents (Pp=0.001) and participants with higher HbA1c level (p =0.031) 

reported significantly lower diabetes-specific QoL. In the second step, the total model did not 

significantly improve by adding the frequency of severe and self-treated hypoglycaemia (p=0.053). 

In addition to gender and HbA1c, a higher frequency of severe hypoglycaemia was significantly 

associated with lower diabetes-specific QoL (p=0.035), while frequency of self-treated 

hypoglycaemia was not. In the third step, the addition of perceived severity of severe and self-

treated hypoglycaemia resulted in a significant improvement of the model (p=0.003); 26% of the 

variance in diabetes-specific QoL was explained. Adolescents who reported severe hypoglycaemia 

(p=0.047) and self-treated hypoglycaemia as upsetting (p=0.007) reported lower diabetes-specific 

QoL. In this step, the associations between HbA1c and the frequency of severe hypoglycaemia with 

diabetes-specific QoL were no longer significant. Adding fear of hypoglycaemia in the final step 

further improved the model (p <0.001); 52% of the variance in diabetes-specific QoL was 

explained. In this step, only higher fear of hypoglycaemia was significantly associated with lower 

diabetes-specific QoL scores (p <0.001). The previous significant associations of gender and 

perceived severity of self-treated hypoglycaemia with diabetes-specific QoL were negated. 

When the analysis was repeated with the interaction terms in the fifth step, this did not 

significantly improve the model (p’s>0.05; data not shown). This analysis was also repeated with 
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frequency of severe hypoglycaemia as a categorical instead of a continuous variable, but this 

yielded similar results (data not shown).

Factors related to Diabetes Symptoms and Diabetes Management summary scores of 

diabetes-specific QoL 

Hierarchical regression analyses with the different summary scores of the PedsQL-DM as 

dependent variables (Table 3) resulted into similar conclusions compared to the analysis with total 

score of PedsQL-DM. 

Discussion 

In this study among 96 adolescents with type 1 diabetes, demographic variables, HbA1c, and 

frequency, perceived severity and fear of hypoglycaemia together explained 52% of the variance in 

diabetes-specific QoL. However, only greater fear of hypoglycaemia was independently associated 

with lower diabetes-specific QoL. 

In line with previous literature (8, 16), fear of hypoglycaemia is a considerable burden for 

adolescents with diabetes, though the levels of fear were relatively low in this sample (24). Greater 

fear of hypoglycaemia was consistently related to reduced diabetes-specific QoL, across the 

different summary scores, suggesting that the observed association for overall diabetes-specific 

QoL is not driven by one individual summary score.  

Before adding fear of hypoglycaemia in the regression, our results were in line with other 

studies reporting an association between a higher frequency of severe hypoglycaemia and lower 

diabetes-specific QoL (10, 11), while inconsistent with others (8, 9). However, fear of 

hypoglycaemia negated this association. The definitions of severe hypoglycaemia differed greatly 

across studies, which could possibly explain conflicting findings. The less strict definition used in 

this study could also explain the relatively high frequency of severe hypoglycaemia, compared to 

rates reported by the International Society of Pediatric and Adolescent Diabetes (4). 

Contrary to previous QoL studies amongst adults with diabetes (12, 25), the frequency of self-

treated hypoglycaemia and diabetes-specific QoL were unrelated in youth. However, the rate of 

self-treated events in this study (average of 17 events in the past six months) was relatively low 

compared to an average of two events per week among children and adolescents reported elsewhere 

(4). As self-treated hypoglycaemia is common for adolescents with diabetes, it is possible that a 

potential negative impact of self-treated hypoglycaemia only occurs in adolescents who experience 
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more frequent self-treated events. The six-months recall period might have led to an underreport of 

self-treated hypoglycaemia in this study. Furthermore, self-report of hypoglycaemia might be less 

reliable in this group, as there were some discrepancies observed between the self-reported 

frequency and perceived severity of these events (i.e., some adolescents reported that they did not 

experience a hypoglycaemic episode, but also reported their worst hypoglycaemic episode in the 

past 12 or 6 months as upsetting). Future studies using (blinded) continuous glucose monitoring in 

addition to self-report, and ideally combined with ecological momentary assessments of outcome 

measures, might provide more insight into the relationship between hypoglycaemia and diabetes-

specific QoL.

Although frequency of self-treated hypoglycaemia was not significantly associated with 

diabetes-specific QoL, there was an association between perceived severity of self-treated events 

and diabetes-specific QoL, that was negated by fear of hypoglycaemia. The experience and 

perception of hypoglycaemia could contribute to fear of future hypoglycaemia (26). Since greater 

fear of hypoglycaemia was associated with reduced diabetes-specific QoL in this study, the impact 

of self-treated events should not be overlooked, as they can indirectly affect diabetes-specific QoL. 

In contrast to a previous study, we did not observe an interaction effect between frequency and 

perceived severity of hypoglycaemia, although this was based on a sample of adults with type 2 

diabetes (12). 

This study has several limitations. First, the overall sample was relatively small and adolescents 

using a pump and with lower HbA1c levels were more likely to participate in this study, which 

might limit the generalizability of our findings. Second, the cross-sectional design of the study does 

not allow examination of causal interpretations. Third, to preserve sufficient power, only covariates 

that were most consistently associated with QoL in previous studies were included in the current 

analyses. It is recognized that the exclusion of other covariates (e.g., type of insulin administration, 

diabetes duration), may have affected the results (10, 22, 27-30). Fourth, based on new insights on 

QoL, it can be argued that the PedsQL-DM might not be the most optimal assessment of diabetes-

specific QoL (31). Since “hypoglycaemia-specific” QoL measures are not currently available, the 

full understanding of the impact of hypoglycaemia on QoL remains elusive. Future studies that 

focus on the development of these measures can help to improve our understanding of the true 

impact of hypoglycaemia on QoL in people with diabetes. Notwithstanding these limitations, this is 

the first study that simultaneously examined different aspects (i.e., frequency, perceived severity 

and fear) of both self-treated and severe hypoglycaemia in relation to diabetes-specific QoL, 
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allowing for the exploration of independent associations. Furthermore, the multidimensional 

evaluation of QoL provides a more detailed understanding of the association between 

hypoglycaemia and diabetes-specific QoL in adolescents with type 1 diabetes and adds insight into 

the way that frequency, perceived severity and fear of hypoglycaemia are interrelated.  

Clinical implications 

Despite limitations, the results highlight the need to be aware and assess of fear of 

hypoglycaemia in clinical care, as only fear of hypoglycaemia was independently related to diabetes 

QoL. Fear of hypoglycaemia is related to hypoglycaemia history (18), both recent and traumatic 

events that happened years ago might still affect emotions and behaviours in the present (13, 14). 

Fear of hypoglycaemia can also be an anticipatory anxiety about future events (18) and might also 

occur when reading or hearing about severe events, irrespective of one’s own experiences. 

Adolescents who report higher levels of fear of hypoglycaemia and are thus more worried about 

hypoglycaemia and its consequences, may be more likely to engage in hypoglycaemia avoidance 

behaviors (i.e., avoiding social or physical activities), that can impair their QoL (16). This suggests 

that fear of hypoglycaemia, and not solely recent events and experiences with hypoglycaemia, 

should be measured in clinical care, as this fear is a potentially modifiable factor that can strongly 

contribute to reduced diabetes-specific QoL. Future (longitudinal) studies should explore the 

underlying mechanisms of the relationship between fear of hypoglycaemia and diabetes-specific 

QoL, as it is possible that these can be influenced by personality occurs such as neuroticism or trait 

anxiety (24). For example, an association between fear of hypoglycaemia and reduced QoL on the 

diabetes management domain could be the result of adolescents who are more worried in general as 

they might experience both higher fear of hypoglycaemia and difficulties in engaging in self-

management behaviors (32, 33). 

For adults with diabetes and parents of young children with diabetes, there are interventions 

available to reduce fear of hypoglycaemia (34, 35). Interventions for adolescents with diabetes may 

ideally focus on reducing fear of hypoglycaemia accompanied by self-management strategies that 

reduce hypoglycaemia risk. Although fear of hypoglycaemia in adults and adolescents with diabetes 

showed similar underlying factors, there are also notable differences. As adolescent development is 

characterized by the desire to not feel different from peers, the concern about potential negative 

social evaluations because of hypoglycaemia might be more pronounced in this group (36). Future 
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studies on interventions to manage fear of hypoglycaemia in youth with type 1 diabetes should 

incorporate these age specific needs. 

Conclusion

In conclusion, this study showed that greater fear of hypoglycaemia is associated with lower 

diabetes-specific QoL in adolescents with type 1 diabetes, over and above frequency and severity of 

hypoglycemia. This has important implications for clinical practice; future studies are needed to 

identify if reduction of fear of hypoglycaemia is associated with an improvement of diabetes-

specific QoL in adolescents with type 1 diabetes.
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Table 1. Socio-demographic information and clinical characteristics of the 96 participating adolescents (aged 12-18 

years) with type 1 diabetes  

Number of valid 

cases 

% (n) Mean (SD) Range 

Age (years) 96 15.2 (1.6) 12-18

Gender, male 96 48 (46)

Adolescent education 95

Elementary school 3 (3)

High school 85 (82)

Further education 10 (10) 

Ethnicity 95

Dutch 95 (91)

Double (one is Dutch) 3 (3)

Non-Dutch 1 (1)

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



This article is protected by copyright. All rights reserved

Somatic comorbid conditionsa 96

None 62 (67)

≥1 34 (33)

Psychological comorbid 

conditionsb

None 70 (75)

≥1 26 (25) 

Diabetes duration (years) 96 7.0 (4.3)

Insulin administration 96

Insulin pump 81 (78)

Multiple daily injections 19 (18)

Glucose monitoring modality 95

Real-time CGM 19 (18)

Flash glucose monitoring 14 (13)

Fingerpicks only 67 (64)

Frequency of glucose monitoring 

per dayc 

77

Real-time CGM 16 14.1 (6.9) 5-25

Flash glucose monitoring 13 13.7 (8.7) 3-30

Fingerpicks only 48 5.3 (1.7) 3-10

HbA1c (mmol/L)d 96 58 (9.8) 34-90

HbA1c (%)d 96 7.5 (.9) 5.3-10.4

Hypoglycaemia 
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Frequency of severe 

hypoglycaemic episodes past 

12 months

0.7 (2.4) 0-20

Frequency of self-treated 

hypoglycaemic episodes past 6 

months

17.4 (29.9) 0-200

Perceived severity: worst 

episode of severe 

hypoglycaemia past 12 months 

(HFS-C; range 0-4)e

1.3 (1.5) 0-4

Perceived severity: worst 

episode of self-treated 

hypoglycaemia past 6 months 

(HFS-C; range 0-4)e

2.0 (1.2) 0-4

Fear of hypoglycaemia (HFS-C 

worry scale; range 0-60)f 

96 12.6 (8.3) 0-41

Diabetes-specific QoL Total 

score (PedsQL-DM; range 0-

100)g   

96 74.0 (13.3) 17.4-99.2

Symptoms summary score 

(range 0-100)

64.3 (14.9) 15.0-98.3

Management summary score 

(range 0-100)

81.5 (15.0) 16.7-100

HFS-C, Hypoglycaemia Fear Survey – Child; PedsQL- DM, Paediatric Quality of Life Inventory- Diabetes 

Module

a Somatic comorbid conditions included eczema, asthma, celiac disease, allergy, hypothyroidism, cataract, juvenile 

rheumatoid arthritis, and other conditions (erb’s palsy and vitiligo). 

b Psychological comorbid conditions included ADHD, autism, anxiety disorder, dyslexia and dyscalculia.  

c For sensor; frequency of checking sensor was used, for Flash Glucose Monitoring; frequency of flashings was used, for 

no sensor; frequency of finger pricking was used.  

d Most recent HbA1c between 2 months before and 2 months after study participation (Mean=28.1 days, SD=18.4)

e Higher scores indicate higher perceived severity 

f Higher scores indicate higher fear of hypoglycaemia

gHigher scores indicate higher diabetes-specific QoL 
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Table 2. Hierarchical linear regression analysis examining the association between diabetes-specific QoL (PedsQL) and 

demographics, HbA1c, frequency of hypoglycaemia, severity of hypoglycaemia and fear of hypoglycaemia in 

adolescents with type 1 diabetes (n=96)

PedsQL DM Model 1 Model 2 Model 3 Model 4

β          β          β          β          

1. Demographic and clinical information 

Age (years) -.05 -.07 -.12 -.11

Gender, male .35** .31** .23* .10
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HbA1c
-.21* -.20* -.16 -.13

2. Frequency of Hypoglycaemia

Severe hypoglycaemia (past 12 months) -.20* -.14 -.03

Self-treated hypoglycaemia (past 6 months) -.09 -.06 -.04

3. Perceived severity of hypoglycaemiaa

Severe hypoglycaemia (past 12 months) -.20* -.06

Self-treated hypoglycaemia (past 6 months) -.26** -.09

4. Fear of hypoglycaemiaa

Fear of hypoglycaemia -.60**

Adjusted R2 .14** .18** .26** .52**

R2 change .17 .05 .10* .24**

a: higher scores indicate higher perceived severity/fear. 

*p<0.05, **p<0.01.

Gender is binary coded, 1=male, 0=female
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Table 3. Fully adjusted linear regression analyses examining associations of demographics, HbA1c, frequency of 

hypoglycaemia, severity of hypoglycaemia and fear of hypoglycaemia with diabetes symptoms summary score and 

diabetes management summary scores of diabetes-specific QoL (PedsQL) in adolescents with type 1 diabetes (n=96)

PedsQL DM-summary scores Diabetes Symptoms Diabetes Management 

β          β          

Demographic and clinical information 

Age (years) -.08 -.13

Gender, male .09 .11

HbA1c -.05 -.15

Frequency of Hypoglycaemia

Severe hypoglycaemia (past 12 months) -.06 -.003

Self-treated hypoglycaemia (past 6 months) -.03 -.03

Perceived severity of hypoglycaemiaa

Severe hypoglycaemia (past 12 months) -.16 .02

Self-treated hypoglycaemia (past 6 months) -.11 -.03

Fear of hypoglycaemiaa

Fear of hypoglycaemia -.51** -.58**

Adjusted R2 .45** .41**

R2 change .17** .23**

a: higher scores indicate higher perceived severity/fear. 

*p<0.05, **p<0.01.
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