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Introduction
Type 1 Diabetes Mellitus (T1DM) is associated with multiple 

sources of stress for affected youth and their families, with increased 
levels of stress associated with poorer diabetes control [1]. Investigators 
examining predictors of poor metabolic control have identified family 
structure [2,3] (i.e. married, biological parents) and family function 
[4] (a routine-oriented, structured household) as more frequently
lacking in families of children with poor diabetes control. Additional
family factors, including decreased parental involvement in diabetes
management [5], increased family conflict, and decreased family
cohesion [6] have also been correlated with poorer disease control. The 
nature of the relationship between diabetes control and psychological
stress, including stressful life events, however, is unclear [7,8]. One area 
of potential shared pathophysiology may be hypothalamic-pituitary-
adrenal (HPA) axis dysfunction.

The HPA axis acts to maintain homeostasis in the face of stress. 
Activation of the HPA axis results in the secretion of cortisol [9]. The 
functional changes of the HPA axis in specific psychological distress 
states, such as depression, anxiety and post-traumatic stress disorder, 
are well described [10-12]. Moreover, exposure to early life stress 
(for example, abuse in childhood) has been shown to result in HPA 
dysfunction which persists, even after the inciting stressor has been 
eliminated [12,13]. Cortisol acts in times of hypoglycemia, and in 
response to both physiological and psychological stressors, to increase 
plasma glucose levels [14]. The action of cortisol is thus opposite to 
the action of insulin, which lowers plasma glucose levels. In the non-
diabetic state, plasma glucose levels are tightly controlled by these 
balanced systems. At times of stress in the diabetic state, however, there 
is insufficient insulin production such that hypercortisolemia results in 
hyperglycemia [15].

The specific aims of this study were to (1) evaluate the ability of 
a psychosocial stressor to induce an adequate stress response among 
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adolescents with T1D; (2) examine predictors of stress responsiveness 
in this population and (3) evaluate the relationship of these factors with 
diabetes control. Based on previous research demonstrating the ability 
of a psychosocial stressor to elicit a cortisol response among children 
with a chronic inflammatory disorder, we hypothesized that the Trier 
Social Stress Task for Children (TSST-C [16,17]) would be an adequate 
stressor that causes a significant and reliable increase in cortisol levels 
among adolescents with T1DM. Further, we hypothesized that greater 
burden of stressful life events and increased family dysfunction would 
be associated with stress responsiveness and poorer overall diabetes 
control.

Methodology
Participants

Seventeen adolescents (nine male, eight female) with T1DM, 
followed in the diabetes clinic of a large paediatric hospital, participated 
in the study. The clinic provides routine diabetes care to 70% of the 
children and adolescents with T1DM in the Toronto area. English 
speaking participants aged 11-18 years were included in the study if 
they had a history of T1DM of at least one year. Clinic patients with co-
morbid medical illnesses, (apart from treated hypothyroidism or mild 
asthma), developmental delay, or taking psychotropic medication at the 

Abstract
Objectives: The hypothalamic-pituitary-adrenal (HPA) axis has been implicated in the relationship between 
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and poor diabetes control, this study suggests that biological dysfunction may also underlie the association.
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time of the study were not eligible for study participation. Informed 
consent was obtained. 

Approval for the study was granted by the Research Ethics Board at 
the Hospital for Sick Children.

Experimental protocol

All experimental sessions were run at the same time of day, in 
the afternoon, for all participants, who also refrained from eating, 
drinking, or teeth-brushing one-hour before saliva was sampled. 
Participants engaged in the TSST-C, which includes a social evaluative 
threat and an uncontrollability task. In the first part of the TSST-C 
the adolescents were escorted into an experimental room where two 
persons sat behind a table. Next, the adolescents received the beginning 
of a story. They were told that after a preparation period of 5 minutes in 
another room, they would finish telling the story to the committee and 
that their relay of the story would be videotaped. They were instructed 
to try to tell the story in the most exciting way possible and to try to 
perform better than all the other participants in the study. Immediately 
following the story completion task, participants were then asked to 
serially subtract the number 13 from 1023 as fast and as accurately as 
possible for a total duration of 5 minutes. On every failure, they were 
asked to restart at the number 1023. Following the completion of the 
TSST-C and the 60-minute recovery periods during which cortisol was 
collected, participants were debriefed about the stress procedure. Each 
participant was informed that the neutral behavior of the committee 
members was a pretense in order to induce stress and that he/she 
performed as well as the other participants. The family environment 
and early adversity measures were completed following the recovery 
period (described below).

Cortisol: Baseline saliva samples were collected at 20 and 10 minutes 
prior to the TSST-C task. Saliva samples were collected at 10-minute 
intervals for 60 minutes following TSST-C completion. Saliva was 
collected using salivettes and assayed using a salivary cortisol enzyme 
immunoassay kit (Salimetrics, State College, PA). Samples were stored 
at -20°C until assay. The inter- and intra-assay coefficients of variation 
were under 10%. Correlations between duplicates exceeded 0.95.

Diabetes control: The percentage of glycosylated hemoglobin, 
HbA1c (%), was used to determine diabetes control. HbA1c is measured 
at each clinic appointment as a part of routine clinical management 
of diabetes. Participants’ glucose levels were measured immediately 
prior to the TSST-C to ensure adequate baseline glucose levels for 
participation.

Family functioning: The Family Environment Scale (FES) assesses 
dimensions of the social climate of families, and includes scales on 
conflict, cohesion, orientation, expression, organization and control, 
to create an overall profile of family environment [18]. Families are 
grouped into one of three family environment typologies based on 
their most salient characteristics. The Real Form measures people’s 
perceptions of their actual family environments and has demonstrated 
good internal consistency reliability estimates (0.61 to 0.78).

Early adversity: Stressful life events were defined as the degree to 
which participants had experienced early adversity. The Childhood 
Trauma Questionnaire [19] (CTQ) is a self-report measure of 
maltreatment history. It asks participants to rate the estimated frequency 
of maltreatment experienced during childhood and adolescence. The 
CTQ yields subscale scores for emotional abuse, physical abuse, sexual 
abuse, physical neglect and emotional neglect. The CTQ is a widely 
used measure to retrospectively assess early maltreatment experiences.

Statistical analyses

Cortisol response was calculated using area under the curve (AUC: 
nmol/L) using the six cortisol measures, at 10 minute intervals, from 
0 to 60 minutes post TSST-C. Analysis of variance with repeated 
measures (with Greenhouse-Geisser correction) was used to compute 
cortisol changes in response to the stressor. Regression analyses were 
performed to determine predictors of HPA response. Data were 
analysed using SPSS, version 21.

Results
Sample and clinical characteristics of the nine male and eight female 

participants are presented in Table 1. Eight participants received insulin 
via insulin pump; nine participants used multiple daily injections of 
insulin. No other method of diabetes control (e.g. oral hypoglycemic 
medication) was used by any participant. The first objective was to 
evaluate the ability of the TSST-C to induce an adequate stress response 
among adolescents with T1DM. Figure 1 depicts the cortisol response 
prior to and following the TSST-C procedure. The TSST-C task was 
effective in inducing a cortisol stress response, F (7, 112)=7.50, p<0.01.

Our second objective was to examine predictors of stress 
responsiveness in adolescents with T1DM. Table 2 details the hierarchical 
model building steps taken, initially including only demographic 
factors as predictors of cortisol stress response, then adding diabetes-
related factors, including HbA1c, age of T1DM diagnosis, and age of 
T1DM diagnosis. None of these factors were significant predictors of 
adrenal response. Lastly, we tested the role of early adversity and family 
dysfunction as predictors of adrenal response. Only early adversity 
emerged as a unique predictor of adrenal response to the psychosocial 
stressor (p=0.01; Table 2).

Lastly, on examination of the relationship between these factors 
and diabetes control, we similarly found that only early adversity was 
associated with poorer diabetes control, after accounting for age, years 
of diabetes, and family functioning (t=2.16, p=0.05).

Discussion
This study found the TSST-C to be effective in inducing a cortisol 
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Figure 1:  Mean salivary cortisol values at baselines and following psychosocial 
stress (n=17).  The TSST-C was effective in inducing a cortisol stress response, 
F (7, 112)=7.50, p<0.01.

Mean (SD) Range
Age (yrs) 15.7 (1.5) 11-18
Age at T1DM diagnosis (yrs) 7.7 (4.8) 1-16
HbA1c (%) 8.1 (1.6) 5.8-11.5
(mmol/mol) 65 (6.0) 40-102
FES score 4.7 (2.34) 1-8
CTQ score 31.3 (5.9) 25-49

Table 1: Clinical characteristics of sample.
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stress response among adolescents with T1DM.  This is consistent 
with previous research demonstrating the association of childhood 
maltreatment with chronic HPA axis dysfunction [20,21].  Our findings 
suggest an extension of this association, as early adversity predicted 
both increased. HPA axis to a psychosocial stressor as well as poorer 
diabetes control among adolescents.  Diabetes investigators with a 
psychological approach have demonstrated that family conflict, lack 
of parental involvement in diabetes management or chaotic home 
environment lead to poorly controlled diabetes among adolescents with 
increased adversity.  While psychological factors are indeed important 
contributors, this novel study suggests that the association between 
increased stressful life events and poor glucose control may also, at least 
in part, be the result of biological dysfunction. 

These findings must be considered in the context of the small study 
sample size, thus limiting the confidence with which conclusions can be 
drawn.  In addition, relationships found in the adolescent population 
may not persist in to adulthood, as chronicity of illness and time 
from early adversity experiences increases.  Despite these limitations, 
this study represents an important first step toward validating a 
measure of stress induction that may be reliable in an adolescent 
diabetes population, and contributing to current understanding of the 
mechanism of association between psychosocial stressors and poor 
diabetes control.  These results require replication in a larger study 
sample in order to both confirm the presence of these associations and 
further evaluate potential mediating and moderating factors that may 
serve as key targets for intervention.

References

1. Farrell SP, Hains AA, Davies WH, Smith P, Parton E (2004) The impact of
cognitive distortions, stress, and adherence on metabolic control in youths with 
type 1 diabetes. J Adolesc Health 34: 461-467.

2. Swift EE, Chen R, Hershberger A, Holmes CS (2006) Demographic risk factors, 
mediators, and moderators in youths’ diabetes metabolic control. Ann Behav
Med 32: 39-49.

3.	 Urbach SL, LaFranchi S, Lambert L, Lapidus JA, Daneman D, et al. (2005)
Predictors of glucose control in children and adolescents with type 1 diabetes
mellitus. Pediatr Diabetes 6: 69-74.

4.	 Lewin AB, Heidgerken AD, Geffken GR, Williams LB, Storch EA, et al. (2006)
The relation between family factors and metabolic control: the role of diabetes
adherence. J Pediatr Psychol 31: 174-183.

5.	 Waller DA, Chipman JJ, Hardy BW, et al. (1986) Measuring diabetes-specific 
family support and its relation to metabolic control: A preliminary report. J Am
Acad Child Adolesc Psychiatry 25: 415-418.

6.	 Miller-Johnson S, Emery RE, Marvin RS, Clarke W, Lovinger R, et al. (1994)
Parent-child relationships and the management of insulin-dependent diabetes
mellitus. J Consult Clin Psychol Jun 62: 603-610.

7.	 McIntyre RS, Soczynska JK, Konarski JZ, Woldeyohannes HO, Law CW, et al. 
(2007) Should Depressive Syndromes Be Reclassified as “Metabolic Syndrome 
Type II”? Ann Clin Psychiatry 19: 257-264.

8.	 Korczak DJ, Pereira S, Koulajian K, Matejcek A, Giacca A (2011) Type 1
diabetes mellitus and major depressive disorder: evidence for a biological link.
Diabetologia 54: 2483-2493.

9.	 Jones BC, Sarrieau A, Reed CL, Azar MR, Mormede P (1998) Contribution
of sex and genetics to neuroendocrine adaptation to stress in mice.
Psychoneuroendocrinology 23: 505-517.

10.	Dierckx B, Dieleman G, Tulen JH, Trffers PD, Utens EM, et al. (2012)
Persistence of anxiety disorders and concomitant changes in cortisol. J Anxiety 
Disord 26: 635-641.

11. Vreeburg SA, Hoogendijk WJ, van Pelt J, Derijk RH, Verhagen JC, et al. (2009) 
Major depressive disorder and hypothalamic-pituitary-adrenal axis activity:
results from a large cohort study. Arch Gen Psychiatry 66: 617-626.

12.	Yehuda R, Giller EL, Southwick SM, Lowy MT, Mason JW (1991) Hypothalamic-
pituitary-adrenal dysfunction in posttraumatic stress disorder. Biol Psychiatry
30: 1031-1048.

13.	Heim C, Newport DJ, Bonsall R, Miller AH, Nemeroff CB (2001) Altered pituitary-
adrenal axis responses to provocative challenge tests in adult survivors of
childhood abuse. Am J Psychiatry 158: 575-581.

14.	Dickerson SS, Kemeny ME (2004) Acute stressors and cortisol responses: a
theoretical integration and synthesis of laboratory research. Psychol Bull 130:
355-391.

15.	Chiodini I, Adda G, Scillitani A, Coletti F, Morelli V, et al. (2007) Cortisol secretion 
in patients with type 2 diabetes: relationship with chronic complications.
Diabetes Care 30: 83-88.

16.	Kirschbaum C, Pirke KM, Hellhammer DH (1993) The ‘Trier Social Stress
Test’--a tool for investigating psychobiological stress responses in a laboratory
setting. Neuropsychobiology 28: 76-81.

17.	Buske-Kirschbaum A, Jobst S, Wustmans A, Kirschbaum C, Rauh W, et al.
(1997) Attenuated free cortisol response to psychosocial stress in children with 
atopic dermatitis. Psychosom Med 59: 419-426.

18.	Moos RH (1990) Conceptual and empirical approaches to developing family-
based assessment procedures: resolving the case of the Family Environment
Scale. Fam Process 29: 199-208.

19.	Bernstein D, Fink L (1998) Childhood Trauma Questionnaire:  A retrospective
self-report (Manual) Psychological Corporation, New York, USA.

20.	Gordis EB, Granger DA, Susman EJ, Trickett PK (2008) Salivary alpha
amylase-cortisol asymmetry in maltreated youth. Horm Behav 53: 96-103.

21.	MacMillan HL, Georgiades K, Duku EK, Shea A, Steiner M, et al. (2009) Cortisol 
response to stress in female youths exposed to childhood maltreatment: results 
of the youth mood project. Biol Psychiatry 66: 62-68.

Predictor Δ R2  ΔF Δp Std. B t p
Model 1: demographic factors 0.29 2.76 0.10
Age 0.09 0.31 0.76
Sex 0.45 1.55 0.14
Model 2: diabetes factors 0.31 0.38 0.27
 Age 0.02 0.06 0.95
 Sex 0.46 1.50 0.16
 HbA1C 0.04 0.19 0.86
Age of diagnosis 0.23 0.86 0.41
Model 3: psychological factors 0.65 5.21 0.04
 Age 0.35 1.10 0.29
 Sex 0.57 1.81 0.09
HbA1C 0.40 1.76 0.11
Age of diagnosis 0.58 0.22 0.83
Family function 0.31 0.96 0.36
Stressful life events 0.84 3.10 0.01

Table 2: Demographic, diabetes-related, and psychological predictors of cortisol 
responsiveness to psychosocial stress.
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