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Abstract- Objective: The study was done with the purpose of
evaluating the adrenal cortical response to 1 microgram ACTH
stimulation test in children with type-1 diabetes and compared
with that of controls.

Design: Case — control study. 28 children with type — 1 diabetes
attending the outpatient department of endocrinology
department, M.S.Ramaiah Medical College and Teaching
Hospital and 20 age and sex matched controls from Happy Home
Orphange, KGF were infused with 1ug ACTH.

Methods: Cortisol levels were estimated using radio
immunoassay technique, before and 30 minute after 1 ug ACTH
infusion.

Results: The cortisol levels significantly increased in normal as
well as children with type — 1 diabetes. But the increase was not
found to be the same in both the groups. The effect of ACTH in
increasing cortisol levels is much more in normal as compared to
children with type-1 diabetes.

Conclusion: The results suggest a blunted adrenal cortisol
response to ACTH in children with type-1 diabetes, which might
influence the control of the disease and play a role in the
development of its chronic complications.

Index Terms- ACTH stimulation test, type-1 diabetes

I. INTRODUCTION

iabetes mellitus is a disease that has many facets among

which is its influence on the hypothalamo pituitary —
adrenal axis. Conflicting results have been reported on adrenal
steroid secretions in patients with type — 1 diabetes mellitus (1).
Studies done on human and animal models with type-1 DM
showed controversial results with majority  showing
hypercortisolism (2-8) and some showing hypocortisolism (9-
12). Hence the present study was undertaken to evaluate adrenal
cortisol in children with type — 1 DM.

Moreover, in the present study, the more sensitive 1 g
ACTH stimulation test was administered to detect even mild
adrenal suppression.

1. SUBJECTS AND METHODS

Subjects and protocol:
A consecutive series of 28 children with type-1 diabetes
attending Endocrinology OPD, M.S. Ramaiah Medical Teaching

Hospital were studied. The study was approved by the
institutional ethical committee. A written consent was obtained
from the cases and controls as well as from their parents. The
parents were also thoroughly assured that a meager dose of 1ug
of synacthen absolutely had no side effects on the children. All
patients had a complete physical examination. The duration of
diabetes since diagnosis, current diabetic medications, weight,
height and any recent weight loss or severe hypoglycemia
requiring inpatient admission during the past year were recorded.
All patients were in good physical health and none had required
hospital admission for poor glycemic control during the previous
year or had any hypoglycemic episode during the 24 — 48 hours
preceding the test. No patient showed evidence of renal, hepatic,
thyroid, cardiac or adrenal disease.

22 normal children were recruited through volunteer office
of happy home orphanage. They were age and sex matched with
the diabetic patients. All controls were physically well and
medication free and had a normal physical examination. The
cases and controls were asked to report in a fasting state and
blood sample was drawn for measurement of plasma glucose and
cortisol at 9.00am. Thereafter 1 microgram tetracosactrin
(synacthen) was injected as a bolus. Blood samples were again
drawn 30 minutes later for estimation of cortisol. The blood
samples were stored at -20°C, later they were subjected for
quantitative determination of cortisol levels using the Gamma
Coat Cortisol Radio Immuno Assay Kit.

I1l.  ACTHPREPARATION

0.25mg ampoule of synacthen was diluted in 100ml of
normal saline. 0.4ml containing 1 microgram of synacthen was
injected.

IV. ASSAY PROCEDURE

Serum cortisol concentrations were determined using the
Gamma coat 125 cortisol radioimmuno assay kit. The procedure
is based on the competitive binding principles.

V. STATISTICAL ANALYSIS
The data obtained was analyzed using paired student t test.
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VI. RESULTS

Normal children consisted of 13 females and 7 males.
Children with type — 1 diabetes consisted of 21 females and 7
males. Diabetics had a mean age of 10.39+ 3.45 years compared
with a mean age of 10.85+ 2.92 for controls. The duration of
diabetes was 2-3 years. Patients had mean fasting plasma
glucose levels of 110.5+9.35 mg/dl as compared with 66.95+ 7.8
mg/dl in controls. In the diabetics, mean plasma glycated
haemoglobin levels at the time of study were 8.0% (SD 1.0%).

The results of the study showed a blunted response to 1
microgram ACTH stimulation test in children with type — 1
diabetes (effect size being 1.61) as compared to normal children

(effect size being 2.61).
Study Design: A Case —control study

Table 1
Basic characteristics
Type 1
Basic (I\IAZLS: " | ow Significance
Characteristics SD) ~ | (Mean = g
SD)
Age in years 10.85 10.39 P=0.633
Male=7 Male=7
(35.0%) (25.0%) _
Sex Female=13 | Female=21 P=0.452
(65.0%) (75.0%)
Samples are age and sex matched
Inference (P>0.05)
Table 2
Cortisol levels Male Female
(Microgram/dl) g\éian + (Mean £+ SD) Overall
Normal Children
Basal 5.77+1.38 6.92+2.47 6.524+2.19
ACTH 12.29+0.95 | 14.85+3.89 13.95+3.38
Significance o o o
By student t 11.320 7.367 7.430
Effect size 5.50 2.78 2.61
Type 1 Diabetics Children
Basal 16.60+3.78 | 17.44+7.64 16.90+6.89
ACTH 27.60+9.94 | 34.24+12.81 | 32.75+12.05
Significance 3.687** 5.836** 7.000**
Effect size 1.46 1.59 1.61

VII. DISCUSSION

The study was undertaken to determine whether
abnormalities of adrenal function occur in children with type — 1
diabetes mellitus. This was evaluated using the most sensitive 1
microgram ACTH stimulation test.

Adrenal function can be assessed by various methods e.g.
by measuring serum cortisol or 24 hr. excretion of cortisol and its
metabolites in urine with gas chromatography — mass
spectroscopy (3). More recently, the corticotrophin releasing
hormone test was also used to assess the function of the
hypothalamic — pituitary — adrenal axis (14). Adrenal response in
a stressful situation is mainly assessed by the insulin tolerance
test (ITT) and the synthetic adrenocorticotrophic hormone
(ACTH) (synacthen) stimulation test (15). However, ITT has
been linked to deaths in children as a result of the insulin —
induced hypoglycemia or its treatment (16). In contrast, the
dosage of ACTH used in the standard (0.25 mg) synacthen test
(SST) produces supraphysiological ACTH levels that are never
found in response to a real — life stress situation. In recent years,
the low dose (1 microgram) synacthen test (LDST) has been used
as a more physiological stimulus to the adrenal gland (17), that is
more sensitive than the standard synacthen test (0.25 mg) in
detecting mild adrenal suppression (18, 19). Therefore, in the
present study, we administered the low dose synacthen test — 1
pg ACTH stimulation test to detect adrenal abnormalities.

Studies done on adrenal function in patients with type — 1
diabetes mellitus shows highly conflicting results as evidenced
by the following examples.

VIIl. STUDIES SUGGESTING HYPERACTIVITY OF HPA

AXIS

- Results of a study done on patients with diabetic
neuropathy showed specific and persistent increase in
the activity of the HPA axis (20).

- Study conducted among diabetic outpatients showed
significantly elevated 9 A.M plasma levels of cortisol as
well as significantly elevated plasma levels of cortisol
and adrenocorticotropic hormone at both 4 PM before
and 4 PM after dexamethasone (6).

- Diabetic patients with moderate — to — severe
retinopathy had significantly higher postdexamethasone
plasma levels of adrenocorticotropic hormone than
patients with minimal or no retinopathy (8).

- A review article examined some of the evidence
indicating hyperactivation of HPA axis in patients with
diabetes.  They concluded that hyperactivation is
associated with increased expression of hypothalamic
corticotrophin — releasing hormone (CRH) MRNA and
hippocampal mineralocorticoid receptor (MR) MRNA
(21).

IX. STUDIES INDICATING HYPOCORTISOLISM

- In an animal study, diabetic, insulin — treated diabetic
and nondiabetic rats underwent a hyperinsulinemic —
hypoglycemic glucose clamp to evaluate central
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mechanisms of HPA axis and counter regulatory
responses to insulin — induced hypoglycemia. Increases
in plasma ACTH, corticosterone and epinephrine were
significantly lower in diabetic rats versus controls (22).

- In another study, counter regulatory hormone secretion
during a 3 hr. hypoglycemic hyper insulinemic clamp
were measured in well controlled, poorly controlled
IDDM subjects. They concluded that ACTH, cortisol
and epinephrine responses during hypoglycemia area
reduced in IDDM npatients in strict glycemic control
(23).

In comparison to the results of the above stated studies, the
results of our study revealed significantly increased cortisol
levels to the test in both the control and the study groups. But
there appears to be a blunted response, effect size being 1.61 in
children with type — 1 diabetes as compared to normal children,
the effect size being 2.61. The most likely mechanism which can
explain the results of our study is the mechanism cited in the
study of Brendan T et al (23). Strict glycemic control of insulin
dependent diabetes mellitus significantly reduces the incidence
of diabetic complications (24, 25). This benefit of improved
glycemic control is achieved at the expense of a 3 — fold increase
in the incidence of severe hypoglycemic events (24, 26).
Numerous studies of IDDM subjects in strict glycemic control
have shown that these patients exhibit altered catecholamine,
cortisol and GH responses to hypoglycemia (27 — 34). These
subjects also exhibit reduced symptom perception of
hypoglycemia, and require lower glucose levels to activate
counter regulatory hormones (34 — 39). Exposure to recurrent
hypoglycemia is the most common mechanism by which these
alterations occur in subjects with IDDM, as similar defects can
be detected in subjects with insulinomas (40 — 42) and can be
induced in subjects with IDDM and in normal volunteers
exposed to recurrent hypoglycemia. (43 — 49). These defects in
counter regulation can be largely reversed by avoidance of
hypoglycemia (50 — 55). The exact mechanism by which
hypoglycemia induces these alterations in counter regulation
remains uncertain. The most likely mechanism for these
adaptations is a central adaptation to recurrent hypoglycemia that
maintains cerebral glucose utilization during hypoglycemia,
resulting in decreased activation of the cerebral glucose sensors.
Thus, there is less activation of the hypothalamic — pituitary
adrenal axis and sympatho adrenal medullary system with
resultant reduction in the counter regulatory hormone response to
hypoglycemia (56 — 59).

In conclusion, this study has shown mild adrenal cortical
suppression to short synacthen test in children with type-1
diabetes. The exact mechanism underlying these alterations
remains uncertain. A better understanding of these mechanisms
may be important in developing new treatment modalities for
patients with diabetes mellitus.

X. LIMITATIONS OF THE STUDY

Follow up study of the same patients is required to study the
response of the adrenal gland in these patients.

[1]

[2

31

(41

(5]

(6]

[71

(8l

(9]

[10]

[11]
[12]
[13]
[14]
[15]
[16]
[17]

[18]

[19]

[20]

[21]

[22]

[23]

BIBLIOGRAPHY

Lucia Ghizzani, Maurizio Vanelli, Raffacle Virdis et al. Adrenal steroid and
adreno-cortictropin responses to human cortico-tropin-releasing hormone
stimulation test in adolescents with type-1 diabetes mellitus. Metabolism,
Vol 42, No 9(sept), 1993: pp 1141-1145.

Cameron.O.G, Kroufol Z, Grenden J.F, Caroll B J. Hypothalamic-pituitary-
adrenocortical activity in patients with diabetes mellitus. Arch gen
psychiatry, 1984; 41: 1090-1095.

Roy M.S, Roy. A, Gallci W.T, Collier B, Young K, Kamilaris T C,
Chrousos G.P. The ovine cortico-tropin-releasing hormone stimulation test
in type-1 diabetic patients and controls: suggestion of mild chronic
hypercortisolism. Metabolism, 1993; 42: 696-700.

Weitzman E.D, Fukushima D, Nogeire C, Roffwarg H, Gallager T.F,
Hellman Lo. Twenty four hour pattern of the episodic secretion of cortisol
in normal subjects. J Clin Endocrinol Metab. 1971; 33: 14-22.

Coiro V, Volpi R, Capretti L, Speroni G, Caffara p, Scagllioni A, Mellvezzi
L, Caffari G et al. low-dose corticotropin-releasing hormone stimulation test
in diabetes mellitus with or without neuropathy. Metabolism. 1995; 44:
538-542.

Roy M, Colllien B, Roy A. Hypothalamic-pituitary-adrenal axis
dysregulation among diabetic outpatients. Psychiatry Res. 1990; 31: 31-37.

Shapiro ET, Polonsky KS, Copinschi G, Bosson D, Tillil H, Blackman J,
Lewis G, Van Canten E. Nocturnal elevation of glucose levels during
fasting in non-insulin-dependant diabetes. J Clin Endocrinol Metab. 1991;
72:444-454.

Roy m, Collier B, Roy A. Dysregulation of the hypothalamic-pituitary-
adrenal axis and duration of diabetes. Minerva Endocrinol. 2003; 28: 87-
102.

Bakdoud Z, Faser E, Glover L, Lawson WG et al. Rare occurrence of
Addison’s disease and diabetes mellitus in children. South Med J. 1977; 70:
713-715.

Phornphutkal C, Boney CM, Gruppusopa. A novel presentation of
Adddison disease; hypoglycemia unawareness in an adolescent with
insulin-dependant diabetes mellitus. J Pediatr. 1998; 132: 882-884.

Jolobe OM. Addison’s disease in type-1 diabetes; presenting with recurrent
hypoglycemia. Postgrad Med J. 2000; 76: 524.

Armstrong L, Bell PM. Addison’s disease presenting as reduced insulin
requirement in insulin-dependant diabetes. BMJ. 1996; 313:885.

Oelkers W. Adrenal insufficiency. N Eng J Med. 1996; 335: 1206-1212.

Pescollderungg L, Radetti G, Gottardi E et al. Systemic activity of inhaled
corticosteroid  treatment in asthmatic children: corticotrophin releasing
hormone test. Thorax 2003;58:227-230

Arlt W, Allolio B. Adrenal insufficiency. Lancet 2003;361: 1881-1893

Shah A, Starhope R, Mathew D. Hazards of Pharmacological test of growth
hormone secretion in childhood. BMJ 1992; 304: 173-174.

Broide J” Soferman R, Kivity S et al. Low dose adreno- corticotrophin test
reveals impaired adrenal function in patients taking inhaled corticosteroids.
J clinical Endocrinology & Metabolism 1995; 80; 1243-1246.

Rasmuson S, Olsson T, Hagg E. A low dose ACTH test to assess the
function of the hypothalamic pituitary — adrenal axis. Clinical
Endocrinology. 1996; 44 : 151-156

Kane KF, Emery p, Sheppard MC, Steward PM. Assessing the
hypothalamic- pituitary — adrenal axis in patients on long term
glucocorticoid therapy: the short synthetic versus the insulin tolerance test.
QJM 1995; 88: 263-267.

Tsigos C, Young RJ, White A. Diabetic neuropathy is associated with
increased activity of the hypothalamic- pituitary — adrenal axis. Clin
Endocrinol Metab 1993 Mar; 76(3): 554-8.

Chan O, Inoouge K, Riddell MC, Vranic M, Mathews SG. Diabetes and the
hypothalamic- pituitary — adrenal axis. Minerva Endocrinol. 2003 Jun;
28(2): 87-102.

Chan O, Chan S, Inouye K, Shum K, Mathews SG, Vranic M. Diabetes
impairs HPA responses to hypoglycemia and insulin treatment normalizes
HPA but not epinephrine responses. Diabetes. 2002 Jun; 51(6): 1682-9.

Brendan T, Kinsley, Donald C, Simonson. Evidence for a hypothalamic-
pituitary versus adrenal cortical effect of glycemic control on counter
regulatory hormone responses to hypoglycemia in insulin-dependent
diabetes mellitus. Journal of Clin Endocrinol and Metab. 1996; 81(2): 684-
91.

WWWw.ijsrp.org



International Journal of Scientific and Research Publications, Volume 3, Issue 8, August 2013 4
ISSN 2250-3153

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

Diabetes control and complications Trial Research Group. The effect of
intensive treatment of diabetes on the development and progression of long-
term complications of insulin-dependent diabetes mellitus. N Engl J
Med.1993; 329: 977-986.

Reichard P, Nilsson B-Y, Rosenqvist U. The effect of long term intensified
insulin treatment on the development of microvascular complications of
diabetes mellitus. N Engl J Med. 1993; 329: 304-3009.

Diabetes Control and Complications Trial Research Group. Epidemiology
of severe hypoglycemia in the Diabetes Control and Complications Trial.
Am J Med. 1991; 90: 450-459.

White NH, Skor DA, Cryer PE, Levandoski LA, Bier DM, Santiago JV.
Identification of type-1 diabetic patients at increased risk for hypoglycemia
during intensive therapy. N Engl J Med. 1983; 308; 485-491.

Simonson DC, Tamborlane WV, Defronzo RA, Sherwin RS. Intensive
insulin therapy reduces the counter regulatory hormone responses to
hypoglycemia in patients with type-1 diabetes. Ann Intern Med. 1985; 103:
184-190.

Amiel SA, Tamborlane WV, Simonson DC, Sherwin RS. Defective glucose
couterregulation after strict glycemic control of insulin-dependent diabetes
mellitus. N Engl J Med. 1987; 316: 1376-1383.

Bolli GB, De feo P, De Cosmo S et al. A reliable and reproducible test for
adequate glucose counter regulation in type-1 diabetes mellitus. Diabetes.
1984; 33: 732-737.

Heller SR, Herbert M, Macdonald IA, Tattersall RB. Influence of
sympathetic nervous system on hypoglycemic warning symptoms. Lancet.
1987; 2: 359-363.

Amiel SA, Sherwin RS, Simonson DC, Tamborlane WV. Effect of
intensive insulin therapy on glycemic thresholds for counter-regulatory
hormone release. Diabetes. 1988; 37: 901-907.

Mokan M, Mitrakou A, Veneman T et al. Hypoglycemia unawareness in
IDDM. Diabetes Care. 1994; 17: 1397-1403.

Hepburn DA, Patrick AW, Brash HM, Thompson |, Frier BM.
Hypoglycemia unawareness in type-1 diabetes; a lower plasma glucose is
required to stimulate sympatho-adrenal activation. Diabetes Med. 1991; 8:
934-945.

Ryder REJ, Owens DR, Hayes TM, Ghatei M Bloom SR. Unawareness of
hypoglycaemia and inadequate hypoglycaemic counter regulation: no causal
relationship with diabetic autonomic neuropathy.Br Med J. 1990; 301- 783-
787.

Clarke WL, Gonder-Fredick LA, Richards LE, Cryer PE. Multifactorial
origin of hypoglycemic symptom unawareness in IDDM. Association with
defective glucose counterregulation and better glycemic control. Diabetes .
1991; 40:680-685.

Schwartz NS, Clutter WE, Shah SD, Cryer PE, Glycemic thresholds for
activation of glucose counter regulatory systems are higher than the
threshold for symptoms. J Clin Invest. 1987; 79: 777-781.

Mitrakou A, Ryan C, Veneman T, et al. Hierarchy of glycemic thresholds
for counterregulatory hormone secretion, symptoms, and cerebral
dysfunction. Am J Physiol . 1991; 260:E67-E74.

Heoburn DA Patrick AW, Eadington DW, Ewing DJ, Frier BM.
Unawareness of hypoglycaemia in insulin —treated diabetic patients:
prevalence and relationship to autonomic neuropathy. Diabetic Med. 1990;
7:711-717.

Maran A, Taylor J, McDonald IA, Amiel SA. Evidence of reversibility of
defective counterregulation in a patient with insulinoma. Diabetic Med.
1992; 9:765-768.

Mitrakou A, Fanelli C, Veneman T, et al. Reversibility of unawareness of
hypog;ycemia in patients with insulinomas. N Engl J Med .1993; 329: 834-
839.

Davis MR, Shamoon H. deficient counterregulatory hormone responses
during hypoglycemia in a patient with insulinoma. J Clin Endocrinal Metab.
1991; 72:788-792.

Widom B, Simonson DC. Intermittent hypoglycemia impairs glucose
counterregulation.Diabetes. 1992; 41: 1597-1602.

Heller SR, Cryer PE. Reduced neuroendocrine and symptomatic responses
to subsequent hypoglycemia after 1 episode of hypoglycemia in non-
diabetic humans. Diabetes.1991; 40: 223-226.

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

Davis MR, Shamoon H. Counterregulatory adaptation to hypoglycemia in
normal humans. J Clin Endocrinol Metab. 1991; 73:995-1001.

Veneman T, Mitrakou A , Mokan M, Cryer P, Gerich J. induction of
hypoglycemia unawareness by asymptomatic nocturnal hypoglycemia .
Diabetes. 1993; 42:1233-1237.

Davis MR, Mellman M, Shamoon H. Further defects in counter regulatory
responses induced responses by recurrent hypoglycemia in IDDM.
Diabetes. 1992; 41: 1335-1340.

Lingenfelser T, Renn W, Sommerwerck U, et al. Compromised hormonal
counter regulation, symptom awareness, and neurophysiological function
after recurrent short-term episodes of insulin induced hypoglycemia in
IDDM patients. Diabetes. 1993; 42: 610-618.

Dagogo-Jack S, Craft S , CryerP. Hypoglycemia-associated autonomic
failure in insulin dependent diabetes. J Clin Invest. 1993; 91: 819-828.

Fanelli CG, Epifano L, Ramboti AM,et al. Meticulous prevention of
hypoglycemia normalizes glycemic thresholds and magnetic of most of
neuroendocrine responses to , symptoms of, and cognitive function during
hypoglycemia in intensively treated patients with short-term IDDM
Diabetes. 1993; 42: 1683-1689.

Davis M, Mellman M, Friedman S, Chang CJ,Shamoon H. Recovery of
epinephrine response but not hypoglycemic symptom threshold after
intensive therapy in type 1 diabetes, Am J Med. 1994; 97:535-541.

Dagogo-Jack S, Rattarasarn C, Cryer PE. Reversal of hypoglycemic
unawareness, but not defective glucose counters regulation in IDDM.
Diabetes. 1994;43: 1426-1434.

Lingenfelser T, Buettner T, Uhl H, et al. Recovery of hypoglycaemia-
associated compromised cerebral function after short interval of
euglycaemia in insulin dependent diabetic patients. Electroencephalogr Clin
Neurophysiol.1994; 92:196-203.

Cranston I, Lomas J, Maran A, Macdonald I, Amiel SA. Restoration of
hypoglycaemia awareness in patients with long-duration insulin-dependent
diabetes Lancet. 1994; 344:283-287.

Fanelli C, pampanelli S, Epifan L, et al. Long-term recovery from
unawareness, deficient counterregulation and lack of cognitive dysfunction
during hypoglycaemia following institution of rational intensive insulin
therapy in IDDM. Diabetologia. 1994; 34: 1265-1276.

McCall AL, Fixman LB, Fleming N, et al. Chronic hypoglycemia increases
brain glucose transport. Am J Physiol. 1986; 251: E442-E447.

Pelligrino DA, Segil LJ, Albrecht RF. Brain glucose utilization and
transport and cortical function in chronic vs acute hypoglycemia. Am J
Physiol. 1990; 259: E729-E735.

Pardridge WM, Triguero D, Farrell CR,et al. Down regulation of blood-
brain glucose transporter in experimental diabetes . Diabetes. 1990; 39:
1040-1044.

Boyle PJ, Nagy RJ, O’Connor A, Kempers SF, Yeo RA, Qualls C.
Adaptation in brain glucose uptake following recurrent hypoglycemia.
ProcNatl Acad Sci USA.1994; 91:9352-9356.

AUTHORS

First Author — Dr. M.S.Kusumadevi, Associate professor,
Department of physiology, Bangalore Medical College and
Research Institute.

Second Author — Dr. K.M.Prassanna Kumar, Professor & Head
of Department, Endocrinology Department, M.S.Ramaiah
Medical College and Research Institute.

Third Author — Dr. P.Vijayakumar, Senior Manager(Medical),
BEML LIMITED

Correspondence Author — Dr. M.S.Kusumadevi, Associate
professor, Department of physiology, Bangalore Medical College
and Research Institute., Fort, Bangalore-56002, E-mail:
kusumadevi36@gmail.com, Mobile No: 9845854411

WWWw.ijsrp.org



International Journal of Scientific and Research Publications, Volume 3, Issue 8, August 2013 5
ISSN 2250-3153

WWww.ijsrp.org



