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Coronary artery disease in a patient =0

with Addison’s disease: a case report
and literature review

Ruohan Zhao'", Suxin Luo®', Shuzhen Wang', Yi Wen? and Feng Xiong'"

Abstract

Background Addison’s disease which is due to dysfunction of the adrenal gland, with abnormal secretion of gluco-
corticoids and mineralocorticoids, is rare. By inducing inflammation and disorders of water and electrolyte metabo-
lism, Addison’s disease may accelerate progression of co-existed cardiovascular diseases. Addison’s disease combined
with cardiovascular disease is infrequent, only 10 cases in the literature.

Case presentation \We reported a 51-year-old male patient with unstable angina pectoris and hypotension. Changes
on coronary angiography within 2 years suggested rapid progression of coronary artery disease in a patient with low
cardiovascular risk. An additional clue of skin hyperpigmentation, fatigue and further examination confirmed the
diagnosis of Addison’s disease caused by adrenal tuberculosis. After hormone replacement treatment, the frequency
and severity of the angina pectoris were alleviated significantly, as were hypotension, hyperpigmentation and fatigue.

Conclusions The combination of Addison’s disease and coronary artery disease in one patient is rare. Addison’s
disease can induce inflammation and disorders of water and electrolyte metabolism, which may further accelerate
the course of coronary artery disease. Meanwhile, the hypotension in Addison’s disease may affect the coronary blood
flow, which may result in an increased susceptibility to unstable angina in the presence of coronary stenosis. So, we
should analyze comprehensively if the coronary artery disease progress rapidly.
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Background

Primary adrenal insufficiency (PAI), known as Addison’s
disease, was first reported by Thomas Addison in 1855
[1]. The prevalence is about 10—15 cases per 100,000 [2].
The main cause of Addison’s disease in developed coun-
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of hormone could accelerate the course of CAD. The
co-existing incidence of CAD and Addison’s disease is
6.9-10 cases per 1000,000 [6], which is rare. This article
introduces a case of CAD combined with Addison’s dis-
ease, with manifestations of chest pain and hypotension.
In addition, we provided review of related literatures.

Case presentation

The patient was a 51-year-old male admitted to the hos-
pital for recurrent chest pain for 2+ years, which aggra-
vated with fatigue for 3+months. More than 2 years
earlier, the patient noticed chest pain while climbing the
mountain (CCS Grade I), which radiated to the back. The
coronary computed tomography angiography (CCTA)
indicated the coronary artery was almost intact (Fig. 1A).
He was treated with simvastatin. Three months before
the hospitalization, the patient experienced chest pain
at rest (CCS Grade II), with increased duration and fre-
quency. The angina pectoris could be relieved by nitro-
glycerin. Coronary angiography showed 80% stenosis of
the proximal right coronary artery (Fig. 1B), 40% steno-
sis of the proximal circumflex artery, and 30% stenosis in
the middle of the anterior descending branch. Then local
hospital prescribed him aspirin+ clopidogrel + perindo-
pril + metoprolol, nitroglycerin at necessary.

The patient had smoked roughly 20 cigarettes per day
for 32 years, smoking cessation for 2 years, and had no
history of hypertension or diabetes. He didn't have a car-
diovascular family history. Upon physical examination,
the patient presented a hypotension of 72/56 mmHg. The
patient’s bare skin, lips, oral mucosa, areola, and palm
lines were visibly pigmented (Fig. 2A—C). No other physi-
cal examination was remarkable. Upon further inquiry
into the patient’s medical history, the marked hyperpig-
mentation of aforementioned areas developed 3 months
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ago, accompanied by decreased appetite and weakness of
the limbs. A chest CT scan performed 2 months earlier
revealed old pulmonary tuberculosis.

Admission examination results were as follows:
fasting blood-glucose 4.6-5.5 mmol/L (reference
3.9-6.1 mmol/L); HbAlc 5.7%; TC 2.44 mmol/L (ref-
erence 2.80-5.20 mmol/L); TG 1.31 mmol/L (ref-
erence 0.35-1.70 mmol/L); HDL-c¢ 0.79 mmol/L
(reference 1.29-1.55 mmol/L); LDL-c 1.45 mmol/L
(reference 0—3.37 mmol/L); and Na 134 mmol/L (refer-
ence 135-145 mmol/L). The ambulatory blood pres-
sure revealed a slightly low diastolic blood pressure,
whose average was 91/58 mmHg, and floor level was at
70/52 mmHg. The ambulatory electrocardiogram indi-
cated ST-T depression. Color Doppler ultrasound of
the carotid arteries suggested the formation of bilateral
carotid plaques. There were no obvious abnormalities
in the echocardiography, blood routine findings, blood
coagulation, anti-nuclear antibodies, or thyroid function.
According to the clinical manifestations of the patient’s
skin pigmentation, loss of appetite, fatigue, hypoten-
sion, and hyponatremia, adrenal disease was suspected.
The examination found the level of cortisol significantly
reduced while ACTH increased. The 24 h ACTH and
cortisol circadian rhythms further indicated the abnor-
mality of the circadian rhythm (Table 1). Enhanced CT of
the abdomen showed visible uneven irregular thickening
of the bilateral adrenal glands with a few punctate calci-
fications (Fig. 3A, B). Enhanced CT of the chest showed
multiple small nodules, cords, and calcifications in the
upper lobes of both lungs, mainly proliferation and cal-
cification; the left hilar and mediastinum had multiple
lymph node calcifications (Fig. 3C, D). Pulmonary and
adrenal tuberculosis was considered. Tuberculosis anti-
body was 2+and T-SPOT was positive. Thus, he was

Fig. 1 A two years ago, coronary artery CTA showed the right coronary was almost normal. B two years later, coronary angiography showed 80%

stenosis (red arrow) of the proximal right coronary artery
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Fig. 2 Skin and mucosal pigmentation changes in patients with Addison’s disease. A Diffuse dark-brown changes in facial skin; B Dark-brown
spots of different sizes visible on the lips and tongue; C Diffuse dark-brown changes on the back of the hands; D After 2 months of treatment, the

pigmentation on the back of the handss was partially reversed

Table 1 24 h ACTH and cortisol circadian rhythm

Time 00:00 a.m 8:00 a.m 4:00 p.m

Cortisol 72.59 nmol/L 73.19 nmol/L 57.87 nmol/L
Reference 12.8-82.5 nmol/L  124.2-662.4 nmol/L  49.68-179.4 nmol/L
ACTH 352.1 pg/mL 1478 pg/mL 856.8 pg/mL

Reference 7.2-63.3pg/mL  7.2-63.3 pg/mL 7.2-63.3 pg/mL

diagnosed with primary adrenal hypofunction caused
by adrenal tuberculosis combined with CAD. Since we
could not get the pathological support of adrenal tuber-
culosis activity status, anti-tuberculosis treatment and
hormone replacement therapy were initiated. The anti-
tuberculosis therapy is rifampicin 0.45 g qd +isoniazide
0.3 g qd+pyrazinamide 1.5 g qd+ethambutol 0.75 g
qd for 12 months [7]. Hormone replacement therapy
is hydrocortisone 30 mg each morning and 20 mg each
afternoon when the anti-tuberculosis therapy persisted,
while 20 mg each morning and 10 mg each afternoon
after the anti-tuberculosis therapy [7]. As for the CAD,
we didn’t perform PCI to right coronary artery stenosis.
There were two main reasons. Firstly, the blood pressure,

especially the diastolic pressure, is of low level. There is
a great possibility that blood pressure will recover when
adrenal function improves. After hormone replacement
therapy, blood pressure and myocardial perfusion would
improve, so angina pectoris would recover. Secondly,
we believed that Addison disease may contribute to the
rapid progression of the coronary artery stenosis as well
as the aggravation of chest pain. As the control of Addi-
son disease, the progress of the coronary plaque will be
stabilized. So, an optimal drug therapy for CAD, which
consist of aspirin + perindopril + metoprolol 4 simvasta-
tin, was retained. After the treatment, the patient’s skin
pigmentation (Fig. 2D), loss of appetite, fatigue, especially
the frequency and severity of angina pectoris were ame-
liorated. The patient’s blood pressure fluctuated between
111-129/62 and 80 mmHg. Until the last follow-up, the
patient’s chest CT (27 April, 2021) (Fig. 4A, B), adrenal
enhanced CT (27 April, 2021) (Fig. 4C) and coronary
angiography (27 July, 2022) (Fig. 4D, E) remained stable.
The coronary angiography revealed a stenosis of 60% in
the proximal segment of right coronary artery, a stenosis
of 40-50% in the distal segment of anterior descending
branch, a stenosis of 20-30% in the middle segment of
circumflex artery. The coronary lesion did not evolve, so
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Fig. 3 Enhanced CT findings of the chest and abdomen in Addison patients. A, B Visible irregular thickening of the bilateral adrenal glands with a
few punctate calcifications (red arrows); C Multiple small nodules, cords, and calcifications in the upper lobes of the lungs (red arrow); D Multiple

calcifications in the left hilar and mediastinum lymph nodes (red arrow)

we persisted the medical treatment as well. The time line
table of the patient’s medical process is as follows (Fig. 5).

Discussion and conclusion

This case is unique because Addison’s disease sped up
the progression of CAD and was engaged in the cause of
chest pain. 2 more years before the admission, the coro-
nary CTA indicated only mild coronary artery stenosis,
and then lipid-lowering and antiplatelet therapy were
initiated. Within 2 years, the mild stenosis of coronary
artery progressed to 80% stenosis of proximal right cor-
onary, 40% stenosis of the proximal circumflex branch,
30% stenosis of the middle anterior descending branch.
At first, the angina pectoris could only be induced
by labor, which subsquently progressed into unstable
angina. Considering that the patient had received CAD
drug therapy, with normal cholesterol level and glucose
metabolism, the only suspected risk factor was history of
smoke; a study by Ding et al. comprehensively compared
the long-term association of cigarette smoking and its
cessation with the incidence of CAD. Besides a dose—
response relationship of pack-years of smoking and CAD,
risk of CAD elevated significantly up to 20 years after

smoking cessation [8]. However, the coronary stenosis
progression was significantly accelerated after smoking
cessation, especially after the anti-atherosclerosis ther-
apy. Angina pectoris worsened with the aggravation of
Addison’s disease, and improved after hormone replace-
ment therapy, so we believed there may be a connection
between CAD and Addison’s disease.

Therefore, we searched the literatures from 2006 to
the present. A total of 11 cases of Addison’s disease
with heart disease were found (current case included)
(Table 2). Female patients accounted for a high propor-
tion (63.6%). Adrenal tuberculosis caused adrenal insuf-
ficiency was found in 3 cases (27.3%). The final cardiac
diagnoses were 2 cases (18.2%) of angina pectoris, 2 cases
of myocardial stunning or hibernation (18.2%), 4 cases
of takotsubo heart disease (36.4%), 1 case of ST-segment
elevation myocardial infarction and stent implantation
(9.1%), and 1 case of coronary artery spasm (9.1%). Nine
cases showed changes in the electrocardiogram (81.8%).
Two cases (18.2%) were positive for coronary angiogra-
phy. Seven cases (63.6%) presented segmental dyskine-
sia of the ventricular wall in echocardiography. All cases
showed Addison’s disease, which may affect the course
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Fig. 4 Patient’s follow-up images. A, B Pulmonary tuberculosis and adrenal tuberculosis are stable. (red arrow showed the calcification in the upper
lobes of right lungs and lymph node); C Calcification of adrenal tuberculosis increased (red arrow). D A stenosis of 60% in the proximal segment of
right coronary artery (red arrow); E A stenosis of 40-50% in the distal segment of anterior descending branch, a stenosis of 20-30% in the middle

segment of circumflex artery (red arrow)

1 year later S years later

two years ago 3 months ago hospital admission

exemoélélsl?t RER chest pain at rest CCS 11 alleviation of chest pain
symptoms
noticeable skin pigmentation alleviation of skin pigmentation

Coronary chest CT and coronary

examination CCTA (-) anslozrphy: R adrenal enhanced angiography
80%, LCX 40%, ] ,
o : CT stable stable

LAD 30%

) ; ¢ ' diagnosis of Addison's ‘
diagnosis diagnosis of CAD G

antituberculosis

: ; drug therapy for . |
treatment SIbEETE s CAD optimal drug therapy for CAD

hydrocortisone, 30 mg each morning and 20 ST {00 45 K0 i IO 1T 1)
mg each afternoon morning and 10 mg each afternoon

Fig. 5 Time line table of the patient

of cardiovascular disease. The disparity of our case is  Secondly, the patient’s chest pain was alleviated by sim-
that: Firstly, from the coronary imaging evidence of the ply hormone replacement therapy rather than a stent
recent 2 years, we can see intuitively the rapid progres- implantation.

sion of CAD with the combination of Addison’s disease.
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Over doses of glucocorticoids increase the risk of
cardiovascular disease, but little is known about the
relationship between glucocorticoid insufficiency and
cardiovascular disease. The reasons for the progres-
sion of CAD due to Addison’s disease may be as follow-
ing: (1) Esposito et al. show that patients with adrenal
insufficiency often have low blood volume and low
blood pressure [9, 10]. When combined with coro-
nary artery stenosis, insufficient coronary blood supply
would further aggravates myocardial ischemia; (2) Cor-
tisol insufficiency is accompanied by increased levels of
inflammatory cytokine such as TNF-«, IL-1, and IL-6
[11], which are closely related to the occurrence of car-
diovascular events [11, 12]; (3) Cortisol insufficiency is
also related to disorders of glucose and lipid metabolism.
Studies have shown that the levels of TG and LDL-c in
the Addison disease group are higher than those in the
control group, while HDL-c is lower than that in the con-
trol group. Disorders of blood lipid metabolism are also
risk factors of cardiovascular disease [13]. (4) ACTH
promotes osteochondrogenic mesenchymal cell differen-
tiation, which may contribute to the pathologic progres-
sion of calcified atherosclerosis [14]. Moreover, ACTH
can also promote the aggregation of platelets, leading to
the formation of acute arterial thrombosis [15]. Overall,
adrenal insufficiency can impair cardiovascular system in
terms of low blood volume, low blood pressure, increased
inflammatory factors, dyslipidemia, coronary calcifica-
tion, arterial thrombosis, etc.

The treatment in this case is also worth discussing.
Firstly, as for the treatment of Addison’s disease, regu-
lar and comprehensive anti-tuberculosis therapy and
hormone replacement therapy are effective methods
for the treatment of adrenal tuberculosis. Once adre-
nal tuberculosis with Addison’s disease is diagnosed,
lifelong glucocorticoid replacement therapy, usu-
ally by hydrocortisone or prednisone, should be initi-
ated immediately and maintained in the future. The
main objective is to alleviate symptoms and to keep
serum ACTH at a normal range. The appropriate dose
of glucocorticoid should be determined according to
height, weight, gender, age, physical labor intensity.
Mineralocorticoids can be added when there is hypo-
tension, hyperkalemia, and insufficient aldosterone
secretion. Under stress condition, such as fever, sur-
gery, and trauma, the dose of glucocorticoids should
be increased by 2-3 times [16]. Secondly, in case where
Addison’s disease was caused by adrenal tuberculosis,
it is important to determine whether there is an active
tuberculosis foci. Given that glucocorticoid replace-
ment therapy may activate old tuberculosis or induce
metastasis of tuberculosis foci, anti-tuberculous ther-
apy should be routinely given for about half a year after
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the initial diagnosis of an inactive tuberculosis patient
and given for 6 to 18 months in the active status [7].
The combination of hormone replacement therapy and
anti-tuberculosis therapy presents challenges because
rifampicin is a strong inducer of the cytochrome P450
system which is involved in the metabolism of adreno-
cortical hormones. This interaction can lead to insuffi-
cient concentration of hydrocortisone and even adrenal
crisis. The Japan Endocrine Society recommends that
the dose of hydrocortisone should be increased to 2-3
times the original when treating with tuberculosis, but
there is no specific drug recommendation [16]. Thirdly,
as mentioned above, Addison’s disease may affect the
progression of cardiovascular diseases through low
blood pressure, increased inflammatory factors etc.
pathways. Therefore, it is necessary to check whether
the patient has Addison’s disease or other systemic dis-
eases when the patient suddenly has an aggravation of
cardiovascular disease. In our literature review, only 1
out of 11 patients with Addison’s disease who had car-
diovascular symptoms underwent stent implantation
(due to myocardial infarction) [17], while the rest were
able to control their cardiovascular symptoms with
hormone replacement and optimized CAD medication.

In summary, comprehensive analysis is important
during the differential diagnosis of chest pain. Car-
diovascular considerations alone may lead to missed
diagnosis of systemic disease. Although Addison’s dis-
ease caused by adrenal tuberculosis is rare, its clinical
manifestations are specific. Hyperpigmentation, unex-
plained hypotension, unexplained hyponatremia, and
hypokalemia are all crucial clues to diagnose Addison’s
disease.

Abbreviations

PAI Primary adrenal insufficiency

CCTA Coronary computed tomography angiography
CAD Coronary artery disease

Acknowledgements
None.

Authors’ contributions

ZRH made contributions to the conception and design of the work, writing
the manuscript. XF and LSX provided conception of the work. WSZ and WY
made contributions to the image acquisition. All authors have read and
approved the manuscript and have agreed both to be personally accountable
for the author’s own contributions and to ensure that questions related to the
accuracy or integrity of any part of the work. All authors read and approved
the final manuscript.

Funding
None.

Availability of data and materials

The data analyzed are available from the corresponding author on reasonable
request. A copy of the consent form is available for the Editor to review upon
request.



Zhao et al. BMC Cardiovascular Disorders

(2023) 23:54

Declarations

Ethics approval and consent to participate
Informed consent was obtained from the patient.

Consent for publication
Written informed consent for publication of their clinical details and clinical
images was obtained from the patient.

Competing interests
The author’s decalared that they have no competing interests.

Received: 14 February 2022 Accepted: 18 January 2023
Published online: 29 January 2023

References

1.

Thomas A. On the constitutional and local effects of disease of the supra-
renal capsules. Br Foreign Med-Chir Rev. 1856;18(36):404-13.

Husebye ES, Allolio B, Arlt W, Badenhoop K, Bensing S, Betterle C, Falorni
A, Gan EH, Hulting AL, Kasperlik-Zaluska A, et al. Consensus statement on
the diagnosis, treatment and follow-up of patients with primary adrenal
insufficiency. J Intern Med. 2014;275(2):104-15.

Carey RM. The changing clinical spectrum of adrenal insufficiency. Ann
Intern Med. 1997;127(12):1103-5.

Wang L, Lu L, Lu Z, Chen S, Zhu H, Pan H, Dduan L, Yang H, Wang L, Yuan
T, et al. Etiology and clinical features of primary adrenal insufficiency. Natl
Med J China. 2020;12(100):915-21.

The writing Committee of the Report on Cardiovascular Health and
Disease in China: Report on Cardiovascular health and diseases burden in
china: an updated summary of 2020. Chin Circ J 2021, 36(06):521-545.
Ngaosuwan K, Johnston D, Godsland I, Cox J, Majeed A, Quint J, Oliver N,
Robinson S. Cardiovascular disease in patients with primary and second-
ary adrenal insufficiency and the role of comorbidities. J Clin Endocrinol
Metab. 2021;106(5):1284-93.

Zhou X. Current status of diagnosis and treatment of adrenal tuberculosis
with Addison’s disease. Chin J Endourol (Electron Ed). 2012;6(3):4.

Ding N, Sang Y, Chen J, Ballew SH, Kalbaugh CA, Salameh MJ, Blaha MJ,
Allison M, Heiss G, Selvin E, et al. Cigarette smoking, smoking cessation,
and long-term risk of 3 major atherosclerotic diseases. J Am Coll Cardiol.
2019;74(4):498-507.

Esposito D, Bobbio E, Di Fraia R, Mone P, Accardo G, De Bellis A, lorio S,
Esposito K, Marfella R, Johannsson G, et al. Patients with adrenal insuf-
ficiency have cardiovascular features associated with hypovolemia.
Endocrine. 2020;70(2):412-20.

Yamamoto T. Latent Adrenal insufficiency: concept, clues to detection,
and diagnosis. Endocr Pract: Off J Am Coll Endocrinol Am Assoc Clin
Endocrinol. 2018;24(8):746-55.

. Mastorakos G, Paltoglou G, Greene M, llias |, Papamichalopoulos A, Dimo-

poulos S, Pouliou E, Fatouros IG, Nanas S. Inappropriately normal plasma
ACTH and cortisol concentrations in the face of increased circulating
interleukin-6 concentration in exercise in patients with sarcoidosis. Stress
(Amsterdam, Netherlands). 2013;16(2):202-10.

Nijm J, Jonasson L. Inflammation and cortisol response in coronary artery
disease. Ann Med. 2009;41(3):224-33.

Ross |, Bergthorsdottir R, Levitt N, Schatz D, Johannsson G, Marais A.
Increased cardiovascular risk in South African patients with Addison’s
disease. Horm Metab Res. 2013:45(12):905-10.

Evans JF, Ragolia L. Systemic and local ACTH produced during inflamma-
tory states promotes osteochondrogenic mesenchymal cell differentia-
tion contributing to the pathologic progression of calcified atherosclero-
sis. Med Hypotheses. 2012;79(6):823-6.

Pozzi AO, Bernardo E, Coronado MT, Punchard MA, Gonzalez P, Fantidis

P Acute arterial thrombosis in the absence of inflammation: the stress-
related anti-inflammatory hormone ACTH participates in platelet-medi-
ated thrombosis. Atherosclerosis. 2009;204(1):79-84.

Yanase T, Tajima T, Katabami T, Iwasaki Y, Tanahashi Y, Sugawara A,
Hasegawa T, Mune T, Oki Y, Nakagawa Y, et al. Diagnosis and treatment of

20.

21.

22.

23.

24.

25.

Page 9 of 9

adrenal insufficiency including adrenal crisis: a Japan endocrine society
clinical practice guideline [Opinion]. Endocr J. 2016;63(9):765-84.
Maranduca M, Statescu C, Sascau R, Dima N, Hurjui L, Serban D, Serban

. Acute coronary syndrome with ST segment elevation in a patient with
Addison disease: case report and brief review of physiopathological
mechanisms: a case study. Exp Ther Med. 2020;20(2):1230-6.

Iga K, Hori K, Gen H. Deep negative T waves associated with revers-

ible left ventricular dysfunction in acute adrenal crisis. Heart Vessel.
1992,7(2):107-11.

Ozcan F, Ustun |, Berker D, Aydin Y, Delibasi T, Guler S. Inverted T waves in
patient with Addisonian crisis. J Natl Med Assoc. 2005;97(11):1539-40.
Akpa M, Odia O. Addison'’s disease presenting as acute chest syndrome:
case report and review of literature. Niger J Med: J Natl Assoc Resid Dr
Niger. 2006;15(4):451-2.

Punnam S, Gourineni N, Gupta V. Takotsubo cardiomyopathy in a patient
with Addison disease. Int J Cardiol. 2010;144(2):e34-36.

Barcin C, Kursaklioglu H, Kose S, Amasyali B, Isik E. Takotsubo cardio-
myopathy in a patient with Addison disease: is apical ballooning always
reversible? Int J Cardiol. 2010;138(1):e15-17.

Singh G, Manickam A, Sethuraman M, Rathod R. Takotsubo cardiomyo-
pathy in a patient with pituitary adenoma and secondary adrenal insuf-
ficiency. Indian J Crit Care Med: Peer-Rev Off Publ Indian Soc Crit Care
Med. 2015;19(12):731-4.

Campean R, Hasun M, Stollberger C, Bucher J, Finsterer J, Schnack C, Wei-
dinger F. Takotsubo-like syndrome triggered by fludrocortisone overdose
for Addison’s disease: a case report. J Med Case Rep. 2016;10(1):281.
Otsuka Y, Harada K, Yasuda M, Nakano Y, Hasegawa K, Otsuka F.
Coronary spastic angina induced by adrenal insufficiency. Intern Med.
2020;59(15):1873-7.

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

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Coronary artery disease in a patient with Addison’s disease: a case report and literature review
	Abstract 
	Background 
	Case presentation 
	Conclusions 

	Background
	Case presentation
	Discussion and conclusion
	Acknowledgements
	References


