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Abstract: Background: Adrenal insufficiency is the clinical manifestation of deficient production or action of 

glucocorticoids, with or without deficiency of mineralocorticoids and adrenal androgens. It results from primary adrenal failure 

or secondary adrenal disease due to impairment of the hypothalamic–pituitary axis. Patients often have nonspecific symptoms 

such as weakness, fatigue, lethargy, anorexia, nausea, vomiting, fever, confusion or coma. Without appropriate therapy, shock 

progresses to coma and death. The aim of the study was to evaluate the clinical and biochemical parameters at presentation in 

patients admitted with adrenal insufficiency. Methods: Patients diagnosed with adrenal insufficiency fulfilling the diagnostic 

criteria were considered as study population. Purposive consecutive type of sampling method was applied. Data was collected 

in a structured questionnaire. All the data were analysed by SPSS V 22.0. Results: A total of 100 patients of adrenal 

insufficiency were included in the study. The most were in the age group of 51-60 years (33%), mean age ± SD was 

50.82±13.51 years & 38% were male. In our study, 100% patients had generalized weakness, 88% had GI symptoms, 41% had 

vertigo and 18% had weight loss. Most of them (83%) had vomiting, 70% had nausea and only 17% had anorexia. 38% 

patients were anaemic and 23% had shock and 33% patients presented with adrenal crisis. In this study, 82% patient were 

hypotensive, 46% had postural hypotension. In our study, 56% had puffy face, 49% had history of weight gain, 26% had skin 

thinning. Mean Hb was 10.96 gm/dl, 25% had a serum creatinine of>1.2 mg/dl. Hypoglycaemia was present in 7%, 12% had 

high blood urea nitrogen, 71% had hyponatraemia, 39% had hyperkalaemia, 12% had hypercalcaemia and 20% had acidosis. 

Conclusion: Adrenal insufficiency presented with non-specific features like fatigue, weakness, vertigo, GI symptoms, 

unexplained fever or weight loss and specific pattern of biochemical findings like hyponatraemia, hyperkalaemia, mild acidosis, 

hypercalcaemia & hypoglycaemia. So, these features should raise the suspicion of adrenal insufficiency. 
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1. Introduction 

Adrenal insufficiency is the clinical manifestation of 

deficient production or action of glucocorticoids, with or 

without deficiency of mineralocorticoids and adrenal 

androgens. It is a disorder that can result from primary adrenal 

failure or secondary adrenal disease due to impairment of the 

hypothalamic–pituitary axis. [1] The cardinal clinical 
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symptoms of adrenocortical insufficiency, as first described by 

Thomas Addison in 1855, include weakness, fatigue, anorexia, 

abdominal pain, weight loss, orthostatic hypotension, and salt 

craving; characteristic hyperpigmentation of the skin occurs 

with primary adrenal failure. [2] 

Whatever the cause, adrenal insufficiency was invariably 

fatal until 1949, when cortisone was first synthesized, and 

glucocorticoid replacement treatment became available [3]. 

However, despite this breakthrough, the diagnosis and 

treatment of patients with the disorder remain challenging. 

According to the underlying mechanism, adrenal 

insufficiency is classified as primary and secondary. Primary 

adrenal insufficiency results from inability to produce steroid 

by adrenal cortex. Secondary adrenal insufficiency is caused 

by impaired production or action of corticotropin (ACTH) or 

impaired release of corticotropin realizing hormone (CRH). 

In Europe, the prevalence of chronic primary adrenal 

insufficiency has increased from 40–70 cases per million 

people in the 1960s [4, 5] to 93–144 cases per million by the 

end of the 20th century, [6, 7] with an estimated incidence 

now of 4.4–6.0 new cases per million population per year. [6] 

Autoimmune adrenal insufficiency has become the most 

common form in the later part of the 20th century. [7] 

The increase in the frequency of primary adrenal 

insufficiency over the past few decades, associated with a 

decline in the prevalence of tuberculosis, is indicative of the 

rising proportion of cases of autoimmune adrenal 

insufficiency. [8] In a series of 615 patients with Addison’s 

disease, studied between 1969 and 2009, the autoimmune 

form was diagnosed in 82% of cases, the tuberculosis related 

form in 9%, and other causes in about 8% of cases. [9] 

Primary adrenal insufficiency occurs more frequently in 

women than in men, and can present at any age, although 

most often appears between the ages of 30 and 50 years. [10] 

Secondary adrenal insufficiency is more common than 

primary adrenal insufficiency. It has an estimated prevalence 

of 150–280 per million and affects women more frequently 

than men. [11, 12] A systematic review and meta-analysis of 

reported prevalence of hypopituitarism in adult patients who 

had received cranial irradiation for non-pituitary tumors 

showed that the point prevalence of any degree of 

hypopituitarism was 0.66 (95% CI 0.55–0.76) and the 

prevalence of corticotropin deficiency was 0.22 (0.15–0.30). 

[13] The most common cause of adrenal insufficiency is 

long-term administration of exogenous glucocorticoids, 

which leads to prolonged suppression of hypothalamic 

secretion of corticotropin releasing hormone. [14] 

The symptoms and signs of adrenal insufficiency depend 

upon the rate and extent of loss of adrenal function and the 

degree of stress. The onset of adrenal insufficiency is often 

very gradual and it may go undetected until an illness or other 

stress precipitates adrenal crisis. In primary adrenal 

insufficiency, adrenal crisis most commonly presents as shock 

[15] but the patients often have nonspecific symptoms such as 

anorexia, nausea, vomiting, abdominal pain, weakness, fatigue, 

lethargy, fever, confusion or coma. Hypoglycemia is a rare 

presenting manifestation of acute adrenal insufficiency; it is 

more common in secondary adrenal insufficiency caused by 

isolated corticotropin (ACTH) deficiency. [16] Patients with 

long-standing adrenal insufficiency who present in crisis may 

be hyperpigmented (due to chronic ACTH hypersecretion) and 

have weight loss, serum electrolyte abnormalities, and other 

manifestations of chronic adrenal insufficiency. [17] Patients 

with chronic primary adrenal insufficiency may have 

symptoms and signs of glucocorticoid, mineralocorticoid, and 

in women, androgen deficiency. In contrast, patients with 

secondary adrenal insufficiency usually have normal 

mineralocorticoid function. 

The most common clinical features of chronic primary 

adrenal insufficiency are - weakness, tiredness, fatigue 

(100%), anorexia (100%), nausea (86%), vomiting (75%), 

constipation (33%), abdominal pain (31%), diarrhea (16%), 

salt craving (16%), postural dizziness (12%), muscle or joint 

pains (6-13%), weight loss (100%), hyperpigmentation 

(94%), hypotension (systolic BP<110 mmHg) (88-94%), 

vitiligo (10-20%). [17, 18] Hyperpigmentation, which is 

evident in nearly all patients with primary adrenal 

insufficiency, is the most characteristic physical finding. [19] 

Amenorrhea develops in about 25 percent of women. [20] 

Diffuse myalgia and arthralgia are frequent symptoms in 

patients with adrenal insufficiency.[20] Many patients with 

severe or long-standing adrenal insufficiency have 

psychiatric symptoms, including - confusion, delirium, and 

stupor, depression and psychosis. [21] 

The clinical features of secondary adrenal insufficiency are 

similar to those of primary adrenal insufficiency, with a few 

major exceptions. Weakness, fatigability, myalgia, arthralgia, 

and psychiatric symptoms all can occur in patients with 

secondary adrenal insufficiency, indicating that these symptoms 

are caused by glucocorticoid rather than mineralocorticoid 

deficiency. The major exceptions are hyperpigmentation which 

is not present because ACTH secretion is not increased. 

Dehydration is not present, and hypotension is less prominent. 

[17] Hyponatremia (88%), hyperkalemia (64%), hypercalcemia 

(6%), azotemia (55%) and anemia (40%) may present in adrenal 

insufficiency. [17, 18] Hyponatremia can occur early in the 

disease and may be the initial manifestation. Hyperkalemia is 

not present, reflecting the presence of aldosterone. 

Hypoglycemia is more common in secondary adrenal 

insufficiency. [17, 22] Hypoglycemia may occur after prolonged 

fasting or, rarely, several hours after a high-carbohydrate meal. 

[18] Because adrenal crisis is difficult to recognize clinically, it 

must be considered whenever these symptoms develop in a 

patient with one or more risk factors. Without appropriate 

therapy, shock progresses to coma and death. [23] 

This study focuses on providing the clinician with new 

insights into presentation of adrenal insufficiency. The clinical 

diagnosis of chronic adrenal insufficiency at times is difficult 

to identify unless there is clinical awareness of the disease. 

Diagnosis is often obvious when classic symptoms and signs 

are present. However, early symptoms such as lassitude and 

fatigability are nonspecific. [17] Suppression of hypothalamic-

pituitary-adrenal function with chronic administration of high 

doses of glucocorticoids is the most common cause of adrenal 
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insufficiency. [24] Many medical illnesses have been treated 

with systemic steroid; adrenal insufficiencies have been 

reported in most of them when the use exceeded more than a 

month. [25] We usually overlook this problem because the 

presenting symptoms are insidious and non-specific, hence, 

there should be a high index of suspicion, therefore a good 

history and examination should be conducted on all patients on 

prolonged steroid therapy. The objective of the study was to 

evaluate the clinical and biochemical presentation of patients 

with adrenal insufficiency. 

2. Methods 

This cross-sectional observational study was conducted at the 

inpatient department of BIRDEM General Hospital from 

January 2018 to August 2019. Patients diagnosed as adrenal 

insufficiency (primary or secondary) of more than 18 years who 

were willing to give voluntary consent were included in the 

study. Patients having congenital adrenal hyperplasia, pregnancy 

or any kind of liver, kidney or heart disease and those who 

refused to give voluntary consent were excluded from the study. 

Purposive consecutive type of sampling method was applied. 

After full explanation, informed written consent was taken. A 

detailed history was obtained. Demographic, clinical and 

biochemical parameters were recorded at presentation. Data was 

collected in a structured questionnaire. 

2.1. Operational Definitions 

Adrenal insufficiency (AI): Deficient adrenal production 

of glucocorticoids with or without mineralocorticoids results 

in adrenocortical insufficiency which is either the 

consequences of adrenal cortex (primary adrenal 

insufficiency) or secondary to deficient pituitary ACTH 

secretion (secondary adrenal insufficiency). [26] 

Shock: Shock is the clinical syndrome that results from 

inadequate tissue perfusion. Irrespective of cause, the 

hypoperfusion-induced imbalance between the delivery and 

requirements for oxygen and substrate leads to cellular 

dysfunction. [27] 

Clinical feature of shock: 

1) Altered consciousness, confusion, irritability. 

2) Pallor, cool skin, sweating. 

3) Heart rate > 100 bpm 

4) Hypotension (SBP < 90 mm Hg) 

5) Respiratory rate > 30 breaths/ min 

6) Oliguria (urine output <0.5- 1 ml/kg/h) 

Hypotension: A systolic blood pressure of less than 90 

millimeters of mercury (mm Hg) or diastolic of less than 60 

mm Hg is generally considered to be hypotension. [28] 

Postural hypotension: Orthostatic hypotension is defined 

as a fall of at least 30 mm Hg in systolic blood pressure or a 

fall of at least 10 mm Hg in diastolic blood pressure within 3 

minutes of standing. [29] 

Weight loss: Loss of weight 3 kg or more within 6 months. 

[30] 

Hypoglycemia: Random blood glucose < 3.9 mmol/L. 

(ADA-2017) 

Hyponatremia: Defined as a plasma Na + concentration < 

135mmol/L. [21] 

Hyperkalemia: Defined as a plasma potassium level 5.5 

mmol/L or more. [31] 

Hypercalcemia: Defined as a serum corrected calcium 

more than 10.5 mg/dl. [32] 

2.2. Statistics 

After collection of all the required data, they were checked, 

verified for consistency and then tabulated into the computer 

using the SPSS v22.0. Statistical analysis was done by 

Statistical Package for Social Sciences version 22.0 for 

Windows (SPSS Inc., Chicago, Illinois, USA). Variables 

were expressed as frequencies and percentages. A p-value 

of<0.05 was considered as significant. 

3. Results 

Result of our study is expressed through the following 

tables and diagrams. 

Table 1. Demographic profile of the study subjects (n=100). 

 Frequency (n) Percentage (%) 

Age (years) [mean ± SD] 50.82±13.51 (21-78)  

Gender   

Male 38 38.0 

Female 62 62.0 

Level of education   

Graduate 37 37.0 

Under graduate 53 53.0 

Illiterate 10 10.0 

Occupation   

Service 22 22.0 

Day labor 10 10.0 

Business 9 9.0 

Housewife 50 50.0 

Unemployed 9 9.0 

Socioeconomic status   

Low 31 31.0 

Middle 44 44.0 

High 25 25.0 

Table 2. GI symptoms of the study subjects (n=100). 

GI symptoms Frequency (n) Percentage (%) 

Anorexia 17 17.0 

Nausea 70 70.0 

Vomiting 83 83.0 

Diarrhea 23 23.0 

Abdominal pain 26 26.0 

Constipation 11 11.0 

Table 3. Clinical presentations of the study subjects (n=100). 

Signs Frequency (n) Percentage (%) 

Adrenal crisis 33 33.0 

Shock 23 23.0 

Hypotension 82 82.0 

Postural hypotension 46 46.0 

Altered consciousness 8 08.0 

Anemia 38 38.0 

Vitiligo 5 05.0 

Psychiatric illness 11 11.0 
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Figure 1. Bar diagram showing frequency of various symptoms of adrenal insufficiency (n=100). 

 
Figure 2. Pattern of electrolyte imbalance in study subjects at presentation 

(n=100). 

Table 4. Pattern of blood pressure distribution among the study subjects 

(n=100). 

Blood pressure Mean ± SD Min-Max 

Systolic blood pressure (mmHg) 84.6±19.32 60-170 

Diastolic blood pressure (mmHg) 57.11±15.82 35-90 

Table 5. Associated features of the study population (n=100). 

Features Frequency (n) Percentage (%) 

Weight gain 39 39.0 

Puffy face 36 36.0 

Skin thinning 26 26.0 

Table 6. Distribution of the study subjects according to variation in BMI 

(According to Asia-pacific obesity guideline) (n=100). 

BMI (kg/m2) Frequency (n) Percentage (%) 

Underweight (<18.5) 08 08.0 

Normal weight (18.5 - 22.9) 38 38.0 

Overweight (23.0 - 24.9) 35 35.0 

Obese (>25.0) 19 19.0 

Mean ± SD 23.38±4.22  

Table 7. Lab parameters of the study subjects (n=100). 

Parameter (Mean ± SD) Frequency Percentage (%) 

Hb. (gm/dl) 10.96±1.81 
  

Male (<13)  12 31 

Female (<11)  26 41.9 

S/creatinine (>1.2mg/dl) 1.14±0.41 25 25 

Blood urea (>40 mg/dl) 26.87±8.02 12 12 

RBS (<3.9 mmol/L) 9.47±4.30 07 07 

4. Discussion 

The cardinal clinical symptoms of adrenocortical 

insufficiency include weakness, fatigue, anorexia, abdominal 

pain, weight loss, orthostatic hypotension and salt craving; 

characteristic hyperpigmentation of the skin occurs with 

primary adrenal failure. Biochemical disturbances such as 

hyponatremia, hyperkalemia, hypoglycemia, hypercalcemia 

and anemia have all been described in adrenal insufficiency. 

In our study, total one hundred patients of adrenal 

insufficiency were included. Among them 62 were female 

(62%) and rests were male (38%). The highest percentage 

(33%) of the patients belonged to the age group of 51 to 60 

years. Kong MF et al. in 1994 showed that adrenal 

insufficiency occurs more frequently in women than in men, 

and can present at any age, although most often appears 

between the ages of 30 and 50 years.[10] Nilsson et al. in 

2000 conducted a study in Sweden and has found the similar 

result.[27] So, our study coincides with these studies. The 

female to male ratio in the survey was 1.6, which is 

comparable to our earlier report and to those from Italy, the 

United Kingdom and Denmark.[27] 

This study found no statistically significant differences in 

presentation in between demographic distributions; however 

adrenal insufficiency was much higher (53%) in less 

educated persons than who are highly educated (37%). Social 
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status might have also some impact on adrenal insufficiency. 

In our study, it was shown that middle income families were 

more (44%) affected than low (31%) and high (25%) income 

families. There is a local belief on herbal product that it is 

non -toxic, efficacious, easily available and cheap. So, it is 

used by the common people and exposed to steroid and its 

hazards. In this study, we found that 100% patient had 

generalized weakness. Charmandari et al. in Greece found 

the same finding in their study. [33] Neary et al. in 2010 

stated that generalized weakness and malaise were most 

common features of adrenal insufficiency [1]. Erichsen et al. 

in 2009 showed that 95% of patients had fatigue. [7] These 

findings are consistent with our study. 

We found that only 18 out of 100 patients presented with 

weight loss. Dunlop et al. stated that the weight loss is 

primarily due to anorexia, but dehydration may contribute. 

[29] The amount of weight lost can vary from 2 to as much 

as 15 kg and may not become evident until adrenal failure 

is advanced. Erichsen et al. found that 73% patients had 

weight loss. [7] This finding had significant disparity with 

our finding. Ross et al. [34] in south Africa (2010) found 

that 25% patients presented with weight loss, which is 

similar to our study. In this study, 8% patients had 

hyperpigmentation. And 5% patients had hypopigmentation 

and all of them had primary adrenal insufficiency. Erichsen 

et al. in Norway found that 11% patients had 

hypopigmentation [7], but all this patient enrolled in that 

study was primary adrenal insufficiency. In the same study 

74% patients had hyperpigmentation at diagnosis. In our 

study, we considered both primary and secondary adrenal 

insufficiency. So, this disparity may be present. 

29% patients in our study presented with fever. Nieman 

et al. stated that, it should be assumed that fever indicates 

infection that must be identified and treated [35]. The 

combination of abdominal pain and fever may lead to the 

incorrect diagnosis of an acute surgical abdomen with 

potentially catastrophic surgical exploration. Alexandraki et 

al. showed that 66% patients present with fever, which was 

more common in primary than in secondary adrenal 

insufficiency [36]. It is much more than our finding. Lee et 

al. found that 33% patients presented with fever which is 

much closer to our finding. [37] Gastrointestinal symptoms 

were most common in our study, where 83% patients 

presented with vomiting, 70% with nausea, 17% with 

anorexia, 23% with diarrhoea, 11% with constipation and 

26% with abdominal pain. Charmandari et al. described that 

92% patients presented with gastrointestinal symptoms and 

it is more common in primary adrenal insufficiency. [33] 

Tobin et al. stated that gastrointestinal symptoms, usually 

nausea, occasionally vomiting, abdominal pain, or diarrhea 

that may alternate with constipation, are common and 

correlate with the severity of adrenal insufficiency.[30] 

Vomiting and abdominal pain often herald adrenal crisis, 

and the fluid loss due to vomiting or diarrhea may 

precipitate the crisis. Alexandraki et al. found that 86% 

patients had GI symptoms, among them 47% had nausea & 

vomiting. [36] This finding is little bit less than our finding. 

Erichsen et al. showed that 62% patients presented with 

anorexia, nausea, vomiting. [7] It is approximately close to 

our findings. Ross et al. stated that 51% patients suffer from 

nausea, 43% from vomiting, 21% from abdominal pain and 

15% from diarrhea. These findings more or less coincide 

with our study. 

In this study, 41% patients presented with vertigo. 

Charmandari et al. shown 12% present with vertigo. [33] 

This difference with our study was due to presence of other 

comorbidities. In our study, 33% patients presented with 

adrenal crisis and 23% patients presented with shock. 

Nieman et al. showed that, the predominant manifestation of 

adrenal crisis was shock. [35] Ross et al. showed that 5% 

patient with primary adrenal insufficiency presented with 

shock.[34] We did not differentiate primary or secondary 

adrenal insufficiency, this may be the cause of discrepancy 

with our finding. We found that 8% patients presented with 

altered consciousness. Alexandraki et al. found 42% patients 

present with neuropsychiatric symptoms like confusion, 

lethargy, disorientation & coma. [36] In this study, 

neuropsychiatric symptoms were included with coma, so the 

percentage was so high than our study. Leigh et al. stated that 

many patients with severe or long-standing adrenal 

insufficiency had psychiatric symptoms, [21] including mild 

to moderate organic brain syndrome in 5 to 20 percent. This 

study coincides with our finding. 11% patient in our study 

had psychiatric illness. Burke et al. described that psychiatric 

symptoms (memory impairment, depression, anxiety, 

psychosis, reduced consciousness, delirium) were present in 

12% patients with adrenal insufficiency which is more or less 

similar to our study. 

In our study, only 5% patient had vitiligo. All of them had 

primary adrenal insufficiency. Erichsen et al. found 8.5% 

patients presented with vitiligo, which was slightly higher 

than our finding. [7] 

In our study, 46% patient had postural hypotension. In 

several studies it is showed that, in most patients the blood 

pressure is low, but some have only postural hypotension. 

Glucocorticoids are necessary for adrenal medullary 

epinephrine synthesis, and patients with adrenal insufficiency 

have decreased serum epinephrine and compensatory 

increases in serum norepinephrine concentrations. This may 

cause slightly lower basal systolic blood pressure and an 

exaggerated increase in pulse rate in response to upright 

posture. Alexandraki et al. stated that, hypotension 

(<110mmHg systolic) and syncope/ shock (>90%) were 

present in significant number of patients.[36] Charmandari et 

al. showed that, low blood pressure, postural hypotension, 

dehydration (pronounced in primary adrenal insufficiency) 

was present in 88-92%.[33] These findings are higher than 

our study. But Erichsen et al. [7] have the similar result (56%) 

with our study. 

In our study, only 8% patient were under-weight where 

only 35% patient were overweight and 19% were obese. 38% 

patient were anemic. Erichsen et al. [7] showed only 13% 

patient were anemic, which was much lower than our finding. 

This is most probably due to ethnic difference, poverty in our 
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country, lack of knowledge about the content of food & 

nutritional deficiency and presence of other chronic illness 

etc. Patients with secondary adrenal insufficiency commonly 

have associated cushingoid features like- skin thinning, puffy 

face and weight gain, that suggest diagnosis and indicate 

history of glucocorticoid use. In this study, 36% patients had 

puffy face, 39% had weight gain & 26% had skin thinning as 

associated features where exogenous glucocorticoid is the 

cause of adrenal insufficiency. In our study, 12% patient had 

high blood urea, 25% had high creatinine and 7% patient had 

hypoglycemia. Charmandari et al. showed that increased 

serum creatinine was found in primary adrenal insufficiency. 

[33] Lee et al. found that the mean serum creatinine in 

adrenal insufficiency was 1.29 mg/dl. [37] Increased age and 

presence of other comorbidity may explain the high serum 

creatinine in our study. 

Nieman et al. showed that hypoglycemia was more common 

in infants and children with primary adrenal insufficiency, 

patients with secondary adrenal insufficiency caused by 

isolated ACTH deficiency and in patients with type 1 diabetes 

mellitus who developed adrenal insufficiency. In our study, 

total 71% patient had hyponatremia. Hyperkaliemia was found 

in 39% patients. Raised serum calcium was found in 12% 

patients. Acidosis was present in 20% of the population. 

Charmandari et al. [33] and Husebye et al. [38] found that 90% 

had reduced level of sodium at diagnosis. Nieman et al. and 

Alexandraki et al. found 85-90% had hyponatremia in their 

study. [35, 36] Charmandari et al. showed that 88% patient had 

hyponatremia. [33] These findings coincided with our finding. 

Naidoo et al. showed 62% patients had hyponatremia.[39] This 

is less than our finding. Charmandari et al. found in their study 

that, at diagnosis 50% patient had hyperkaliemia [33] and 

Alexandraki et al. found 60-65% patient had hyperkalemia [36] 

which were very high than our finding. This may be due to our 

failure to classify the findings between primary & secondary 

adrenal insufficiency, whereas Charmandari et al. showed only 

the finding of primary adrenal insufficiency. Naidoo et al. 

found 35% had hyperkalemia [39] which was also double than 

our finding. Charmandari et al. [33] showed that 6.6% patients 

had hyperkalemia only in primary adrenal insufficiency which 

was lower than our finding. Again, Charmandari et al. found 

that calcium level was raised in 10-20% of newly diagnosed 

cases of primary adrenal insufficiency [33] which was similar 

with our finding. 

5. Conclusion 

Adrenal insufficiency presents with non-specific features 

like fatigue, weakness, vertigo, GI symptoms, unexplained 

fever or weight loss and specific pattern of biochemical 

findings like hyponatremia, hyperkalemia, mild acidosis, 

hypercalcemia & hypoglycemia. So, these features should 

raise the suspicion of adrenal insufficiency which may 

endanger the life if diagnosis is delayed. As it is a treatable 

condition, potentially life-saving measures can be taken 

promptly by the physicians to prevent life threatening 

situations by early diagnosis. 

 

References 

[1] Neary N, Nieman L. Adrenal insufficiency: etiology, 
diagnosis and treatment. Curr Opin Endocrinol Diabetes Obes 
2010; 17: 217–23. 

[2] L.v.s K, Husebye ES. Addison’s disease. Lancet 2005; 365: 
2058–61. 

[3] Hillier SG. Diamonds are forever: the cortisone legacy. J 
Endocrinol 2007; 195: 1–6. 

[4] Mason AS, Meade TW, Lee JA, Morris JN. Epidemiological 
and clinical picture of Addison’s disease. Lancet 1968; 2: 
744–47. 

[5] Nerup J. Addison’s disease—clinical studies. A report of 108 
cases. Acta Endocrinol (Copenh) 1974; 76: 127–41. 

[6] L.v.s K, Husebye ES. High prevalence and increasing 
incidence of Addison’s disease in western Norway. Clin 
Endocrinol (Oxf) 2002; 56: 787–91. 

[7] Erichsen MM, Lovas K, Skinningsrud B, Wolff AB, 
Undlien DE, Svartberg J, Fougner KJ, Berg TJ, Bollerslev 
J, Mella B, Carlson JA, Erlich H, Husebye ES. Clinical, 
immunological, and genetic features of autoimmune 
primary adrenal insufficiency: observations from a 
Norwegian registry. J Clin Endocrinol Metab 2009; 94: 
4882-4890. 

[8] Cooper GS, Stroehla BC. The epidemiology of autoimmune 
diseases. Autoimmun Rev 2003; 2: 119–25. 

[9] Betterle C, Morlin L. Autoimmune Addison’s disease. Endocr 
Dev 2011; 20: 161–72. 

[10] Kong MF, Jeff coate W. Eighty-six cases of Addison’s disease. 
Clin Endocrinol (Oxf) 1994; 41: 757–61. 

[11] Regal M, P. ramo C, Sierra SM, Garcia-Mayor RV. 
Prevalence and incidence of hypopituitarism in an adult 
Caucasian population in northwestern Spain. ClinEndocrinol 
(Oxf) 2001; 55: 735–40. 

[12] Tomlinson JW, Holden N, Hills RK, et al, for the West 
Midlands Prospective Hypopituitary Study Group. 
Association between premature mortality and hypopituitarism. 
Lancet 2001; 357: 425–31. 

[13] Appelman-Dijkstra NM, Kokshoorn NE, Dekkers OM, et al. 
Pituitary dysfunction in adult patients after cranial 
radiotherapy: systematic review and meta-analysis. J Clin 
Endocrinol Metab 2011; 96: 2330–40. 

[14] Gomez MT, Magiakou MA, Mastorakos G, Chrousos GP. The 
pituitary corticotroph is not the rate limiting step in the 
postoperative recovery of the hypothalamic-pituitary-adrenal 
axis in patients with Cushing syndrome. J Clin Endocrinol 
Metab 1993; 77: 173–77. 

[15] Bouachour G, Tirot P, Varache N, et al. Hemodynamic 
changes in acute adrenal insufficiency. Intensive Care Med 
1994; 20: 138. 

[16] Piédrola G, Casado JL, López E, et al. Clinical features of 
adrenal insufficiency in patients with acquired 
immunodeficiency syndrome. Clin Endocrinol (Oxf) 1996; 45: 
97. 



166 Rezwana Sobhan et al.:  Clinical and Biochemical Parameters at Presentation of Patients with  

Adrenal Insufficiency Attending a Tertiary Care Hospital 

[17] Burke CW. Adrenocortical insufficiency. Clin Endocrinol 
Metab 1985; 14: 947. 

[18] Irvine WJ, Barnes EW. Adrenocortical insufficiency. Clin 
Endocrinol Metab 1972; 1: 549. 

[19] Barnett AH, Espiner EA, Donald RA. Patients presenting with 
Addison's disease need not be pigmented. Postgrad Med J 
1982; 58: 690. 

[20] Ebinger G, Six R, Bruyland M, Somers G. Flexion 
contractures: a forgotten symptom in Addison's disease and 
hypopituitarism. Lancet 1986; 2: 858. 

[21] Leigh H, Kramer SI. The psychiatric manifestations of 
endocrine disease. Adv Intern Med 1984; 29: 413. 

[22] Todd GR, Acerini CL, Ross-Russell R, et al. Survey of adrenal 
crisis associated with inhaled Corticosteroids in the United 
Kingdom. Arch Dis Child 2002; 87: 457. 

[23] Streeten, DHP. Adrenal hemorrhage. Endocrinologist 1996; 6: 
277. 

[24] Phifer RF, Spicer SS, Orth DN. Specific demonstration of the 
human hypophyseal cells which produce adrenocorticotropic 
hormone. J Clin Endocrinol Metab 1970; 31 (4): 347-361. 

[25] Kirwan Jr. Systemic corticosteroids in rheumatology. In: 
Rheumatology, Ed. Klippel, JH, Dieppe PA. St. Louis: Mosby, 
1994. 8-11. 

[26] Sundeep Khosla. Hypercalcemia and Hypocalcemia. In: Dan 
L. Longo, MD, Anthony S. Fanci, MD, Dennis L. Kasper, MD, 
Stephen L. Hauser, MD, L. Larvy Jameson, MD, PhD, Joseph 
Loscalzo, MD, PhD. Harrison’s Principles of Internal 
Medicine. 19th. Mc Graw Hill Medical, New York. 2015. 313. 

[27] Nilsson B, Gustavasson-Kadaka E, Bengtsson BA, Jonsson B. 
Pituitary adenomas in Sweden between 1958 and 1991: 
incidence, survival, and mortality. J Clin Endocrinol Metab 
2000; 85: 1420–25. 

[28] Arlt W, Allolio B. Adrenal insuffi ciency. Lancet 2003; 361: 
1881–93. 

[29] DUNLOP D. EIGHTY-SIX CASES OF ADDISON'S 
DISEASE. Br Med J 1963; 2: 887. 

[30] Tobin MV, Aldridge SA, Morris AI, et al. Gastrointestinal 

manifestations of Addison's disease. Am J Gastroenterol 1989; 
84: 1302. 

[31] Zuckerman-Levin N, Tiosano D, Eisenhofer G, et al. The 
importance of adrenocortical glucocorticoids for 
adrenomedullary and physiological response to stress: a study 
in isolated glucocorticoid deficiency. J Clin Endocrinol Metab 
2001; 86: 5920. 

[32] Pastores SM, Annane D, Rochwerg B. Corticosteroid 
Guideline Task Force of SCCM and ESICM. Guidelines for 
the Diagnosis and Management of Critical Illness-Related 
Corticosteroid Insufficiency (CIRCI) in Critically Ill Patients 
(Part II): Society of Critical Care Medicine (SCCM) and 
European Society of Intensive Care Medicine (ESICM) 2017. 
Crit Care Med. 2018 Jan; 46 (1): 146–148. 

[33] Charmandari E, Nicolaides NC, Chrousos GP; Adrenal 
insufficiency. Lancet. 2014 Jun 21; 383 (9935): 2152-67. doi: 
10.1016/S0140-6736(13)61684-0. Epub 2014 Feb 4. 

[34] Ross I, Boulle A, Soule S, Levitt N, Pirie F, et al. (2010) 
Autoimmunity predominates in a large South African cohort 
with Addison’s disease of mainly European descent despite 
long-standing disease and is associated with HLA DQB*0201. 
Clin Endocrinol (Oxf) 73: 291–298. 

[35] Nieman LK. Approach to the patient with an adrenal inci- 
dentaloma. J Clin Endocrinol Metab 2010; 95: 4106-13. 

[36] Alexandraki KI. Adrenal Insufficiency. In: De Groot LJ, 
Chrousos G, Dungan K, Feingold KR, Grossman A, 
Hershman JM, Koch C, Korbonits M, McLachlan R, New M, 
Purnell J, Rebar R, Singer F, Vinik A, editors. Endotext 
[Internet]. South Dartmouth (MA): MDText.com, Inc.; 2018 
Aug 20. 

[37] Lee YY, Cho NA, Lee JW. Clinical Characteristics of Patient 
with Adrenal Insufficiency in a General Hospital. 
Endocrinology and Metabolism (EnM) 2017; 32: 83-89. 

[38] Husebye ES, Allolio B, Arlt W, et al; Consensus statement on 
the diagnosis, treatment and follow-up of patients with 
primary adrenal insufficiency. J Intern Med. 2014 Feb; 275 (2): 
104-15. doi: 10.1111/joim.12162. Epub 2013 Dec 16. 

[39] Naidoo S (2012) The South African national health insurance: 
a revolution in health-care delivery! J Public Health (Oxf) 34: 
149–150. 

 


