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Abstract

Background: Anxiety, depression, and disease-related distress are linked to worse overall glycaemic control, in terms
of HbA1c. This study was aimed to evaluate whether traits of these emotional disorders are associated with long-term
glycaemic variability in subjects with Type 1 diabetes.

Methods: Longitudinal retrospective study. Six-year HbATc data (2014-2019) from 411 subjects with Type 1 diabetes
who had participated in a previous study to design a diabetes-specific quality of life questionnaire in the year 2014
were included. Scores for Spanish versions of the Hospital Anxiety and Depression Scale (HADS) and Problem Areas in
Diabetes (PAID) scale were obtained at baseline, along with sociodemographic and clinical data. Long-term glycaemic
variability was measured as the coefficient of variation of HbA1c (HbA1c-CV). The association between HADS and
PAID scores and HbA1c-CV was analysed with Spearman correlations and multiple regression models, both linear and
additive, including other covariates (age, sex, diabetes duration time, type of treatment, baseline HbA1c, use of anxio-
lytic or antidepressant drugs, education level and employment status).

Results: Scores of depression, anxiety and distress were positively and significantly correlated to HbA1c-CV in uni-
variate analyses. Multiple regression study demonstrated an independent association only for diabetes distress score
(p<0.001). Age, diabetes duration time, baseline HbA1c, education level and employment status were also signifi-
cantly associated with HbA1c-CV. However, when subjects were analyzed separately in two age groups, distress scores
were associated with HbA1c-CV only among those aged 25 years or older, while anxiety scores, but not distress, were
associated with HbA1c-CV among those younger than 25 years.

Conclusions: Psychological factors, particularly disease-related distress and anxiety, are associated with long-term
glycaemic variability in subjects with Type 1 diabetes.
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Background

During recent years, a growing interest has emerged
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Some studies indicate that intermittent hyperglycaemia
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promotes higher levels of oxidative stress and vascular
and tissue damage than permanent hyperglycaemia [3]
and numerous observational studies and post-hoc analy-
ses of clinical trials have reported an association between
glycaemic variability and the development of micro and
macrovascular diabetes complications, severe and night-
time hypoglycaemia and overall mortality [4—8]. Glycae-
mic variability can be assessed in short-term (within- or
between-day glycaemic fluctuations) or in long-term, as
variations experienced in glucose levels over weeks or
months. While new continuous glucose monitoring sys-
tems have allowed the development of a great number
of metrics to quantify short-term variability [1, 2], long-
term glycaemic variability is usually measured as visit-
to visit HbAlc oscillations [2]. On the whole, however,
while much has been published about its clinical implica-
tions and the methods for its measurement, research into
the potential causes of glycaemic variability and, in par-
ticular, of long-term variability, is more scarce.

Several psychological disorders, such as anxiety,
depression or disease-related distress have been associ-
ated with chronic complications and worse metabolic
control in subjects with both Type 1 and Type 2 diabetes
[9-12]. These conditions are more frequent in subjects
with diabetes than in the general population [13, 14],
even more so when diagnosis is made at an early age for
Type 1 diabetes [15]. The mechanisms that explain the
relationship between psychological problems and diabe-
tes complications are not fully understood, but long-term
glycaemic variability could act as a putative link between
both conditions, as mood and anxiety disorders can pro-
mote significant fluctuations in treatment adherence and
self-care [16—18]. The aim of this study was to evaluate
whether symptoms of anxiety, depression, and disease-
related distress, assessed at baseline, predict long-term
glycaemic variability in subjects with Type 1 diabetes
over six years.

Methods

Participants

Subjects were participants in a previous cross-sectional
study, aimed to design and validate a questionnaire to
measure quality of life in persons with Type 1 diabetes
(ViDal questionnaire) [19]. That study was a Spanish
multicentre survey conducted in 2014 in which 578 indi-
viduals over 14 years of age with Type 1 diabetes were
enrolled. The only exclusion criteria for participation
were pregnancy and inability to complete the study dos-
sier because of language difficulties. Of the 578 subjects
that took part in the primary study, the 463 recruited in
either the Complejo Hospitalario Universitario Insular
Materno-Infantil or the Hospital General Universitario
Dr. Negrin, both located in Las Palmas de Gran Canaria,
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were included for the present investigation. Of these, in
turn, 52 cases that had undergone fewer than six HbAlc
determinations from their participation in the ViDal
Study until December 2019, were excluded. Therefore,
the final study population was composed of 411 subjects.
Figure 1 shows the participants inclusion flow chart.

Baseline procedures

Psychometric instruments

As part of their participation in the Vidal Study, in 2014
all subjects fulfilled the Spanish versions of the Hospital
Anxiety and Depression Scale (HADS) [20] and the Prob-
lems Areas in Diabetes scale (PAID) [21]. HADS is one
of the most used tools to identify emotional impairment
in subjects from different types of populations. It evalu-
ates 14 items, 7 for anxiety (HADS-A) and 7 for depres-
sion (HADS-D), using a Likert scale (0—3), and the score
ranges from 0 to 21 for each subscale. A cut-off point > 8
on either subscale is usually considered for screening of
depression or anxiety [22]. On the other hand, PAID was
specifically designed to measure the emotional impact of
dealing with Type 1 diabetes. It is composed by 20 items
and each is answered on a Likert scale from 0 ("not a
problem") to 4 ("a very serious problem"). Results of each
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Fig. 1 Flowchart of the study participants
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item are added up and multiplied by 1.25, resulting in
a total score from 0 to 100. Total scores of 40 or more
indicate severe diabetes distress [23]. In addition, other
baseline variables were recorded, including demographic
data, date of diabetes onset, HbAlc level, treatment
(insulin multiple daily injections or continuous subcuta-
neous insulin infusion), use of anxiolytic or antidepres-
sant drugs, education level and employment situation.

Long-term glycaemic variability

HbAlc measurements were retrieved for all subjects
from the date of their participation in the Vidal Study
to December 2019. Being HbAlc;; the HbAlc level
observed in the i th subject at time t(t = 1,..., Ti) (Ti
varies in each subject), the variance corresponding to the
underlying process is obtained by:

T.
1 13

2 = = > " (HbAlci, — HbAlci,)?
L=l

where HbAlc;, = (1/Ti)ZtT;1HbA1ci,t. Finally, the
coefficient of variation of HbAlc (HbAlc-CV) for each i
th subject was defined by: HbAlc — CV; = S;/HbAlc;,,
and was used as measure of long-term glycaemic variabil-
ity. Laboratories of both hospitals used Diabetes Control
and Complications Trial (DCCT)-aligned methods for
HbA1lc measurement throughout the whole study period.

Statistical analysis

Categorical variables are expressed as frequencies and
percentages, continuous variables as mean and standard
deviation (SD) when data followed a normal distribu-
tion, or as median and interquartile range (IQR=25th—
75th percentile) when did not. The percentages were
compared, as appropriate, using the Chi-square (x?) test
or the exact Fisher test, the means by the t-test, and the
medians by the Wilcoxon test for independent data. In
order to reduce skewness, HbAlc-CV data were loga-
rithmically transformed for all statistical analyses The
associations between HbAlc-CV values and the baseline
psychometric measures (HADS-A, HADS-D and PAID
scores) were evaluated by Spearman correlations. To
assess the independent effect of psychological variables
on long-term glycaemic variability, a multiple regres-
sion analysis was performed, including the results of all
psychometric scales, as well as demographic and clinical
variables. Selection of variables was performed using best
subsets regression, a technique that consists of testing
all possible combination of the predictor variables, and
displays the best-fitting model. The Akaike information
criterion was used to assess the goodness of fit of the
models. The eventual non-linear effect of the selected
numerical variables was explored using additive models.
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In the final model, the non-linear effects were estimated
using cubic splines. The model was summarized, as
appropriate, as coefficients and standard errors (SE) or
cubic splines (95% confidence intervals), P-values and the
AIC values for the model that would result when the cor-
responding factor was dropped. Statistical significance
was set at p<0.05. Data were analysed using R package,
version 3.6.1.

Ethical issues

This research project was conducted in accordance with
the Helsinki Declaration, and it was approved by the Eth-
ics Committee the Hospital General Universitario Dr.
Negrin. Before entering the study, all subjects or their
parents signed informed consent, with the assent of those
under the age of 18 years.

Results

Baseline characteristics of the study subjects

Group average age was 35.5+13.0 years. Out of the 411
subjects, 240 (58.4%) were women. Median diabetes
duration time was 16 (10-24) years. Women had higher
scores for anxiety and depression, although statisti-
cal significance was achieved only for the anxiety score
(»p=0.002). Also, women showed significantly higher
scores in the PAID questionnaire (p <0.001). Using a cut-
off point>8 for the two subscales of the HADS ques-
tionnaire, 57.5% and 25.1% of participants had scores
suggestive of anxiety and depression, respectively, while
the PAID questionnaire revealed that up to 64.6% of them
had significant diabetes-related distress. Other baseline
characteristics are shown in Table 1.

HbA1c variability

HbA1lc was measured at least 6 times in a 6-year period.
Spearman analyses showed significant positive cor-
relations between HbAlc-CV and scores of HADS-A,
HADS-D and PAID (p=0.004, p=0.023 and p=0.002,
respectively) (Fig. 2). In multivariate analyses, only PAID
score retained an independent association with HbAlc-
CV. In fact, both HADS-D and HADS-A were excluded
from the model when entered simultaneously with PAID
(Table 2).

Regarding to the rest of assessed covariates, lower edu-
cation level (positively) and unemployment (negatively)
were also linearly correlated to long-term glycaemic vari-
ability, while the additive regression models showed non-
linear effects of age, diabetes duration time and baseline
HbAlc on HbAlc-CV. In relation to the latter, as shown
in Fig. 3, HbA1c-CV increased with age up to 20 years
and decreased thereafter, stabilising at around 40 years.
Similarly, long-term glycaemic variability was also high-
est in the early stages of the disease, falling and stabilising
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Table 1 Baseline clinical and sociodemographic characteristics of the study participants

Overall Men Women P
N=411 N=171 N=240
Age, years 3554130 3514+114 3544123 0.822
Diabetes duration time, years 16 (10-24) 14 (10-21) 18 (11-25) 0.057
HbA1c, % 7.8(7.2-8.7) 7.8 (7.2-8.75) 7.8(7.8-8.7) 0.642
Use of psychotropic drugs, % 14.6 94 183 0.011
Education level, % 0.985
Primary or lower 350 35.1 350
Secondary or tertiary 65.0 64.9 65.9
Employment status, % 0.026
Student 18.9 15.2 200
Active 494 579 433
Unemployed 255 199 296
Others 7.1 7.0 7.1
Type of treatment, % 0.011
Multiple insulin injections 84.7 90.1 80.8
Insulin pump 15.3 9.9 19.2
HADS-A, score 8(6-11) 8 (6-10) 9(6-11) 0.002
HADS-A > 8, % 57.5 51.5 61.8 0.029
HADS-D, score 4(1-8) 4(1-7) 5(1-8) 0.304
HADS-D > 8, % 25.1 219 273 0.194
PAID, score 51 (31-68) 46 (30-59) 55 (36-72) <0.001
PAID > 40, % 64.6 587 68.9 0.024
Rho-Spearman = 0.141 ; p-value = 0.004 Rho-Spearman = 0.112 ; p-value = 0.023 Rho-Spearman = 0.15 ; p-value = 0.002
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Fig. 2 Correlations between scores of anxiety (HAD-A), depression (HAD-D), diabetes-related distress (PAID) and logarithmic HbA1c-CV

after 10 years of diabetes duration. Finally, HbAlc-CV  participants up to 24 years of age (a limit recently pro-
was observed to rise abruptly when participants’ baseline  posed to define the life span comprising adolescence) [24]
HbA1c levels increased above 8%. and for those aged 25 years or older (Table 3). Among

Given the effect of age on HbAlc-CV, two separate the latter, an independent association remained between
regression models were further constructed for the 94 HbA1lc-CV and baseline HbAlc, age, and PAID score,
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Table 2 Multivariate regression model for logarithmic HbATc—

cv

Coefficient (SE) P AlIC?
(Intercept) -2.890 (0.043) <0.001 -
Primary studies or lower 0.079 (0.039) 0.046 3143
Unemployment -0.074 (0.042) 0.077 313.7
PAID 0.003 (0.001) <0.001 3224
Diabetes duration time Cubic spline 0.004 3253
Age Cubic spline <0.001 3297
Baseline HbA1c Cubic spline <0.001 404.5

2 AIC (Akaike Information Criterion) is a measure of model goodness-of-fit (the
lower the AIC, the better the model fit). AIC for the full model was 312.1. Table
shows AIC values after removing any of the selected variables

although in this case the correlation with HbAlc-CV was
nonlinear in all cases, including PAID (Fig. 4). In con-
trast, among adolescents, the best model was composed
of baseline HbAlc (non-linearly, represented in Fig. 5),
duration of diabetes and HADS-A score, but not PAID.
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Discussion

The main finding of this study is that, in subjects with
Type 1 diabetes, higher levels of emotional distur-
bances, mainly disease-related distress and anxiety, are
related to greater long-term HbAlc variability. Sepa-
rate analysis of individuals by age group showed that
anxiety scores had a greater impact on visit-to visit
HbA1lc variability in adolescents and young adults,
whereas in subjects 25 years or older the main psy-
chological determinant of glycaemic variability was
disease-specific distress. Depression traits, although
strongly correlated to HbAlc-CV in univariate analy-
sis, were no longer associated with the outcome in
the multivariate models. Age, duration of diabetes,
employment status and educational attainment were
also associated with glycaemic variability in the whole
sample. The effects of age and duration of diabetes were
non-linear, and could be expected. So, long-term gly-
caemic variability was greater in younger patients, in
whom it is well-known that diabetes tends to be more
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Fig. 3 Non-linear effects of age, diabetes duration time and baseline HbA1c on logarithmic HbA1c-CV (95% Cl)
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Table 3 Multivariate regression models for logarithmic HbA1c—CV, according to age groups

Age>24 years (N=317)

Age <24 years (N=94)

Coefficient (SE) P AlC? Coefficient (SE) P AIct
(Intercept) -2.810 (0.020) <0.001 - -2473(0.131) <0.001 -
Age Cubic spline 0.004 268.9
PAID Cubic spline 0.001 2732
Baseline HbA1c Cubic spline <0.001 3279 Cubic spline <0.001 94.8
Diabetes duration time -0.019 (0.008) 0.013 66.9
HADS-A 0.017 (0.010) 0.099 62.8

2 AIC (Akaike Information Criterion) for the full model was 257.8. TAIC for the full model was 62.3. Table shows AIC values after removing any of the selected variables
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Fig. 4 Non-linear effects of age, diabetes-related distress (PAID) and baseline HbA1c on logarithmic HbA1c-CV (95% Cl) among subjects 25 years of

unstable [25], and in those with a shorter duration of
the disease, probably reflecting the loss of beta cell
function and the progressive deterioration of glycaemic
control during the first years of diabetes course [26].
In fact, in separate analyses by age group, duration of
diabetes was only significantly associated with HbAlc-
CV among those under 25 years of age. The negative
correlation between HbAlc-CV and unemployment
status was more intriguing, but could be related to pre-
vious observations showing that work-related stress is

common among workers with Type 1 diabetes, and it
may negatively influence metabolic control [27].
Because of its potential role as a causal agent of diabe-
tes complications, during the last years there has been an
increasing interest in the quantification and the search
for strategies to reduce glycaemic variability. Some
pharmacological and non-pharmacological approaches
aimed at minimizing glycaemic variability have been
proposed [2]. In persons with Type 1 diabetes, such
interventions have been mainly based on providing more
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Fig. 5 Non-linear effect of baseline HbA1c on logarithmic HbA1c-CV (95% Cl) among subjects younger than 25 years
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stable insulin regimens, in order to reduce fluctuations
in blood glucose levels. Continuous glucose monitor-
ing and continuous subcutaneous insulin infusion have
already shown benefits in reducing short- and long-term
variability [28-30]. However, although focus has been
mainly placed on treatment-derived variables, it seems
plausible that emotional factors could be implicated on
glycaemic variability. Psychological stress promotes acti-
vation of the hypothalamic—pituitary—adrenal axis and
the autonomic nervous system, eliciting the release of
counter-regulatory hormones [31]. In addition, it can
lead to mood and behaviour fluctuations that negatively
affect self-management and treatment adherence [32]. A
large number of studies indicate that affective and anxi-
ety disorders and distress negatively influence the meta-
bolic control of subjects with Type 1 diabetes, as globally
assessed by HbAlc levels [10, 11, 15]. Nonetheless,
the specific association between psychological distur-
bances and glycaemic variability has not received much
attention. Some studies have examined the correlation
between mood and short-term glycaemic variability in
Type 1 diabetes, some of them evaluating different con-
tinuous glucose monitoring-derived metrics, but study
samples have been small and results were inconsistent
[33]. To our knowledge, the present report represents
the first approach to specifically investigate on the rela-
tionship between psychological factors and long-term
glycaemic variability.

The study has some significant limitations. Only an
initial evaluation of the anxiety, depression, and distress
levels was conducted. Their scores could have changed
during the subsequent 6-year period in which HbAlc
was analysed, thus undermining our ability to assess its
relationship with long-term glycaemic variability. How-
ever, although not much information is available, some
data suggest that affective disorders and distress per-
sist over time in subjects with diabetes and, in addition,
diabetes-related distress and depressive symptoms are
independent risk factors for each other over time [34].
Secondly, given the retrospective nature of the study,
although only individuals in whom at least 6 HbAlc
measurements were included, the number and frequency
of measurements over the 6 years of the study was not
uniform and this could also affect the results. Among the
study strengths, the sample size was reasonably large.
Secondly, it is also noteworthy that anxiety and depres-
sion were studied together with disease-related distress.
Multivariate analysis, which also adjusted for the effect of
other covariates potentially linked to long-term glycae-
mic variability, allowed the impact of each of these vari-
ables to be ascertained separately. This may be important,
because anxiety and depression are highly interrelated
with the distress generated by the disease itself [35-37],
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although their specific influence on glycaemic control
may be different. In fact, consistent with our results,
other studies using multiple regression analyses in Type
1 diabetes have found that the impact of depression and
anxiety symptoms on HbAlc is no significant when ana-
lysed together with disease-related distress [36—38].

Conclusions

Psychological factors, mainly disease-related distress and
anxiety, are associated with higher long-term HbAlc
oscillations in subjects with Type 1 diabetes. Further
studies are needed to assess whether the control of emo-
tional disturbances can help to reduce long-term glycae-
mic variability and to improve diabetes related outcomes.

Abbreviations

HADS: Hospital Anxiety and Depression Scale; HADS-A: Hospital Anxiety and
Depression Scale-Anxiety; HADS-D: Hospital Anxiety and Depression Scale-
Depression; HbA1c-CV: Coefficient of variation of HbA1c; PAID: Problems Areas
in Diabetes scale.

Acknowledgements
Not applicable.

Authors’ contributions

A.D-G. wrote the first draft of the manuscript; A.D.-A. and D.A.-M. collected the
data; PS. performed the statistical analyses; A.M.W. contributed to the concep-
tion of the work and its intellectual content; M.B. conceived and designed the
study. All authors discussed the results and contributed to the final manu-
script. The author(s) read and approved the final manuscript.

Funding
Not applicable.

Availability of data and materials

The datasets generated during the current study data contain sensitive
information and are not publicly available to avoid potential identification of
participants, but are available from the corresponding author on reasonable
request.

Declarations

Ethics approval and consent to participate

The study was performed according to the 1964 Helsinki declaration and was
approved by the Ethics and Investigation Committee of the Hospital General
Universitario de Gran Canaria Dr. Negrin. Before entering the study, all subjects
or their parents signed informed consent, with the assent of those under the
age of 18 years.

Consent for publication
Not applicable.

Competing interests
The authors declare no conflict of interest to declare regarding the publication
of this article.

Author details

'Section of Endocrinology and Nutrition, Complejo Hospitalario Universitario
Insular Materno-Infantil, Avenida Maritima del Sur, s/n. 35016, Las Palmas de
Gran Canaria, Spain. ?Institute of Biomedical and Health Research, University
of Las Palmas de Gran Canaria, Las Palmas de Gran Canaria, Spain. *Mathemat-
ics Department, University of Las Palmas de Gran Canaria, Las Palmas de Gran
Canaria, Spain.



Déniz-Garcia et al. BMC Endocrine Disorders

(2022) 22:122

Received: 8 January 2022 Accepted: 1 April 2022
Published online: 11 May 2022

References

1.

20.

21.

Rodbard D. Glucose variability: a review of clinical applications and
research developments. Diabetes Technol Ther. 2018;20(52):525-215.
Ceriello A, Monnier L, Owens D. Glycaemic variability in diabetes:

clinical and therapeutic implications. Lancet Diabetes Endocrinol.
2019;7(3):221-30.

Chang CM, Hsieh CJ, Huang JC, Huang IC. Acute and chronic fluctuations
in blood glucose levels can increase oxidative stress in type 2 diabetes
mellitus. Acta Diabetol. 2012;49(Suppl 1):5171-7.

Su G, Mi S, Tao H, et al. Association of glycemic variability and the pres-
ence and severity of coronary artery disease in patients with type 2
diabetes. Cardiovasc Diabetol. 2011;10:19.

Hsu CR, Chen YT, Sheu WH. Glycemic variability and diabetes retinopathy:
a missing link. J Diabetes Complications. 2015;29(2):302-6.

Lachin JM, Bebu |, Bergenstal RM, DCCT/EDIC Research Group, et al.
Association of glycemic variability in Type 1 diabetes with progression of
microvascular outcomes in the diabetes control and complications trial.
Diabetes Care. 2017;40(6):777-83.

Kilpatrick ES, Rigby AS, Goode K, Atkin SL. Relating mean blood glucose
and glucose variability to the risk of multiple episodes of hypoglycaemia
in type 1 diabetes. Diabetologia. 2007;50(12):2553-61.

Rama Chandran S, Tay WL, Lye WK, et al. Beyond HbA1c: comparing
glycemic variability and glycemic indices in predicting hypoglycemia in
type 1 and Type 2 diabetes. Diabetes Technol Ther. 2018;20(5):353-62.

de Groot M, Anderson R, Freedland KE, Clouse RE, Lustman PJ. Association
of depression and diabetes complications: a meta-analysis. Psychosom
Med. 2001;63(4):619-30.

Strandberg RB, Graue M, Wentzel-Larsen T, Peyrot M, Thordarson HB,
Rokne B. Longitudinal relationship between diabetes-specific emotional
distress and follow-up HbATc in adults with type 1 diabetes mellitus.
Diabet Med. 2015;32(10):1304-10.

. Rechenberg K, Whittemore R, Grey M. Anxiety in youth with type 1 diabe-

tes. J Pediatr Nurs. 2017;32:64-71.

Khoo K, Man REK, Rees G, Gupta P, Lamoureux EL, Fenwick EK. The rela-
tionship between diabetic retinopathy and psychosocial functioning: a
systematic review. Qual Life Res. 2019;28(8):2017-39.

Roy T, Lloyd CE. Epidemiology of depression and diabetes: a systematic
review. J Affect Disord. 2012;142(Suppl):S8-21.

Smith KJ, Béland M, Clyde M, et al. Association of diabetes with anxiety: a
systematic review and meta-analysis. J Psychosom Res. 2013;74(2):89-99.
Buchberger B, Huppertz H, Krabbe L, Lux B, Mattivi JT, Siafarikas A.
Symptoms of depression and anxiety in youth with type 1 diabetes:

a systematic review and meta-analysis. Psychoneuroendocrinology.
2016;70:70-84.

Lin EH, Katon W, Von Korff M, et al. Relationship of depression and diabe-
tes self-care, medication adherence, and preventive care. Diabetes Care.
2004,27(9):2154-60.

Alvarado-Martel D, Ruiz-Fernandez MA, Cuadrado-Vigaray M, et al.
Identification of psychological factors associated with adherence to self-
care behaviors amongst patients with type 1 diabetes. J Diabetes Res.
2019;2019:6271591.

Downie GA, Mullan BA, Boyes ME, McEvoy PM. The effect of psychological
distress on self-care intention and behaviour in young adults with type 1
diabetes. J Health Psychol. 2021;26(4):543-55.

Alvarado-Martel D, Ruiz-Fernandez MA, Cuadrado-Vigaray M, et al. ViDa1:
the development and validation of a new questionnaire for measur-

ing health-related quality of life in patients with type 1 diabetes. Front
Psychol. 2017,8:904.

Terol MC, Lopez-Roig S, Rodriguez-Marin J, Martin-Aragén M, Pastor M,
Reig MT. Psychometric properties of the HAD in the Spanish population.
Ansiedad y Estrés. 2007;13(2-3):163-76.

Beléndez M, Hernandez-Mijares A, Marco J, Dominguez JR, Pomares FJ.
Validation of the Spanish version of the Problem Areas in Diabetes (PAID-
SP) Scale. Diabetes Res Clin Pract. 2014;106(3):€93-5.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

Page 8 of 8

Bjelland I, Dahl AA, Haug TT, Neckelmann D. The validity of the hospital
anxiety and depression scale. An updated literature review. J Psychosom
Res. 2002;52(2):69-77.

Snoek FJ, Kersch NYA, Eldrup E, et al. Monitoring of individual needs

in diabetes (MIND): baseline data from the cross-national Diabetes
Attitudes, Wishes, and Needs (DAWN) MIND study. Diabetes Care.
2011;34(3):601-3.

Sawyer SM, Azzopardi PS, Wickremarathne D, Patton GC. The age of
adolescence. Lancet Child Adolesc Health. 2018;2(3):223-8.

Court JM, Cameron FJ, Berg-Kelly K, Swift PG. Diabetes in adolescence.
Pediatr Diabetes. 2009;10(Suppl 12):185-94.

Barker A, Lauria A, Schloot N, et al. Age-dependent decline of 3-cell func-
tion in type 1 diabetes after diagnosis: a multi-centre longitudinal study.
Diabetes Obes Metab. 2014;16(3):262-7.

Hakkarainen P, Moilanen L, Hanninen V, Heikkinen J, Rasénen K. Work-
related diabetes distress among Finnish workers with type 1 diabetes: a
national cross-sectional survey. J Occup Med Toxicol. 2016;11:11.
Rodbard D, Bailey T, Jovanovic L, Zisser H, Kaplan R, Garg SK. Improved
quality of glycemic control and reduced glycaemic variability with

use of continuous glucose monitoring. Diabetes Technol Ther.
2009;11(11):717-23.

El-Laboudi AH, Godsland IF, Johnston DG, Oliver NS. Measures of glycae-
mic variability in type 1 diabetes and the effect of real-time continuous
glucose monitoring. Diabetes Technol Ther. 2016;18(12):806-12.

Scott ES, McGrath RT, Januszewski AS, et al. HbA1c variability in adults
with type 1 diabetes on continuous subcutaneous insulin infusion (CSII)
therapy compared to multiple daily injection (MDI) treatment. BMJ Open.
2019;9:e033059.

Bratusch-Marrain PR. Insulin-counteracting hormones: their impact on
glucose metabolism. Diabetologia. 1983;24(2):74-9.

Morris T, Moore M, Morris F. Stress and chronic iliness: the case of diabe-
tes. J Adult Dev. 2011;18(2):70-80.

Muijs LT, Racca C, de Wit M, et al. Glucose variability and mood in

adults with diabetes: a systematic review. Endocrinol Diabetes Metab.
2020;4(1):00152.

Ehrmann D, Kulzer B, Haak T, Hermanns N. Longitudinal relationship of
diabetes-related distress and depressive symptoms: analysing incidence
and persistence. Diabet Med. 2015;32(10):1264-71.

Snoek FJ, Bremmer MA, Hermanns N. Constructs of depression and
distress in diabetes: time for an appraisal. Lancet Diabetes Endocrinol.
2015;3(6):450-60.

Strandberg RB, Graue M, Wentzel-Larsen T, Peyrot M, Rokne B. Relation-
ships of diabetes-specific emotional distress, depression, anxiety, and
overall well-being with HoA1c in adult persons with type 1 diabetes. J
Psychosom Res. 2014;77(3):174-9.

Vesco AT, Howard KR, Anderson LM, Papadakis JL, Hood KK, Weissberg-
Benchell J. Examining indirect effects of anxiety on glycated hemoglobin
via automatic negative thinking and diabetes-specific distress in adoles-
cents with type 1 diabetes. Can J Diabetes. 2021;45(5):473-80.

Hagger V, Hendrieckx C, Cameron F, Pouwer F, Skinner TC, Speight J.
Diabetes distress is more strongly associated with HbA1c than depressive
symptoms in adolescents with type 1 diabetes: Results from Diabetes
MILES Youth-Australia. Pediatr Diabetes. 2018;19(4):840-7.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.



	Impact of anxiety, depression and disease-related distress on long-term glycaemic variability among subjects with Type 1 diabetes mellitus
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Participants
	Baseline procedures
	Psychometric instruments

	Long-term glycaemic variability
	Statistical analysis
	Ethical issues

	Results
	Baseline characteristics of the study subjects
	HbA1c variability

	Discussion
	Conclusions
	Acknowledgements
	References


